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ABSTRACT 

Species are often composed of discrete breeding iinits 

called populations, demes, or stocks. Each stock, while not 

reproductively isolated from other conspecific populations, 

may have limited opportunities to interbreed with others due 

to geographic separation. Allopatric stocks are favored, 

fortuitously arise, or become eactinct, through differential 

selective pressures (including fishing eind disease) acting 

either locally or throughout the geographic range of a 

species. Usually, these selection processes result in genetic 

and morphological dissimilarities between stocks. Whereas 

changes in the genotype are commonly reflected in the 

morphology of the individual, shifts in morphology do not 

always result from alterations of the genotype; morphological 

change can be induced by environmental factors (phenotypic 

plasticity). Therefore, it is essential to combine 

morphological with genetic cinalyses in studies of wild 

population identification. 

The goals of my research were to identify and 

characterize morphological stocks of Penaeus stylirostris and 

P. vannamei in the Gulf of California, and to conduct genetic 

analysis on the identified morphotypes of P. stylirostris to 

confirm their population structure. 

Seventy-eight varicibles were obtained from 417 specimens 

of P. stylirostris (representative of 21 fishing grounds) and 
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218 P. vannamei (representing 14 fishing grounds) emd analyzed 

by principal component and cemonical variate analyses. 

Morphometric analysis revealed three distinct regional stocks 

of P. vannamei and five of P. stylirostris. 

Genetic structure of P. stylirostris populations was 

tested from 78 samples (representing six fishing grounds in 

the Gulf) of male total genomic ONA extracted from frozen 

shrimp tails. The DNA scunples were adjusted in distilled water 

to a final concentration of 10 ng//il, and amplified with 20 

random 10-mer primers (Operon) on a Perkin Elmer Thermocycler. 

The PGR RAPD profiles were used to identify between stock 

genetic differences. The novel adoption of sequencing gels to 

analyze RAPD profiles, proved useful in demonstrating 

(significant) genetic differences between specimens from all 

six fishing grounds. 

My research demonstrates the importance and applicability 

of combining morphological and genetic analyses in studies of 

wild stock identification. The relevance of my findings to the 

management of the Mexicctn shrimp fishery and the aquaculture 

industry are thoroughly discussed. 
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CHAPTER 1 

THE SHRIMP FISHERY OF THE GULF OF CALIFORNIA 
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Th« Gulf of California as tha Study Xxaa 

The Gulf of California began to form millions of years 

ago as the (still active) San Andres fault system gradually 

separated the Baja California peninsula from the mainland; 

what it is now the states of Sonora and Sinaloa. 

Geologically, the Gulf of California is a large, relatively 

isolated basin, containing about a hundred islands 

surrounded by rocky shores. Along its coasts, a large number 

of mangrove bordered swamps, salt marshes, protected 

estuaries, lagoons, and bays are present, especially along 

its eastern littoral coast. Strong upwelling currents and 

alluvial sediments provide productive coastal waters where a 

myriad of tropical and sub-tropical fish and invertebrate 

species are found. Evaporation is high and salinity tends to 

be higher in the Gulf than on the Pacific coast of Baja 

California. Its relative isolation protects the Gulf from 

extreme weather conditions, making it "appear 

at times like a large salty lake" (Thomson et al., 1987), 

although occasional devastating storms and hurricanes do 

occur. 

The west and east coasts of the Gulf of California 

differ greatly in their overall climatic characteristics, 

human settlements, and economic activities (Vasguez-Leon, 

1995). The Baja California coast is mostly a rocky 



18 

Shoreline, and the peninsula suffers from a significant lack 

of fresh water. As a result, humem settlements and towns are 

scarce, dispersed and rely mainly on tourism (i.e., Loreto, 

Los Cabos, La Paz), mineral extraction (La Paz and Santa 

Rosalia) , or fishing and/or trading (La Paz and San Felipe). 

On the other hand, the Gulf's east coast is 

characterized by hiindreds of miles of gently sloped sandy 

beaches punctuated by short intervals of rock areas. Fishing 

is highly developed on this coast with large fishing and 

trading ports like Puerto Penasco, Guaymas, Yavaros, 

Topolobampo, and Mazatlan. Between these major fish landing 

zones, small towns, fishing villages and camps, form an 

almost continuous stretch of human settlements along the 

coasts of Sonora and Sinaloa. 

The second most important activity in the Gulf's east 

coast is agriculture and cattle ranching (especially in 

regions such as the coast of Hermosillo and the Yagui 

Valley. Unfortunately, the combination of diversion and 

impoundment of river waters, agriculture run-off and urban 

development along this coast have also had negative impacts 

on coastal fisheries (Merino, 1987). 

The unique climatic and oceanographic characteristics 

makes the Gulf of California the most productive marine 

region of Mexico; with a narrow continental shelf, and a 

great diversity of topographic and bathimetric features, it 
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provides an ideal environment for a rich and biologically 

diverse marine life (Rodriguez de la Cruz, 1976) . The Gulf 

maintains suitcible hcU3itats for over 800 described species 

of fish, of which eOsout two-thirds are considered tropical 

species (Walker, 1960; Thomson and Lehner, 1976) . 

Based on the bathimetry, current patterns and 

ichtyofaunal realms, Thomson et al. (1987) have divided the 

Gulf of California into three main faunal regions: The 

upper, central and lower Gulf (Fig. 1.1). It is prudent to 

consider each one of them separately because each region has 

unique characteristics. 

According to Thomson et al. (1987), the upper Gulf 

region is that area between the Colorado River delta and a 

line from Kino Bay (past the southern tip of Tiburon Island) 

to Bahia San Francisquito in the Baja California Coast. 

Several characteristics make the upper Gulf region unique; 

the most exceptional are its exaggerated tides and tidal 

currents (of up to 32 ft. or 10 m.) , and the occurrence of 

local eddies and gyre patterns that maintain their 

circulation within the region north of the Rio Concepcion 

(Maluf, 1983). The northern most part of this region forms a 

shallow basin (where tidal amplitudes become more extreme) 

with gently sloping shorelines. Annual temperatures range 

vary between 12 and 28°C and thus, most of the fish species 

found in this region are warm temperate, capable of 
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surviving the low sea temperatures during the winter months 

(November to March) . 

Estuaries and coastal lagoons in the upper gulf have 

two important characteristics. First, estuarine lagoons tend 

to be more open and deeper than in the rest of the Gulf. 

These estuarine characteristics have important implications 

in terms of small>scale shrimping technology, since the more 

open the lagoon the harder it is for artisanal fishers to 

intercept the out-migrating recruits (McGuire, 1983). 

Second, the estuaries of the upper Gulf are generally found 

at the mouth of dried up river beds, displaying higher 

salinities at their heads than at their openings to the sea. 

They are called "negative" estuaries because the main influx 

of water is brought in by the tidal currents through the 

mouth of the estuaries. 

A detailed bathimetric and oceanographic description of 

the upper Gulf, and offshore fishing activity patterns in 

this area were presented in Aubert and Zedeno (1993) and 

will not be presented here. 
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Fig. 1.1. Biographic regions of the Gulf of California 
according to Thomson et al. (1987). 
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The central Gulf includes the shoreline from BeQiia Kino 

to Guaymas on the east coast and the much longer shoreline 

between Bahia San Francisquito and La Paz along the Baja 

California coast. In contrast with the upper Gulf, the 

central Gulf is characterized by deep basins, reduced tidal 

amplitudes and a steeper rocky shoreline. Summer sea surface 

temperatures are similar to those of the upper Gulf but 

winter temperatures rarely drop below lê C, except in the 

area north of Guaymas where the range in annual sea 

temperatures is almost as wide as in the upper Gulf (Holies, 

1976). Fishermen exploiting this area expect definite 

seasonal changes in relative cibundance of certain fishes 

(Vasquez-Leon, 1995; Francisco Vasquez, personal 

communication). Deep cold water curxents along the coasts 

maintain a relatively low sea temperature (16 to 18°C) 

throughout the winter and early spring, and the rocky coasts 

of this region contain a more diverse mixture of temperate 

and tropical fish fauna than in the upper Gulf. 

Estuarine lagoons of the central Gulf, are considered 

"positive" estuaries. In spite of the widespread d2unming of 

major river systems, many estuaries of the Gulf still 

receive enough fresh water for their salinities to change 

from near fresh water at their heads to brackish at their 

mouths. — Two noteUsle exceptions to this generalization 

are: the Estero de La Cruz (located at the south end of the 
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town of Kino Viejo), which has become a "negative" estuary 

with year-roiind salinities of 43 ppt as a result of the 

impoundment of the Sonora river, and the estuary of 

Huivuilai. This estuary has a non-existent input of fresh 

water because this water is used upstreeun by the Yagui 

valley irrigation system. At the head of both these 

estuaries, artisanal salt extraction industries have been 

developed. 

Another important distinction of the estuarine systems 

in this region, is that they tend to be more closed than 

their upper Gulf counterparts. This feature renders these 

estuaries suitable for a variety of fishing and collecting 

activities (from gill-netting of Mullet to shrimping with 

cast and gill-nets to clcim, cockles, and oyster gathering 

activities). 

Finally, the lower Gulf extends to the southern tip of 

Baja California Sur on the west coast, and the coastline 

between Guaymas and Mazatlan on the east coast. According to 

Thomson's et al. (1987) description of this area, sea-water 

temperatures range from eUaout 20 to 30°C, and tides are 

minor (less than 6 ft). The Baja California coast is steeper 

than in the rest of the Gulf and it is inhabited by the 

richest reef-fish fauna in the Gulf. This coast also has the 

only significant growths of coral in the Gulf, the east 

coast displays a predominance of mud and sandy sediments. 
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The positive estuaries receive a larger influx of fresh 

water than the rest of the Gulf, especially along the coast 

of Sinaloa (south of the Rio Fuerte). Alluvial run-off is 

more prominent in this area and reflects the much higher 

annual precipitation characteristic of the "lush", more 

tropical, state of Sinaloa. The higher influx of fresh water 

render the estuaries of southern Sonora and Sinaloa good 

nursery grounds for a variety of tropical fish species and 

for the stenohalyne Pacific white shrimp (Penaeus vazmamel) 

which, in certain fishing grounds, is the most important 

fishery resource. 

Throughout the east coastline of the lower Gulf, 

important fishing grounds of the three most economically 

important penaeid species (i.e. Blue shrimp [P. 

stylirostris], white shrimp [P. vannamei], and brown shrimp 

[P. califomiensis'\) are found. This area is the favorite 

fishing ground of the offshore fleet during the first four 

months of the shrimping season; particularly in the vicinity 

of the Guasimas, Lobos, Tobari (or Huivuilai), AgieJ3ampo, 

Huatabampo, Yavaros and El Dorado where large congregations 

of P. stylirostris and P. vannamei are often found (Aubert 

personal observation). Trawlers preferentially exploit the 

shallow water species (Blue and white shrimp foiind at less 

than 28 to 20 fathoms, or 40 meters) due to their higher 

market value; however, they do switch gear (if required) to 
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fish deeper waters for P. califomiensxs (fished at depths 

between 25 and 40 fathoms) in areas where blue and white 

shrimp are scarce or of small size. 

The three regions presented abav& were identified by 

Thomson et al. (1987) based mainly on the type of nursery 

grounds (i.e., estuaries and coastal lagoons) and the 

presence, composition, and characteristics of indicator 

ichtyofaunal aggregates. However, the oceanographic 

(determined by specific current patterns) and surface water 

temperature characteristics, suggest the Gulf of California 

as being divided into five regions: the same three discussed 

above (but with somewhat different regional boundaries) and 

two "transition zones" of which one is clearly defined 

oceanographically, and the other is hypothesized to exist, 

based on the by>catch composition, and "folk knowledge" 

(Fig. 1.2). The five-region scheme is favored here over the 

three regions of Thomson et al. (1987) because the former 

allows for the direct interpretation of environmental 

aspects contributing to shrimp stock isolation. —It would 

be unwise to assume that the seune environmental tolerances 

and cues that determine the presence of indicator fish 

species within the three regions of the Gulf identified by 

Thomson can be similarly applied to shrimp. 

The location of the boundaries of the five regions is 

speculative, especially along the Baja California coast, the 
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area I visited less frequently. 

Satellite imagery of the Gulf, showing water surface 

temperature discontinuities between the proposed regions of 

the Gulf of California for the months of November (1992), 

February, and May (1993) (Figs. 1.3 to 1.5), and current 

patterns within the Gulf (Fig. 1.6) for three representative 

months of the year, further demonstrate the current-mediated 

compartmentalization of the Sea of Cortez into the proposed 

five oceanographic regions. 



Fig. 1.2. Oceanographic compartmentalization of the 
Gulf of California: proposed boundaries. 
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Fiq. 1.3. Gulf of California: ocean surface temperature 
profile for November, 1992. 
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Fiq. 1.4. Gulf of California: ocean surface temperature 
profile for February, 1993. 

Relative location of towns: 1 = Pto. Penasco; 2 = Bahia 
Kino; 3 = Guaymas; 4 = Bahia Lobes; 5 = Yavaros; 6 = Punta 
Aherne; 7 = Mazatlan; 8 = La Paz. 
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Fig. 1.5. Gulf of California: ocean surface temperatur e 
profile for late March, 1993. 
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Fig. 1.6. Gulf of California: ocean circulation 
patterns, 1993. 

A) April; B) May; C) August. Boundaries and regions 
indicated in the image (#1 to #5) correspond to those of 
Fig. 1.2; a = Pto Penasco, b =Kino Bay, c =Guaymas, d = 
Yavaros, e = Punta Ahome. 
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The Penaeid Shrimp as a Rasoure* in th« Gulf of California 

Of the four cononercially exploited species of shrimp, 

three constitute the most important fishery resource found 

in Mexican waters: Penaeus stylxrostris (Pacific blue 

shrimp) , P. vannamei (Pacific white shrimp), and P. 

califomiensis (Pacific brown shrimp). The fourth species, 

Scyonia penicillata (rock or japanese shrimp) is less 

economically valuable (Rodriguez de la Cruz, 1976) but it is 

processed and consumed locally; especially in the Kino bay 

area where this resource seems to be most abundant. In this 

treatment of the shrimp fishery I will concentrate on two of 

the species presented above: P. stylirostris and P. 

vannamei. 

Penaeus vannamei has a reported general distribution 

ranging from Yavaros, Sonora, Mexico to Tumbes, Peru 

(Ehrhardt et al., 1981). The northern boundary of its 

distribution is not as clearly defined as Ehrhardt et al. 

(1981) suggest; the species is found along the southern part 

of the state of Sonora where it seems to interact with P. 

stylirostris. Thus, P. vannamei expands its distribution 

north of the Rio Fuerte (the end of the reported 

distribution) apparently in response to low P. stylirostris 

population density (Morales personal communication). The 

"expanded" distribution of P. vannamei was obvious during 
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the late 1980's and early '90's, when IHHNV (Lightner et 

al., 1983) devastated the P. stylirostris fishery —The 

absence of P. stylirostris in this area was so complete that 

during the first part of the 1992 fishing season, captains 

were surprised to find that the blues were back in their old 

fishing ground of Pta. Ahome where one captain had seen 

white shrimp but no blue shrimp for the last three years. 

Penaeus vannamex is an open-thelycum species that 

spawns fertilized demersal eggs in coastal waters during the 

months of March and April in the northern end of its 

distribution, and as early as February in southern Sinaloa 

[where successive cohorts are recruited into the estuaries 

through the whole spawning season (Soto, 1967; Sepulveda, 

1976)]. The spawning season along the coasts of Salina Cruz 

(Tehuantepec) has been reported to extend throughout the 

year (Ehrhardt et al., 1981). 

Within 10-24 hours of being spawned, the eggs hatch 

into planktonic nauplii which undergo several metamorphoses 

(protozoea, zoea, mysis) until they reach the post-larval 

(PL) stage. At this time they migrate into protected low-

salinity estuaries where they become benthic; migration 

peaks seem to be greater during full and new moon periods 

(Garcia and Le Restre, 1981; and personal observation) . The 

PLs grow in the protected estuaries to juvenile and sub-

adult stage (10-12 cm) before initiating their migration to 
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become new recruits to the open ocean populations which 

occupy the continental shelf up to about 18'20 fathoms (36-

40 meters). 

Penaeus stylirostris is similar to P. vazmamei in that 

it is an open thelycum species that: follows the scime 

reproductive pattern and inhcibits the continental shelf at 

the seune depth range as the white shrimp. Its distribution 

however, is much wider than the latter. Blue shrimp occur 

from Punta Abreojos (southern Pacific coast of the Baja 

California peninsula) to Tumbes, Peru; its distribution 

includes the entire Gulf of California with the exception of 

the narrow continental shelf of most of the Baja California 

coast. 

Apart from its geographic distribution, the PLs of this 

species differ from the white shrimp in their tolerance to 

high salinities (PLs are found in estuaries with salinities 

as high as 47 ppt) , making blue shrimp the predominant 

species in areas of minimal rainfall. 

Spawning seems to occur at different times in different 

regions. For exeunple, between the months of April and 

October, mature P. stylirostris females are found in Puerto 

Penasco whereas in the southern regions gravid females begin 

to be caught, in significant proportions, in late May and 

early June. As described for P. vazmamei, the stages between 

fertilized egg to PL occur in the coastal waters, the PLs 
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migrate into the (salty) estuaries where they grow to the 

juvenile/sub-adult stages before becoming reczruits to the 

adult oceanic populations. 

Gulf Of California Shrimp Fishery 

Due to the nature of the resource and the complexity of 

enforcing fishing regulations, penaeid shrimp are exploited 

through most of their life stages (Garcia, 1988). This type 

of exploitation is referred to as a "sequential fishery". 

Exploitation of Post-Larvae (PLs) 

As post-larvae, penaeid species are caught at the time 

of their arrival in the estuaries and nursery grounds and 

sold as "seed" to the shrimp aquaculture industry. Penaeid 

post-larvae represent a cheap and easy source of revenue for 

a large, marginalized sector of the Mexican society. 

In Pijijiapan (Chiapas, Mexico) for instance, local 

shrimp farmers often provide small (but compared to their 

almost non-existent income, quite large) svims of money in 

exchange for live PLs. I have seen an entire feuaily 

participating in the PL collection: the eldest of the sons 

armed with his own home-made plankton net, the 3 year-old 

with a large and beaten tea strainer, and all ages in 
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between fitted with some kind of home made device or kitchen 

utensil. At other times, the farmer himself will collect the 

precious larvae with veiry large plankton nets (specifically 

built for this purpose) trawled by am outboard motor-driven 

Panga (small inshore fishing boat). Both means of capturing 

PLs (low or high technology) are carried out, of course, in 

the utmost secrecy, and all possible precautions are taken 

to avoid being caught by fishery officials while conducting 

such illegal activity. 

It was in this region of Mexico where I first saw large 

dense schools of PLs migrating into the nearly fresh water 

estuary aided by the incoming tidal currents. Contrary to 

Garcia's (1988) description of PL migration, in this region 

of Mexico the PLs can be seen entering the estuaries in 

broad daylight (not just at night) . At the peak of the 

incoming tide, PLs locate themselves at the center of the 

water streeun, which is the point of highest water current 

velocities; the PLs actively maintain themselves at the 

center of the current so as to move as far into the estuary 

as possible with the least eunount of effort. During the ebb 

tide, the PLs move away from the center of the canal and 

find refuge in the shallow shores where the outgoing tidal 

current is negligible. —During this movement into the 

estuary even three year-olds can easily catch shrimp PLs. 

Despite the localized situation described eU30ve, 
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fishing for PLs is not a generalized practice in Mexico as 

it is in Ecuador and in many areas of southeast Asia. It is 

practiced only as a subsistence-based alternative primarily 

in the central and southern Mexican states. It has however 

caused severe conflicts of interest between farmers and 

shrimpers throughout the coasts of Sinaloa and Nayarit where 

the PL market has expanded significantly in the last decade. 

Should this practice continue to develop in response to the 

demands of the aquaculture industry, it may pose a serious 

threat to the long-term sustainability of the natural shrimp 

fishery and create significant regulatory/enforcement 

problems. 

Exploitation of juveniles 

As with PLs, juvenile and sub-adult shrimp are caught 

inside the protected bays and estuaries whenever they are 

found in significant numbers. Fishing technologies have been 

developed and adapted to the conditions and characteristics 

of the estuaries in which juveniles are caught. A variety of 

fishing gear is used for this practice: castnets, gillnets, 

changos (an outlawed small trawling device pulled by small 

outboard motor boats), and "tapos" or weirs (a gillnet with 

several large mesh funnels that is placed across small 

estuary tributaries and stretched from bank to bank). The 
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choice of gear is determined by the type of estuarine 

system, and the way in which the estuary "opens" to the sea 

(wide or narrow mouth). 

Juvenile shrimp are sold locally as fresh heads-on 

product to markets and restaurants (as "Cocktail shrimp"). 

Alternatively, they are sold in important inland markets 

(Hermosillo, Ciudad. Obregon, Culiacan) or door-to-door in 

the big cities. They can also be sold boiled and bagged 

(with accompanying half lime) on the streets (most notably 

at the railroad tracks of Empalme, Sonora), or as a dried 

product which is further processed into powder condiments. 

Juvenile shrimp provide a source of income to some of 

the most marginalized families (the so called "mapacheros"), 

and thus, this (illegal) economic activity cannot be easily 

stopped by Mexican fishery officials because of its social 

connotation (Vasquez-Leon, 1995). Mapacheros find shrimp by 

walking the estuary and sensing their presence with their 

bare feet; upon finding them they use cast nets to catch 

them. However, not all of those fishing for juvenile shrimp 

are mapacheros; the "year-round shrimpers" (Vasquez-Leon, 

1995) use pangas and changos (a highly illegal trawling 

device) to catch large quantities of juvenile shrimp. They 

risk being caught and losing all their equipment (Vasques-

Leon, 1994) . These fishermen perform their illegal 

activities at night when the risk of being apprehended by 
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fishery officials lessens. 

The illegal activities of year-round shrimpers have 

promoted the creation of what is best defined as "gangs" of 

fishermen, all working for a large shrimp distributor. This 

distributor not only has estedalished market channels and the 

necessary connections to transport the illegal catch, but 

also protects his workers from the fishery official through 

a complicated network of bribes and inside informants. 

Exploitation of recruits and adults 

The migration of sub-adults from the estuaries to the 

oceanic populations marks the official opening of the 

shrimping season (August-September). Two different sectors 

exploit this resource: the inshore (or artisanal) and the 

offshore (or industrial) sectors. Important differences in 

history, technology, mobility, storage capacity, fishing 

gear, fishing techniques, fishing laws and regulations, and 

economic efficiency, exist between the two sectors; these 

have already been described at length (Vasquez-Leon, 1995), 

and therefore will not be presented here. 

Of the two sectors, the industrial fleet has undergone 

important historical changes (an ongoing succession of 

privatizations, cooperativism, and the recent privatization) 

with important consequences for the long-term sustainability 
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of shrimp as a resource. The reader is referred to Mendoza-

Martinez (1985) for an interesting presentation of the 

industrial fleet from a historical perspective; 

additionally, Vasquez-Leon (1995) provides a thorough 

historical, economic, and comparative efficiencies analysis 

of the industrial and the inshore sectors. 

Both sectors exploit stocks of shrimp with relatively 

minimal spatial-temporal overlap. Conflicts do arise, 

however, as the most efficient inshore sector usually falls 

victim to political negotiations between fishery officials 

and the (now privatized) offshore sector. Negotiations are 

generally aimed at excluding or further marginalize inshore 

fishermen by either retarding their usual two weeks "head 

start", or by banning their highly efficient nets 

("chinchorros de linea camaroneros") and outboard motors 

bigger than 55HP. These issues have not been satisfactorily 

resolved by local fishing authorities (due to the political 

connotation of the issue and their subservience to Mexico 

City decisions). As a result, every year generates social 

unrest and deepens the rivalry between the two sectors. 

The adult penaeid shrimp are sold through either 

cooperatives (that have obtained official permits) or 

"permisionarios" private individuals with valid marketing 

peinnits, acting as legal intermediaries between (usually 

inshore) fishermen and the shrimp export industry. A third 
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kind of (illegal) market is formed by the "guateros" who buy 

shrimp without official certification directly from 

fishermen that do not report their catch to their 

cooperative. 

Market incentives promote the existence of guateros, 

who provide a higher price than the cooperatives (although 

not benefits and/or fishing gear) eind help alleviate the 

immediate monetary needs of fishermen in need of quick cash. 

The black market channels offered by guateros not only suit 

the needs of inshore fishermen, but also, those of the 

offshore (also marginalized) crew members. Guateros usually 

intercept incoming trawlers to buy the "chatarra" (small or 

slightly damaged shrimp) and fish by-catch, and sometimes 

(depending on the trawler's captain) varieible quantities of 

first class shrimp. —The widely spread practice of this 

and other black market channels, coupled with the extensive 

exploitation of juveniles (above), make the officially 

reported total landings as a significant under-estimation of 

the real shrimp yield. 

The "tail only" buyers of first quality frozen Mexican 

shrimp are primarily Japan (major importer of brown shrimp 

P. calxfomiensis) and the U.S. (for P. stylirostris) . Until 

recently, the only company with a license to export shrimp 

out of Mexico was Ocean Garden (a Mexican-U.S. company), 

other cooperatives had no alternative but to sell their 



product to this company, which, before the beginning of each 

shrimp season, provided credit for shrimping gear (from 

outboard motors to nets) to the shrimp cooperatives in 

exchange for their landings. With the privatization of the 

offshore fleet during the Salinas de Gortari Presidential 

period, a large number of privately owned processing plants 

and export businesses have emerged, substemtially reducing 

Ocean Garden's market share. 

The key Players in the Mexican Shrimp Fishery 

In order to make contributions to fishery management, 

we are obligated to understand the way in which fishermen 

perceive both, the resource and their role as exploiters of 

the resource. Required insights can only be obtained through 

"hands-on" experience: allowing time for observing, taking 

an active role and participating in as many chores as 

possible while on board of a shrimp trawler or a panga. 

The following section is an attempt to portray, as an 

"insider", the way in which shrimp trawling operations in 

the Gulf of California are conducted and how decisions are 

made. The observations and anecdotes that I have gathered 

while on board commercial trawlers altered forever my 

perception of shrimp trawlers: it made me realize that 

inside those wasteful, rusty, old-looking bottom scraping 
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machines, there are people earning a living under very harsh 

conditions; people with similar needs, anxieties and dreeuas 

as the many inshore fishermen I had the pleasure to meet. I 

hope that the ethnographic tale that follows will serve to 

broaden, and perhaps even change, the reader's perception of 

the offshore fishermen of the Gulf of California in the seune 

way that it altered minê . 

The ethnography of offshore fishing 

Fishing demands skill, practice, commitment, and, 

frequently, luck. In this section, I endeavor to record some 

of the vast funds of knowledge developed over time by the 

practicing fishermen of the Gulf, knowledge of how fish and 

shrimp behave, how the tides, currents, and bottom 

characteristics determine the success or failure of their 

efforts, and knowledge of how the larger "political economy" 

of the region impedes or enhances their chances for success. 

The approach and methodology of this section, is 

ethnographic: it is based on participant-observation on 

board of commercial shrimp trawlers, and the information was 

drawn from a group of highly experienced offshore fishermen. 

 ̂ A similar ethnographic description of the inshore 
fishermen is offered in Vasguez-Leon (1995); for this reason the 
inshore fishery will not be described here. 
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In order to preserve the anonymity of those that beceune 

siibject to my observations and the source of the 

information, their neunes, as well as the name of their 

vessels were altered. 

Preparing for the trip 

The Magdalena XXI returned from its third fishing trip 

on March 14th, 1993 after 70 days away at sea. The crew 

worked 50 days out of the total 70 days and caught 2.3 tons 

of mixed (brown and blue) shrimp at the expense of 95,000 

liters of diesel (25,000 gallons), three severely damaged 

chinchorros, and a broken winch reel. According to Alfredo, 

the captain of the boat, "Zavala did not fire me because all 

other boats were reporting similar catches and, furthermore, 

the shrimp fishery is in such bad shape that 2.3 tons in 50 

days is a good catch". After spending some time with the 

crew during the fourth trip, I am almost sure that they sold 

some shrimp on the black market —during the trip I was on 

board, of the 1.3 Tons we caught we sold 365 kg and only 

reported 800 kg of shrimp when temporarily returning to 

Penasco for refueling. 

Upon arriving in Puerto Penasco, at the end of the 

third (seventy day) trip, the crew spent five days in poirt 

unloading the shrimp, fixing the nets, replacing damaged 



equipment (one of the winch reels was severely deunaged and 

had to be replaced), visiting the cantinas, and refueling. 

Only 20,000 L. of diesel were obtained (enough to work 10-12 

days), because the boat owner was uncertain about the 

official season closing date and did not want to risk having 

to leave the boat with remaining fuel. 

Alfredo was in complete control of the boat while on 

the docks, that is, eimong other things (such as deciding 

whether or not to have a biologist on board), he was free to 

decide when to leave port again. This was not the case with 

other captains working for Zavala. Zavala had a worker in 

charge of all the boats arriving in Penasco, who supervised 

the loading and unloading of the boat, decided how much fuel 

the boat will get, and when the boat must leave port. 

Maadalena XXI as a trawler 

The Magdalena XXI could be classified, based on its 

trawling capacity and power, as one of the bigger boats used 

for shrimp trawling in the Gulf of California. This trawler 

was built by Astilleros Monarca (Guaymas) and equipped with 

a Caterpillar 3412 diesel engine (one of the biggest boat 

engines used by trawlers in the Gulf), a winch with 2-2.5 

tons leverage capacity/reel, otter trawls or chinchorros 

with 110 foot mouth opening and 12-13 foot boards. The boat 
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was designed to provide the largest possible working area on 

the deck, thus, living space was limited at best. 

At the back of the ceUsin there was a small kitchen and 

dining area where the crew needed to teUce turns to eat. The 

kitchen had two side doors leading to the deck and a third 

leading to a narrow corridor that connected the galley to 

the "puente de mando" (bridge). 

At one side of this corridor the captain's ceibin was 

located; it consisted of a single bed, a couple of cabinets 

for personal belongings, and relatively large living space 

(3' X 5') . On the other side of the corridor were two more 

cabins for the crew: one of them with four beds and 

literally no space to move around, and the other, with two 

beds and a space to crawl in and out the bed. None of the 

crew's ceibins had closets or ceQjinets; all personal 

belongings were piled up at one end of the Ccibin. 

The puente de mando was modest but big enough for its 

purpose. It contained three different radio systems, a video 

sonar and a compass. This basic equipment is what most 

fishermen use. They hardly ever carry a bathymetric chart or 

anything of that sort on board since they, ultimately, rely 

on their knowledge, experience, and coastal features to 

determine the locations of the fishing grounds and the depth 

at which to fish. 

The only toilet on board of the Hagdalena XXI was 
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located outside the living area and it was rarely used for 

its intended purpose. It is perhaps due to the confined 

space usually assigned to on board toilets, or to the long 

history of boats without them, that crew members prefer to 

use the stem rather than the toilet. The toilet 

compartment, however, was prefereibly used as a shower room 

as it offered some privacy and protection from the cold 

breeze. In order to take a shower, water had to be warmed on 

the kitchen stove and collected into a bucket which was then 

placed on top of a piece of plywood covering the toilet 

bowl. A small jar (a tomato can or something of the sort) 

was used to take the warm water from the bucket and poor it 

over oneself. Each crew member had his personal can which 

was used for this exclusive purpose. 

Crew composition, duties, and salaries 

A shrimp trawler crew is usually composed of seven men 

with different responsibilities and social status while on 

board. The lowest ranked of the seven is "el pavo" (the 

turkey) who is always the boat's 'gofer'. He must be 

available at all times for every duty and situation that may 

arise: helping the sailors to repair the nets, taking charge 

of the steering (a guardia or watch of 2-3 hours/day at the 

helm), cleaning the nets, separating the shrimp from the 
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rest of the catch, deeming emd beheading shrimp, storing 

the shrimp in the cold room, walking on to the tip of the 

polls (tangones) to check or disentemgle nets, boards or 

foil (ceible), and, also, 'changear' which means that for a 

period of 3-4 hours/day he must be on duty to retrieve a 

small trawling net (called the "chango" and used for 

sampling the catch), every 30 minutes to an hour. On top of 

all these jobs, pavos are often times assigned the chore of 

washing the dishes (usually the cook's duty). El pavo is the 

busiest person with the lowest salary on board. He only 

receives a share of what the captain sells on the black 

market— shrimp and/or by-catch. 

Ranking higher than the pavo are the two sailors. 

Sailors' main duties are "changear" (retrieve and set the 

chango) and taking care of the nets including: retrieving, 

setting, cleaning and fixing the "chinchorros". Since there 

are two nets, each sailor takes care of one of them and 

considers it to be his own. They develop a special feeling 

of love and attachment to their nets and often compete to 

see whose net works better. They often (if not constantly) 

make jokes about each others' net performance. Other duties 

include guardias at the helm, and cleaning and processing 

the catch. A sailor's salary is determined before leaving 

port and is usually agreed to on a per ton basis. Salary/ton 
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varies widely from "armador" to armador'. On the Magdalena 

XXX, for instance, the sailors were paid 600,000 old Mexican 

Pesos per ton (+/- U$ 200/ton, at a 3,000 old Mexican Pesos 

to a dollar exchange rate for that season), whereas on the 

"Maria** their salaries were 750,000 old Mexican Pesos/ton 

plus their share of the damaged or small shrimp sales. Crew 

members supplement these base salaries with a share of the 

money produced by the selling of fish and shrimp to the 

black market. 

Higher in social rank is the cook. The cook's most 

important duty is to make sure the food is ready on time. He 

makes the shopping list for the entire trip, and helps the 

sailors when retrieving the nets. (He had better be a good 

cook, whose cooking meets with the crew's approval, 

otherwise problems begin to siirface.) The cook has a spot on 

the deck at one side of the winch that is his and no one 

else's. This makes him responsible for winding the ceible 

into one of the reels every time the nets are retrieved and 

set. Besides this task he must help in the separating of 

shrimp from the by-catch and beheading of shrimp, like 

 ̂"armador" refers to the owner of the boat. He employs the 
captain and may even decide to assign one or two crew members of 
his trust (usually the **motorista**) . The armador provides the 
boat and the "hcibitualleuniento" (provisions for the trip), diesel 
and the necessary fishing equipment. Armadores are usually 
businessmen that own fishing boats as one of their many 
investments. 
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everyone else. Cook's salary is 1,180,000 $/ton (U$400/ton). 

The four positions described so far share the small room 

with four beds. 

Next position up the ladder is the "ayudante de 

motorista" (motorman assistant). Even though his duties 

while on the deck are identical to those of the cook 

(except, of course for the cooking), eind both receive the 

same salary, the ayudante has a higher status since he is 

the one that, together with the motorman, looks after the 

boat's mechanical parts. The ayudante is the motorman's 

gofer and has to be ready at all times to deal with either 

engine malfunctions, or refrigeration problems in the cold 

room. It is important to mention here that even though the 

assigned sailor and the "pavo" are in charge of processing 

the shrimp in the cold room, the "ayudante" and motorman are 

entirely responsible for whatever happens to the catch. In 

other words, they must ensure that the cold room is kept at 

the right temperature by constantly checking the temperature 

of the cold room and the shrimp. 

Higher in rank than the motorman's assistant is his 

boss, the motorman, whose duty is a little less demanding 

than those of the assistant. He is the one who determines 

what actions need to be taken regarding engine or compressor 

mishaps, and his assistant simply carries them out. Apart 

from that, the motorman takes shifts with the captain at the 
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helm, and is usually in charge of the boat during the night. 

Some captains are releueed about time shifts but usually, if 

there are no problems, the captain will trawl from 7:00 a.m. 

to 1:00 p.m., and between 7:00 p.m. and 1:00 a.m.; the rest 

of the time the motorman will be the one in custody of the 

boat. These shifts will only take place during fishing 

operations. However, when moving from fishing ground to 

fishing ground (running), the sailors, "pavo", and 

occasionally the cook, have an esteiblished round of shifts 

at the helm. The motorman does not usually make decisions as 

to what direction the boat should be steered, the captain 

makes those decisions and simply gives the instructions as 

to where and at what depth the fishing will be conducted. 

The captain may also point out specific landmarks to the 

motorman for him to become familiar with the fishing ground. 

Landmarks include big objects on the sea floor (sunken boats 

and rocks) , bottom features such as sudden changes in depth, 

and land features such as hills, sandy beaches and other 

"marcas". The motorman's salary is $2,600,000 per ton. 

Finally, the better paid and the ultimate boss on board 

is the "patron". —Host patrones are offended if you call 

them Captain; "patron" means boss—. One should not be using 

the word captain here but, in the boat everybody makes fun 

of the patron by calling him captain or "comandante" 

(commander). This is a common joke (of course always behind 
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his back). 

The "patron" has two main responsibilities: to take 

care of the boat and to catch as much shrimp as possible for 

the boat's owner. He also supervises and coordinates the 

crew so as to ensure that the fishing trip does not end up 

with quarrels and disputes between crew members. Harmony is 

difficult to achieve since everybody, including the captain 

himself, gossip about those that are not present at the 

time; it is common to hear a lot of talk behind somebody 

else's back. The Magdalena's captain's salary was negotiated 

at $4,000,000/ton (U$l,300). 

Types of nets and modifications 

There are different types of trawling nets (balon, 

semi-balon, fantasma, buzo, etc.) that vary in their 

construction, usually in the size and shape of the cuchillas 

(otter blades or wings), the height of the ala (wing) , and, 

the relative displacement (backwards or forward) of the 

tapadera (upper part) in relation to the arrastre (lower 

part). Shrimp boats generally operate a total of three nets: 

two trawling nets or "chinchorros", and a third one locally 

known as a "chango". The chango is a miniature drag net 

which is used to sample the catch (Fig. 1.7). 

The mesh size for a trawling net is 2 1/4 inches in the 
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main body and 1 1/2 inches at the end of the net in what is 

called the "bolsa", bag, or codends. Most commonly, the net 

is made out of a cotton-acrylic thread with a wax finish. 

The fabric for the net comes in "fardos" or rolls which have 

2,000 "mallas" (approximately 375 foot). The manufacturing 

of a 110 foot (of mouth opening) net requires one roll of 

material, while an eighty foot net requires half the eunount. 

A captain may carry different types of nets on board, 

to be used at different depths and with the different 

species of shrimp found in the Gulf. For instance, 

"fantasmas" and "mixtos" are commonly used for blue and 

white shrimp (P. stylirostris and P. vaimamei) that are 

caught in relatively shallow waters (5-18 fathoms) and are 

more active than brown shrimp (P. califomiensis). "Balon", 

"semi-balon" and "buzo", on the other hand, are designed to 

work more efficiently for brown shrimp at depths up to 35-40 

fathoms. Captains, however, may decide to carry "mixtos", a 

hybrid between a fantasma and a balon, which are used (even 

though not optimally) to catch all three species. 



Fig. 1.7. Typical Mexican two-trawl shrimper: rigging 
and fishing gear. 
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Further modifications of a standard net can be achieved 

by varying the number of floats and the eunount of weight 

added to the net. To determine the best float emd weight 

combination, the captain needs to be aware of the type of 

sediment of the sea floor, the eunount of mud retained in the 

nets, the type and cibundance of by-catch, the strength of 

the ciirrents, type of shrimp emd its behavior, and trawling 

depth. Usually nets are prepared with an average weight, 

which is generally a single chain along all the length of 

the "arrastre", and a double chain under the "cuchillas". 

This practice makes the nets suitable for a variety of 

bottom types. The final tuning of the net is then achieved 

by adding or removing floats since they are much easier to 

handle than the weights. 

Besides differences in design, a net also can vary in 

its size or mouth aperture. The maximum size net a trawler 

can handle is determined by two factors: engine power and 

size of the otter boards. For 12 foot otter boards, many 

captains use nets that range from 110 to 115 feet (which are 

prohibited but commonly used). These are mainly used for 

blue shrimp. Smaller boards tend to carry smaller nets. The 

catching efficiency of the different sized nets (85', 90', 

100', lie or 115') depends upon the depth at which the nets 

are used. The reason is that, with increasing depth, the 

increased drag (caused by the boards and the nets), reduces 
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the speed at which the chinchorros can work. Thus, a big net 

in deep waters cannot open its mouth to its £ull extent. 

This not only reduces the efficiency of the net, but also 

causes a series of other problems with the "espantadera" 

(see below) and the "arrastre". On the other hand, a smaller 

net will contribute less to the total drag and can open its 

mouth to the full extent, increasing the cheuices of catching 

shrimp (or other targeted species). 

The intuitive notion that the bigger the net the more 

shrimp it catches is not always true. For instance, when 

trawling at depths shallower than twenty fathoms, a small 85 

foot net can achieve the same, or even better results, than 

a 110 foot net one. Moreover, the smaller net produces less 

drag on the boat that in turn reduces fuel consumption. 

The last component of the fishing gear to be discussed 

here is the "espantadera" (tickler chain). The espantadera 

is a long chain that holds the base of the two boards at a 

specific distance (usually the ssune size as the chinchorro's 

maximum aperture) and works in front of the chinchorros 

lifting whatever it encounters, into the nets. Its main 

purpose is to "scare" the buried shrimp out of the mud 

making them more susceptible to be caught by the net. Since 

it is a piece of heavy duty chain attached only at both 

ends, when the espantadera touches something in the bottom 

(old tires or rocks), it produces a swinging motion that 
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lifts the objects from the bottom emd throws them up in the 

water, and ultimately, into the net. 

For the espantaderas to work optimally, they must be 

fully extended. If the boards cannot open completely, the 

espantaderas will not have the necessary strength to produce 

the swinging motion and will get entangled in the rock or 

whatever they are supposed to lift, causing more harm than 

good. The espantaderas are checked less frequently than the 

chinchorros; usually they are checked when the boards are 

brought on the deck. 

It is important for a captain, therefore, to understand 

how the nets work and what factors influence their 

performance. For a captain who is less skilled, or unlucky, 

repair costs can be high. Repair costs for a net can range 

between 100,000 to 300,000 Old Mexican Pesos (U$300 to 1,000 

back in 1993) for a 100 foot net, depending on the skill of 

the net mender. The higher their skills the higher the cost 

of getting a better finished product. Minor repairs are 

carried out on board by the sailors as part of their duties. 

Handling the otter nets ("chinchorros"̂  

The chinchorros must be completely untangled before 

they are set. While on deck, the floats are separated from 

the chain and the chinchorros are opened; opening the nets 
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is required if one is to inspect them for damage, and to 

clean obstructions. This task is carried out at least once a 

day, usually early in the morning when fishing activities 

are terminated. It takes between 20 minutes to 1 hour 

depending on how dirty the net is. Different types of fish 

clog nets in different ways (making one wish not to scoop 

the wrong type of fish) . For instance, if one is unfortunate 

enough to get a school of pez "chiles", round and pointed 

10-25 cm-long fish, every mesh in the net will be clogged by 

one chile fish stuck by the throat; the process of cleaning 

nets will be a rather long and involved one. 

When trawling 24 hours, the nets are brought on board 

whenever cleaning, calibrating, or mending becomes 

necessary. Out of the three, the most common reason for 

bringing the chinchorros on board is cleaning. Cleaning 

operations vary in both, frecpiency and amount of time 

needed. Under optimal conditions, the nets can be set 

without cleaning for three, and up to five trawling events, 

depending on the type of by-catch. Sometimes, when large 

concentrations of squid eggs, jelly fish, pez chile, algae, 

etc. are encountered, it becomes imperative to clean the 

nets each time they are retrieved. 

When fishing activities are stopped, the nets are 

brought on the deck, cleaned and hung over the deck during 

the morning. The reason for this is that the nets have to be 



dry before the sailors can mend them. And there is always 

mending to do. The time fishermen spend fixing a net can 

vary from an hour, to all afternoon, to three or four days, 

depending upon the size and the location of the damage. The 

most difficult part to mend, due to the way in which the 

mesh is cut and sewed, is the cuchilla. 

Trawling 

Shrimp trawlers in the Gulf of California drag three 

nets: two chinchorros de arrastre (one on each side of the 

boat), and a chango which is a small version of the 

chinchorro used to sample the quality and amount of catch 

(incidentally, the changos used in trawlers are the Scune 

changos that are forbidden to the inshore sector). The 

chango is basically used to decide how long the trawling 

period will be, and if or when to move back to a previous 

spot. This small net is set immediately after the 

chinchorros and is retrieved every 1/2 hour to see what is 

being caught by the nets —this varies a lot depending on 

the captain; some are very stringently punctual about 

retrieving time for the chango, others are more relaxed and 

tend to forget about them—. The catch in the chango tells 

the captain whether to carry on fishing in the same 

direction or make a 180 degree turn to go back to where the 
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boat was before. For example, if the chango catches six 

shrimp the first 1/2 hour, 12 shrimp in the next 1/2 hour 

and three in the last 1/2 hour, the captain will start an 

180° turn to go back where he caught the 12 shrimp. 

Retrieving the otter nets 

Bringing the nets on board requires both, coordination 

and cooperation. Ten minutes before retrieving the nets the 

captain, or the motorman, gives the instruction to the crew 

to get ready. Usually crew members utilize the time between 

trawls to catch up on their sleep; the ten-minute call gives 

them the opportunity to get dressed in their yellow rain 

coats, and drink a cup of coffee (which is always ready). 

The crew then goes on the deck and everyone takes his 

assigned position. The cook and ayudante stand by the winch, 

a sailor on each side of the boat, and the pavo, ready for 

any eventuality that might occur, in the center of the deck. 

At their posts, they all wait for the captain's signal to 

start recovering the chinchorros. Meanwhile, the person in 

charge of the chango fetches it, ties it, and puts it away 

so that it will not interfere with the operation. 

When everybody is ready and the chango is out of the 

way, the captain gives the signal— a sudden reduction of 

the engine RPMs (from 1400 to adsout 750-900). The term used 
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for this drop in RPHs is "recortar" or to give a "recorton" 

(to cut the engine). Cutting the engine is very important, 

because if the winch is connected at high RPHs the coupler 

between the winch and the main engine (toma de fuerza) can 

be seriously damaged. To replace this part is not only 

expensive, but also requires a fair amount of leibor that can 

not be performed at sea. 

Once the winch is connected, the "cunas", or reel 

retainers, are removed and a foot brake is used to keep the 

reels in the position. The winding begins when the foot 

break is released and a clutch, that independently connects 

each reel to the coupler, is activated. The cable must be 

wound up very tightly. If the ccUsle is not wound tightly, 

the boards will not come out of the water at the scune time, 

increasing the risk of breaking the boards or bending a 

"tangon" (the poles or outriggers that extend horizontally 

outward at each side of the boat, designed to keep the nets 

separated from the boat). 

In order to wind the Ccible tightly, a piece of 

galvanized tube is attached to the floor and used as a lever 

to push and pull the cable as it winds. This extra pressure 

increases the tension on the ceUale and directs its position 

in the reel. When the boards reach the tip of the tangones, 

the cook and ayudante put the ciinas on the reels and 

disconnect the winch. At this point, the boat produces a 
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sudden movement (it feels as if the boat becomes heavy emd 

rocks a little, first on one side and then on the other) 

which is the signal that the captain is waiting to increase 

the RPMs to 1700-1800. 

Running with the nets in the water will force all the 

catch to the end of the net (bolsa or embudo) and will get 

rid of mud and other things that can be washed away. It also 

forces the nets and the "chimbomba" to come to the surface. 

The chimbomba is a piece of nylon rope that is attached to 

the two "falsos" (rope which loosely joins the board and the 

mouth of the bag) and allows the crew to retrieve both nets 

at the same time. 

When boats do not use a chimbomba or when the chimbomba 

breaks, the captain has to make a complete left turn which 

enables the sailor at the right side to catch the falso at 

his side of the boat, then, another sharp right turn for the 

sailor in the left to get his falso. This maneuver 

considerably increases both, the retrieving time and risk of 

accidents. There is one falso per net (made of much thicker 

nylon rope than the chimbomba), connecting the mouth of the 

collecting bag (at the end of the net) and the boards; when 

pulling the falso the bag closes and whatever is in the bag 

remains there. 

While running the trawler to clean the nets and bring 

the chimbomba to the surface, the captain positions the boat 
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facing the current and waves. Meanwhile, the pavo seizes the 

chimbomba and waits for the captain's next signal. Once the 

boat is positioned, the captain will reduce the RPMs once 

more. This second recorton allows the pavo and sailors to 

pull the chimbomba, grab the falso, and the cook to connect 

the winch once again. Each falso is wrapped around a pulley 

in the winch and recovered; this brings the bag with the 

catch to the side of the boat. At this point the falso is 

secured with a hook that moves up and down the mast. Once 

fastened by the hook, the other end of the falso is released 

from the winch and the "sencillo" is wrapped around the 

mouth of the bag. 

The sencillo is a single piece (thus its name) of thick 

silk rope that is passed through a pulley located at the top 

of the mast right above the center of the deck. One end of 

the sencillo has a big iron hook that anchors the thick rope 

around the mouth of the bag, right above the falso. The 

other end is wrapped around the winch to retrieve the bag 

onto the deck. As the sencillo is pulled up by the winch, 

the small hook that holds the falso moves up the mast; as a 

result, the bag is pulled out of the water and onto the 

deck. 

Once retrieved, the bags are maintained at a certain 

distance from the deck so as to allow the sailors to fetch 

the rope that closes the cod end of the bag, untie it to 
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release the catch, shcUce the nets to dislodge major 

obstructions, close the bags, and throw them over board. 

Throwing the nets over board is where good coordination is 

necessary. The sailor must swing the end of the hanging 

empty net to gain the necessary inertia that will allow him 

to throw it back into the sea. The people manning the winch 

must know exactly when the sailors will throw the net in 

order to let the sencillo go at the saune time. Once the bag 

is in the water, the winch is turned off, the sencillo 

removed from the bag, the falso released from the hook, and 

the chimbomba attached to the falso. 

The chinchorros will be fully extended as the captain 

positions the boat in the fishing ground. A slight mistake 

can be time consuming. In the best scenario, the whole 

operation might have to be repeated, but, if things go 

really wrong, the nets can be caught by the propeller... a 

major problem. 

Setting the nets 

Once the sailors throw the bag overboard, and the hooks 

that hold the falsos are released, the nets are completely 

in the water. The chinchorros remain fastened to the boards 

by the relingas (the float and weight lines). The captain 

will run to the fishing ground or position the boat where he 
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wants the nets to be set. Once in the fishing ground, the 

captain gives the signal (in the form of a sudden reduction 

of RPMs or recort6n) to those at the winch to set the nets. 

When the captain reduces the engine speed, the cook and 

ayudante connect the winch once more, remove the cunas that 

hold the winch reels, hold the reel in position with the 

break, and disconnect the winch. 

Removing the cunas produces a shaking movement 

identical to the one described for the retrieving procedure; 

this movement serves as a signal to the captain who at that 

point accelerates the boat to 1700-1800 RPHs. Increasing the 

speed of the boat when setting the nets ensures that the 

boards will open completely and that the chinchorro will be 

perfectly stretched. At high RPM, the men at the winch will 

release the breaks and let the boards go. When the boards 

touch the water the cook 2md ayudante begin to count the 

marks (usually pieces of rope rapped around the foil) that 

are placed at 10-20 fathoms intervals along the Ccible. The 

captain will tell them how many marks they need to release 

and where to position the mark in the boat. 

There are three commonly used positions for the mark: 

a) at the winch (meaning that the mark has to be placed 

immediately after it leaves the reel), b) at the tip of the 

tangon, or, c) at the water. The position and number of 

marks used are directly dependent upon the depth at which 
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fishing will be carried out; therefore, it is the captain's 

duty to know the relationship between depth and number of 

marks. If the captain miscalculates the number of marks 

(releasing too little Ccible or too much), the nets will not 

work optimally. If the nets do not work optimally it causes 

other problems, such as boards getting stuck in the mud, 

losing nets, spinning boards and tangled chinchorros. 

Counting the marks, and hence setting the gear, is 

carried out at full speed. When the mark that needs to be 

positioned is about to get out of the winch reel, the 

ayudante sends the captain a signal (a strong noise like 

hammering on the deck or a sharp whistle) with the message 

"the mark is approaching, reduce the speed'*. So the captain 

reduces the speed again (to allow the boards to touch the 

bottom) until a second signal ( with the meaning "reset the 

power to trawling speed of around 1400 RPM"), is sent when 

the mark is in the right position. Once at the appropriate 

speed, the cunas are set again and the crew can forget cibout 

the nets for the duration of the trawling period. The only 

member of the crew during the trawl who keep an eye on the 

gear is the one who is on-duty retrieving the chango. 

Handling the catch 

While the people in charge of the winch are setting the 
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nets, the rest of the crew on deck is separating by-catch 

from shrimp. This can be an enjoycdale experience or a very 

tedious task. It is the time when sailors joke ad3out each 

other's net and play with the by-catch, teasing and playing 

tricks on the unexperienced crew members (in this case the 

biologist). The by-catch is separated with the aid of a 

"rorro", which is made of a thick piece of wood attached at 

a right angle to a wooden handle. The crew works the catch 

from the sides to the center of the deck, leaving behind the 

xinwanted by-catch, and separating the valuable fish for 

personal consumption or to be sold to the pangueros, at 

either end of the deck. Fish to be sold or kept are 

processed after the shrimp. 

During the cleaning of the catch, gloves must be used 

at all times since the catch tends to concentrate all the 

acids and poisons that are released by the fish in response 

to stress. Besides this, shrimp produce several 

hepatopancreatic enzymes used for digestion. As a defense 

mechanism, shrimp use their spines on the tail and their 

rostrum in a rapid and strong flexing movement to pierce or 

slash an attacker. Rapid flexing often happens when the 

shrimp is separated from the by-catch, and becomes worse 

when the shrimp is beheaded, since the hepatopancreas is 

more likely to be ruptured. Rupturing the hepatopancreas 

liberates more enzymes and they can literally bum your 
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hands. These enzymes produced by the shrimp cause a rather 

unpleasant burning sensation accompanied by an infleunmatory 

response that can last for a long time (up to 48 hours when 

the hand is pierced by a shrimp rostrum)̂ . 

The shrimp are collected into several straw baskets 

that are placed in the middle of the deck, on top of the 

total catch. Once all the shrimp are collected, the doors at 

the side of the boat are opened, and the unwanted by-catch 

is shoveled overboard. This by-catch attracts an enormous 

number of birds, sea lions and big predatory fish like 

barrilete (a type of red-meat tuna fish) . 

All the baskets of shrimp are then washed with sea 

water to dislodge the mud and slime, and then emptied in the 

center of the deck (a relatively high pressure hose is 

connected to a pump that is constantly delivering sea water 

onto the deck and used for cleaning the deck and the 

shrimp) . The crew sits around the pile of shrimp and begins 

beheading and separating the big shrimp from the deunaged or 

small ones. This close gathering of the crew around the pile 

of shrimp is used to joke about something or to complain and 

exchange opinions about a captain's decision or the way 

someone, usually not present, did this or that. It is 

 ̂ Crew members usually alleviate the unpleasant (and 
sometimes crippling) burning sensation by urinating on their 
hands; this medical treatment is "applied", of course, after the 
catch has been handled. 
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usually through these conversations that the crew make 

decisions and tcUce subtle actions against or in defense of a 

crew member. 

Once all the shrimp are beheaded, the shrimp tails are 

collected into the baskets, washed once more, placed in a 

bag (made out of chinchorro netting), weighed, and sent to 

the cold room for further processing. The cold room is 

equipped with a small wooden box that contains the 

"salmuera". The salmuera is kept close to freezing with the 

aid of a copper coil connected to the cold room's 

compressor. The salmuera is a solution of sea water, salt 

and honey. The hypersaline solution removes some water from 

the shrimp tail and at the seime time, the honey coats the 

shrimp, glazing it. 

This chemical treatment and the low temperature at 

which the salmuera is kept ensures a rapid freezing process 

that prevents shrimp from sticking to each other. The eunount 

of time that the shrimp remains in the salmuera varies 

depending on the quantity of shrimp handled at the time. 

Small quantities of shrimp may be kept in the salmuera for 

5-10 hr, but, if a large amount of shrimp has to be glazed, 

the time each batch will stay in salmuera could be as little 

as 2 or 3 hr. Another caveat to this glazing operation is 

that if the shrimp are glazed for too long, they become 

dehydrated and weigh less, reducing the market value of the 
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catch. One strategy to counteract the dehydrating effects of 

salmuera is to pour water on the shrimp tails once they are 

in their sacks. After the shrimp are glazed, they are moved 

into the cold room (kept at -15°C), spread on the floor, and 

left for a day or two. After this time the shrimp become 

frozen solid and are ready to be stored in sacks. 

Any big fish (called "trophies") that are caught, are 

assigned to the crew members. The order in which the special 

fish are allocated is usually agreed upon before leaving 

port. The allocation of big fish often becomes another game 

(and a way of making fun of each other) in which the winner 

is known but the prize is the real surprise. For example, 

one of the sailors, when he received his prize (a nice, big 

totoaba), started to make fun of another sailor who received 

a big flounder. 

The amount of by-catch that is kept on board depends on 

how much is already in the cold room. It also depends on how 

much is caught at one time. The problem with by-catch is 

that it increases the temperature of the cold room, which 

must be kept constant, and as close to -15°C as possible, at 

all times. So, if the cold room is loaded with 300 kg of 

"chano" or stingray there is a big risk of deunaging the 

shrimp. Also, if the temperature is increased by adding 

by-catch, the ayudante must turn the compressor on for at 

least 24 hr; this operation means extra fuel consumption. 
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Most of the by-catch is sold to individuals that run 

fish supply businesses. These people come out in pangas as 

the trawlers approach port. It is very important that the 

buyers go to the boat before it enters the port; if the 

buyer waits on the docks to bargain over the fish, the 

captain will turn around and find several other buyers 

willing to pay a better price. 

When a legitimate buyer comes to the trawler, and if 

the captain wants to sell some of the shrimp catch, he will 

ask the panguero about the current (black market) price and 

who is buying. Captains usually have a very good idea of 

current prices, and which panguero offers the best deal in 

town, by asking this questions to the potential buyer, he 

can sense how honest the panguero really is; a crucial 

factor that often determines whether or not the captain will 

sell. 

The captain that sells shrimp on the illegal market 

must know how many people working for his annador are 

selling shrimp, how much chatarra (shrimp for domestic 

market) is being reported, and what proportion is sold; all 

this information is given to the captain by the buyer or 

obtained throughout the fishing trip (by radio). If he 

enters port with the cold room full of export size shrimp 

and no chatarra, his armador will be very suspicious, 

especially if other captains are bringing large quantities 
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of chatarra shrimp, since the armador pays them only 

$10,000/ kg for chatarra, and the panguero offers $30,000, 

the captain wants to sell as much as he can on the black 

market to maximize his (and all other crew members') profit. 

But the limit as to how much he can sell is set by the 

other captains in the armador's fleet— that is, if the 

captain wants to keep working for this armador. Not all 

captains sell shrimp to guateros, for instance, Pancho from 

the boat "Maria" never sold any shrimp during the 60 days I 

spent in his trawler. 

Most of the edible fish, crabs and snails are kept for 

personal consiimption. Each crew member will have a sack in 

the cold room where they store their trophies and all other 

fish that they want to take home. Quarrels over who keeps 

what, seldom occur. The custom among the crew is "whoever 

fillets the fish owns it and may do whatever he likes with 

it". This rule includes exchanging one fish for cuiother or a 

piece of totoedsa for some trigger fish fillet. So, anyone 

who is willing to take the time to fillet a fish may take 

what he wants from the by-catch. Most of what is taken by 

individual crew members will be consumed during "el piojo" 

(the low employment period between seasons) or given as 

presents to friends and family. 

Totoabas, machorros (i.e., juvenile totociba), and other 

(forbidden) species, must be hidden away in special 
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compartinents in the cold room, designed for the intended 

purpose. Even though this is incidental catch, and it is 

usually dead already when it is brought on board, fishermen 

know the risks involved in being caught with a turtle or 

totoaba on board. Crew members not only know that port 

officials are usually after a "mordida" (bribe) or some 

shrimp to take home, but also, that port officials are less 

likely to conduct a thorough search of the cold room if they 

are "treated well". 

Fishing areas; a captain's decision 

A good captain is one who knows (accurately) many 

fishing grounds in different regions. This knowledge entails 

not only the location, but also the depth at which trawling 

must be carried out, depth and locations of "pegazones" 

(sunken boats, rocks, shell beds, or anything where the net 

can be snagged), and the types of bottom sediment and 

currents. These last three things are perhaps the most 

important of all since setting the nets on loose muddy 

bottoms or where there are numerous pegazones could mean 

loosing expensive gear as well as posing the risk of 

personal injury. 

In order to find the approximate location of a fishing 

ground, captains rely on two things:(a) the "sonda" (or 
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sonar) to find the right depth, and (b) the relative 

position of land features (such as a stretch of beach, a 

hill, or an islemd). Aided by these two, a good captain can 

(very accurately) identify the location of the pegazones. 

This requires a lot of previous experience and a good deal 

of memory. 

The difference in training and knowledge between the 

motorista and the captain is quite remarkeJale. Since a 

motorista is very close to becoming a captain, one might 

expect that he would know some fishing grounds. However, 

every time the motorista takes charge of the boat, it is the 

captain who tells him where to go, when to turn, and what to 

avoid. It is by no means easy to leam the location of 

fishing grounds, especially at night (when the motorista 

takes over the helm), when all the land marks used during 

the day are difficult to recognize. So, it is not easy for a 

motorista to become a captain unless he is very sharp and 

has a good memory. So, in a sense, every night that the 

motorista is at the helm it is as if he were sitting in the 

classroom, learning lesson after lesson. 

Besides knowing the fishing grounds, a captain must 

know the behavior of the species he is trying to catch. 

Shrimp that are caught mostly at night, such as the brown 

shrimp (P. califomiensis), are influenced by the tidal 

currents and the moon phase in a different way than shrimp 
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which are fished principally during the day, though not 

exclusively, such as the blue (P. stylirostris) and the 

white shrimp (P. vaxmamei). For instance, when fishing in 

the region between the north end of Tiburon Island and 

Puerto Lobos (a typical brown shrimp fishery), the best 

tides for shrimping are those with minimal water movement 

(the neap tides). However, south of Guaymas the "good spring 

tides" are the best where white and blue shrimp are the 

predominant catch. The reason for this difference is that 

"spring tides" (full moon tides with maximun tidal 

amplitude) produce a series of very strong currents in the 

Tiburon Island area that affect the behavior of brown 

shrimp, forcing the shrimp to bury deeply in the muddy 

bottom. Contrary to brown shrimp, blue shrimp react to live 

tides by becoming more active and remaining out in the 

strong currents. 

Adult blue shrimp arrive in the region north of Tiburon 

Island, between El Desemboque de los Seris (south of Puerto 

Libertad) and El Desemboque de Caborca (where the Concepcion 

River meets the sea), towards the end of the season (April-

May) in sporadic random spawning riuis. 

The captain also extracts interesting information from 

the catch and by-catch that gets caught in the chango. 

Pancho or Alfredo do not merely count shrimp in the chango, 

they also look at the accompanying fauna to determine both 
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how long to continue trawling and the direction to taJce the 

boat. If, for excunple, there is a lot of by-catch in the 

chango, or if some species, known to swim in large schools 

(such as sardines) are present, the captain will then reduce 

trawling time so as not to over-fill the nets and to bring 

them safely on board. 

On one occasion we caught a big stingray with the 

chango. When that happened, the captain reduced the trawling 

time from 3 hr to 1.5 hr; the logic behind his decision was 

this: since the chances of catching such a big animal with a 

chango are very close to zero, then, there must be tons of 

rays in the chinchorros. The captain was right in his logic 

and decision, but it was already too late. One of the 

chinchorros broke completely and all the catch was lost; the 

other net could only be brought on board after the bag was 

cut open and some by-catch and shrimp dumped back into the 

ocean. The outcome of this unfortunate event was that the 

crew not only invested a lot of time retrieving and fixing 

the nets (more than 3 hr), but also, the catch, that had 

been kept on the deck all this time, was crushed by cred3s 

and stepped on by the working crew, so it lost almost all 

its value. 

A knowledgeeible captain will also observe the shrimp 

themselves for valuable information (size, coloration, how 

active the shrimp are, etc.). One time, Pancho, the captain 
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on the first trip, showed me the differences in coloration 

between two specimens of brown shrimp. He interpreted the 

differences in terms of day/night shrimp. I was really 

amazed. It seems that the brown shrimp (P. califomiensis) 

has two different forms: one dark brown, with red legs and 

pleopods, that are the dominant catch during the night, and 

the other, light brown, with white-yellow legs, that are 

dominant at dawn and dusk. Pancho explained the importance 

of setting the nets in the right spot during the first 

trawling period which for us was at dusk (we were fishing 

only brown shrimp and we worked from 6:00 p.m. to 7:00-8:00 

a.m. only). 

Pancho explained how the first setting will determine 

the place where he will cast the last one. If he catches a 

lot of shrimp in the first setting of the nets, the catch 

will be mainly composed of day brown shrimp. That means that 

the area is dominated by day shrimp and hence, looking for 

night shrimp there will not be wise. Pancho will then record 

the place of this first trawling period (if it was 

successful) and the rest of the night he will be wandering 

about the fishing grounds, trying different places, 

listening to the radio for reports on catches, etc., in 

order to hit the spot where the night shrimp are found. 

Then, early in the morning, he will return to the first 

fishing ground to get the day shrimp that he could not catch 
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in the first setting; this ensxires him that at least two out 

of the total of five casts that can be carried out per night 

will produce good catches. 

Sharing information 

I have mentioned, in passing, the communication that 

exists between boats. The degree to which captains share 

information on their catches and location varies 

considerably between captains. Sharing information seems to 

be profoundly rooted in friendship and/or family ties. 

Alfredo, for example was a rather quiet captain who did not 

like to talk on the radio that much. Indeed, he kept the 

radio off most of the time. He would listen and share some 

gossip with other captains —during the fourth trip he was 

constantly complaining about the motorista who did not show 

up on the dock and was seen in Guaymas when he was supposed 

to be in Ciudad Obregon taking care of his ill mother— but, 

he disliked the idea of telling the truth about the relative 

success of his fishing. 

Another thing that infuriated Alfredo (and he took 

advantage of the motorista's edssence to complain eUbout it) 

was that as soon as the motorista took charge of the boat, 

he was on the radio constantly talking to everybody about 

his location and how good the fishing ground was. The 
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following morning, Alfredo would wake up to find that the 

fishing ground that he had all to himself the night before, 

was suddenly full of boats (attracted by reports of success 

disseminated by the motorista who was quietly sleeping) . 

But Alfredo was a different man altogether when 

communicating with one of his buddies or a compadre. Alfredo 

would be honest about the catch and assumed his friend was 

telling the truth as well, since he would make a decision as 

to whether to stay or leave his fishing spot based on his 

friend's reports. Captains always amazed me with both their 

talents in recognizing other captains' voices on the radio 

and their ability to recognize boats at night. These special 

talents are used when a boat was not catching much; by 

turning the radio on, listening to a conversation eibout 

catches, and recognizing the boats, the vmlucky captain can 

move to the region where those boats are fishing and share 

the resources with them. 

Exchanging information by radio is a very dangerous 

operation that requires caution if the captain does not want 

to attract the attention of the unlucky captains. Some 

captains like to tell lies (or a half truths) ed30ut 

excellent catches in other regions. By doing this they hope 

to get rid of competition in a particular fishing ground. 

Because of this fact of life, some of them (like Pancho) 

will only talk and listen to captains whom they know well. 
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and whom they respect for his knowledge of an area eUid his 

fishing eibility, or, like Alfredo will use the radio very 

seldom and mainly for listening. 

On several occasions, Pancho and another boat 

(captained by his old buddy "El Pavo Carlos") teamed up in a 

specified zone, and exchanged information eUsout each other's 

success through a complicated system of code words 

previously agreed upon. Using this communication system, 

they called 20 kg a "chanfle", 40 kg a "cremallera", 50 kg a 

"piececita", and 60 kg a "frio". They also use combinations 

of these words when catching additional quantities. For 

example, 80 kg would be called a "frio and a chanfle" and so 

on. Our tesun effort was conducted as follows: one of the 

boats would fish on one side of a "bajo" (sand bar) at 20 

fathoms, and the other would trawl on the other side at 25 

fathoms. During the whole night, both captains would call 

each other every time they retrieved the changos and the 

chinchorros, and the one who was catching less would move 

closer to the one that was doing better. 

A knowledgecUsle captain will never make a decision 

based on reports from chango catches; he will only make a 

move when he hears a report based on chinchorro catches. The 

reason is that, depending on the size and weight of the 

boards used in the chango, the length of the chain that is 

used to adjust these boards, and the way in which the boards 



81 

are adjusted, the chango's yield may be completely different 

than the real catch, even when used in the scune fishing 

ground and depth. Pancho knew, that due to the way in which 

Carlos has calibrated his chango boards, the reported number 

of shrimp per 'changazo' was going to be higher for Carlos 

than for him. In fact, I kept a record of Carlos' chango 

reports. They were consistently higher than Pancho's. Pancho 

commented that it was almost impossible to find two changos 

that will work and produce identical results: "they are all 

different and you have to know who has "changos marcadores" 

(that catch a lot), like the one Carlos is using, and who 

has changos less marcadores". 
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Fishery management can be defined as the application of 

scientific knowledge to the problem of providing the optimum 

yield to commercial fisheries products (Ehrhardt and Youngs, 

1981). This definition clearly illustrates fishery 

management's almost exclusive concern with the immediate 

resource of interest; that is: to provide a measure of 

optimal catch from the cibundance and size of the resource 

available for harvesting. 

An optimal catch is said to be determined by "a 

combination of fishing effort and the cJsundance of the 

stock"; specifically: effort, catch rate, and eOsimdance. 

Since these three variables are mathematically related, "if 

any two can be measured directly, the third can be 

estimated" (Wilson, 1990). In practical terms, however, what 

has been regulated is the quantity being fished by humans 

(Vasquez-Leon, 1995). Regulation is often based on poor 

estimates of abundance and landings. 

In taking this approach, fishery managers have 

neglected gaining an understanding of the way in which the 

resource (being a single or multiple species) is partitioned 

into discrete breeding units. Instead, they have focused 

their efforts into estimating exploitation parameters, such 

as harvesting season, quotas, etc., which are customarily 
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Obtained from and applied to all regions where the species 

occurs. This approach is euialogous to an over-simplistic 

"averaging" of the estimated population parameters across 

fishing grounds (or stocks). 

The consequence and danger of using average resource 

parameters, is that the resulting estimation of enforceable 

exploitation quotas disregard natiiral between stock 

variability. Calculating average sustainable pareuneters for 

the species as a whole do not, and cannot, address the 

specific needs of individual stocks. Thus, stipulating 

fishing quotas, number of licenses, and other regulatory 

mechanisms aimed at the preservation emd the (long term) 

sustainable exploitation of the commercial resource, ceinnot 

realistically prevent local over-exploitation (or local 

extinction) if regulations are based on population 

parameters that ignore the existence of and variability 

between local stocks. 

In addition to resources being generally regarded as 

panmictic management units, fishery biologists have also 

been inclined to assume the resource remains relatively 

constant with minor year-to-year fluctuations around a 

supposed equilibrium point (Hall, 1988, Kerr and Ryder, 

1989). From this point of view, the effects of unique 

environmental events and the adoption of new shrimping 

technologies are simply ignored when deciding on an 
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equilibrium level of effort at which the long-term health of 

the ecosystem as a whole, is assumed to be maintained. 

As Wilson (1990) points out, this approach also 

trivializes the intricate knowledge fishermen have about 

their environment —since they are usually not invited to 

participate in the decision-making process, their knowledge 

is considered interesting at best, but irrelevant for the 

purpose of fishery management —. This rather narrow 

perception of the natural environment has become 

increasingly challenged, and led some scientists to 

postulate nature as being intrinsically chaotic and 

unpredictable (Gilbertsen, 1993; Smith, 1990; Wilson and 

Keblan, 1992; Wilson et al., 1991). 

If we add the risk of local extinction due to a 

panmictic stock management regime to random changes in local 

environments and the overall chaotic nature of most fishery 

resources, we obtain a suitable combination of factors that 

allow us to understand the basis of poor management 

decisions and the (ineviteible) collapse of economically 

important fisheries under such management regimes. —It may 

not be in our power to change or control (natural) 

environmental conditions, nor is it possible to influence 

the outcome of chaotic or random events. But we can, 

however, reduce the risk of adopting unwise management 

decisions if the calculation of sustaincible exploitation 
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capacity is carried out for each of the constituent parts 

(i.e stocks or regions encompassing a group of stocks), 

rather than the totality of the resource. 

In the last two decades, with the collapse of 

productive and economically important fisheries around the 

world (Clark, 1976; Ludwig et al., 1993; Vasqueẑ Leon, 

1993;), scientists began to question the validity emd 

applicability of the widely accepted bio-economic models 

developed for fisheries management. New management schemes 

were postulated in an effort to incorporate the concept of 

resources as being partitioned into several breeding units, 

or sub-populations (Ricker, 1972), into their plan. 

This new fishery management approach recognizes that 

stocks needed to be managed as individual exploitation units 

if their intraspecific variability and sustainability were 

to be reasoneibly maintained (i.e., the "Stock Concept of 

Management" discussed by Philipp et al., 1993). This 

realization, coupled with the advent of molecular and 

electrophoretic techniques, have helped to redefine the 

primary management objectives beyond that of assessing 

availability of fish to be harvested. 

Consequently, for the last two decades, the challenging 

goals of fishery management have been to obtain detailed 

information regarding the structure of the species under 

management, the genetic and spatial discreetness of stocks. 
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the impact of fishing practices on the stocks (Larkin, 

1981), and, cdaove all, to incorporate that knowledge in 

rational management schemes (Ferris and Berg, 1987). 

These "modem" concepts for management were 

acknowledged, and adopted, by fishery officials controlling 

the exploitation of (declining) salmonid fisheries 

(Allendorph and Phelps, 1980). I believe that the reason 

behind such a shift in management regimes had to do not just 

with the decline in landings, but with the fact that salmon 

stocks naturally segregate into their home stream during 

spawning events; thus, the concept of a large resource being 

segregated into smaller reproductive units (sub'populations) 

was easily observable and therefore recognized and adopted 

as an intrinsic part of the reproductive biology of the 

species. 

Unfortunately, for other commercial species without 

such easily observed reproductive behavior, the old dogmas 

of fishery management have not changed much (nor even been 

challenged) . Lack of change is mostly due to a general lack 

of scientific efforts (or budgets) towards gathering 

evidence to demonstrate their fallacy. This situation is 

particularly acute in the blue (P. stylirostris) and white 

(P. vannamei) shrimp fishery of the Gulf of California where 

limited resources devoted to scientific efforts are coupled 

with centralized (usually uncontested) management decisions 
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that not always address the need of the resource, but serve 

as good political strategies. 

Managenent of the Mexican Shriap Industry 

Muagement and tha "political arena" 

Management decisions are usually written and approved 

behind close doors, and fishery regulations are assumed to 

be established based on biologically sound recommendations. 

However, in reality, most of them are promoted and 

effectively influenced by the industrial fleet's lobbying 

power invested in the CANAIPES (Ceunara Nacional de la 

Industria Pesquera of which, in 1992, the director, happened 

to be the brother one of the highest officials in the 

National Fishery Institute), or by other (usually elite) 

groups with vested political or economic interests. The 

generalized lack of appliccibility and/or the distorted 

ecological or biological basis for justifying and 

implementing some of the adopted fishing laws and 

regulations, clearly reflects this fact. 

Take for instance the official banning of the 

"chinchorro camaronero de linea", a highly selective gillnet 

used by inshore fishers, (Diario Oficial, 1991). This well 

developed equipment was prohibited on several grounds, based 
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on factoids presented as scientific facts (without any 

citations or published data), including: 1) lack of 

selectivity, thus, unnecessary killing of accompanying 

fauna; 2) "ecological" damage to the benthic community (the 

net was said to "drag" the bottom, and consequently cause 

ecological damage) ; 3) unnecessarily wounding and killing of 

shrimp that manage to escape the nets; smd 4) the equipment 

is so easy to use and cheap to make that it promotes illegal 

fishing by non-cooperative members. These justifications 

were provided by the CANAIPES which, without any empirical 

evidence supporting their claims, argued that true 

enforcement of the banning was "crucial" to the protection 

of the resource (El Iiaparcial, May 25 1993). 

Anyone who observes the chinchorro work, will realize 

that its banning represents not only a tremendous injustice 

to inshore fishermen, but also, clearly demonstrates the 

political power of the CANAIPES and the way in which science 

can be used to exclude or further marginalize certain 

resource users (in this case the inshore fishermen). As 

expressed by an honest fishery researcher, the problem with 

the 'chinchorros' is that they catch too much shrimp, and 

those of good quality. Simply, limiting or prohibiting its 

use, translates into better offshore landings: (in his own 

words) "more for the big sharks". 

Assuming that the justification for prohibiting the 
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chinchorro are biologically sound. We may then be inclined 

to believe that the government is taking the meuiagement of 

fishery resources seriously and welcome such regulations. 

What is truly remarkcible, and at the ssune time unbelievedale, 

is that the industrialized fleet, notorious for the lack of 

net selectivity and blamed at large for the ecological 

damage observed throughout the Gulf of California, were 

behind this resolution as government "finger pointers" and 

yet, at the time, no regulations were recommended against 

their own fishing practice. To insult everybody's 

intelligence even further, the CANAIPES had to comment on 

the passive, current-driven movement of the chinchorros, as 

"ecologically damaging" while conveniently failing to 

mention their active dragging of three to four ton equipment 

with which they scrape several hiindreds of miles of ocean 

floor a weekl 

Situations like these only portray a highly structured, 

highly corrupt political system within which (often times 

well intentioned) fishery biologists are forced to operate. 

Ultimately, fishing regulations have the potential to be 

used to satisfy hidden political agendas. For example, the 

case of the chinchorro not only permitted the (lawful) 

partial exclusion of the very efficient inshore sector, but 

also served as a government concession (analogous to the tax 

breaks that often entice new companies and corporations to 
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settle in key parts of the country) to private investors. 

The reason? President Salinas de Gortari's commitment to 

privatize "inefficient** companies could not be justified if, 

after privatization, the compemy remained as inefficient as 

it was before. 

A trawler fleet which is both privatized and given a 

larger share of the resource, is bound to generate higher 

landings, which in turn can be used as a clear demonstration 

of how "efficient" the newly created private sector is amd, 

by the same token, give credibility to the government and 

the "sound" economic reform the official political party 

decided to implement*. 

When business(men/women) and corporate or private 

investors decide to "try their luck" at fishing, their 

concern for the long-term sustained)ility of the resource is 

not necessarily part of their calculation of profit margins. 

As in any sound investment, the attempt is to maximize the 

profits; when the shrimping business becomes unprofitcdale 

(for economic or biological reasons), investors can sell 

their assets and invest somewhere else, without really 

caring if they leave behind an impoverished, overexploited 

resource. That is the nature of their business. Under these 

* Ultimately, both, the management and marketing of shrimp, 
reflect the assumption that capital-intensive specialization in 
the production of shrimp is the best model. 
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circuinstances, a short term economic boost has the potential 

to lead to social impoverishment, unemployment and, 

eventually the partial destruction of local economies (see 

Vasguez-Leon 1993 for a description of the economic crisis 

of Puerto Penasco). 

Traditional management: the role of biology 

At this point, the reader may be wondering as to 

whether it is all a political game, or if the management of 

the Mexican shrimp fishery is based on biological reasons. 

The answer is both: biological data provides 

"recommendations" which become "peons" in the game of 

politics; a geime which is influenced by the interests of the 

(private) exploiters through their political lobbying. This 

section is an attempt to portray the intricate machinery 

within which fishery officials operate and the Mexican 

shrimp resources are "managed". 

The structure of the Mexican government (and society) 

was described as a series of vertical and horizontal 

interactions that create a "set of parallel pyreunids inside 

of which ever smaller multiple pyreunids are generated and 

which duplicate themselves hierarchically in a way 

comparable to the patriarchal feuaily structure" (Lomnitz, 

1987) . within what can be referred as the pyreunid of 
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governmental fisheries bureaucracy, fisheries biologists are 

at the bottom. 

From an organizational point of view, the memagement of 

the Mexican shrimp fishery is characterized by a highly 

centralized and rigid structure controlled from the top. The 

Fisheries Ministry and the Institute Nacional de la Pesca 

(INP), control all matters regarding research, law, and 

regulatory enforcement, from their central offices in Mexico 

City. This control is achieved through their regional (PESCA 

now PROFEPA) delegations that implement and enforce 

regulations at the local level, and Regional Fisheries 

Research Centers (Centro Regional de Investigaciones 

Pesgueras, or CRIP) in charge of monitoring particular 

species and advising central offices as to the needs to 

establish closures, or appropriate opening of the fishing 

season. 

Despite its democratic facade, this process leaves 

little margin for local intervention in the actual decision 

making process. Legislation and general management of the 

shrimp fishery is done at the national level (Pacific and 

Atlantic coasts). Conseguently, centralized decision meUcing 

does not take into account the potential effects that local 

differences in climate may have on the resource (for 

example, late spawning and recruitment events due to a late 

spring). 
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The issue of centralized decision making and lack of 

local participation become quite controversial when the time 

comes to determine the specific dates of the "vedas" (the 

official close of the fishing season). These are determined 

by the INP after reviewing regional proposals sent by 

scientists from the different CRXPs. Researchers in turn 

base their decisions on local studies of gonad maturation 

and size (i.e., shrimp must be between 6 and 17 cm total 

length in order for the inshore season to open). The dates 

when studies are carried out, and the expediency with which 

decisions are reached, become crucial factors in the 

consezrvation of the resource. These decisions usually become 

entangled in the bureaucracy, leading to delays (especially 

notorious when it comes to determining the closure of the 

season) ; delays which, in the long run, often hurt the 

fishery which regulations are intended to protect. 

Fisheries management in Mexico has essentially been 

based on single species methods, and only few species of 

commercial interest merit the attention of managers 

[although things seem to be changing and previously 

unregulated fisheries are currently under the control of 

INP; such is the case of the blue crab and the mullet or 

"lisa" in the area of Kino Bay (Vasquez, personal 

communication 1997)]. In terms of shrimp fishery, managers 

face a multiplicity of challenges. 
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The complex behavioral and ecological aspects of the 

penaeid shrimp species, the seasonality and the sequential 

character of the fishery, shrimp's high market value (as an 

incentive for over-exploitation), the extensive ecological 

degradation through mangrove cutting, land reclcimation and 

the construction of shrimp aguaculture farms, complete lack 

of regulations regarding shrimp farm discharges, industrial 

and human pollution of nursery grounds, and the potential 

devastating effects associated with the introduction of 

exotic shrimp diseases (see Lightner, 1993; 1996, and 

references therein), are all issues that cry out for sound 

administration. 

The task for managers is two-fold: 1} they must learn 

to balance the harvest of shrimp with the environment's 

capacity to sustain such production, and 2) they must also 

consider the different groups of users and allocate rights 

to the resource at different stages of the shrimp life 

cycle. 

The Mexican shrimp fishery, as in most other countries 

in the world, has been managed under guidelines of what 

McGuire (1991) calls the "received wisdom"; that is, the 

unanimous agreement on shrimp management as articulated by 

FAO shrimp scientists. This revised wisdom represents one 

side of the debate over the relative importance of 

environmental disturbances and fishing pressure, as 
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determinants of catch rates and year to year stock's size 

fluctuations. Four important assumptions set the guidelines 

of the revised wisdom and the management of the Mexican 

shrimp fishery. 

The first, and perhaps most consequential of these 

assumptions is that penaeid shrimp are characterized as 

having a weak, if any, stock-recruitment relationship (SRR) . 

SRR is defined as the relationship between number of 

spawners in a population and the number of the number of 

offspring that will be reczruited back into the population. 

According to prominent FAO shrimp scientists such as Garcia 

and Le Restre (1981), 

There are no shrimp stocks, not even those which have 
been heavily exploited, for which it can be shown with 
certainty that the recruitment has been affected by the 
exploitation of adults... [Thus], such relationship can 
be wholly neglected... (1981:135; see also Gulland, 
1984) . 

It is therefore assumed that only a small fraction of 

these extremely fecund spawners is needed to repopulate the 

stock. In other words, the revised wisdom prescribes that 

average recruitment is not affected by changes in adult 

stock size due to fishing, and hence, the possibility of 

"recruitment over-fishing" is remote. It is notewozrthy 

that in a document prepared by FAO and Mexican fishery 

officials (Ehrhardt et al., 1981), the plots of number of 

spawners versus nximber of recruits presented for each of the 
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three main species of shrimp in the Gulf of California, do 

not show the alignment of points in a straight line parallel 

to the number of spawners axis (i.e., expected if no SHR 

exists), but rather a sigmoid curve, indicative of maximum 

recruitment as a function of both, size of spawning stock 

and carrying capacity. 

The second assumption under which management is 

conducted, is that the change in size of shrimp stocks from 

year to year is not a reflection the previous year over-

exploitation —that will contradict the first assumption— 

but rather, a function of environmental conditions and the 

progressive deterioration of nursery grounds as a result of 

human activities. According to Garcia (1988) "recruitment 

success depended more on the date of arrival of PL cohorts 

on the nursery grounds and the environmental conditions upon 

arrival than on initial larval eUaundance." In as much as 

this assumption is most certainly true and intuitively 

obvious, it leads to postulate that the larger the number of 

spawners, the higher the chances of randomly producing 

suitable genetic combinations that will allow the PLs (and 

ultimately the resource) to cope with environmental 

deterioration. This, equally valid and intuitive hypothesis, 

will embody an interesting contradiction to the first 

assumption discussed above. 

Third, while fishing effort (or over-fishing rather) 
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has inconsequential effects on the spawning stocks, due to 

the (apparently demonstrated) lack of stock-recruitment 

relationship, fishing effort on recruits (in the estuaries, 

or as they leave the estuaries) is assumed to have an effect 

on recruitment. This negative stock effect is apparently 

caused by a defined recruitment to spawning stock 

relationship (RSR) . Garcia and Le Restre (1981:137) stated 

that; 

"penaeid shrimps are nearly always heavily exploited, 
and the size of first capture is below, and often much 
below, the size at first sexual maturity. This is 
particularly the case if there is an artisanal or semi-
industrial fishery for juveniles. In such cases, the 
reproduction potential of the stock is greatly reduced 
and even if the SRR is unknown, it is possible that the 
stock declines to a level where great prudence is 
required. •' 

In layman terms, what FAO fishery experts postulate is a 

series of self-contradictory arguments: on the one hand, the 

mature (spawning) stocks cannot be biologically over 

exploited because reducing the number of spawning 

individuals does not affect the number of recruits (no SRR). 

But, on the other hand, if the stock is exploited before it 

reaches sexual maturity, the number of spawners that will be 

producing the next generation recruits will be affected and 

the stock will decline. But didn't FAO established that 

recruitment is not related to number of spawners? Don't 

juveniles eventually become spawners? The same arguments 

used to defend the exploitation of gravid females can be 
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equally applied to disarticulate the third assumption. This 

argximent will become clear as the fourth and last assumption 

is presented. 

The last assumption (that has been generalized to 

almost all the fisheries of the world), is that fishing 

effort will be reduced, and eventually stopped, for purely 

economic reasons. This assumption suggests that fishing will 

stop as soon as the marginal costs of fishing operations 

equals the marginal benefits obtained from the fishery. It 

makes me wonder why, if the fishery can take care of itself, 

am I arguing about the best management strategies to adopt? 

Even though appealing, the last assumption seems to 

render all others unnecessary. For the latter assumption to 

be true, shrimp has to be heavily exploited and become so 

scarce that increasing fishing effort becomes unjustified 

from an economic point of view. Could fishing to that 

economic "break-even" point increase, the risk of depleting 

the stocks? No, heavy exploitation of mature stocks does not 

seem to pose a problem for the received wisdom, because 

shrimp are "so reproductively proliferous'* that SRR does not 

exist, and thus a hand full of gravid females will guarantee 

the continuity of the resource. 

But, if juveniles are exploited and recruitment is 

adversely affected due to the RSR of shrimp stocks, I do not 

see why that practice will jeopardize the long-term 
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sustalnability of the stock. Because, low recruitment will 

translate into low density stocks which in turn will affect 

the economic break-even point. If the assumptions of the 

revised wisdom are correct, the exploitation of juveniles 

will have the effect of stopping fishing operations sooner 

(because of the low density of stocks) and not, as 

suggested, pose a serious problem for the sustainability of 

the stock. If economic reasons dictate the densities at 

which stocks will ceased to be exploited, the seune niunber of 

individuals will be extracted (ultimately becoming an issue 

of density, or number of individuals what determines the 

catchcibility and the break-even point) , and thus the age at 

which they are exploited should be irrelevant. 

The above discussion was presented to evidence the way 

in which scientific evidence (and factoids) become dogma, 

which are dangerously incorporated into management decisions 

and are never seriously questioned. My attacks of the 

revised wisdom are not novel. Other authors have questioned 

the one sided nature of this dogma of shrimp management from 

theoretical (McGuire, 1991) and scientific (Penn and 

Caputti, 1986) points of view. But for me this issue is also 

socially and emotionally charged. FAO prescribed management 

schemes are often adopted as scientific justification to 

exclude some of the most marginalized and poor participants 

in the shrimp fishery: the small scale, inshore sector. FAO 
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prescribed management is a scientific way to say "more for 

the big sharks" at the expense of the artisamal sector. 

Furthermore, claims regarding the existence of an RSR but 

not of an SRR have implicitly turn the inshore sector into a 

perfectly suitcdsle "escape-goat", ultimately responsible for 

declines in offshore landings. 

Alternatives to current management practices 

With this critique I do not mean to endorse illegal 

practices, but simply to point out some of the management 

fallacies and how this inadequacies will ultimately hurt 

both, the resource and those that depend on it. Little doubt 

exists that in order to optimally protect shrimp resources a 

series of measurements have to be taken. 

First, the stocks have to be clearly identified 

(genetically, morphologically, or in some unbiased way). 

Second, nursery grounds used by each stock have to be 

monitored and protected —without implying "preservation" 

and related concepts of "conservation" for the sake of 

beauty and restoration to "pristine conditions"; concepts 

which are aberrant in the sense that they ignore the fact 

that humans are an integral part of the system, and that 

resources can (and need to) be utilized and exploited—. 

Third, exploitation of juveniles within the nursery 
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grounds needs to be monitored and maintain at subsistence 

levels (assuming that this practice can be stopped in Mexico 

is unrealistic at best). 

Fourth, fishing should be stopped as soon as gonad 

maturation begins. —Several biological and ecological 

reasons justify allowing early spawners (usually removed 

from the population by the time the fishery is closed) to 

leave progeny. Early PL cohorts may be the only hope for the 

stock, especially if late spawners produce cohorts that 

cannot survive unusual environmental conditions and seasonal 

disease cycles—. 

Fifth, establish a program to routinely monitor 

aquaculture farm effluents and evaluate the effects on 

nursery grounds. This progreim should include a team of 

"certified" and competent (and if possible incorruptible) 

pathologists in charge of monitoring and preventing disease 

outbreaks of the type that commonly occur in shrimp 

aquaculture farms. The establishment of strict quarantine 

facilities and importation rules (radically different from 

existing ones) must be an integral part of this effort. 

Sixth, incorporate fishers (folk) knowledge and 

suggestions in management decisions by inviting their 

participation in round-table fishery discussions. 

Ultimately, they possess a substantial amount of practical 

and empirical knowledge that has never been applied or 
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validated scientifically. In the seu&e context of fishers' 

participation in management actions, Vasquez-Leon (1995) 

suggests using the one to two week "head-start" usually 

given to inshore shrimping to determine both the general 

state of the fishery (landings, average size, location of 

the resource, etc) and the allowable offshore fishing 

capacity. 

Finally, the fishing fleet (with especial emphasis on 

the industrial sector) need to be made more efficient and 

the level of effort should be tailored to the specific 

exploitation capacities determined by each of the stocks 

initially identified. This result could be achieved by 

limiting entry to regions of the Gulf inheU3ited by each 

stock. The current political and social conditions may not 

be conducive to propose and enforce a reduction of the 

commercial fleet. Ehrhardt et al. (1981) provide an 

interesting insight into the reasons for expanding, rather 

than reducing, the industrial fleet, leaving very little 

hope for the implementation of this last suggestion. 

Ehrhardt et al. (1981) envisioned management objectives as: 

"...based upon two main criteria. These are: Maximum 
employment and maximxim catch. These criteria have 
permitted a large number of fishermen to get a stetble 
employment for years, but also over-capitalization of 
the fishery. Actually, the idea is to use multipurpose 
vessels eUale to switch from this fishery to any other 
when the catches are low.This fishery has been and is 
still the major platform for Mexico's developing 
fishing industry." 
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Lluch (1977) , developed a simulation model of the 

shrimp fishery. His simulations were conducted under the 

following variaUsle parameter conditions: Effort (as mesh 

size and number of fishing days), strength and time of 

recruitment, catchsUsility coefficients, and fishing 

instantaneous mortalities. His conclusions were that "one 

third of the actual effort could generate the actual catch 

levels", translating into a significant reduction in the 

size of the fleet (two-thirds to be precise). Additionally, 

Lluch (1977) points out that the number of vessels in the 

fishery should be variaUale; this flexibility should 

accommodate to the strength and time of recruitment. 

However, his conclusions "were not applied because those 

were not the criteria followed in this fishery" (Ehrhardt et 

al., 1981); that is: maximum employment and maximum catch. 

But in a sense, the only criteria questioned by Lluch (1977) 

was "maximum employment", not maximum catch, and so, 

ultimately, that is in essence what Mexican shrimp 

management is all about: provide employment (the less the 

number of unemployed people, the less the potential for 

political turmoil). 

For those that may be inclined to think that the 

maximum employment objective must have changed since 1981, 

that is not the case. This view is shared today by fishery 

officials and it is what CRIP biologists, frustrated by the 
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marginal role their biological reports play in management 

decisions, use as justification for their lack of 

participation in the decision-making process (Vasquez-Leon, 

1995). 

Stock identification: Why first priority? 

A necessary first step towards better fishery resource 

management involves gathering knowledge eibout the structure 

of the resource under exploitation. The purpose of the 

research effort in this dissertation is to provide 

morphological and genetic evidence to the shrimp population 

structure in the Gulf of California, as indicators of 

population subdivision. 

A structured resource is defined as one in which 

qualitative and/or quantitative traits present in 

individuals from different parts of a total population (i.e 

geographic regions or fishing grounds) differ from region to 

region. A convenient way to visualize a structured 

population is to think of the total population as consisting 

of a number of sub-populations, demes or stocks (Chakraborti 

and Leimar, 1987), that are relatively isolated from other 

such units. 

According to Baverstock and Horitz (1996) , populations 

can be structured in several different ways. For some 
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species, the entire population may consist of a single 

random mating unit (i.e., a panmictic population); others 

may consist of a series of small sub-populations, each 

largely isolated from other such sub-populations (the 

stepping stone or islands model); still others may consist 

of a continuous population, but individuals within it only 

exchange genes with geographically proximate individuals 

(the isolation-by-distance model). 

A myriad of methods have been developed to study 

population structure, but these can be broadly divided into 

two groups: the first include techniques of stock 

identification that are based on finding existing 

quantitative morphological (size and shape) differences 

between sub-populations. The second group encompass 

molecular techniques designed to uncover genetic differences 

between stocks. These two groups of techniques look at 

population structure from two very different perspectives 

and thus, they should be used to complement each other —the 

approach taken in the present study—, rather than being 

considered mutually exclusive. 

At a first glance, it may be tempting to conclude that 

population structure based on moirphological characters 

should not be attempted if morphology correlates more 

strongly with the environment than with the genetics of the 

stocks (phenotypic plasticity and/or rearing effects). On 
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the contrary, this knowledge can set the basis for regional 

stock management; an approach that is certainly more 

desirable than the present panmictic stock management 

scheme. Furthermore, management of regional morphological 

stocks may represent the only available option in cases 

where the resource is genetically subdivided into many small 

isolated populations; in this cases, adopting regions as 

management units will help alleviate the problem associated 

with regulatory enforcement of several small individual 

areas. 

Regional morphotypes can be useful for general 

management purposes, whereas population genetic structure 

estimates have direct appliccibility in resource conservation 

as well as in other theoretical and practical fields. On 

theoretical grounds, genetically discrete stocks constitute 

the starting point for investigating and understanding 

population-level evolutionary processes in the light of 

current population genetics theories. Genetically discrete 

stocks are also the focal point and constitute the unit of 

interest in long-term ecological and evolutionary biology 

studies. Furthermore, quantifying evolution, in terms of 

gene frequency changes, resulting from man-made and 

naturally occurring environmental pressures (selection 

pressures), can only be evaluated (in a scientific way) 

within the confines of each of the genetically defined 
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populations. 

Other areas of scientific research in which knowledge 

on the genetic structure of the resource is a fundEunental 

prerequisite include: identification of population 

hybridization zones; quantification and patterns of 

migration between populations; assessment of man̂ induced 

gene frequency changes due to transfer of exotic stocks into 

new regions; evaluation of adverse effects of disease and 

the evolution of disease-resistant genotypes; assessment of 

degree of adaptation to local environmental conditions, and 

related topics. 

At the other end of the spectrum, and adopting a more 

practical perspective, knowledge on the genetic structure of 

the species offers a tremendous set of new opportunities to 

the aguaculture industry, which seems to be always seeking 

fast-growing stocks and constantly facing the advent of new 

(or the recurrence of old) diseases. Knowing the geographic 

distribution of genetically distinct populations and their 

predominant environmental conditions are desiredsle pieces of 

information for aquaculturists since they dictate the basis 

for broodstock selection. 

In aquaculture it is best to establish broodstock lines 

that are not only naturally adapted to environmental 

conditions similar to those to be encountered at the farm, 

but also, with desirable traits, such as high growth rate. 
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survivorship and fecundity, that are usually conferred 

through genetic modification and only present in some 

populations. The same is true for hatcheries wanting to 

produce "seed" (larvae, fry, etc) that are either "specific 

pathogen-free" (or SPF stocks) or that posses inherited 

adaptations that allow them to cope with the otherwise 

devastating effects of disease ("specific pathogen-

resistant" stocks or SPR) . In short, development of SPR 

stocks, SPF family lines, or any other type of selective 

breeding program, must begin with the knowledge of the 

genetic differences of the stocks to be tested; the more 

genetically different the stocks under evaluation, the 

better the prospects of finding a stock, or a cross of them, 

that will out-perform the others. 
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CHAPTER 2 

MORPHOMETRIC ANALYSIS OF SHRIMP POPULATIONS 
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"... the process of selective elimination is most severe 
with extremely variable individuals, no matter in which 
direction the variations may occur. It is quite as dangerous 
to be conspicuously above a certain standard of organic 
excellence as it is to be conspicuously below the standard" 
H.c. Bumpus, 1898. 



Introduction 
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Penaeus stylirostris and P. vannamei have geographic 

ranges that span, respectively, from the upper and mid Gulf 

of California (Mexico) to the northern end of Peru. Both 

species represent, in the Gulf of California, an important 

fishery resource which together account for 45-50% of the 

total commercial landings (Ocean Garden Products, 1990-92) 

and about 80-85% of the landings at the beginning of the 

fishing season (Edwards, 1978; CRIP, 1992; Vasquez-leon, 

1995). 

The rapid development of the Mexican commercial shrimp 

fishery and the resulting over-capitalization of the 

trawling fleet, translated into poorly developed management 

schemes which were, nevertheless, estcUslished in an effort 

to control exploitation of this valuedsle resource (Vasquez-

Leon, 1995). Political pressures coupled with a lack of 

baseline information on shrimp population structure, served 

as catalysts in the setting of management policies that are 

mostly centralized (i.e., dictated by the Federal Government 

in Mexico City) rather than tailored to individual regional 

needs. 

This situation provides a good opportunity to not only 

re-evaluate and propose alternatives for possible 

improvement of current management regimes, but also to 
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generate the much needed information on population structure 

with which managers can monitor the state of individual 

stocks. 

I will discuss the results of a morphological survey of 

74 variables obtained from individuals of two species of 

shrimp of the genus Penaeus from the Gulf of California (P. 

stylirostris and P. vannamei). With this information I 

attempt to test several questions regarding the existence of 

morphologically distinct populations within the northern 

part of the geographic range of these species. Several 

hypotheses and alternate hypotheses are presented and their 

predictions tested through multivariate analysis of 

morphological data. 

A necessary first step in identifying morphologically 

distinct populations of shrimp within the geographic range 

occupied by more than one shrimp species, is to test the 

taxonomic validity of each species to be studied, as 

morphologically discemable taxa. This initial step is 

justified on several theoretical grounds. First, it serves 

as a corroboration of the taxonomic criteria used in the 

field to key individuals to species and thus, it offers the 

researcher a measure of the degree of certainty or 

objectivity related to these criteria. 

Second, it serves to demonstrate whether or not the 

selected mensural characters capture taxonomic differences 
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between species beyond those used in their initial 

separation; this demonstration implies that the varieUsles 

are not altogether arbitrary but (at least some of them) 

have taxonomic value. 

Finally, if analyses are to be carried out on each 

species separately, it is important to know that each sub-

Scimple is composed of organisms belonging to only one 

species. Only after conducting tests at the interspecific 

level can we justify looking for, and drawing conclusions 

and interpretations from the obtained intra-specific 

differences. 

Therefore, I began my investigation by asking the 

following question: Are the chosen varieU3les adequate for 

discriminating P. stylirostris from P. vannamex? In other 

words, are interspecific differences captured by the 

selected variables? 

If the selected varieJales are, in fact, useful for 

discriminating the two species, we would then expect to 

obtain two either partially or non-overlapping clusters of 

points (each one representing a species) in plots of 

Principal Components (PC) and Canonical Variate (CV) scores 

when "species'* is used as the grouping criterion. The 

opposite effect (i.e., species will overlap and become 

inseparable in PC or CV plots) will be evidenced in cases 

when the variables do not have sufficient taxonomic value; a 
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situation which will severely cripple further intraspecific 

analysis of population structure. 

Upon establishing species separation I entertain 

questions pertaining to the spatial subdivision of each of 

the species into identifiedsle populations with 

characteristic morphologies. This emalysis is achieved by 

partitioning the dataset into subsets (one for each species) 

which are subjected to similar multivariate analysis as 

above to test the following question: are there 

intraspecific morphological differences that allow for the 

separation of each species into discrete populations? 

If the species are sub-divided into discrete 

populations with characteristic morphologies, then, each 

species will be composed of a variable number of discrete 

breeding units which will reveal themselves as discrete 

clusters of individuals within the canonical or principal 

component space. The extent to which specific morphologies 

can be assigned to specific groups can be tested by the 

calculated discriminemt function and its associated error 

rate. The value and significance of the (Mahalanobis) 

distances between morphologically distinct populations is 

expected to increase in relation to the extent of 

morphological differentiation between populations. 

However, the species may be a single panmictic 

morphological type and thus, ceuinot be sub-divided into 
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discrete morphologically discemedale groups in the canonical 

space. This lack of morphological population structure also 

can be confirmed by the lack of statistical significance of 

the obtained Mahalanobis distances. 



Materials and Mathods 

Geographic regions surveyad 

116 

The majority of Penaeus stylirostris and P. vaxmamei 

specimens used in this study were collected from the Gulf of 

California between September 1992 and May 1993. Shrimping 

was conducted while on board Mexican commercial shrimp 

trawlers. The geographic location and corresponding depth 

from where representative specimens were obtained are shown 

in Figs. 2.1 and 2.2 respectively. 

Shrimps from regions located south of Guaymas on the 

east coast of the Gulf of California (Fig. 2.1 locality 8 to 

21 and Fig. 2.2 locality 2 to 12), were obtained during 

September and October 1992. 

On November to December 1992, fishing grounds between 

Guaymas and Desemboque (north of Kino Bay) were surveyed. 

Even though this region of the Gulf was fished for 25 days 

with a relatively high level of effort, no specimens of P. 

stylirostris were found between Bahia Kino and Isla San 

Jorge (Fig. 2.1 locations 7 and 6 respectively). The 

sporadic presence of P. stylirostris in small congregations 

seems to be common for this area of the Gulf, especially in 

the mouth of the Rio Concepcion in the town of Desemboque 

(Captains Morales and Orantes personal communication), and 

seems to be related to spawning events. P. -vaxmamei are 
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uncommon in regions North of Guaymas. This species does not 

tolerate low water temperatures characteristic of this area 

(Ehrhardt et al., 1981). The presence of P. vannamei in this 

area (quite far to the north of the reported range of the 

species), was speculated to represent escapees from shrimp 

aquaculture farms; even though no such operation occurs near 

the area where specimens were caught. Regardless of their 

origin, their presence in the nature in an area north of 

Guaymas, considereibly extends previous reports (Rodriguez de 

la Cruz, 1973; Ehrhardt et al., 1981) on the geographic 

distribution of this species. 

The remaining locations (Fig. 2.1 #1 to #6), were 

sampled towards the end of the shrimping season (Apr-May 

1993) . Additional P. stylxrostris specimens were captured 

from Santa Clara (Fig. 2.1 #2), Kino Bay (#7) and Guaymas-

Guasimas (#8), during short visits to these areas in 

September 1995. Finally, two populations of P. vazmamei, 

obtained as post-larvae from La Paz (Fig. 2.2 #13) and 

Oaxaca (not shown) and reared to adult size at the 

University of Arizona, were included in this study as 

representative morphological outgroups. 



Figure 2.1 Gulf of California: sampling stations for 
Penaeus stylirostris. 
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Figure 2.2 Gulf of California: sampling stations for 
Penaeus vannamei. 
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Sampling scheme and specimen collection 
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Specimens were collected at random after the shrimp 

were separated from the by-catch, deeming the accompemying 

fauna, or "trash", prior to scimpling, has the desireU3le 

effect of thoroughly mixing the shrimp in the catch. This 

mixing, maximizes the probeibility of both, obtaining a true 

random scimple and of obtaining specimens that capture the 

natural morphological variability present within fishing 

groundŝ . Whenever possible, specimens were chosen so as to 

include a broad range of sizes and age classes; this design 

allowed for comparisons of static allometric coefficients. 

Specimens were classified into species by two criteria: 

1) rostral formulas (# of spines on top and \inder the 

rostrvim) and 2) relative size of the two antennulae branches 

(P. stylirostris has antennulae branches of unegual size, 

one is about twice the size of the other, and in P. vannamei 

they are of equal size). Of the two criteria, the antennulae 

length seems to be more consistent than rostral formula 

since large number of specimens of both species, but 

especially P. vannamei, were found to have "aUanormal" 

rostral formulae. 

 ̂Gathering specimens as soon as the nets are retrieved and 
open on the deck, would have only allowed for the collection of 
shrimp that were caught at the end of the trawling event; that 
is, those that remained on the top of the catch. 
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Once classified, the shrimp specimens were placed 

ventral side down on a bed of paper towels and allowed to 

dry to the touch. Care was taken to ensure that the uropods 

remained fully extended while drying. Each shrimp was then 

sexed, numbered on the side of the head with a waterproof-

ink marker, and mounted (specimen number facing up) onto a 

wooden base furbished with reference scales on and around 

its top and four sides. The mounted shrimp were individually 

placed inside a "morphotometer" and photographed with a 35mm 

Pentax spotmatic ceimera affixed to a tripod and loaded with 

Kodak TMax 100 black and white film. — A moirphotometer is a 

chamber of three front-surface mirrors mounted on a wooden 

base forming a "U"; each mirror is angled, and can be 

adjusted towards or away from the specimen, so as to reflect 

several views of it into the ceunera placed above. I designed 

and built this apparatus for the specific purpose of 

assuring consistent and precise orientation of specimens to 

be photographed®. 

® In order to obtain accurate variables from lateral emd 
dorsal views of the same specimen, it is absolutely critical for 
the two images to be uncorrelated (i.e they must be taken at a 
90° angle from each other) . When two images are orthogonal, they 
are, by definition, independent and therefore uncorrelated. If 
dorsal and lateral views are at angles other than a 90**, not only 
the images, but the variables obtained from them, will be 
correlated; the magnitude of these introduced spurious 
correlations will depend on the degree of departure from 
orthogonality. 
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Data gathering 

The negatives were developed at the University of 

Arizona and the images were enlarged and printed onto S" x 

10" photographic paper (Ilford Multigrade IV RC) . In order 

to remove the effect of enlarging the images, the varieUsles 

were scaled back to their original values by including in 

the digitalization scheme a reference metric scale bar (Fig. 

2.3, points 1 & 2)'. 

The photographs were placed on a Kurta XGT digitizer 

tablet (with an accuracy of 0.004 mm, or 250 points/mm) and 

morphological landmarks were digitized (with a calculated 

error of ± 0.1 mm) along with the metric scale bar for each 

specimen (Bookstein et al., 1985; Daly, 1985). Morphological 

point locations presented in Fig. 2.3 were of two kinds: 1) 

morphologically compareUble "lemdmarks" hypothesized to be 

topologically homologous among specimens, and 2) "helping 

points", used to obtain lengths along margins (contours) 

between two or more landmarks. 

 ̂Scale factors were obtained from the tape measures 
attached onto the wooden base where the specimens were mounted. I 
used one of the two rulers located on the top of the base 
(directly below the specimen) for scaling the lateral view, and 
one of the side rulers for scaling the dorsal view. Using two 
separate scales, one for each view, also helps to remove 
potential "mirror effects" (i.e. the further way from the mirror 
the smaller the object seems to be). 
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Figure 2.3. Set of morphological landmarks and helping 

points. 

Landmarks shown as open circles, helping points as star
circles. Specimens were scaled back to the original size 
with the use of a reference scale (points 1 and 2). 

123 
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Coordinates (X,Y) for each landmark and helping point 

were calculated and recorded by the DIGITIZE program 

(Strauss, 1992). The digitized coordinates were then 

transformed into linear Euclidean distances (i.e., 

varicUsles) with the DISTANCE progreua (Strauss 1992). 

A set of 74 inter-landmark distances (Fig. 2.4) were 

used to evaluate morphological characteristics of shrimp 

populations. Note that variables were calculated from within 

each of four separate regions of the shrimp: 1) head dorsal 

(HD), 2) tail dorsal (TD), 3) head lateral (HL), and, 4) 

tail lateral (TL). I did not include variables extending 

from one region to the other since the loose connection that 

exists between tail and head prevents the mounting of 

specimens in a consistent manner (i.e. with the same degree 

of distention). Taking measurements beyond the boundaries of 

these regions would have added considereUole measurement 

error rather than information to the dataset. 



Figure 2.4. Set. of morphological variables. 

Variables represent the Euclidian distance between the 
landmarks and helping points shown in Fig. 2.3. 

125 125 
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VarieU3les indicated by the suffix "a" in Fig. 2.4 

represent a bilateral average. These measurements were 

obtained by averaging the values of corresponding variedales 

on the left and right side of the specimen. Finally, the set 

of varicibles has a built in redundancy achieved by measuring 

the distances in the form of trusses (Strauss & Bookstein, 

1982). These distances are included in the analysis as a 

test for possible inconsistencies in the location of the 

digitized landmarks and help to capture the overall size, 

shape, and landmark placement distortion between specimens; 

trusses are identified as those forming polygons with two 

diagonals. 
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Data analysis 

The dataset that was compiled for the analysis of 

morphological variation aunong 417 specimens of P. 

stylirostris and 218 P. vannamei, consisted of the 74 

morphological variables presented cUaove, the geographic 

location and depth at which specimens were collected, 

species, sex, and specimen number. The morphological 

variables were log-transformed prior to the analysis, so as 

to make the variances more homogeneous and to produce scale-

invariant covariances that linearize allometric 

relationships (Bookstein et al., 1985; Strauss, 1990). 

The 74 log-transformed variables were analyzed by 

several multivariate statistical methods, including 

Principal Component Analysis (PCA), Canonical Variate 

Analysis (CVA) and Discriminant Function Analysis (DFA). 

"Principal Components Analysis is a multivariate 

statistical technic[ue that is useful for examining 

dependence relationships among a set of quantitative 

characters and for determining what characters contribute to 

observed trends of variation within and 2unong groups" 

(Strauss, 1990). By design, through Principal Component 

Analysis the original axis are rigidly rotated so that the 

first principal component (PCI) represents a vector that 

runs across the data in the direction of the maximum 
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variance. 

The second PC is a vector perpendicular (i.e., 

orthogonal) to the first PC that takes the direction of the 

maximum variance left "unaccounted for" by the first PC; 

additional components are obtained in the same manner so 

that the new component is orthogonal to all other 

components. Principal component analysis is, thus, a 

technique designed to reduce the number of varicdsles to a 

smaller number of indices (the principal components), that 

are weighted linear combinations of the original (log-

transformed) variables (Manly, 1986). 

Principal components were computed from the covariance 

matrix of logarithmicaly transfoinned measurements from 

either specimens of both species combined into a single 

dataset, or for each species sub-set separately, depending 

on the nature of the research question. Principal component 

coefficients (the "loadings" or direction cosines associated 

with each variable) were re-scaled in two ways: 

1) in order to derive multivariate (static) allometric 

coefficients (Jolicoeur, 1963), the loadings of the first 

within-group principal component for each species were re-

scaled to have a mean of 1.0 and interpreted as allometric 

coefficients on general size (i.e., estimates of individual 

character's rate of change with size; Leeuny and Bradley, 

1982; Lande, 1985). The pairwise coefficients were re-scaled 
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by an appropriate constant of propozrtionality, chosen so 

that the overall rate of change was taken to be isometry 

(Hillis, 1982; Shea, 1985; Strauss, 1987). 

2) to characterize patterns of variation within and 

among taxa, principal component coefficients were scaled as 

vector correlations of the log-transformed varicibles with 

the PCs (Strauss, 1984; 1985). This re-scaling allowed for 

the direct comparison across different analysis and "can be 

estimated for characters not used in the computation of the 

components" (Strauss, 1990). Correlations cuaong multivariate 

vectors were computed as inner products of the vectors, 

normalized to unity (Anderson, 1984). In this way, 

correlation coefficients have values between 1 and -1 (i.e., 

perfect positively correlated variables have a value of 1, 

perfect negatively correlated variables a value of -1, and 

lack of correlation between the varicibles and the principal 

components are assigned a value of 0). 

Once the structure and patterns of variation were 

visualized by principal component analysis, the dataset was 

subjected to canonical and discriminant function analysis, 

in order to obtain valuable morphological descriptors for 

separating clusters or groups of individuals. 

Canonical variate analysis is a multivariate technique 

designed to maximally separate groups of individuals (which 

have been determined a priori), on the basis of the 
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availedsle measurements. The Canonical Variates are vectors 

of linear combination of the original variables such that 

groups' differences are maximized, and, like the principal 

components, they represent linear combinations of the 

original variables. 

For this analysis, individuals were assigned to 

different groups depending on the nature of the question. 

For the question of species being sub-divided into 

morphologically distinct populations, for instance, group 

memberships were assigned on the basis of the geographic 

location where samples were obtained. I used CVA to identify 

discrete clusters of individuals in populations, or 

populations in regions that are separedale from other such 

clusters in the CV space, as an indication of morphological 

differences between such groups. 

The relative separation of groups in the CV space is 

expressed as a distance between groups. The more separated 

two groups are from each other in the CV space, the larger 

the distance between the groups and the less likely it is to 

misclassify individuals from one group into the other. 

Several distance measurements are used to quantify the 

separation (or overlap) of groups within canonical 
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morphospace*. I used the Heihalanobis distance (D̂ ) to 

evaluate the separation of the a priori defined groups 

within the canonical space. Hahalanobis distances are re-

scaled with respect to the group's variance and the pooled 

within-group covariance matrix; this is the most appropriate 

measure of difference among groups when there is a chance 

that the variables covary (Manly, 1986; Michel, 1995). The 

significance of the obtained Maihalanobis distance between 

group centroids was obtained through randomization 

procedures (Bootstrap; Efron, 1979). 

Randomization methods are an excellent statistical test 

of significance for morphometric data because they are not 

bound by distributional assumptions of multivariate 

normality; they are also very powerful when a small number 

of individuals are included in some of the groups 

(Edgington, 1980). Bootstrapping methods generate a null 

distribution of the statistic to be evaluated (in this case 

the Mahalanobis distances for each pair of groups) by 

" The simplest is the Euclidian distance which is calculated 
from group centroid to group centroid; this type of distance 
ignores any kind of variance covariance structure of the data and 
it was not used here. The Penrose distance incorporates in its 
formulation the assumption of homogeneity of variances between 
groups. Even though the Penrose distance takes into account the 
covariance structure, the assumption of homogeneity of variances 
is rarely tested in multivariate analyses. I did not use this 
calculation of distance because I wanted to be eible to scale the 
distances with respect to the group's variances, rather than 
assuming them equal. 
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randomizing group membership assignments to the original 

multivariate datapoints while retaining the original group 

sample sizes. The Medialanobis distances between centroids 

were calculated after each "reshuffle" of individuals and 

the results were compiled into a "null distribution" of 

possible values against which the original distances are 

compared. 

The probability values assigned to the set of pairwise 

distances between centroids, indicate whether the observed 

difference fell within the range of values expected by 

chance alone, or were significantly different from that 

expectation. Statistically significant values of indicate 

the existence of important morphological differences between 

groups. 

Finally, the pairwise Meihalanobis distances were used 

to obtain a visual representation of the relationships 

between groups of individuals or populations. Dendrogrzuns, 

representing the way in which groups are morphologically 

related, were constructed with UPGMA (Sneath and Sokal, 

1973). 

Discriminant Function Analysis (DFA) was carried out 

simultaneously with CVA since the results generated by the 

CVA are used to derive the Discriminant Function (OF, which 

is used to test the validity of the clusters produced by 

CVA) . Once calculated, the DF was tested by randomization 
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procedures whereby an individual chosen at random from the 

initial dataset was (re)assigned to one of the groups as 

prescribed by the DF. The DF used to assign the individual 

to its group was recalculated from the dataset of n-1 

individuals after each randomization. The error rate 

associated with the DF was calculated as the nxunber of times 

the individual is misclassified. The performance of the 

estimated DF and percent misclassifications to be expected 

when additional s2unples of unknown population origin are 

included in the analysis are evaluated by this procedure. 

Additionally, the results of the DF provided an 

indication of group discreetness, such that if a population 

is morphologically separcible from others, it is very 

unlikely that individuals from other regions will be 

misclassified into it. I used the results of DF analysis as 

an indication of a) group uniqueness (those in which no 

classification errors occur), b) close group associations 

(by identifying euaong which groups and at which rate 

misclassifications do occur) and, c) the adequacy of using 

the DF to assign seunples of unknown origin to populations 

(the combined misclassification error rate). 

The results generated by PC and CV analyses are 

summarized and presented as a series of two dimensional 

plots where the datapoints represent the projection of 

individual scores from the multidimensional space into the 
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plane formed by two principal components or Cemonical 

Variates. All graphs depict convex hulls enclosing a cluster 

of points that represent the 100% confidence interval. 

A detailed treatment of the results generated from the 

P. vartnamei dataset is presented in an effort to clarify the 

applied methodology. The criteria that were adopted to 

relate fishing grounds with inclusive regional stocks (from 

which detailed morphological descriptors were obtained), 

should become apparent to the reader. 

The statistical treatment of the P. stylirostris 

dataset resembles that of P. vannamel and, due to its 

correspondence, the first exploratory analyses is presented 

and siimmarized principally by graphical means. Statistical 

treatment of the regional stocks (i.e., the re-grouped 

dataset) is thoroughly presented. 

All computer progrcuns used in the analysis of this 

dataset were written and provided by Dr. E. Dyreson and were 

modified and executed on mainfreune SAS/IML (SAS Institute 

v.6.1, 1992). 
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Are the chosen variables adequate for captxiring the 

taxonomic differences and thus, for discriminating P. 

stvlirostris from P. vazmamei specimens? 

Principal Component analysis on Penaeus stvlirostris and P. 

Projection of specimen scores onto the PC1-PC2 plane 

(Fig. 2.5) depicted each species {P. stylirostris = PS, and 

P. vazmamei = PV) as fozntiing a discrete cloud of points with 

very little overlap between them. This indicated that the 

two species are discrete taxonomic units, separable by their 

morphological characteristics. 



Figure 2.5. Principal component analysis of Penaeus 
stylirostris (PS) and P. vannamei (PV). 
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Individuals were projected onto the PC1-PC2 plane according 
to their scores. A convex hull around each species, 
represents the 100% confidence interval. In parenthesis: 
proportion of the variance accounted for by each principal component. 
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This PC1-PC2 plane accounted for about 79% of the 

variance in the dataset; the first principal component (Fig. 

2.5, PCI) accounted for 73.8% of the overall variance, the 

second component (PC2) accounted for 4.8% of the remaining 

variance. Loadings of mensural characters on PCI, PC2 and 

PCS (TcOsle 2.1), were obtained through factor analysis (Kim 

and Mueller, 1978), and indicate the extent to which each 

character contributes to the variance in this plane. Also, 

as rows in the matrix of eigenvectors, these coefficients 

represent the way in which the variance of each variable is 

distributed over the principal components. 

Loadings associated with varieUsles on PCI are 

consistently positive and of the saune magnitude (Teible 2.1, 

Factor 1), corresponding to a collective increase on all 

variable values, and indicating that the scatter along PCI 

is largely a function of the variation in body size'. No 

significant differences in mean size (mean PCI score) eunong 

the two species were found, although the P. stylirostris 

group extends further along PCI than the P. vannamei group 

indicating that the larger individuals in the seunple are P. 

stylirostris. 

' "It is size only in the sense that the correlations of 
this principal component with all of the variables has the same 
sign, i.e., if an individual is larger in any variable on the 
average its score on the first principal component is larger" 
(Marcus, 1990). 
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Table 2.1. Character loadings on PCI, PC2 and PC3 
(Factors 1 to 3) and eigenvalues. 

Factor Pattern 

Code* Factorl Factor2 Factors 

TDl 0.9450 -0.1909 -0.0888 
TD2 0.9436 0.0826 -0.0895 
TD3 0.9550 -0.1096 -0.0679 
TD4 0.9600 -0.0884 -0.0544 
TD5 0.8262 -0.3671 -0.2199 
TD6 0.9132 -0.0733 -0.1443 
TD7 0.9501 -0.0029 -0.0739 
TD8 0.8308 -0.3586 -0.2124 
TD9 0.9192 -0.1021 -0.1542 
TDIO 0.7369 -0.2184 -0.1289 
TDll 0.6365 0.0357 -0.4047 
TD12 0.9051 0.0268 0.0299 
TD13 0.8107 0.1788 -0.1722 
TD14 0.9026 0.2884 -0.1772 
TD15 0.7729 -0.1960 -0.0945 
TD16 0.7907 0.2296 -0.2357 
TD17 0.8251 0.4091 -0.1918 
TD18 0.8254 0.4078 -0.1930 
TD19 0.8115 0.3816 -0.2141 
TD20 0.8054 0.3697 -0.2327 
TD21 0.8656 0.1079 -0.1549 
TD22 0.8726 -0.1566 -0.1175 
HDl 0.9271 0.0164 -0.0327 
HD2 0.8334 -0.1449 0.0597 
HD3 0.9568 -0.0423 0.0194 
HD4 0.9625 -0.0134 0.0103 
HD5 0.9558 -0.0599 0.0093 
HD6 0.8188 -0.1726 0.0872 
HD7 0.6750 0.6208 0.0361 
HD8 0.6311 0.6531 0.0384 
HD9 0.9514 0.0549 -0.0079 
HDIO 0.9673 0.0604 -0.0073 
HDll 0.9538 0.0927 -0.0074 
HD12 0.9681 0.0396 -0.0175 
HD13 0.9734 -0.0312 -0.0634 
HD14 0.9137 -0.0119 -0.0600 
TLl 0.9085 -0.1130 -0.0157 
TL2 0.8875 -0.0792 -0.0158 
TL3 0.8223 -0.2036 0.0391 
TL4 0.4916 0.0424 -0.0153 
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Table 2.1 cont. 

Code Faetorl Faetor2 Faetor3 

TL5 0.9336 -0.1230 0.0065 
TL6 0.6285 -0.1832 -0.0378 
TL7 0.8238 -0.0607 0.0408 
TL8 0.8485 -0.1126 -0.0048 
TL9 0.9303 -0.2864 -0.0226 
TLIO 0.9432 -0.2115 -0.0309 
TLll 0.9511 -0.1028 -0.0719 
TL12 0.9435 -0.1450 -0.0358 
TL13 0.8922 -0.3121 -0.0126 
TL14 0.8716 -0.1598 -0.0121 
TL15 0.8134 -0.1632 -0.1017 
TL16 0.9442 -0.2448 -0.0078 
TL17 0.8879 -0.1914 -0.0844 
TL18 0.9686 -0.1273 -0.0234 
TL19 0.9703 -0.1302 -0.0486 
TL20 0.9561 -0.1378 -0.0311 
TL21 0.9581 -0.1558 -0.0270 
TL22 0.9108 -0.1571 -0.0345 
HLl 0.9353 0.2237 0.0473 
HL2 0.7429 0.3828 0.0690 
HL3 0.6839 -0.1915 0.1300 
HL4 0.9233 0.2953 0.0720 
HL5 0.5734 0.5964 0.0809 
HL6 0.9770 0.0214 0.0511 
HL7 0.8611 -0.1570 0.1283 
HL8 0.8975 0.0032 0.1045 
HL9 0.8807 0.0537 0.1899 
HLIO 0.8466 0.0456 0.1707 
HLll 0.5998 0.1184 0.4177 
HL12 0.7631 -0.1283 0.3833 
HL13 0.6840 -0.0087 0.4252 
HL14 0.5890 0.0865 0.4757 
HL15 0.7432 0.0044 0.2005 
HL16 0.6468 -0.1866 0.3580 

* Row labels correspond to varledsles in Fig. 2.4. 

Faetorl Factor2 Factors 

Eigenvalue 1.4817 0.1067 0.0673 
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The -two convex hulls in Fig. 2.5 (each representing a 

species) , are oriented with their maximum variance along 

PCI, demonstrating the extend of "general size" variation 

within each group. 

The second principal component (PC2) is a bipolar 

vector (Table 2.1, Factor 2) and incorporates what may be 

considered "shape" differences between the two specieŝ °. 

ANOVA conducted on the PC2 scores show that the difference 

in mean scores between the two species along PC2 is 

significant (F = 199.675 with source MSS = 4.1748 [DF = 1] 

and error MSS = 0.0209 [DF = 633] P > F = 0.0001). 

The signs and magnitude of the loadings associated with 

the second ("shape") Factor, can be used to identify aspects 

of the morphology that contribute more along the vector of 

linear combinations (i.e., PCs). For exauaple, Factor 2 

indicates that all variables on the lateral aspect of the 

tail (with the exception of "TL4" with a negligible loading) 

are negative; the same is true for a niimber of vari2d3les 

from the other three body regions. Therefore, Factor 2 

measures the extent to which the length and area of the 

uropods (TD14, TD16-TD21), head lateral spines (most of the 

HL variables) and rostrum length (TD7 and TD8) contribute to 

Although "one must be careful in making too facile an 
interpretation, because if the first component is "size" all 
other components must be "shape" due to the fact that the scores 
are uncorrelated over components" (Marcus, 1990). 
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the scatter along PC2 (Fig. 2.5). 

While PC2 accounted for a significant 4.8% of the left

over variance, components three to seven provided very 

little information: from 2% to 1% in each component; the 

residual variance (12.1%) was distributed eunong components 

8th through 66th in negligible percentages (i.e., less than 

1%). 

Vector correlations between the first two principal 

components and the log-transformed varieUales are depicted in 

4 Gcibriel plots or "biplots" (Gcibriel, 1971) . Each biplot 

corresponds to one of the 4 body regions (TD, TL, HL and HD; 

Figs. 2.6a to 2.6d), and represent the directions of change 

and magnitude of varicibles within the PC1-PC2 pleme. 

Correlation coefficients between varicUsles and the principal 

components are the factor loadings presented in TeUsle 2.1. 
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Figure 2.6. Vector correlations between characters and 
first two principal components. 
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Each biplot represents variables from one body region: a) 
tail lateral; b) head lateral; c) tail dorsal; and d) head 
dorsal. Vectors labels coded as in Fig. 2.4. 



143 

Graphically, vector correlations depart from a cominon 

origin (0,0), at the center of the PC1-PC2 plane and follow 

the direction of variation within the PC plane. The length 

of the vector indicates the correlation coefficient, and the 

direction of the vector indicates the trend of the 

correlation (+ve or -ve correlation with each PC)". 

Varicibles from all four regions of the body had a high 

and positive correlation with PCI reflecting the main 

direction of variation along this "general size" component 

(PCI). Vector correlations with PC2 indicate some 

"tradeoffs" between variables along this bipolar component. 

Tradeoffs are contrasts between varicibles that have 

significant positive and negative loadings on a particular 

factor. 

Groups of varicibles with similar patterns of 

correlation with each of the principal components seem to 

form character complexes that covary (as a group), with each 

component. For example, the covariation between varicUales 

For ease of visualization and interpretation, the PC 
space is divided into 4 guadrants by an imaginary a set or 
orthogonal cartesian coordinates that intersect at the center of 
the plot (0,0). If the quadrants are Icdselled (cloclcwise staxrting 
from the top right) as I to IV, then, positive correlations of 
the variables with PCI (or whatever component is represented 
along the X axis) are indicated by vectors in the direction of 
guadrants I and II and negative correlations in the direction of 
quadrants III and IV. For components represented by the Y axis 
(PC2) , positive correlations fall into quadrants I and rv emd 
negative correlations onto II and III. 
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TD17 through TD20 (Fig. 2.6c), a character complex with a 

high positive correlation on PC2, indicates that both 

uropods maintain an allometric relationship and thus, their 

growth is not independent from each other. 

Additionally, TD14 is positively correlated with PC2 

and it is closely associated with the character complex 

formed by measurements of uropods length, but the contrast 

between TD14 and TD15 suggests that the area of the outer 

uropod increases as a function of uropod length rather than 

its width. Similar contrasts are evident between the 

variable complex formed by HL3, HL7, HL12 and HL16 

(measurements on head spines) and HL5 (mainly, depth of the 

head in relation to length of the rostrtim. Fig. 2.6b), and 

between HD2, HD6 (length between tip of hepatic and antennal 

spine in dorsal view) and rostral length HD8, HD7 (Fig. 

2.6d). 

Biplots can be used (with caution) to characterize the 

species in terms of relative character magnitude, especially 

since the two species can be distinguished along PC2 (Fig. 

2.5). The sign of the correlations between the characters 

and the PCs indicate the direction of change. Thus, 

individuals that have a high score on a particular PC, most 

likely have higher mean values on vari5U3les that are 

positively correlated with that pazrticular PC (Strauss, 

1992). Similarly, groups with low PC2 scores will have 
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higher mean values on variables that are negatively 

correlated with PC2. 

Following this rationale, P. stylirostris specimens can 

be characterized as having, on average, larger uropods 

(TD17-20) with a relatively larger surface area (TD14), and 

a longer (HD7-8) and more up curved rostrum (HL5) . P. 

vannamei was characterized by a comparatively larger VI tail 

segment (TD5 and TD8 and TL13); a broader outer uropod base 

(TD15) ; a more protruding spine on the VI segment of the 

tail (TL6); a broader hepatic spine; a more concave antennal 

spine (HL7); and a longer dorsal "pigmented line" on the 

last two or three segments of the tail (TD22). 

Biplots, even though useful in representing the 

patterns of variation and covariation of all the varieUales 

with the PCs, can only evidence the variation within the 

confines of the corresponding principal component and 

discriminant function planes. It must be kept in mind 

though, that the morphological differences represented in 

the biplots correspond to a limited perspective (i.e., the 

variation within the principal component pl2uie). 



146 

Canonical variate and discriminant function analyses on £. 

atylirostria and E._vsnnaBfii. 

The two species of shrimp were subjected to a Canonical 

Variate Analysis (CVA), a test designed to maximize group 

separation. The relative location of each species along the 

CANl axis, and the complete separation of the 417 specimens 

of P. stylirostris (PS) from the 218 specimens of P. 

vannamei (PV) can be seen in Fig. 2.7. Each species was sub

divided into its constituent fishing grounds (each 

represented by a convex hull) to demonstrate that the 

centroids of the distribution for each geographic region 

fall within the centroid of the species group. 

Since two species (i.e., groups) were input into the 

analysis (n = 2) , their separation will only occur along the 

first canonical axis (by definition, there is n-1 canonical 

axis). The calculated CANl eigenvalue was 10.0417 and, as 

expected, accounted for 100% of the variance. The centroid 

(the group's mean along CANl) were 2.282 for P. stylirostris 

and -4.384 for P. vannamei, and the distance between the 

centroids was highly significant. 



Figure 2.7. Canonical variate analysis of Penaeus 
stylirostris (PS) and P. vannamei (PV). 

CAN1 
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Each individual was projected onto the CAN1-CAN2 plane 
according to its canonical variate score. Convex hulls 
within each species, represent the 100% confidence interval 
around specimens from each fishing ground. 
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The scatter along CAN2 does not contain meemingful 

information, just the scatter around a class mean value of 

zero for both groups, but used it here to produce a better 

representation of the location of each group than that 

offered by a histogreua (even though a histogram is a more 

technically correct representation for cases when only two 

groups are used in the analysis). 

The loadings associated with each variadsle along the 

first Canonical Axis (CANl) are presented in Taible 2.2. 

These loadings, as in the case of PCA factors, represent the 

relative contribution of each varieU3le on the canonical 

variate axis; the higher the absolute value of the loading, 

the higher the contribution of that varieUsle to the 

separation of the species along that canonical variate. 

According to their loadings, variables contributing 

most to the separation of P. stylirostris from P. veumamei 

include: TD14 (square root of the outer uropod area) ; TD17-

TD20 (length of uropods); HLl, HL2 (relative position of 

first two rostral spines with respect to the posterior 

margin of cardiac region); HL4 (distance from margin of 

cardiac region to tip of rostrum) ; HL5 (tip of rostrum to 

base of antennal spine); and HD7, HD8 (length of rostrxim) . 

The most important discriminatory variables are the same as 

those that separated the the species along the second 

principal component. 
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Table 2*2. Character loadings on the canonical 
variates. 

Total canonical structure 

Code CANl Code CANl 

TDl 0.0290 TLl 0.0736 
TD2 0.3308 TL2 0.1009 
TD3 0.1133 TL3 -0.0158 
TD4 0.1282 TL4 0.1560 
TD5 -0.1984 TL5 0.1323 
TD6 0.1129 TL6 0.0239 
TD7 0.2234 TL7 0.1288 
TD8 -0.1929 TL8 0.0994 
TD9 0.0798 TL9 -0.0828 
TDIO -0.0249 TLIO -0.0088 
TDll 0.1707 TLll 0.1152 
TD12 0.2647 TL12 0.0701 
TD13 0.3368 TL13 -0.1272 
TD14 0.4879 TL14 0.0105 
TD15 -0.0155 TL15 0.0065 
TD16 0.3412 TL16 -0.0512 
TD17 0.5739 TL17 0.0050 
TD18 0.5731 TL18 0.1035 
TD19 0.5271 TL19 0.0745 
TD20 0.5133 TL20 0.0688 
TD21 0.2401 TL21 0.0683 
TD22 -0.0008 TL22 0.0332 
HDl 0.2169 HLl 0.4596 
HD2 0.0615 HL2 0.4966 
HD3 0.1884 HL3 -0.0053 
HD4 0.2110 HL4 0.4605 
HD5 0.1617 HL5 0.6160 
HD6 0.0602 HL6 0.2536 
HD7 0.6576 HL7 0.0402 
HD8 0.6730 HL8 0.2305 
HD9 0.2760 HL9 0.2606 
HDIO 0.2786 HLIO 0.2468 
HDll 0.3048 HLll 0.2038 
HD12 0.2559 HL12 0.0585 
HD13 0.1838 HL13 0.1713 
HD14 0.1935 HL14 0.2225 

HL15 0.1679 
HL16 0.0202 
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The Mahalanobis distance between the species centroids 

(D̂  pairvise square distance to species) was 44.455; this 

highly significant distance (MANOVA F value = 74.6344, with 

ndf = 74 and ddf = 550; P>F 0.0001) demonstrated that the 

separation of species is not only absolute, but also based 

on real morphological differences. 

Table 2.3. Discrimination between Penaeus stylirostris 
(PS) and P. vannamei (PV) . Discriminant function calculated 
from the variance-covariance (COV) matrix and cross-
validated through randomization procedures. 

a) Linear discriminant function: 

Constant = -.5 X̂ ' COV"̂  Xj 

Coefficient vector = COV̂  Xj 

b) Generalized squared distance function: 

0=3 (X) = (X-X„,j)' cov-\x) (x-x„,i) 

From SPECIES PS PV TOTAL 

PS 413 4 417 
(99.0%) (0.1%) (100%) 

PV 2 216 218 
(0.09%) (99.1%) (100%) 
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After cross-validating the DF through 630 

randomizations (jackknife), only 0.1 % of the time (4 out of 

417) individuals of P. stylirostris were assigned to the 

wrong species and 0.09% (2 out of 218) of the P. vannamel 

individuals were misclassified. This points to the 

robustness of the calculated Discriminant Function and the 

morphological discreetness of the species. 

The ability to separate the two species in the PC emd 

CV planes not only corroborates the classification scheme 

used in the field, and points to the taxonomic value of the 

selected variables, but also, allowed me to conduct similar 

analyses to identify intra-specific morphological 

differences. 
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Is Penaeus vaimamei sub-divided into morphologically 

distinct stocks? 

Penaeua vannamel; principal Component Analysis 

I analyzed the multivariate relationship from the 

covariance matrix of the 74 log-transformed measurements of 

P. vannamei (n = 218) with principal component analysis to 

look for clustering of the data using geographic region as a 

discriminant. Since all of the samples included in this test 

were already determined to belong to only one species, the 

direction and span of the pooled group variance was not 

expected to be too much different from that presented on 

Fig. 2.5. However, the motivation to perform PCA on P. 

vannamei as a group, was three fold: first, to derive a new 

first principal component (PCI) from which allometric 

coefficients could be obtained, second, to inspect the 

dataset for possible outliers (Hawkins, 1980), and third, to 

characterize the species in terms of variable correlation 

patterns. All analyses performed on P. vannamei specimens do 

not include fishing ground #2 (Fig. 2.2) ; this regional 

sample was discarded due to its low seunple size. 

Loadings associated with each varieJsle along the first 

three principal components represent the correlation 

coefficients between each variable and the principal 

components (Table 2.4). 
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Table 2.4. Character loadings of Penaeus vannamei on 
PCI, PC2 and PCS emd eigenvalues. 

Factor Pattern 

Code Factorl Faetor2 Factors 

TDl 0.9655 -0.0280 -0.0165 
TD2 0.9257 0.0426 -0.1051 
TD3 0.9636 -0.0434 -0.0047 
TD4 0.9614 -0.0558 -0.0100 
TD5 0.8843 0.2738 0.1323 
TD6 0.8960 0.2399 0.0476 
TD7 0.9486 0.0097 -0.0096 
TD8 0.9022 0.2628 0.0727 
TD9 0.8895 0.2573 0.0422 
TDIO 0.8147 0.1375 -0.1214 
TDll 0.5357 0.6301 0.0264 
TD12 0.8916 -0.0473 -0.1190 
TD13 0.7255 0.0544 0.2950 
TD14 0.9104 0.2169 0.1213 
TD15 0.7613 0.0439 0.1836 
TD16 0.7233 0.2257 0.1710 
TD17 0.8325 0.2628 0.0682 
TD18 0.8327 0.2614 0.0762 
TD19 0.7899 0.2992 0.0778 
TD20 0.7558 0.3040 0.1653 
TD21 0.7865 0.1877 0.0432 
TD22 0.7869 0.2753 -0.2224 
HDl 0.9231 -0.0588 -0.0075 
HD2 0.8201 -0.1795 0.1208 
HD3 0.9415 -0.1349 0.0821 
HD4 0.9591 -0.1104 0.0497 
HD5 0.9578 -0.0999 0.0478 
HD6 0.7800 -0.1513 0.1980 
HD7 0.7370 0.0983 -0.4838 
HD8 0.6693 0.1208 -0.5271 
HD9 0.9576 -0.0709 0.0562 
HDIO 0.9665 -0.0756 0.0497 
HDll 0.9509 -0.0758 0.0459 
HD12 0.9677 -0.0643 0.0382 
HD13 0.9761 -0.0001 -0.0041 
HD14 0.9068 -0.0570 0.0938 
TLl 0.8695 0.0220 -0.0770 
TL2 0.8242 0.0425 -0.1213 
TL3 0.8203 -0.0857 0.1459 
TL4 0.5321 0.1842 0.0220 
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Table 2.4 cont. 

Code Faetorl Faetor2 Factors 

TL5 0.9394 0.0502 0.1238 
TL6 0.5870 0.2317 0.1660 
TL7 0.8156 0.0918 -0.1541 
TL8 0.8793 0.0436 0.0610 
TL9 0.9628 0.0389 0.1091 
TLIO 0.9505 0.0284 0.0562 
TLll 0.9499 0.0414 0.0132 
TL12 0.9239 -0.0134 0.0596 
TL13 0.9600 0.0776 -0.0099 
TL14 0.9086 -0.0053 -0.1306 
TL15 0.8562 0.2036 0.0051 
TL16 0.9792 0.0314 -0.0088 
TL17 0.9129 0.2003 0.0003 
TL18 0.9726 -0.0313 0.0142 
TL19 0.9766 -0.0039 -0.0091 
TL20 0.9696 -0.0348 0.0166 
TL21 0.9564 0.0314 0.0487 
TL22 0.9301 0.0087 0.0856 
HLl 0.9332 -0.1168 0.0816 
HL2 0.7747 0.0446 -0.2460 
HL3 0.6983 -0.2568 0.0891 
HL4 0.9639 -0.0449 -0.1398 
HL5 0.6457 0.0763 -0.5504 
HL6 0.9697 -0.1117 0.0640 
HL7 0.8851 -0.1159 -0.1611 
HL8 0.8927 -0.0347 -0.1168 
HL9 0.8783 -0.1106 -0.0627 
HLIO 0.9203 -0.1255 -0.0385 
HLll 0.6233 -0.4919 -0.2565 
HL12 0.8686 -0.1273 0.1047 
HL13 0.7847 -0.1563 0.1605 
HL14 0.6716 -0.1851 0.2573 
HL15 0.7513 -0.0221 -0.3370 
HLl 6 0.8239 -0.2072 0.1523 

Faetorl Faetor2 Factors 

Eigenvalue 1.2890 0.0650 0.0504 
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PCI (Factor 1) was a general size vector with high and 

positive loadings on all variaibles; this vector accounted 

for about 71% of the total variation in the character data 

set. The high correlation between all variables emd the 

first PC suggested them as good descriptors of general 

"size", and indicates that the length, depth and width of 

the tail maintain an isometric relationship with general 

allometric size. 

Factor 2 is a bipolar vector that incorporated 

tradeoffs, or contrasting shape changes between characters, 

and accounted for 3.6% of the sample variance. High positive 

loadings of variable HDll, for example, (measuring dorsally 

the extend of the overlap of the last segment onto the tail 

fan) , is contrasted with the high but negative loading of 

variable TD12 (measuring the dorsal projection of the last 

segment of the tail over the telson). The tradeoff between 

these two tail projections suggests that specimens with high 

values of TDll occur as a combination of both, the increase 

in size along TDll, and the narrowing at the base of the 

projection over the telson (TD12). Similar contrasts cem be 

found in other regions of the animal (Table 2.4). 

The spatial relationship of specimens from different 

fishing grounds (Fig. 2.8) were illustrated the projection 

of individual specimens onto the PC1-PC2 plane. Fig. 2.9, 

represents the vector correlations in the PC1-PC2 plane. 
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Figure 2.8. Plot of Penaeus vannamei specimens on first 
two principal component axis. 
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Convex hulls represent the 100% confidence around specimes. 
In parenthesis: proportion of the overall variance accounted 
for by each principal component. The number at the centroid 
of distribution correspond to fishing grounds in Fig 2.2. 



Figure 2.9. Vector correlations between variables of 
Penaeus vannamei and first two principal components. 
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Each biplot represents a body region: a) tail lateral; b) 
head lateral; c) tail dorsal; and d) head dorsal. Vector 
labels (only representative variables are labelled) indicate 
variables as coded in Fig. 2.4. 
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The convex hulls, representing the amount of 

morphological vari2U3ility of specimens within each 

geographic location (Fig. 2.8), are oriented with their 

maximum variance along PCI, demonstrating the extent of 

"general size" variation within each group. In this respect, 

all groups "behaved" in a similar manner: extending and 

overlapping along the PCI. The centroids of each fishing 

ground, however, do not seem to fall "on top of each other" 

but were scattered along PCI, suggesting differences in 

allometric size eunong seuaples from different fishing 

grounds. Size differences were significantly reduced when 

individual fishing grounds were re-grouped into more 

inclusive regional morphotypes (see below). 

A graphical representation of Factor analysis (Fig. 

2.9) depicts the overall direction of change along the 

allometric growth trajectory determined by the general size 

component (PCI), with correlations between variables and PCI 

that are all high and positive (TeUale 2.4, Factor 1). 

Variable correlations along PC2, evidenced the contrasting 

shape changes between characters such as TDll, TL6, TL4 and 

HD8 with HLll and HL3 presented eUsove. 

Based on the loadings, PC2 was interpreted as a 

bipolar vector (Table 2.4, Factor 2) which accoiinted for 

3.6% of the variance. Its contribution in this PC1-PC2 

plane, however, seems "masked" (Fig. 2.8) by the much 
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larger portion of the variance accoiinted for by the first 

PC. But when individual scores are projected onto the plane 

formed by the second and third principal component axis 

(Fig. 2.10) a better separation of the groups was achieved, 

despite the fact that PGA is not a technique designed to 

maximally separate groups. 

Nevertheless, the group's centroids seem to be assorted 

into four more or less discrete clusters. The first of these 

is formed by specimens from fishing ground #1 (Fig. 2.2) as 

a single group loading high on both PC2 and PC3. The second 

cluster is formed by all of the fishing grounds of the 

southern Gulf encompassing regions #5 to #12. The third 

cluster is formed by fishing grounds from the middle Gulf 

(#s 3 and 4 in Fig. 2.2) with centroids that load low on 

both PC2 and PC3 axes. Finally, the fourth group is formed 

by the two samples that were reared in captivity at the 

University of Arizona, originally from La Paz (#13) and 

Oaxaca (#14) and included as (morphological) outgroups. 

Since the second and third component represent aspects 

of the morphology unaccounted for by the first (general 

size) component, the separation of groups in this plane is 

most likely associated with differences in shape. In 

addition, the fact that the 100% convex hulls around each 

fishing ground are more rounded in this plane than in the 

previous view of the PC space, indicate the more even 



distribution of the variance among the second and third 

principal components (3.6% and 2.8%, respectively). 

Figure 2.10. Plot of Penaeus vannamei specimens on 
second and third principal component axis. 

PC 2 (3.58%) 

160 

Convex hulls represent the 100% confidence interval. In 
parenthesis: proportion of the variance accounted for by 
each principal component. The number at the centroid of each 
convex hull correspond to the fishing grounds in Fig 2.2. 
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The way in which groups cluster on this principal 

component's plane suggest the presence of good 

discriminatory varieUales in the dataset; their contribution 

to the discrimination of fishing grounds into 

morphologically distinct stocks was evaluated by cemonical 

variate and discriminant function analysis. 

Penaeus vnnnamei; Canonical variate and discriminant 

function analysis I 

The discrimination of specimens from each of the 13 

geographic regions is represented as projections of 

individual's scores onto the plane formed by the first and 

second canonical variates (Fig. 2.11, CAN1-CAN2). This plane 

captured about 55% of the variability present in the 

dataset; the first canonical axis (CANl eigenvalue = 10.431) 

accounted for 34.4%, and the second canonical axis (CAN2 

eigenvalue = 6.311) accounted for 20.8%. 

The location of the centroids (mean of regions) and the 

cuaount of overlap between the distribution around each mean, 

suggests the natural clustering of individuals from each of 

the fishing grounds into more inclusive regional 

morphotypes, each of which is separable from other such 

clusters. 



Figure 2.11. Canonical variate analysis of Penaeus 
vannamei from 13 fishing grounds. 
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Numbers at the centroid of each convex hull correspond to 
geographic regions in Fig. 2.2. Specimens projected onto the 
CAN1-CAN2 plane according to canonical variate score. Convex 
hulls around distributions represent the 100% confidence 
interval. In parenthesis: proportion of the variance 
accounted for by the canonical variate axis. 
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It is apparent that shrimp from fishing ground #1, for 

instance, formed a group of its own that loaded lov on CANl 

(-1.76) and high on CAN2 (4.45, the highest value on this 

axis). Other such clusters were formed by shrimp from 

fishing grounds #3 and #4, separable from the cluster formed 

by shrimp from regions #5 to #12 by their loadings along 

CAN2 (the first with a mean loading of eUaout -3.9 and the 

second with a mean loading of about 1.0). Finally, a fourth 

cluster was formed by shrimp fishing grounds #13 and 14 

which had intermediate loadings on CAN2 (0.1) but the lowest 

of all mean loadings on CANl (-7.7). 

The location of each fishing ground centroid was 

determined from their means along the first three canonical 

variates (TeUble 2.5). The total canonical structure (Table 

2.6), is represented by the loadings of each varieUale with 

the canonical variates. 
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Table 2.5. Location of group means on the canonical 
variates. 

REGION* CAM 1 CAM 2 CAM 3 

1 -1.7681 4.4534 4.1892 
3 0.2917 -4.7558 1.3542 
4 0.4295 -3.2657 1.0070 
5 1.5906 0.8622 1.1339 
6 0.7658 -0.7339 -0.0493 
7 0.9163 0.6424 0.0090 
8 1.9677 1.6665 -0.1567 
9 1.4044 -0.2393 -1.5823 
10 2.8906 0.2573 -1.2586 
11 2.1950 0.2731 -1.9156 
12 2.2026 1.6564 -1.3720 
13 -6.9413 0.8069 -1.9717 
14 -8.3458 -0.6022 -0.8850 

'Region numbers correspond to those in Fig. 2.2. 
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Tabl« 2.6. Character loadings on, and eigenvalues of 
first three canonical variates. 

Code CANl CAN2 CAN3 

TDl 0.1409 -0.0008 0.0681 
TD2 0.0627 0.0087 -0.0527 
TD3 0.1407 -0.0330 0.0815 
TD4 0.1474 -0.0607 0.1066 
TD5 0.1396 0.2746 -0.1059 
TD6 0.1825 0.1635 -0.0479 
TD7 0.1757 -0.0672 -0.0495 
TD8 0.1826 0.2301 -0.1055 
TD9 0.1916 0.1655 -0.0702 
TDIO 0.2620 0.0331 -0.1694 
TDll 0.2785 0.3564 -0.0372 
TD12 0.2601 -0.0952 0.1353 
TD13 -0.0985 0.1597 0.0081 
TD14 0.1474 0.1739 0.0348 
TD15 -0.0353 0.1838 0.1355 
TD16 0.1409 0.2095 -0.0829 
TD17 0.2211 0.1889 0.0440 
TD18 0.2142 0.1945 0.0398 
TD19 0.1917 0.1679 0.0689 
TD20 0.1056 0.2320 -0.0153 
TD21 0.1522 0.0313 0.2103 
TD22 0.5929 0.1446 0.1301 
HDl 0.1734 -0.0815 0.0037 
HD2 -0.0048 -0.0788 0.0055 
HD3 0.0635 -0.0922 0.0176 
HD4 0.0680 -0.0555 -0.0377 
HD5 0.1140 -0.0403 -0.0209 
HD6 0.0083 -0.0181 0.0417 
HD7 0.4608 -0.0921 0.0783 
HD8 0.4805 -0.0860 0.0879 
HD9 0.0589 -0.0183 -0.0122 
HDIO 0.0558 -0.0443 0.0112 
HDll 0.0456 -0.0367 0.0037 
HD12 0.0812 -0.0077 -0.0277 
HD13 0.1605 0.0159 0.0075 
H014 -0.0050 0.0034 -0.0282 
TLl 0.2019 0.0732 0.0371 
TL2 0.2427 0.0798 0.0372 
TL3 -0.0094 -0.0280 0.0357 
TL4 0.0388 0.1534 0.1310 
TL5 0.0469 0.1118 0.0637 



Tabla 2.6 cont. 

Code CAMl 

TL6 0. 1769 
TL7 0. 3194 
TL8 0. 1586 
TL9 0. 0810 
TLIO 0. 0730 
TLll 0. 1605 
TL12 0. 0930 
TL13 0. 2332 
TL14 0. 2864 
TL15 0. 2216 
TL16 0. 2021 
TL17 0. 2444 
TL18 0. 1253 
TL19 0. 1524 
TL20 0. 1279 
TL21 0. 1197 
TL22 0. 0804 
HLl 0. 0017 
HL2 0. 3203 
HL3 0. 0301 
HL4 0. 2554 
HL5 0. 6233 
HL6 0. 0431 
HL7 0. 2527 
HL8 0. 2664 
HL9 0. 1545 
HLIO 0. 1461 
HLll 0. 0065 
HL12 0. 0856 
HL13 0. 0188 
HLl 4 0. 0214 
HL15 0. 3084 
HLl 6 -0. 0116 

166 

CAM2 CMI3 

0. 3145 0. 0477 
0. 0644 -0. 0352 
0. 1580 -0. 0300 
0. 1438 0. 0282 
0. 0683 0. 0318 
0. 0493 0. 0977 
0. 0536 0. 0943 
0. 1551 0. 0029 
•0. 0800 0. 0476 
0. 2359 0. 1338 
0. 0859 0. 0238 
0. 2206 0. 1152 
0. 0201 0. 0872 
•0. 0081 0. 0468 
0. 0415 0. 0679 
0. 0298 0. 1323 
•0. 0011 -0. 1144 
0. 0121 0. 1320 
0. 0703 -0. 0913 
0. 1569 0. 0206 
0. 0686 0. 0411 
0. 2148 0. 0056 
0. 0205 0. 0281 
0. 1843 -0. 0186 
0. 0484 0. 0729 
0. 0772 -0. 0116 
0. 0953 0. 0018 
0. 3567 0. 0124 
0. 0133 0. 0243 
0. 0366 0. 0853 
0. 0927 -0. 0455 
0. 0486 -0. 1423 
0. 0294 0. 0558 

CANl 

Eigenvalue 10.431 

CMI2 

6.311 

CAN3 

2.933 
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Based on the magnitude of the loadings, varieU3les that 

contributed most to the separation of P. vannamei fishing 

grounds included: TDIO, TDll, TD12, TD22, TL7, TL14, HL2, 

HL5, HL7, HL8, HI 15, HD7 and HD8. These variables determined 

specific aspects of the morphology of the animal which 

varied most among fishing grounds and served to separate 

clusters of regional groups along the first canonical 

variate axis. Similarly, the separation of groups along the 

second canonical axis was mostly caused by variables TD5, 

TD8, TDll, TD20, TL6 and HLll. Most of the differences 

captured by the CAN2 were obtained from the dorsal aspect of 

the tail and none of the head dorsal characters seem to 

contribute much to the separation of groups along this axis. 

The calculated pairwise Heihalanobis distances (D̂ ) 

between the centroids of fishing ground groups were used to 

construct a dendrogreon (UPGMA; Fig. 2.12) depicting the 

relationships between individuals from fishing grounds and 

their clustering into the four regional groups presented 

above. The four regional groups were formed by animals from: 

a) fishing grounds 13 and 14; b) fishing ground #1; c) 

regions #3 and #4; and d) all fishing grounds of the 

southern Gulf of California (from bottom to top: #6 to #7). 
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Figure 2.12. UPGHA of Penaeus vannamei from thirteen 
fishing grounds. 

Top scale: Mahalanobis distance separating individual 
fishing grounds, or clusters of them. Fishing ground numbers 
correspond to those of Fig. 2.2. 
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Penaeua vannaiiiei; principal component, canonical variat*, 

and discriminant function analyses JX 

The observed lack of significance of some of the 

pairwise Meihalanobis distances, was used, in addition to the 

preceding evidence, to re-group the fishing grounds into 

four morphologically distinct clusters. These new groups 

were first visualized as projections onto the PC1-PC2 plane 

to determine the effect of general size on the pooled group 

distribution, and then re-analyzed with CVA in order to 

obtain 1) better separation between the regrouped seunples 

and 2) better descriptors of the regional morphotypes 

Since the total number of canonical variates that the 

analysis can generate is determined by the nximber of groups 

that are analyzed, CVA conducted on four regional groups 

will yield a lower number of canonical variates than the 

original analysis (3 versus 12) . The reduced number of 

canonical variates capture more of the variance (i.e., the 

variance will be reduced to three dimensions instead of 12). 

The PCA and CVA results obtained by regrouping the 

dataset into four regional morphotypes (Fig. 2.13) represent 

the projection of individual scores onto the PC1-PC2 and 

CAN1-CAN2 planes. The location of groups on the CANl CAN2 

plane (TeUsle 2.7) is given for the centroid of their 

distribution. 
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Figure 2.13. Canonical variate analysis of re-grouped 
fishing grounds of Penaeus vannamei. 
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Re-grouped regions: one= northern Gulf (#1 in Fig. 2.2); 
two = southern Gulf (Fig. 2.2 #5 to #12); three = central 
Gulf (Fig. 2.2 #3 and #4); and four= La Paz and Oaxaca {#13 
and #14). Convex hulls: 100% confidence interval. In 
parenthesis: proportion of the variance accounted for by 
each canonical variate. Inset: projection of the regional 
groups of specimens onto the first two principal components. 
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Table 2.7 Means of regional fishing grounds of Penaeus 
vannamei on canonical variates. 

REGION* CAN 1 CAN 2 CAN 3 

1 -2.0960 4.1049 4.4863 
2 1.6799 0.9846 -0.7755 
3 0.7395 -3.9154 1.2494 
4 -7.5283 -0.3507 -1.3311 

'Regions: 1 = northern Gulf; 2 = southern Gulf; 3 = central 
Gulf; 4 = La Paz and Oaxaca samples reared in captivity. 

The complete separation of the four regional groups of 

Penaeus vannamei is evident (Fig. 2.13). The plane formed by 

the first and second canonical variates accounted for 85.5% 

of the variance, a significant improvement in group 

separation from what was previously obtained in the CANl-

CAN2 plane (Fig. 2.11). The new CANl (eigenvalue = 9.546) 

accounted for 54.9% of the variance, and CAN2 (eigenvalue = 

5.292), accounted for 30.5% of the remaining variance. CANl 

offered a clear separation of group four from the other 

three groups, while CAN2 discriminated between groups one 

two and three. The character loadings associated with each 

canonical variate (Table 2.8a) illustrate the relative 

importance of variê sles in group discrimination, while the 

pairwise Mahalanobis distances (Table 2.8b) illustrate the 

extent of the achieved discrimination. 



172 

Table 2.8a. Penaeus vannameii character loadings on 
first two canonical variates. 

Code CANl CAN2 

TDl 0.0770 -0.1574 
TD2 -0.0086 -0.1417 
TD3 0.0805 -0.1867 
TD4 0.0900 -0.2068 
TD5 0.0495 0.1170 
TD6 0.1007 0.0174 
TD7 0.1083 -0.2130 
TD8 0.0951 0.0795 
TD9 0.1127 0.0273 
TDIO 0.2146 -0.0739 
TDll 0.2099 0.2781 
TD12 0.2194 -0.2195 
TD13 -0.1739 0.0125 
TD14 0.0648 0.0438 
TD15 -0.0890 0.0402 
TD16 0.0604 0.0958 
TD17 0.1370 0.0758 
TD18 0.1290 0.0808 
TD19 0.1131 0.0554 
TD20 0.0089 0.1182 
TD21 0.0943 -0.0839 
TD22 0.5340 0.0695 
HDl 0.1306 -0.2244 
HD2 -0.0519 -0.2113 
HD3 0.0184 -0.2431 
HD4 0.0100 -0.2173 
HD5 0.0538 -0.1943 
HD6 -0.0447 -0.1367 
HD7 0.4307 -0.1559 
HD8 0.4535 -0.1358 
HD9 -0.0048 -0.1702 
HDIO -0.0041 -0.1874 
HDll -0.0184 -0.1793 
HD12 0.0132 -0.1634 
HD13 0.0949 -0.1234 
HD14 -0.0747 -0.1339 
TLl 0.1412 -0.0394 
TL2 0.1870 -0.0191 
TL3 -0.0723 -0.1544 
TL4 -0.0295 0.0919 
TL5 -0.0181 -0.0341 
TL6 0.1245 0.2268 
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Table 2.8a con^. 

Code CANl CAH2 

TL7 0. 2702 -0. 0110 
TL8 0. 0851 0. 0282 
TL9 0. 0041 -0. 0117 
TLIO 0. 0077 -0. 0866 
TLll 0. 0932 -0. 0917 
TL12 0. 0295 -0. 0794 
TL13 0. 1565 0. 0107 
TL14 0. 2415 -0. 1870 
TL15 0. 1321 0. 1141 
TL16 0. 1287 -0. 0622 
TL17 0. 1610 0. 0976 
TL18 0. 0657 -0. 1688 
TL19 0. 0930 -0. 1553 
TL20 0. 0713 -0. 1942 
TL21 0. 0576 -0. 1080 
TL22 0. 0225 -0. 1504 
HLl -0. 0573 -0. 1477 
HL2 0. 2838 -0. 1632 
HL3 0. 0096 -0. 2714 
HL4 0. 2041 -0. 1978 
HL5 0. 6116 -0. 2465 
HL6 -0. 0186 -0. 1764 
HL7 0. 2021 -0. 2963 
HL8 0. 2125 -0. 1681 
HL9 0. 0913 -0. 1836 
HLIO 0. 0851 -0. 2212 
HLll -0. 0072 -0. 4485 
HL12 0. 0194 -0. 1628 
HL13 -0. 0305 -0. 1313 
HL14 -0. 0231 -0. 0442 
HL15 0. 2372 -0. 1508 
HL16 -0. 0664 -0. 2056 



174 

Table 2.8b. Pairwise Keihalanobis distances (D̂ ) for 
regional morphotypes of Penaeus vannamel. 

Ragion* 

I II III IV 

I 0.000 
II 51.681 0.000 
III 82.844 28.995 0.000 
IV 82.205 86.883 87.723 0.000 

* I = Northern Gulf, II = South Gulf, III = Mid Gulf, IV = 
La Paz and Oaxaca. All distances were significant at P > 
= 0.0001. 

Variables TD10-TD12, TD22, TL7, TL14, HL2, HL4, HL5, 

HL7, HL8, HD7 and HD8, contributed more to the 

discrimination of groups along the first canonical axis than 

the rest of the characters (Teible 2. 8a). This relationship 

indicates that there are differences between shrimp from 

regional fishing grounds along the CANl axis (i.e., region 

four from the other regions) . These differences are 

primarily related to the angles and extension of spines in 

the last tail segment (measured by TD10~12) ; the extent of 

the pigmented ridge at the end of the tail (TD22) ; the depth 

of the last segment of the tail (TD14) ; the relative 

location and curvature of some (not all) spines and grooves 

in the lateral aspect of the head; and also, the length and 

curvature of the rostmim. 
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The second canonical axis, captxired differences between 

the three remaining groups which were mainly related to the 

length of the first four segments of the tail (measured 

diagonally by TD3 and TD4) ; the dorsal distance between the 

projections flanking the telson (TD7) ; the length of the 

projections eUbove and flanking the telson from dorsal view 

(TDll and TD12) ; the distance between two of the rostral 

spines (HL3); the distance between the tip of the rostrum 

and base of the antennal spine (HL5) ; the curvature along 

the lower and upper edge of the antennal spine (HL7), the 

length of the hepatic groove (HLll) ; and the depth at the 

base of the hepatic spine (HL16). 

The discrimination between regional groups achieved by 

CVA allowed for a detailed morphological characterization of 

each of the four morphotypes. In order to interpret the 

morphological differences between the groups, I combined the 

information on character allometric coefficients (obtained 

by re-scaling the character loadings on the first principal 

component) with those produced by univariate ANOVA 

(corrected for multiple-group comparisons) conducted on each 

of the log-transformed variables. This combination of 

analyses not only provided a measure of the significance in 

mean character values between morphotypes (ANOVA), but also, 

an indication of the allometric relationship that each 

character maintains with the static allometric size function 
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(representing the increase in allometric size)". 

The statistical significance of the static allometric 

coefficients was obtained by 5,000 Bonferoni-corrected 

randomizations (bootstrap), tested against a null model of 

isometry (i.e., variables maintain the seune proportion as 

the animal grows) . VarieUsles that were significemtly 

different from isometry (P < 0.001) are indicated with an 

asterisk (Teible 2.9) . 

"Characters that grow isometrically have an allometric 
coefficient of 1.0. Isometric growth means that for a unit 
increase in allometric size, the character "grows" at the seune 
rate (keeping pace with the overall growth of the animal). 
Allometric coefficients that are significantly higher than 1.0 
(referred to as positive allometries) translate into characters 
that grow larger as the animal increases in allometric size. On 
the other hand, negative allometries are those which allometric 
coefficients are significantly less than 1.0. Negative 
allometries govern characters that grow proportionately less than 
the animal and thus, appear to "shrink" as the animal increase in 
allometric size. 
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Table 2.9. Allometric coefficients and mean variable 
values of four morphotypes of Penaeus vannamei. 

Code Allometry Mean character value in region 
1 2 3 4 

TDl 0.921* 5.90" 5.68" 6.07' 5.50" 
TD3 0.906* 5.78* 5.56" 5.98' 5.39" 
TD4 0.939* 5.77- 5.53" 6.02' 5.35" 
TD7 1.082* 0.75" 0.76" 0.82' 0.72= 
TDll 0.991 0.22' 0.22' 0.19" 0.19" 
TD12 1.207* 0.33" 0.32" 0.36' 0.28'= 
TD14 0.817* 1.14* 1.07" 1.08" 1.03" 
TD15 1.010 0.55* 0.49" 0.51" 0.50" 
TD17 0.713* 2.13- 2.00" 2.02" 1.90̂ = 
TD18 0.716* 2.12" 2.00" 2.00" 1.88" 
TD19 0.677* 1.77' 1.66" 1.68" 1.58'= 
TD20 0.658* 1.82* 1.70" 1.69" 1.67" 
TD21 0.728* 1.68* 1.53" 1.64' 1.46" 
TD22 0.939* 3.99* 3.86" 3.85' 2.94" 
HDl 1.098 1.30" 1.33" 1.45' 1.27= 
HD7 0.777* 1.91" 1.94" 2.07' 1.64= 
HD8 0.734* 1.80" 1.82" 1.94' 1.50= 
HD13 1.085* 1.73" 1.70" 1.80' 1.62= 
TLl 0.937 2.27" 2.18' 2.26' 2.03" 
TL2 0.909 1.92' 1.86' 1.91' 1.70" 
TL4 0.739* 0.22' 0.18" 0.19" 0.18" 
TL6 0.903 0.24* 0.22" 0.21" 0.20" 
TL7 1.344* 0.30' 0.32' 0.32' 0.27" 
TL13 0.966 2.46' 2.40' 2.41' 2.21" 
TL14 1.097 1.43' 1.45' 1.57' 1.30= 
TL15 0.779* 2.22' 1.97" 2.00" 1.83= 
TL17 0.856* 2.69' 2.45" 2.47" 2.25= 
TL18 1.004 6.13* 5.82" 6.30' 5.65" 
TL19 1.123* 3.19' 3.10' 3.32' 2.94" 
TL20 0.995 6.46' 6.25" 6.77' 6.10" 
TL21 0.953* 4.65' 4.30" 4.59' 4.17" 
HLl 1.149* 2.28' 2.07" 2.28' 2.10" 
HL2 1.081 0.58" 0.63' 0.66' 0.55" 
HL3 1.152* 0.38" 0.39" 0.45' 0.40" 
HL4 0.989 5.63" 5.64' 6.06' 5.24= 
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Table 2.9 can't 

Code Allometry 
1 
Mean character value in 

2 3 
regie 

HL5 
HL7 
HL8 
HL9 
HLIO 
HLll 
HL15 
HL16 

0.652*1.83" 
1.101 1.11" 
1.086 0.86" 
1.269* 1.31" 
1.166* 1.30" 
1.181* 0.74" 
1.108 0.55" 
1.173* 0.62' 0.58 

2.06'  
1.16" 
0.85* 
1.31" 
1.28" 
0.76" 
0.61* 

b 

2.18' 
1.30" 
0.93* 
1.43-
1.41* 
1.00* 
0.65* 
0.65* 

1.65*= 
1.06" 
0.77" 
1.25" 
1.23" 
0.80" 
0.53" 
0.60* 

Regional morphotypes: 1 = northern Gulf; 2 = southern 
Gulf; 3 = mid Gulf; 4 = La Paz and Oaxaca specimens 
(outgroup). Indicated with an asterisk are allometries 
significantly different from isometry. Mean character values 
were significant at P < 0.001 when the log-transformed 
varicibles were tested by ANOVA. ANOVA tests were corrected 
for multiple group comparisons with the Ryem-Einot-Gaibriel-
Vfelsch multiple range test; means with the Scuae letter are 
not significantly different. 

Based on the mean character values it is possible to 

draw general descriptors that summarize the overall 

morphological characteristics of each regional stock. First 

of all, size differences between these four stocks separate 

groups two and four from groups one and three. The first two 

groups (i.e., groups two and four) are formed by smaller 

individuals (on average) than groups one and three, the 

latter of which, contained the largest individuals in the 

dataset (this was also evidenced in the plot of PCA scores; 

Fig. 2.13 inset). Besides differences in allometric size. 
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Table 2.9 permits the morphological distinction of stocks 

that result from a combination of varieddles affecting the 

overall morphology (TcUsle 2.10). 

Table 2.10. Morphological characteristics of four 
regional stocks of Penaeus vannamei. 

Morphology Regional Stock Morphology 

1 2 3 4 

Length o£ tail long short long short 

Tail width (TD7) average average wide narrow 

Tail spine (TDll) long long short short 

Tail spine (TD12) short short long shortest 

Uropod area large small small small 

Dropod width (TDIS) wide narrow narrow narrow 

Uropod anterior edge long average average short 

Oropod length long short short short 

Shape outer uropod blade paddle paddle paddle 

Inner uropod edge long average average short 

Inner uropod length long average average average 

Telson length (TD21) long short long short 

Pigment line (TD22) long long long average 

Head width (HDl) average average wide narrow 

Rostrum length {HD8) average average long short 

Tail anterior width average average wide narrow 

Tail Ist segment thick thick thick thin 
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TiUble 2.10 cont. 

Morphology Regional Stock Morphology 

1 2 3 4 

Position of 1st 
rostral spine (HLl) 

forward bade forward baclc 

Gap between 1st and 
2nd rostral spine 

short long long short 

Gap between 2nd and 
3rd rostral spine 

short short long short 

Length of rostrum short long long shortest 

Concave edge of 
antennal spine (HL7} 

short & 
curved 

short & 
curved 

long & 
curved 

short & 
flat 

Convex edge of 
antennal spine (HL9) 

short & 
flat 

short & 
flat 

long & 
curved 

short & 
flat 

Hepatic ridge (HL15) short long long short 

Hepatic spine broad narrow broad broad 

Antennal spine average average long Sc 
broad 

needle
like 

Regions: 1 = northern Gulf; 2 = southern Gulf; 3 = mid 
Gulf; 4 = La Paz and Oaxaca animals reared in captivity. 

Evidently, the morphological differences between each 

of the four regional stocks cannot be characterized by a 

single variable. Shape and size differences in specific 

aspects of the morphology of the shrimp is what allowed for 

the discrimination between these regional stocks; it is, in 

essence, the distinctive combination of morphological 

variables that is characteristic of each stock. 
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Is Penaeus stvlirostris sub-divided into morphologically 

distinct stocks? 

Penaeus styliroatris; Principal Component Analysis 

Following the same steps used in the analysis of P. 

vannamei, the multivariate relationship between the 74 log-

transformed measurements obtained from P. stylirostris (n = 

417) were analyzed with principal component analysis. PCA 

was conducted on the covariance matrix using geographic 

region as the grouping varicible. As with P. vannamei, the 

dataset was initially partitioned into its constituent 

fishing grounds (n = 21; Fig. 2.1). 

The first principal component (eigenvalue = 1.487) 

accounted for 72.2% of the overall sample variance, whereas 

PC2 and PC3 accounted respectively for 3.5 and 3.3% of the 

remaining variance (PC2 eigenvalue = 0.071; PC3 eigenvalue = 

0.068). Components 4-10 contained little information: from 

3% to 1% in each component, and the residual variance 

(11.3%) was distributed among components 11 through 66 in 

negligible percentages (i.e. less than 1%). 

The spatial relationship of specimens from different 

fishing grounds (Fig 2.14) was inferred from two dimensional 

PC planes onto which specimens were projected according to 

their scores. Fig. 2.15 illustrate the vector correlations 

within that plane. 
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Figure 2.14. Plot of Penaeus stylirostris specimens on 
first two principal component axis. 

Specimens projected onto the PC1-PC2 plane according to 
score values. In parenthesis: proportion of the variance 
accounted for by each component. The number at the centroid 
of convex hulls (100% C.I.) correspond to those in Fig. 2.1. 



Figure 2.15. Vector correlations between characters 
from Penaeus stylirostris and the first two principal 
components. 
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Each biplot represents variables from each body region: a) 
tail lateral; b) head lateral; c) tail dorsal; and d) head 
dorsal. Vector labels (on representative variables) 
correspond to those in Fig. 2.4. 
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The PCI loadings were consistently positive and of high 

magnitude (Fig. 2.15), indicating that the scatter along PCI 

(Fig. 2.14) is largely a function of the variation in 

allometric size. Among the 21 fishing grounds into which the 

dataset was partitioned, the most obvious differences in 

mean size occured between groups 1, 8, and 9 (all with low 

PCI scores), and groups 1, 3 and 6 with larger PCI scores. 

Differences in size (and coloration) are recognized by 

fishermen as characteristic of regional stocks and this 

feature made P. stylirostris from the upper Gulf (groups 1, 

3, and 6) one of the most sought-after shrimp types. For 

this reason, (latent) size was not factored out of the 

analyses. 

Vector correlations between the variedsles and the first 

two PC's (Fig. 2.15) indicated a tight correlation between 

most of the variables and the general size component (PCI) . 

The highest loadings on PCI were associated with the depth 

of the tail measured diagonally by TL19 (R̂  = 0.981) and by 

the depth of the head measured diagonally by HL6 (R' = 

0.979). VaricUales measuring the width and length of the head 

(HDIO, HD12, and HD13) as well as those measuring length and 

width of first segments of the tail in dorsal (TDl to TD4) 

and lateral view (TL18-22) , had loadings that were all high 

and positive (0.925 < R̂  < 0.982). Variable TL4 (measuring 

the distance between the convex and concave inflection 
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points above the projection extending from the last segment 

of the tail) was found to be least correlated with PCI (R' = 

0.443). Besides TL4, varicibles HL16, HL14, HLll, and HL5 all 

had relative low loadings on PC 1 (0.51 < < 0.58). 

The majority of the characters had relatively low 

absolute correlation coefficients with PC2; this is 

evidenced by the narrow (horizontal) "V" formed by the 

vectors (Fig. 2.15). A notable exception is the higher 

correlation coefficients between varicibles from the lateral 

view of the head and PC2 (especially HL5, HL11-HL14 and 

HL16). The first of these variedsles is negatively correlated 

with PC2 and involves the distance between the base of the 

antennal spine and the tip of the rostrum. HL5 contrasted 

with most of the characters in lateral view of the head; 

especially with those representing the hepatic spine and 

groove (HL11-HL16). 
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Penaeus stvllroatris; Canonical Variata and Discriminant 

Function Analyses X 

Discrimination of specimens from each of the 21 fishing 

grounds (Fig. 2.1) was achieved through CVA and visualized 

as projections of individual's scores onto the plane formed 

by the first and second canonical variates (Fig. 2.16). This 

plane captured eUsout 57% of the variability present in the 

dataset; the first canonical axis (CANl eigenvalue = 10.159) 

accounted for 36.7% of the variance, and the second 

canonical axis (CAN2 eigenvalue = 5.595) accounted for the 

remaining 20.2%. 

The location of the centroids (Table 2.11) and the 

cuaount of overlap between the distribution around each mean 

(Fig 2.16), suggest the clustering of specimens from each 

fishing ground into more inclusive regional morphotypes, 

each of which is almost perfectly separable from other such 

clusters. Three regional morphotypes were identified through 

visualization of CV scores (Figs. 2.1 and 2.16) the first 

occurred in the Upper Gulf (with the clustering of fishing 

grounds #1 to #6); the second in the region of the middle 

Gulf (a morphocline rather than a discrete cluster formed by 

fishing grounds #s 1, 8, and 9); and, the third, formed by 

all fishing grounds in the southern Gulf (cluster of groups 

#10 to #21) . 



Figure 2.16. Canonical variate analysis of Penaeus 
stylirostris from 21 fishing grounds. 
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Numbers at the centroid of each convex hull (100% C.I.) 
correspond to the geographic regions shown in Fig. 2.1. Each 
individual was projected onto the CAN1-CAN2 plane according 
to its canonical variate score. In parenthesis: proportion 
of the variance accounted for by each canonical variate. 
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Table 2.11. Location of group means on the canonical 
variates. 

SE6I0M' CMi 1 CAN 2 CAN 3 

1 5.5560 1.4195 0.9886 
2 2.4352 2.5171 -1.6114 
3 3.5248 1.8860 -1.3071 
4 4.4108 0.7583 2.3515 
5 3.8564 1.3399 -1.1598 
6 5.3227 7.7340 -1.1306 
7 1.8108 -5.7021 -1.3010 
8 0.0643 -5.2180 -0.8236 
9 -1.4400 -3.2165 3.4290 
10 -2.9912 1.8129 3.0835 
11 -3.2976 2.6440 1.1244 
12 -3.3883 -0.0657 1.0284 
13 -2.5420 1.3149 1.8174 
14 -2.8544 0.3019 0.0241 
15 -1.2390 0.2015 -0.4588 
16 -3.6396 -0.0676 0.0076 
17 -2.7564 1.1591 -1.5485 
18 -2.3931 0.6770 -0.7415 
19 -1.9373 0.5210 -1.0168 
20 -3.1041 1.4300 -0.3987 
21 -1.9101 0.7157 -1.8792 

Numbers assigned to regions correspond to those in 
Fig. 2.1. 

Loadings of variables on CANl were all smaller than 

those of CAN2. Among the highest CANl loadings were: area 

and length(s) of the outer uropod (TD14, TD17 and TD18); 

length of the inner uropod {TD19-20); dorsal length of 

telson (TD21); dorsal pigmented line (TD22); length of 

cardiac edge of the head (HD14). In lateral view, vari2U3les 

with the highest with CANl were: depth of head (HL5) and 
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the two lengths of the hepatic spine (HL13 and HL14) . 

Variables with the least cozrrelation with the CANl were 

TD15 (R2 = 0.044); TL3 and TL4 (R̂  = 0.063 and 0.047 

respectively); TL7 (R' = 0.043) and TL8 (R̂  = 0.029). 

Variables TL6, HL5, HD7 and HD8 were the only ones to have 

negative correlation coefficients with CANl. 

CAN2, had correlation coefficients that were high and 

positive with all variables. The highest loading was that of 

TD4 (0.812). The majority of varieibles had loadings that 

ranged from 0.80 to 0.55. 

The highest correlation coefficients were associated 

with the second canonical axis (CAN2); the length and 

direction of most vectors point to the high and positive 

correlation values on CAN2. However, the span of the vectors 

projected onto the CANl is much smaller, has mixed signs and 

forms a "V" shaped pattern (Fig. 2.17). 
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Figure 2.17. Vector correlations between characters 
from Penaeus stylirostris and first two canonical variates. 
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Each biplot represents one body region: a) head dorsal; b) 
tail dorsal, c) head lateral; and d) tail lateral. Vector 
labels indicate variables as coded in Fig. 2.4. 



191 

Penaeus atvllrostria; canonical variate and Discriminant 

Function Analysas II 

The 21 fishing grounds that formed the original P. 

stylirostris dataset were re-grouped into more inclusive 

regional morphotypes. The natural assortment of groups into 

clusters, clearly evidenced in the CAN1-CAN2 plane (Fig. 

2.16), and the lack of significance of some of the pairwise 

Mahalanobis distances further justified the regrouping of 

specimens into five general regions: 1) all fishing grounds 

from the upper Gulf (Fig 2.1 #1 to #6); 2) Kino Bay (Fig. 

2.1 #7, region referred to as northern middle Gulf); 3) 

Guaymas-Guasimas areas (Fig. 2.1 #8, region referred to as 

the central middle Gulf); 4) Bcihia Lobos (Fig. 2.1 #9, 

referred to as the transition zone); and, 5) fishing grounds 

from Yavaros (Fig. 2.1 #10) to Mazatlan (Fig 2.1 #21) 

foraing a regional fishing ground that will be referred to 

as the southern Gulf. 

As introduced above, the re-grouping of shrimp from 

each fishing ground into more comprehensive regional 

morphotypes not only allowed for better appreciation of 

their morphological characteristics and differences, but 

also, due to the reduction in the niunber of groups included 

in the analysis, a much larger proportion of the variance is 

captured within fewer components, in turn, resulting in a 
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much better overall discrimination. 

The multivariate relationship between the 74 log-

transformed measurements obtained from P. stylirostrls were 

re-analyzed with CVA. The analysis was conducted on the 

covariance matrix using the five regional groups as a 

discriminant. The resulting discrimination between specimens 

from the five regions is represented as projections of the 

group scores onto the first two canonical axes (Fig 2.18). 
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FlguTtt 2.18. Ccmonical variate analysis of Penaeus 
stylirostris from five regional stocks. 

cwff 

Numbers at the centroid of each convex hull (100% C.I.) 
correspond to the re-grouped regional fishing groxinds. In 
parenthesis, proportion of the variance accounted for by 
each canonical variate. 
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The propoirtion of the variance accounted for by the 

first two canonical axes increased from 57% to 85% when 

fishing grounds were clustered into regional groups. The 

first canonical axis accoiinted for 53% of the variance in 

the dataset and, along this axis, shrimp from the group from 

the upper Gulf (#1) was clearly discriminated from those 

from other regions. CAN2, accounted for 32% of the remaining 

variance and discriminated the three fishing grounds of the 

central Gulf (#2-4) from the cluster of southern fishing 

grounds (#5). 

A similar projection of scores onto the plane formed by 

the second and third canonical axes (Fig. 2.19) served to 

visually discriminate between shrimp from the three fishing 

grounds from the middle Gulf. This plane accounted for 41% 

of the overall variance of which 32% was accounted for by 

CAN2 and about 9% by CAN3. The third canonical axis (despite 

accounting for such a small percent of the variance) 

discriminated individuals from the fishing ground of Bcihia 

Lobos (#4) from the northern and central middle Gulf scimples 

(#s 2 and 3) . This finding revealed that shrimp from these 

two fishing grounds are more similar to each other than 

previously suspected, and as a group, to be distinct from 

their nearest neighbor to the south. 

The correlation pattern of the variables within the 

plane of the first two canonical axis (Fig. 2.20), was 
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almost identical to that obtained for shrimp from individual 

fishing grounds (Fig. 2.17). 

Figure 2.19. Plot of canonical variate scores for 
Penaeus stylirostris regional stocks on CAN2-CAN3 plane. 

CAN2 (32.0%) 

Numbers at the centroid of convex hulls = re-grouped 
geographic regions displayed in Fig. 2.18. In parenthesis: 
proportion of variance accounted for by each variate. 



Figure 2.20. Vector correlations pattern for Penaeus 
stylirostris specimens in the CAN2-CAN3 plane. 
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Each biplot represents a region of the body: a) tail 
lateral; b) head lateral; c) tail dorsal; and d) head 
dorsal. Vector labels = variables as coded in Fig. 2.4. 
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The relative location of the groups in the canonical 

plane formed by the first, second and third canonical axis, 

suggests that varieibles that capture the size and shape of 

the inner and outer uropods (TD14-TD20), as well as those of 

the hepatic spine (H113 and HL14), hepatic ridge (HLll), and 

the contour of the cardiac region of the head (H014), are 

good discriminants of samples from the upper Gulf and 

southern Gulf (Fig. 2.17). 

Variables that account for the relative depth of the 

head (and/or possibly upward curvature of the rostrum HL5); 

length of the dorsal edge and thickness at the base of the 

hepatic spine (HL13 and HL16); length of the rostrum in 

dorsal view (HD7 and HD8), and distance between the concave 

and convex points of inflection above the lateral projection 

of the last segment of the tail (TL4) seem to discriminate 

samples of the northern and central middle Gulf region (#s 2 

and 3) from those of region #4 (Fig. 2.20). 

The location and spread around regional groups 

centroids along the first three canonical axis (TeUsle 2.12), 

were used to calculate the pairwise Heihalanobis distances 

(Table 2.13). Significance values of the pairwise 

Mahalanobis distances were obtained from a distribution 

generated from 5,000 bootstraps of the dataset. 
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Tat>I« 2.12. Means of regional fishing grounds of 
Penaeus stylirostris on canonical variates. 

REGION* 1 CAN 1 1 CAN 2 1 CAN 3 

1 4.2248 0.9584 0.1121 
2 0.9256 -5.6064 -1.7508 
3 -0.7858 -5.0669 -0.9927 
4 -1.2608 -3.0278 4.4895 
5 -2.1931 0.9940 0.2431 

* Region 1 = upper Gulf; 2 = Kino Bay? 3 = Guaymas-Guasimas; 
4 = Bcihia Lobos; and 5 = southern Gulf. 

Table 2.13. Mahalanobis distance (D̂ ) between regional 
morphotypes of Penaeus stylirostris. 

Region 

I II III IV V 

I 0.000 
II 60.711 0.000 
III 74.275 32.426 0.000 
IV 65.493 51.847 47.930 0.000 
V 41.348 58.240 52.348 39.620 0.000 

Region number correspond to those of Table 2.12. Distances 
were highly significant at P > D̂  = 0.001. 

Despite the apparent lack of discrimination between 

specimens from groups #2 and #3, they were significantly 

distant from one another in the overall morphospace (D̂  was 

highly significant, P < 0.001). For this reason they will be 
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treated as different groups. The main morphological 

characteristics of P. stylirostris populations are 

summarized in Table 2.14. 

Table 2.14. Morphological characteristics of the five 
regional stocks of Penaeus stylirostris. 

Morphology Regional Stock Morphology 

1 2 3 4 5 

Tail Length longest short average shortest long 

Tail width (TD2) thickest narrow average narrow thick 

Telson. width {TD7) thick narrow nairrow narrow average 

Length last segment 
lateral spine (TDll) 

long short average short average 

Outer uropod area largest average average average large 

Oropod width wide narrow average narrow wide 

Uropod length longest average average average long 

Uropod shape blade
like 

blade blade* blade paddle 

Uropods length to 
thickness ratio 

R>5.0 R>5.0 R<4.6 4.6<R<5 4.6<Rc5 

Telson length longest short average average long 

Head width (HDD wide narrow narrow narrow wide 

Rostrum length (HD8) long short long long longest 

Cardiac edge (HD14} curved less 
curved 

less 
curved 

less 
curved 

flat 

Cardiac edge/width 
ratio (HD14/HD13) 

R>1.2 R>1.2 R>1.2 R>1.2 R<1.2 

Convex-concave 
inflection (TL4} 

short short long shortest short 
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Table 2.14. 0011^. 

MorphologY Regioaal Stock MorphologY 

1 2 3 4 5 

Tail depCh (TL5) deep narrow average narrow deep 

Gap beCween Ist 
and 2nd rostral 
spine 

longest short short short long 

Gap between 2nd 
and 3rd rost. 
spine 

long short short short long 

Rostral type straight 
/up 

curved straight 
/up 

highly 
curved 

curved 

Rostral projection 
relative to base 
of antennal spine 

equal longer equal shorter equal 

Curvature of 
antennal spine 
(concave; TLV/HLS) 

shallow 
(R-cl.22) 

shallow shallow high 
{R>1.28) 

high 

Hepatic carina long average average average average 

Hepatic spine 
length (HL13) 

long short short shortest short 

Hepatic spine 
length (HL14) 

long short short short short 

Hepatic spine 
width {HL16) 

wide average wide narrow wide 

[a] this type is intermediate between the "true" 
blade-like uropod and the paddle type; it seems to be a 
blade-type with a thicker than average width. 

Similar to the morphological characterization of 

regional stocks of P. vannamei, the five regional groups of 

P. stylirostris could not be defined (or characterized) by a 

single morphologic feature or varieUale. However, they were 

defined by the combination of specific size and shape 

synchronous changes associated with a large number of 
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variables. 

The main areas of morphological plasticity (i.e., where 

characters seem relatively free to vary and alter the 

overall morphology of the structure), seem to be more 

prominently associated with the uropods, telson, rostrxim, 

and the placement of head and rostral spines. 

Finally, allometric coefficients for specimens of 

Penaeus stylirostris were calculated from the static 

allometric size component (Table 2.15). Variables not 

included in this table were found to maintain an isometric 

relationship with the calculated static allometric size 

trajectory; all those included represent either significant 

(P<0.001) positive (values greater than 1.0), or negative 

(less than 1.0) static allometric coefficients. 
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Table 2.15. Static allometric coefficients of Penaeus 
stylirostris. 

Code Neg. Allometry* Code PCS. Allom 

TDl 0.9257 TDIO 1.4214 
TD4 0.9609 TD12 1.2579 
TD5 0.8685 TD13 1.1670 
TD8 0.8667 HD13 1.0432 
TD14 0.8605 TL3 1.1953 
TD16 0.8405 TL8 1.0975 
TD17 0.8215 TL13 1.0402 
TD18 0.8258 TL14 1.1018 
TD19 0.8541 TL18 1.0479 
TD20 0.8723 TL19 1.1243 
HDl 0.9301 TL20 1.0352 
HD3 0.9450 HLl 1.1868 
HD4 0.9496 HL6 1.0940 
HD7/8 0.9254 HLIO 1.1353 
TL6 0.7357 HL14 1.3695 
HL5 0.8130 
HL7 0.9169 

Reported values are significantly different from isometry 
by 5,000 bootstrap randomizations. 

Variables such as those measuring aspects of the 

uropods (except its width TD15), the length of the last 

segment of the tail measured dorsally (TD5 and TD8), and the 

head's depth (HL5), were found to have very low allometric 

coefficients, indicating the relatively slower growth of 

these parts of the animal. The lowest allometric coefficient 

is represented by the distance between the terminal dorsal 

spine of the last segment of the tail and the base of the 

same segment's lateral projection over the telson (TL6). 
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The combination of negative and positive allometries 

along the two edges of the antennal spine for exeunple, 

serves to illustrate how changes in shape occur as a result 

of changes in size. In the particular case of the cmtennal 

spine, the positive allometry of its upper edge indicates 

that (provided a constant or relatively slower growth of the 

lower edge) this spine will increase in its upper edge 

curvature, it width at the base, or both, as the specimens 

grows. 
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Previous attempts to conduct rigorous multivariate 

analyses of penaeid shrimp morphology (Horton, 1982; Lester, 

1983; Lester et al., 1990) have shown promising but marginal 

success, if success is measured as the analytical power to 

discriminate between penaeid species, sexes, or wild 

populations. Lester's studies revealed that P. stylirostris 

can be better characterized from P. vazmamei if the 

experimental design takes into consideration factors such 

as: the number of characters included in the analysis, and, 

more importantly the way in which the variables are inter

related and how the overall morphology of the specimens is 

captured by the selected variables. 

Lester et al. (1990) successfully improved the 

taxonomic value of their varicibles by "trussing" (Strauss 

and Bookstein, 1982) the specimens. Despite inherent 

practical problems that prevented its direct application to 

shrimp culture, the work of Lester et al. (1990) is perhaps 

among the few serious morphometric analyses of shrimp ever 

attempted. 

My work seeks to complement that of Lester et al. 

(1990) by expanding the appliceOsility of morphometric 

studies of shrimp beyond that of artificial selection 

practices, and by providing new evidence that may help to 
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change the long-held belief that shrimp populations rarely 

show differences in morphological characteristics (Horton, 

1982 and Lester and Pante, 1992). 

Additionally, by providing researchers in this field 

with detailed procedures and results, I hope to instigate 

future morphometric studies of shrimp on characters 

homologous to those of Fig. 2.4; especially since the large 

number of varieibles introduced here, revealed that 

taxonomically important traits can be found in aspects of 

shrimp morphology that have not been previously described 

(i.e., variables other than standard lengths and widths of 

head and tail). 

Finally, the novel approach of obtaining a highly 

redundant and trussed set of variables from uncorrelated 

images of the same specimen (the lateral and dorsal view), 

has proven a substantial improvement (both in detail and 

analytical power) over single view counterparts, therefore, 

this methodology is highly recommended. 

Discrimination betvaen spaeies 

The first and most critical step in analyses of 

morphological characterization of groups composed of two or 

more sympatric species, relates to the capcibility of the 

chosen variables (other than those used to key specimens to 
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species) to capture the inter-specific taxonomic 

differences. The fact that I found a set of varieUsles that 

captures taxonomic differences between P. stylirostris and 

P. vannamei, is reflected in the complete discrimination 

between these species (far better than those of Lester et 

al., 1990). This (taxonomic) validation constitutes one of 

the most important findings of my study and justified 

partitioning of the dataset into the constituent species 

from which descriptors of intra-specific morphotypes were 

obtained. 

The identified differences between P. stylirostris and 

P. vannamei are not necessarily related to "size", as 

postulated by Lester and Pante (1992), but mostly associated 

to changes in "shape". The distribution (100% C.I.) of P. 

stylirostris and P. vannamei specimens along PCI (the 

general allometric size component) and their corresponding 

mean scores (Fig 2.5), are not significantly different from 

one another. On the other hand, the placement of group 

centroids along PC2 (which is usually considered the "shape" 

component) was significantly different between the two. 

These findings indicate that most of the inter-specific 

differences correspond to aspects of shape and not 

necessarily to size. 

Lester et al. (1990) described a general size component 

as containing varicible loadings that were considerably lower 
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than expected for a size vector (reported values between 

0.15 and 0.23; edsout four times lower than those reported 

here). The inconsistency between our findings nay arise from 

the possibility that their PCI was a mixed component that 

accounted for aspects of both, size and shape. This 

interpretation may be further supported by their claim that 

"the additional varieQsles do not provide much allometric 

variation to be explained by PC2". 

Since the scatter along the first principal component 

is essentially identical for both species, their 

discrimination (Fig. 2.7 and Table 2.2) is most likely based 

on variables that contribute to PC2. Additionally, and since 

significant differences were found in the calculated static 

allometric coefficients of these species (Tables 2.9 and 

2.15), the difference in species-specific "patterns of 

developmental integration" suggest that their morphological 

development occurs along different static allometric growth 

trajectories. 

The finding ofsignificant inter- and intra-specific 

differences reflect the taxonomic value of these variedales 

(used for the first time in studies of morphological 

characterization of shrimp). They also present an 

alternative to the long held belief that these species are 

"morphologically similar species" "with evolutionary 

conserved morphologies" (Palumbi and Benzie, 1991). 
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Having esteUslished the morphological distinctiveness of 

each species, I will devote the rest of the discussion to 

sximmarizing the identified (morphological) population 

structure for each of the species. I do not intend to 

discuss morphological characteristics, peculiarities, or 

attach interpretations of "functional morphology" to each 

population or specific morphotypes, because these 

explanations are peripheral my objective. 

Penaeus vannnmei; population structure 

Penaeus vannamei did not have a strictly unic[ue 

morphology but a relatively plastic one, which seems to vary 

significantly between populations of the species. This 

contradicts Horton (1982) and presents a more dyneunic 

picture of population structure: discriminating what was 

invariably considered a single (morphologically) panmictic 

species into morphologically distinct stocks. 

Clearly depicted in plots of canonical variates (Fig. 

2.11) is the separation of shrimp from fishing grounds into 

four morphotypes corresponding to geographically defined 

regions of the Gulf of California (Fig. 2.13). Three of 

those (north, central and southern Gulf) comprise the 

totality of the wild P. vazmamei specimens; the fourth, 

clusters the outgroup of laboratory reared specimens (La Paz 
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and Oaxaca). Inspection of the canonical plane and the 

relative separation of fishing groimds achieved with this 

technique (Figs. 2.11), indicates that specimens from the 

regional stocks are morphologically distinct. 

Specimens from two of the populations, even though 

obtained from similar latitudes (Fig. 2.2: La Paz, #13 and 

the Hazatlan, #12) , can be clearly distinguished by their 

morphological characteristics (Table 2.10). I hypothesize 

that if a relatively short geographic distance separating 

the two populations (just across the Gulf) allows such a 

significant change in the morphological characteristics, 

there may be significant differences in the genetic 

constitution of these population. Causes of these 

differences might be barriers to migration (such as deep 

water or strong deep currents), or the effect of differing 

local environmental conditions on morphology, or a 

combination of genetic and environmental effects acting 

locally on each stock. 

If morphological dissimilarities are caused by 

differing genotypes, we should expect to find even greater 

morphological distinction among populations that are highly 

unlikely to exchange genes (i.e., those that are broadly 

separated geographically). 

However, specimens from two very remote regions (La 

Paz, Fig 2.2, #13, and Oaxaca, closer to Guatemala than to 
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the Gulf of California), cluster together in the canonical 

planes reflecting almost identical morphological 

characteristics. Hence, these two sets of specimens do not 

seem to conform to the prediction of the above genetic-

related hypothesis. The observed lack of morphological 

discrimination between specimens from these two fishing 

grounds is unlikely to be due to genetic similarities, 

although this, or the possibility of evolutionary 

convergence cannot be entirely ruled out. 

A simpler, yet more persuasive explanation for their 

morphologic similarity, can be found in the second 

proposition: common morphologies resulting from common 

environmental conditions. Claims regarding environmental 

effects upon morphological characteristics of genetically 

similar specimens (especially growth) have been made by 

researchers working on selective breeding programs; mostly 

aimed at enhancing certain marketeible characteristics of the 

species (Benzie, 1996; Carr et al., 1996; Benzie, 1997). 

Benzie (1996) reported on how growth (and potentially 

the shape of P. monodon individuals) is affected by 

environmental variation between rearing tanks within the 

same hatchery. Benzie (1997) attributed 10% of the 

difference in P. monodon growth between progeny (half-sib 

experimental design), to genetic factors; leaving a 

substantial amount of the variability to environmental 
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effects and related influences. 

Similarly, Carr et al. (1996) presented estimates of 

full-sib family heriteUailities (which included environmental 

effects) and reported mean weight extremes within the tested 

specific pathogen free population of P. vannamei, to be 

between 5.5 +/" 3.1 g. and 16.1 +/- 2.2 g. Whether 

environmental conditions, specific genetic combinations, or 

their synergistic effect were responsible for such a wide 

difference in weight at harvest, was not stated; although 

the authors provide heritability estimates on weight (0.42 

+/- 0.05) which suggest a significant role played by 

environmental conditions. 

By extrapolation of findings like those of Benzie (1996 

and 1997) and Carr et al. (1996), it should be easy to 

deduce the effects that environmental conditions have played 

upon the morphological characteristics of specimens reared 

under laboratory conditions and in my study. Recall that the 

La Paz specimens originated from wild broodstock spawned in 

captivity, and part of their progeny was reared to juvenile 

and sub-adult stages in the laboratory, and that Oaxaca 

specimens were reared in the laboratory from wild PL. 

Throughout their development, both seunples were kept under 

similar conditions: identical tank dimensions, similar 

density of individuals, identical artificial sea water, 

salinity, depth, water and ambient temperatures, oxygen and 
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related water qualities, feed, feeding ration. 

Thus, the conunon rearing conditions under which the La 

Paz and Oaxaca specimens were maintained in captivity, may 

have been directly implicated in their resulting 

morphological convergence. Further experiments (rather 

different in design than the present study) need to be 

conducted in order to fully quantify this phenotypic effect. 

Regardless of the actual mechanism behind morphological 

differentiation in shrimp (whether genetic or 

environmental) , the assortment of P. vannamei specimens 

collected from fishing grounds within discrete geographic 

regions of the Gulf, and the morphological discrimination 

between such regional stocks (Fig. 2,13; TcQsle 2.7), could 

be used by fishery managers and shrimp farmers alike as 

evidence for the natural compartmentalization of the 

resource into morphologically discrete (breeding) units. 

For management purposes, the P. vannamei fishery along 

the eastern coasts of the Gulf of California could be 

monitored as if constituted by two stocks: one of them 

occupying the central Gulf (the region between Guaymas and 

the mouth of the Rio Fuerte —the border between Sonora and 

Sinaloa) , and the other, in the region of the southern Gulf 

(the fishing grounds between the Rio Fuerte and Mazatlan) . 

The third stock, found in the northern region 

neighboring Puerto Lobos, does not (at present) constitute a 
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fishery resource in the area; it represents interesting by-

catch with more scientific than economic value. 

The morphological characteristics of the central and 

southern regional stocks may represent specific adaptations 

of stocks to their local environmental conditions and 

oceanographic patterns. Satellite imagery of the Gulf of 

California demonstrate regional discontinuities in water 

surface temperature (Figs. 1.3 to 1.5) and current patterns 

(Fig. 1.6) perhaps isolating the regions north and south of 

the Rio Fuerte. The morphological population structure of 

Penaeus vannamei seems to correlate fairly well with the 

governing regional oceanographic patterns. 

In order to evaluate the degree of reproductive 

isolation of these morphologically distinct stocks, and to 

determine the genetic contribution to population structure, 

genetic analysis similar to those conducted on P. 

stylirostris and presented in Chapter 3 need to be 

conducted. Whether or not these regional morphotypes 

(assumed adapted to and reproductively isolated by regional 

oceanographic patterns) have developed significant genetic 

differences underlying their morphological characteristics, 

remains a topic open to exploration and scientific enquiry. 
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The Penaeus stylirostris dataset revealed a series of 

discrete and morphologically distinct stocks which, 

similarly to P. vannamei, inheJait well defined geographic 

regions of the Gulf of California. This finding should help 

change the long held perception that the P. stylirostris 

populating the Gulf of California form a single panmictic 

unit. It may also motivate the implementation of modified 

management and monitoring schemes so as to address the 

special needs of each morphologically distinct stock. 

Based on their discrimination and their pairwise 

Kahalanobis distances, P. stylirostris specimens were 

divided into five regional morphotypes located in the 

following geographic regions: 1) upper Gulf, 2) central 

north, 3) central, 4) central south or transition zone, and 

5) lower Gulf. Regions 4 and 5 correspond to the seune two 

identified eibove as being occupied by the two P. vannamei 

populations. 

All these localities, except that of Kino Bay and its 

neighboring mid-riff islands, which seem to be governed by 

the same climatic patterns as region 3, are identifiedsle by 

their distinct climatic and oceanographic conditions. 

Inspection of water surface temperatures and current 

patterns (Figs. 1.3 - 1.5) show that the Gulf of California 
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is oceanographically sub-divided into four regions: a) the 

upper Gulf with almost year-round lower water temperatures 

than the rest of the Gulf, and current systems (eddies or 

gyre. Fig. 1.6) that develop to the north of the mid-riff 

islands; b) the central Gulf, between the southern tip of 

Tiburon Island (Kino Bay) and Guaymas (isolated from the 

upper Gulf by the mid-riff islands) ; c) an apparent 

"transition zone" between Guasimas and Yavaros, occupied by 

the Bahia Lobos population, and characterized by conditions 

that are intermediate between the central Gulf and the 

southern Gulf; and finally, d) the southern (or lower) Gulf, 

with more oceanic (i.e., open ocean) type of oceanographic 

conditions than the rest of the Gulf of California. 

Potential natural barriers, which may enhance and be 

responsible for maintaining the distinct oceanographic 

conditions of these four regions of the Gulf, can be found 

in the Gulf characteristic current patterns (Fig. 1.6) . 

Clearly depicted in this figure is the independence and 

regionalization of strong gyre-type currents which originate 

in the East coast of the Gulf, and maintain their 

circulation within each of the four zones (above). Current 

patterns like these may prevent the passive migration of 

planktonic stages of shrimp from one region to another, 

increasing the probability of reproductive isolation between 

the morphologically distinct regional stocks. 
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Eddies and gyres similar to those shown in Fig. 1.6, 

were presented in Heunman et al. (1988), and circulation 

patterns similar to those discussed above were presented in 

Maluf (1983) and Roden (1964). These studies indicate that 

the occurrence of these types of currents are a peculiar 

characteristic of the Gulf of California, and not a 

serendipitous event captured by satellite. 

Additional support for the subdivision of the Gulf into 

climatic regions comes from Thomson et al. (1987), whom, on 

the basis of tidal amplitudes, depth, average temperature, 

and faunal composition, characterized the Gulf of California 

as being composed of three regions: the upper, central, and 

lower Gulf. 

These general agreement between the division of the 

Gulf as prescribed by Thomson et al. (1987) and by me. In 

spite of the concordance of our findings, there are two 

important differences. The first involves the boundary 

between the Upper and central Gulf; the second, on the 

existence of a transition zone between the central and lower 

Gulf. 

Whereas Thomson et al. (1987) mark the division of the 

central and upper Gulf as located below the southern tip of 

Tiburon Island, satellite imagery and evidence presented 

elsewhere (Roden, 1964; Hendrickson, 1974; Maluf, 1983) 

suggest a more appropriate placement of this boundary in the 
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vicinity of the Rio Concepcion (Desemboque) 

The transition zone between the central and lower Gulf 

is based on water surface temperatures and the existence of 

a morphologically distinct population of shrimp (P. 

stylirostris). This transition zone is recognized by 

fishermen, who claim this region to be inhedsited by a 

mixture of central and lower Gulf fish species (Captains 

Morales and Orantes, personal communication), unfortunately, 

their claims have not been "scientifically" investigated. 

Despite minor disagreements on the way in which the 

Gulf can best be divided into "ecozones", the general 

consensus euoaong researches of the Gulf of California is that 

it is not an homogeneous basin, but compartmentalized into 

regions. The morphologic population structure of both 

species of shrimp (P. stylirostris and P. vannamei) match 

the widely accepted regional subdivision of the Gulf of 

California. 

Knowledge on the geographic location and morphological 

characteristics of P. stylirostris populations may serve to 

allow us to evaluate the effectiveness of current management 

The area between Puerto Lobos and the northern end of 
Tiburon Island, may constitute a second transition zone between 
the upper and central Gulf. Some evidence to that effect was 
found in the distinctive by-catch composition observed during 
fishing trips in this region. Whether or not this area show to 
have significant differences to be considered yet another fifth 
region remains a matter of speculation. 
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practices, and perhaps motivate the adoption of new schemes 

that take into account the needs of individual stocks. 

A wise and reasonable objection to the proposed 

management of the shrimp fishery on a stock per stock basis, 

may reside in the fact that the conclusion concerning the 

existence of regional stocks was justified by the 

identification of regional morphotypes (to some, a rather 

weak argument) . However, the high correlation between the 

morphologically distinct shrimp populations and the well-

defined regional oceanographic characteristics, could 

represent confirmatory evidence of the existence of 

population structure, or an excellent example of phenotypic 

plasticity. 

Both interpretations of the data are feasible, and 

"fit" the data at hand well enough to draw solid yet 

different conclusions regarding management strategies. The 

main distinction between the population structure and the 

phenotypic plasticity hypothesis, is that the first must 

assiune differences in morphology to be the expression of 

changes in the genetic makeup of the populations, whereas 

the second must presume morphological changes to occur as a 

result of different environmental effects acting on similar 

(if not identical) genotypes. This subtle distinction has 

profound implications for management of the resource. In the 

first case, it would make perfect sense to regard each stock 
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as a management unit, whereas under the second, all 

morphotypes belong to the same single pammictic (genetic) 

population, and would be better managed as a single unit. 

The key to answering the guestion (genetically distinct 

or environmental effect?) rests in the genetic status of the 

identified regional groups. If genetic evidence indicates 

that all regional stocks are not genetically different from 

one another, then phenotypic plasticity effects will most 

likely be responsible for the observed morphological 

differentiation of regional stocks. If each stock has a 

demonstrably different genotype, then multiple-stock 

management is warranted. 

A third alternative is the possibility of existence of 

genetically different units within a morphologically 

homogeneous region; in that case the multiple-stock 

management regime will be complicated by environmental 

effects causing morphological convergence to a 

characteristic regional moirphotype. 

For the reasons just outlined, an investigation aimed 

at resolving the genetic status of the above presented 

regional morphotypes, was conducted. The findings of that 

analysis are presented in Chapter 3. 
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CHAPTER 3 

GENETIC ANALYSIS OF REGIONAL MORPHOTYPES OF Penaeua 

stvliroatria 
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It was 4:15 of a hot and humid October afternoon in the 
Sea of Cortez. For the past two weeks, we have been fishinĝ  
the southern coasts of Sonora and northern Sinaloa around 
the clock. Blue and white shrimp catches have been good so 
far, but the non-stop shrimping operation has made us all, 
crew and equipment, extremely tired. Sleeping time is one of 
the most precious commodities during these first two or 
three fishing trips. Blue and white shrimp are abundant this 
time of the year, thus, the only thing that could stop the 
shrimping is a major equipment failure. The prospects of 
good pay upon returning to port has kept the crew together 
and willing to put up with adversity. 

The night before was one of the roughest nights we have 
encountered on this fishing trip so far. What was initially 
regarded as a blessing, refreshing shower, turned into a 
nasty, cold, windy storm that rocked the trawler like a 
paper boat, visibility was so poor that we trawled pass the 
specified "landmcurk" where we were supposed to turned 
around, and ended up passing the nets over a rocky area. The 
sharp edged rocky bottom seriously tore both our nets, which 
had to be replaced on the spot. Catches went down after that 
incident (probably as a result of the changing weather 
conditions) and, at 7:00 the next morning, the captain 
decided to move to another fishing groxmd further to the 
south, where better catches were being reported. 

We made a 3-hour "run" south-east to another fishing 
spot. Two of those three hours were spent in partially 
mending the tears in the ragged nets and arranging the 
equipment that was, in a hectic and clumsily way, moved out 
of the way the night before. Fixing nets and other such crew 
activities were, as usual, time for training the biologist 
(me) in on-board duties, as well as time for jokes, personal 
opinions, shrimping tales and, of course, lots of freshly 
brewed coffee kindly provided by the ship's cook. We arrived 
at the fishing ground at about 10:15 AM and resumed fishing 
right away. 

I remember being exhausted but, at the same time 
excited because we were in a new fishing ground from which I 
did not have any shrimp samples. I drank some more coffee to 
keep myself awake and waited for the time to retrieve the 
nets (12:30 PM) to get my precious samples. By about 1:00 I 
started to photograph the shrimp samples. Meanwhile, we 
continued fishing with a south-east course (without turning 
back) while I became absorbed in photographing my samples. 
By about 2:00 I felt so tired that decided to stop 
photographing shrimp specimens and went straight to bed. 

Both, the patrdn (to whom we all jokingly referred to 
as the "captain") and myself (to whom the captain referred 
to as "the general" to pass the joke back on me), were 
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privileged to have our own private rooms. I do remember 
walking half-asleep to the privacy of my bed, and how the 
heat and noise of the engine, and the soft sea motion 
promptly rocked me to sleep. 

The crew, I was told later, retrieved the nets shortly 
after I fell asleep and were instructed by the captain not 
to wake me up; he considered I had plenty of both, samples 
to photograph and sleep to catch up. But before setting them 
again, the captain (presumably discouraged with the catch) 
had made a small change in our course and "ran" in the new 
direction for about 30 minutes before commanding the crew to 
set the nets again. 

It was 4:15 of a hot and humid October afternoon in the 
Sea of Cortez. I have only enjoyed that diesel engine 
rumbling noise and the soft sea motion in the privacy of my 
room for a couple of hours when Nacho, the captain, woke me 
up and in a joking voice said; 
- "Hey general, c'mon, you have samples from a different 
fishing ground to collect and photograph! We did not bring 
you on board to sleep.. . Get that fancy box of mirrors of 
yours out in the sun light and start photographing new 
specimens". 

I must confess, my first reaction was not a pleasant 
one. 
- "What do you mean we are in a different place? This looks 
just like where we were before", I appealed with my eyes 
still closed. "You must be pulling my leg! Are you jealous 
about me enjoying a good siesta or what is it?", I inquired 
respectfully but obviously upset. 

He smiled at me again and opened one of the 
cartographic maps that I carried with me on board (which, by 
the way, were quite a novelty to Nacho since most Mexican 
shrimpers do not carry them on board), and proceeded to show 
me where we were and where we have moved to. 
- "But Nacho (I protested while pointing at the map), these 
two places are less than 2 centimeters apart in the map! 
What do you mean a different fishing ground? 

He laughed triumphantly this time because he knew, 
without "formal" scientific training, but with that 
knowledge that is acquired through years of experience, that 
we were in fact at a different fishing ground. Then, be just 
looked at me and in a kind voice said to me: "I want you to 
do the best reseeurch ever conducted on populations of shrimp 
in the Gulf; it will make me proud to be the one that took 
you fishing and taught you about these things. And when you 
finish your studies, you will teach other biologists that if 
they want to leam, they have to do what you are doing now, 
because it is here (on a boat) where you will leam, and not 
looking at maps at an office desk.. . While you were asleep. 
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we have crossed an important boundary (and, while showing it 
to me in the map, he said), to the north of this tip there 
is one kind of shrimp, to the south, another kind that is 
why I woke you up, so you cam. take with you these valuable 
samples and impress your professor. You will see, you will 
have better data than anybody You will see— " 

It was 4:15 of a hot and humid october afternoon in the 
Sea of Cortez. I offered Nacho to meike him a cup of coffee 
(an implicit way to show him my appreciation and at the same 
time excuse myself for being so prejudiced) . I made one for 
myself too; I needed it badly. 

While I was looking down through my camera lens to 
focus on the shrimp inside the "fancy box of mirrors", I 
wondered how much we all needed to leam from people like 
Nacho, and pondered about the way in which I could thank him 
enough for showing so much interest in my work (wanting it 
to be the best), and for making me the recipient of his 
valuable knowledge. 

It took me more than three years to scientifically 
validate his claim. All the data I have on these two stocks 
seem to indicate that they are genetically different stocks 
of Penaeus stvlirostris. But an even more interesting twist 
to the tale, is that morphologically the shrimp from these 
two fishing grounds cannot be distinguished. How could Nacho 
tell the difference? 

I still wonder how much we can all leam from people 
like Nacho, and how can I possibly thank him for sharing his 
valuable knowledge with me. 
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Analysis of population structure from morphological 

data provides fishery managers with broad but valUcUsle 

indicators of regional population siobdivision. However, 

morphologically separable regional stocks may be composed of 

several genetically distinct demes which cannot be 

discriminated on the basis of morphology because they are 

exposed to similar (regional) environmental conditions. 

It is important to estciblish the eunount of genetic 

variation within and among shrimp from fishing grounds since 

genetic variation represents the raw material available to 

present and future evolutionary events. Furthermore, 

different levels of genetic variation in different 

populations may be used to better understand and provide 

evidence for past evolutionary events (Weir, 1996). 

I attempted to characterize the extent of genetic 

variation within and eunong some of the Penaeus stylirostris 

shrimp from fishing grounds previously identified as forming 

morphologically distinct regional groups. This chapter is 

aimed at estimating and interpreting Nei's (1978) genetic 

distances and • statistics (Excoffier et al., 1992; Stewart 

and Excoffier, 1996) which provide a measure of the level of 

genetic differentiation between shrimp from each fishing 

ground. 
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statistics are related to Wright's (1951, 1965) F 

statistics and are derived through the principle of variance 

decomposition, where the total variance is decomposed into 

the variance of individuals within the populations and the 

variance among populations, in a manner similar to that 

described by Cockerhcun (1969, 1973) . 

I undertook the task of identifying genetically 

distinct stocks of P. stylirostris in the Gulf of 

California, to illustrate the applicaJsility of genetic stock 

identification in shrimp fishery management; and to obtain 

genetic information needed for the development of potential 

hatchery founder stocks (Lester & Pante, 1992). 

My second motivation was to evaluate whether or not the 

genetic population structure agreed with the morphological 

population structure; this question is of relevance since 

the outcome of my investigation has several interesting 

theoretical and practical implications. For example, a good 

correlation between genetic and morphologic structure will 

strongly suggest that phenotypic differences result from, 

and reflect, extant genetic differences between regional 

stocks. 

Findings like these may have direct application in 

aquaculture since the correlation between morphology and 

genetics implies that the morphology of the animal and its 

desirable, marketable traits are genetically determined and 
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thus, likely to be heritable in a mendelian fashion. On the 

other hand, finding that two or more genetically distinct 

stocks occur within a morphologically uniform region, may 

either indicate that their common morphology represents a 

common response to the regional environmental conditions 

(i.e., phenotypic plasticity), or, that the identified 

genetic differences are either neutral or take part in 

aspects of the physiology of the animal other than the 

shaping of morphological characters. 

Theoretical considerations 

The premise of stock identification by molecular 

techniques is that all populations are considered to be 

finite in size with varicible number of individuals within 

each population. Population size is defined as the number of 

parents contributing genes to the next generation (this 

measurement is usually estimated rather than measured due to 

the elusive nature of fishery resources). 

A second premise is that Hardy-Weinberg equilibrium is 

always assumed, and thus, all large randomly mating 

populations are considered to have more or less the seune 

amount of genetic variability. On the other hand, when we 

contemplate the fact that each individual in a population 

possesses many loci, it becomes stochastically impossible 
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for two populations to have the same genetic composition 

(Gall, 1985) . The genetic variâ sility of a population is 

expressed as the relative frequency of loci in a population, 

whereas its genetic composition is defined as the 

qualitative property of the genes or loci present in a 

population. 

Theoretically, when a population is divided into small 

sub-populations, stocks, or demes, the effects of either 

random changes in gene frequencies (random genetic drift) , 

or predicteible changes governed by natural selection, will 

ultimately result in divergence among some of them. On the 

other hand, migration from one sub-population to another 

will counteract this effect by reintroducing alleles or loci 

that have been lost through genetic drift (Crow and Kimura, 

1970). 

Thus, the distribution of genotypes in individual 

populations is most often the parameter of concern to 

fishery managers and population geneticists, because it 

typifies the notion of population differentiation. It must 

be emphasized, however, that only recently have fishery 

biologists acquired the necessary tools for identifying and 

quantifying the amount of genetic dissimilarities between 

populations. 
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Population geneticists and molecular biologists 

capitalize on the existence of highly varieible regions of 

the genome and/or the alternative expression of genes 

(allozyme electrophoresis and related methods) to quantify 

genetic differences between populations (Buth, 1990). 

Several methods, including allozyme analysis, 

restriction fragment length polymorphism analysis of genomic 

and mitochondrial DNA, DNA sequencing, DNA-DNA hybridization 

with specific genomic probes, and, polymerase chain reaction 

(PGR) amplification with specific or arbitrary primers, are 

among some of the analytical tools available for assessing 

population structure of commercially important fishery 

resources. 

Each of these methods has its advantages and 

limitations. Allozyme electrophoresis, for excunple, even 

though reliable and relatively inexpensive, is a good tool 

for the identification of genera, distantly related species, 

or widely separated stocks that have remained isolated for 

long periods of evolutionary time or those under intense but 

different selection pressures. Populations in close 

proximity, however, may not have been separated long enough, 

or simply may not have been under differential selection 

pressures (disruptive selection). Therefore, even though 
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they represent different genetic stocks adapted to different 

local environmental conditions, they may not shov emy 

difference in their enzyme polymorphism (Dowling et al., 

1989) . Furthermore, because the detection of allozyme 

variants is limited to coding loci, genetic diversity at the 

genomic level is usually underestimated with this method 

(Clegg, 1989) , and may not be representative of the entire 

genome (Schaal et al., 1991)". 

The development of new, usually more powerful and 

sometimes costly techniques, target fast evolving section of 

the genome as the genetic unit of interest; this approach 

allows for the identification of stocks at a much finer 

level of resolution. 

One of the most powerful and versatile molecular 

techniques developed so far, involves the amplification of 

regions of the DNA (whether genomic, mitochondrial or that 

present in other organelles) by polymerase chain reaction. 

As Palumbi (1996) presents it: " (PCR) is a tool of unrivaled 

power, but as is so often the case, this power is linked to 

unrivaled complexity." 

The polymerase chain reaction mimics the way in which 

cellular organisms replicate and repair their own DNA. It 

For a more detailed treatment of advantages and 
disadvantages of some of the availeJsle electrophoretic techniques 
the reader is referred to Whitmore (1990). 
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makes use of a mixture of free oligonucleotides, buffers to 

maintain the ionic strength of the reaction, free magnesium 

cations, a short sequence of nucleotides (primers), and a 

thermostable enzyme (Tag polymerase), to make millions of 

copies of the original DNA scunple (usually referred to as 

the "template"). The PCR process is carried out by 

svibjecting the reaction mixture to a variable number of 

amplification cycles, after each cycle, the amount of DNA 

present at the initiation is doubled, leading to the 

exponential increase in the copy number of the initial 

template. Each cycle consists of three major phases: 

denaturation, annealing, and extension. During denaturation, 

the double stranded DNA template is separated into its 

single stranded form by raising the temperature of the 

reaction to 94®c for a variable period of time. 

Annealing refers to the process whereby the primers 

bind to the single stranded DNA at specific points of the 

genome complementary to their sequence. Annealing of the 

primers is achieved through a lowering of the solution 

temperature; the optimum temperature range depends on the 

length of the primers and it is usually empirically 

determined. 

Amplification will take place in regions of the genome 

where two primers anneal close to one another (at a distance 

less than 5,000 nucleotide bases apart) but, they must 
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anneal on differen't strands, and at opposite orientation, in 

order to be able to "copy" the DNA strand lying between 

them. Annealing is the most critical step of the cycle 

because it can lead to amplification of artifacts known to 

be caused by many factors; among them, template 

concentration, primer concentration, presence of partially 

degraded DNA mixed with intact DNA, as well as the annealing 

time and temperature settings. 

With the primers annealed to the template, the final 

phase of the cycle (extension) is started by raising the 

temperature to 72°C. Extension is the phase at which the 

enzyme couples with the primes and synthesize a new DNA 

stand complementary to the single strand to which the 

primers attach. In other words, during this phase a double 

stranded copy of the original DNA is synthesized resulting 

in twice the original number of copies. The nucleotides 

needed for the synthesis of the complementary strand are 

provided in the reaction mix in the form of free dNTPs. 

I used the principle of PGR to amplify random regions 

of the genome with short randomly generated primers; a 

technique developed by Willieuns et al. (1990) and called 

Randomly Amplified Polymorphic DNA or simply, RAPDs. 

RAPDs circumvent the most time consuming aspect of PGR 

(i.e., primer design), by the use of short primers of 

randomly generated sequence. RAPD still requires that the 
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random primers anneal (specifically) to the template, so, in 

a sense, there is nothing stochastic about RAPD products, 

except the region in the genome where the random primer will 

find its complement. 

Because we do not know in advance what region of the 

genome has been eimplified, the RAPD products may contain 

fragments amplified across genes and other conserved regions 

of the genome, as well as non-coding (less conserved) 

regions of the genome. Amplification across genes and other 

conserved regions will tend to produce fragments that differ 

little (in size or sequence) among individuals of the same 

species; they are under the scune evolutionary constraints as 

allozymes. 

On the other hand, hyper-varieible regions of the 

genome, such as silent and non-coding regions, may provide 

valueJsle population markers, because these regions allow for 

the differential accumulation of mutations that 

(stochastically) emerge at different rates in different 

populations. 

Due to this property, RAPD profiling has revealed high 

levels of polymorphisms in plant and animal species 

previously described as having negligible levels of 

variation by allozymes (Lester, 1970; Palumbi and Benzie, 

1991; Sunden and Davis, 1991; Braumer et al., 1992; Palumbi, 

1996). Furthermore, because KAPD reveals DNA-level 
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variation, the estimation of genetic variation at the level 

of the entire genome, is less biased than product-level 

variation (allozymes). 

Another important aspect of RAPD markers is that they 

are inherited as dominant markers in a Mendelian fashion 

(Williams et al., 1990; Hadrys et al., 1992; Garcia emd 

Benzie, 1995). One of the advantages of domincuit markers, is 

that their dominance will almost certainly guarantee their 

presence in sxibsequent generations (produced either 

naturally or in the laboratory). However, in hypothesis 

testing studies, dominant markers pose a series of 

analytical problems. 

The main disadvantage of dominant RAPD products (not 

codominant like allozymes and microsatellites; Tinker et 

al., 1993; Williams et al., 1993), is that they can only be 

interpreted as phenotypic characters that are either present 

or absent. With codominant markers, heterozygous and 

homozygous are easily identified, but this information 

cannot be obtained from dominant RAPD markers unless 

carefully planned experimental crosses are carried out 

subsequent to the genetic screening. 

This situation severely limits the use of well 

developed ("classical") population genetics models which 

are, almost exclusively, based on allelic frequencies tested 

against the assumption of Hardy-Weinberg equilibrium. For 
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this reason, researchers employing DNA typing methods often 

address population descriptors (such as genetic 

heterogeneity and population structure) in a qualitative 

rather than a statistical manner (Brauner, et al., 1992). 

Attempts have been made to treat these polymorphisms in a 

statistical framework (Huff et al., 1993; Lynch and 

Milligan, 1994) . 

Fortunately, the increased use of RAPD techniques have 

prompted the development of new theoretical models and 

algorithms that permit RAPD genetic profiles to be analyzed 

and interpreted. Algorithms, such as those developed by 

Armstrong et al. (1995), that aid in the calculation of 

pairwise genetic distances from a relatively large number of 

individuals scored for hundreds of loci, coupled with the 

analytical techniques of Excoffier et al. (1992), have 

recently allowed RAPD profile data to be analyzed and tested 

statistically. 

Excoffier et al. (1992) AMOVA software package is 

extremely useful for the study of population structure; its 

appeal rests on the use of genetic variance decomposition, 

which permits true hypothesis testing. Furthermore, the 

statistical significance of the parameters are obtained 

through randomization procedures, which, even though only 

fitting to the data at hand, are not bound by assumptions of 

any kind. 
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I employed these and other techniques to analyze RAPD 

profiles obtained from shrimp from different fishing grounds 

of P. stylirostris within the Gulf of California. My primary 

objectives were to evaluate the genetic structure of P. 

stylirostris as a fishery resource and to portray the 

evolutionary relationships between genetically identificible 

stocks. 
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Seunples of Penaeus stylirostris were obtained from six 

geographic regions within the Gulf of California. The 

surveyed localities (Fig. 3.1) are assumed to be 

representative of the four main regions of the Gulf (North, 

Central, Transition zone and Southern Gulf) that are 

occupied by stocks with different morphological 

characteristics (Chapter 2). 

Initially, samples for genetic evaluation were 

collected at the same time and regions as those analyzed in 

Chapter 2. Unfortunately, these samples were lost. As a 

result, a reduced set of replacement seunples were collected 

from representative regions along the coast of the state of 

Sonora. Budget limitations and time constraints prevented me 

from obtaining replacement samples from the "heart" of the 

southern region (i.e, northern Sinaloa fishing grounds). 

The two samples from the southern region (Huivuilai and 

Huatabampo; numbered 5 and 6 in Fig. 3.1), were obtained 

from locations corresponding to the northern boundary of the 

southern population distribution. 
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Figure 3.1. Sampling stations of genetic material of Penaeus 
stylirostris. 
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Legend: local names assigned to sampling stations. 
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Only P. stylirostris males were included in order to 

avoid the possibility of mistaOcing a sexual trait for a 

population marker̂ .̂ Variedsle numbers of male shrimp were 

collected (refer to Fig. 3.1) during the 1995 fishing season 

from Santa Clara (#1), Kino Bay (#2), Guaymas (#3), and 

Bahia Lobos (#4) . The Huivuilai seunple (#5) was bought fresh 

from local fishermen and transpoirted on ice to the 

University of Arizona where they were immediately placed 

at -70°C. Finally, the Huatabampo animals (#6) were 

collected from the wild and used at "El Ccimaron Dorado" as 

hatchery broodstock before being donated to this project. 

This latter sample was kindly provided by Mr. Bert Bennett 

and arrived at the University of Arizona on wet ice emd was 

transferred to -70°C upon arrival. 

Even though the possibility of obtaining random 
samples of only one sex from different fishing grounds may 
sound remote, it is of common occurrence to have unequal sex 
ratios in the catch. Some fishing grounds produce a large 
proportion of males (>75%) while others are represented 
predominantly by females. The reader may envision a scenario 
in which two samples (each represented by only one sex) are 
obtained from the same population to be genetically 
compared. The two samples may produce significant 
differences which are not necessarily related to population 
subdivision but to unequal sex representation in the 
samples. I consider this to be a strong enough reason for 
obtaining the DNA and conduct genetic comparisons between 
fishing grounds from only one of the sexes. Males were 
chosen for no reason other them they are easier to sex than 
females, specially at a juvenile or sub-adult stage. 
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DMA extraction 

Pleopods were obtained from individual shrimp tails and 

were mechanically homogenized separately with a glass mortar 

and a teflon pestle in 1.5 Ml of extraction buffer 

(containing lOOmM NaCl, lOmM Tris base and 25mM EDTA) to 

which 100fiL of 10% SDS were added prior to homogenization. 

In order to prevent contamination and DNA carry-over, the 

pestle and mortar were rinsed with distilled water, 10% HCl, 

and rinsed several times with distilled water prior to their 

use with the next specimen. 

Individual shrimp homogenates were incubated ovejmight 

at 37°c with proteinase K (20 of lOmg/Ml) to further 

disrupt the cell membranes and release the genomic DNA. 

After inciibation, and in order to remove mucopolysaccharides 

which co-purify with DNA and inhibit the PGR reaction 

(Ausubel et al., 1989; Palumbi, 1996), 500 fih of each shrimp 

homogenate was treated with 80 fiL of 5H NaCl and 60 fiL of a 

10% cetyl trimethylammonium bromide (CTAB) solution; the 

homogenates, with the added reagents, were then incubated at 

65°C for 10 min prior to organic extraction. 

Total genomic DNA was organically extracted in three 

steps separated by brief (10 min 10,000 RPM) cold 

centrifugations. The three organic extraction steps were 

performed with 1 Vol phenol, followed by 1/2 Vol phenol and 

1/2 Vol and chloroform isoeunyl (24:1), and finally with 1 
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Vol of chloroform isoamyl. During all three steps of the 

organic extraction, the samples were gently mixed, rather 

than vortexed, to preserve the integrity of the genomic DNA. 

After the last centrifugation, the supernatant was 

transferred to a clean eppendorf txibe and the DNA was 

precipitated with 0.6 Vol of 100% isopropanol. 

DNA scunples were pelleted by cold centrifugation and 

the DNA pellet washed with 70% cold EtOH, dried in a Sorval 

lyophilizer, resuspended in 300-500/zL O.lxTE, and treated 

with RNAse (2/xL § l;ig/Ml) prior to quantifying their 

concentration by fluorometry. 

Preparation of PGR materials and reagents 

Optimal template (DNA) concentration, required to 

produce consistent and reproducible results by PGR 

amplification with random primers (RAPD, Williams et al., 

1990; Hadrys et al., 1992), was empirically demonstrated for 

shrimp genomic DNA to be within the 1 to 20 ng/̂ L range 

(empirical determination of this parameter was obtained by 

adjusting the template concentration while maintaining the 

remaining reagents constant). With this infozmation, and in 

order to avoid artifacts caused by the amplification of 

samples that differ in concentration (Ellsworth et al., 

1993; Muralidharan and Wakeland, 1993), all samples were 
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standardized to a concentration of 2ng/̂ L. Working dilutions 

of all scuaples were prepared with double autoclaved HPLC-

grade (Sigma) water. 

Prior to routine DNA PCR cunplifications reagents were 

prepared as follows: 

a) The lyophilized Operon Technologies random (lOmer) 

primers were resuspended to 31 ± 3 pg//iL with double-

autoclaved HPLC grade water, briefly vortexed, aliquoted 

into 100, 120 and 270/zL working tubes, and stored frozen 

at -20°C until needed. 

b) The four Perkin Elmer dNTPs, the MgClj solution, and the 

lOxPCR buffer (provided with Perkin Elmer # N808-0038) were 

aliquoted into working tubes so as to avoid contamination 

and reagent degradation caused by repeated thawing and 

freezing. 

Every PCR reaction was setup using only one of the 

aliquotes of each reagent; leftover reagents were discarded 

immediately. All equipment, including thin wall and regular 

eppendorf tubes, pipet tips, and racks, were autoclaved and 

UV radiated for 24 hr prior to use. After setting up a PCR 

reaction the micropipettors were taken apart, wiped clean 

with a 10% solution of HCl, then rinsed with 70% EtOH, 

dried, and UV sterilized. Aliquotes and PCR reactions were 

set up under a thoroughly clean and disinfected (with 10% 

HCl and 70% EtOH) laminar flow hood. Equipment and reagents 
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were handled with surgical gloves, the outside of which were 

sprayed twice, first with 10% HCl solution and then with 70% 

EtOH; the gloves were re-sprayed in this manner every time 

reagents were taken out of the freezer to avoid transferring 

foreign DNA-containing materialŝ ®. 

Finally, in order to prevent premature polymerization 

of the DNA seunples, reagent mixtures were setup in a chilled 

tube-holding platform designed and built for this purpose. 

RAPD preparation and reaction conditions 

Fifteen shrimp DNA samples from each of the six 

geographic regions of the Gulf of California, were eunplified 

by PGR with 20 random primers (Operon Technologies Kit "M") 

on two Perkin Elmer thermocyclers so as to accononcdate all 

One common misconception is to associate the wearing 
of gloves with sterile techniques. We must understand, 
however, that wearing gloves only protect your hands from 
coming in contact with harmful reagents. In the special case 
of PGR, gloves prevent the unintentional incorporation of 
skin flakes and other DNA-containing particles into the PGR 
reaction. But wearing gloves does not necessarily prevent 
contaminating the PGR reaction with other DNA-containing 
contaminants that surround us; these can be picked up and 
incorporated into the PGR reaction by researchers wearing 
gloves as they open DNA-contcuninated freezers and other 
equipment. In order to minimize contamination by these 
foreign DNAs it is important to periodically spray the 
outside of the gloves with HCl. 
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90 samples and two negative controls in one rxm". Ninety-

two 600fiL flat-top thin-wall tiibes (Phoenix Research 

Products MPC-600), previously autoclaved and UV sterilized, 

were placed with their caps closed in the cold tube holding 

platform, and ledselled with a permanent ink marker. A 

mastermix was prepared by mixing all reagents in the 

proportion specified below, and kept on ice during its 

preparation. The PGR master mix contained the following 

reagents (given for a 25 /xL total volume reaction) added in 

the specified order: 

a) HLPC double autoclaved water 14.3/zL 

b) lOxPCR Stoffle PGR buffer 2.5̂ L 

c) dNTP O.Ŝ L (each) 

d) Operon Random Primer (1 x reaction) 2.0/iL 

e) MgGlz 3. OfiL 

f) Stoffle end Tag Polymerase (PE)" 0.2/xL 

Between run amplification consistency was evaluated 
by a series of pilot studies in which the seune DNA samples 
were amplified in different places within and between 
thermocyclers. The PGR products obtained in these PGR runs 
revealed that the generated genetic profiles were highly 
consistent (except for some spuriously generated high 
molecular weight bands; >2.5Kb) in all treatment groups. 

Stoffle end Taq polymerase was found to produce more 
reliable results with random primers and it is also more 
cost effective than regular ampliTaq*. Stoffle end Taq 
differs from regular Taq in several ways. Being smaller (61 
versus 94kDa) it has a much higher thermal stability (20 min 
§ 97.5°G versus 10 min § 97.5°G) than regular Taq, which 
means that a hot start method can be adopted without the 
need for adding polymerase to each reaction after the hot 
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Once prepared, the PGR master mix was vortexed and 24̂ L 

were aliquoted onto each of the 92 tubes which were kept in 

the cold holding platform. Each PGR tube containing the 

master mix was then overlaid with 2 drops of mineral oil (in 

order to prevent evaporation of the reagents during PGR 

cycling) , then, one nl of each DNA sample to be amplified 

was added (one DNA sample per tube) to each PGR tube. The 

DNA samples were placed onto the inner face of each PGR tube 

cap instead of being added to the master mix directly to 

avoid premature polymerization of the seunples. PGR tubes 

were closed right after addition of the template which 

remained on the cap by surface tension. 

The prepared PGR tubes were transferred to a small 

micro centrifuge and spun for 30 sec at 10,000 rpm to force 

the DNA templates through the mineral oil layer and into the 

master mix. The PGR tubes were then returned to the cold 

holding rack and subsequently transferred to the 

thermocyclers for their amplification. The two additional 

negative controls were handled in the Scune way as the DNA 

samples but instead of DNA, l̂ L of double autoclaved HPLG-

grade water was added to the master mix. 

start. Host importantly, Stoffle end Taq offers two 
additional advantages over regular Taq polymerase: first has 
no associated 3' to 5' or 5' to 3' nuclease activities, 
second, it has a broader MgGl, tolerance, which allows for 
unavoidable pipetting errors without the risk of 
jeopardizing the PGR reaction. 
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All of the seunple preparation steps presented thus far, 

were carried out in a place isolated from where the PCR 

eunplifications were performed. A dedicated facility for PCR 

reaction preparation was used because it was both, 

adequately equipped for PCR work (i.e., leuninar flow hoods, 

UV radiation facility, etc) and, most importantly, isolated 

from other shrimp material. This isolation substantially 

reduced the risk of cross-contaminating the PCR reagents eind 

reactions with foreign shrimp DNA material. 

RAPD profiles were obtained from all 90 DNA seunples 

through their amplification with all 20 random primers 

provided in the kit. All 20 PCR rxins (1 rxin of 90 DNA 

samples per random primer) were performed with the following 

amplification conditions: 

Initial DNA denaturation (1 cycle); 

94®C, 3 min 

Amplification (40 cycles): 

94°C, 1 min (denaturing) 

40°c, 1 min (primer annealing) 

72°C, 2 min w/2 sec autoextension (primer extension) 

Final product extension (1 cycle): 

72°C, 6 min 

4®c, soak file until products retrieved. 
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After each amplification run, the PGR products (24̂ L) 

were removed from below the mineral oil layer, transferred 

to clean eppendorf tiibes, and mixed with 10/iL of Gel Loading 

Buffer (GLB). In order to assess both, the quality of the 

PGR products and the effectiveness of the PGR amplification, 

a sub-sample (8/xL) of each PGR product was 

electrophoretically separated in a 1% agarose gel stained 

with ethidium bromide (casted and ran horizontally with 

O.SxTBE buffer). Based on their quality, 78 PGR products (13 

from each of the six regions of the Gulf) were selected to 

be resolved through a high resolution gel matrix for 

analytical purposes. 

Since it is conceivable that DNA fragments amplified 

from individuals belonging to different populations may 

differ by a small number of nucleotide bases, the higher the 

resolving power of the gel through which the generated DNA 

fragments are electrophoretically separated, the better the 

chances of finding such differences. With this approach in 

mind, I decided to limit the use of agarose gels only for 

sample selection (eibove), and to adopt the use of a high 

resolution gel matrix for comparison of the generated RAPD 

genetic profiles. After testing a number of commercially 
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availed3le gel matrices with marginal success", I adopted 

the use of "Long Ranger" (FMC #50611) for separating RAPD 

fragments by vertical gel electrophoresis. Even though the 

intended use of this product is only for DNA sequencing, I 

found it to be an extremely powerful gel matrix capeible of 

resolving differences in fragment size as small as five 

nucleotide bases. 

Sequencing gel preparation, electrophoresis and DNA fragment 

visualization 

Vertical electrophoresis of the 78 selected PGR 

products was conducted on a home made height-adjust£U3le 

electrophoresis unit which was built wider than most ready 

available electrophoresis units. This apparatus was capedale 

of accommodating a large number of samples in one run and of 

running gels casted between standard commercial grade 

(Tucson Glass and Mirror) 1/4" glass plates. 

Sequencing gels were casted between two glass plates 

(35 X 19.5 cm and 35 x 21 cm) separated by 1mm spacers 

" The gel matrices tested include conventional 
acrylamide, and the following FMC products: NuSieve 3:1 
agarose, MetaPhor agarose, and SeaKem LE and ME agarose. 
Additionally, in order to compare product visualization 
after agarose electrophoresis, these gels were stained with 
either ethidium bromide or SYBR Green gel stains (FMC 
product #50513). 
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placed between both sides and bottom edge of the plates. 

Prior to pouring the gel, the plates were thoroughly washed 

with detergent, 5M NaOH, and 90% alcohol. After washing, one 

of the plates was treated with binding silane (to promote 

gel adhesion) and the other one with a siliconizing agent 

(to ease its separation after electrophoresis). 

A 5% sequencing gel matrix was prepared in 0.6xTBE 

buffer; this gel solution was mixed thoroughly and then 

filtered through a disposable 0.2̂ m filter (Gelman Sciences 

# 4192) . In order to polymerize the gel, 40 fil of TEMED and 

400 Hi of 10% APS (Bio Rad # 161-0801 and 161-0700 

respectively) were mixed into the filtered solution. The gel 

matrix was then poured between the two already assembled 

glass plates with a 60ml syringe, emd well-forming combs 

with a 45 sample capacity pushed through the open end of the 

plates. Gel polymerization took place after 30-40 minutes at 

room temperature, at which time, the combs and bottom spacer 

were removed, and the gel (sandwiched between the two glass 

plates) was placed in the vertical electrophoresis unit. 

Due to the limited number of samples that could be 

included in each gel, I divided the 78 selected PGR products 

into two sub-sets, and ran one subset per gel. Following 

this scheme, I prepared two gels for every primer; each gel 

containing 39 PGR products, corresponding to DNA seunples 

from 13 individuals from each of three fishing grounds. 
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Three microliters of each cunplified DNA seunple (already 

prepared with the GLB) , were added to each well. Molecular 

weight marker (1KB ladder, Gibco) was included in each gel 

separating the seimples from each fishing ground, and was 

used to calculate (by extrapolation) the size of the PCR-

generated fragments. 

Additionally, a 1KB ladder was loaded onto the first 

and last two wells at each end of the gel; these extra 

markers were included so as to correct for "smiling effects" 

that result from temperature differences within the gel. Gel 

electrophoresis was performed with the following rxinning 

conditions: 300 volts, 13.5 milliamps, 50 watts for a period 

of time that ranged between 3 hr 45 min and 4 hr 10 min. 

Following fragment separation by electrophoresis, the 

gels were removed from the electrophoresis unit, the 1mm 

spacers were detached from the sides of the gels, and the 

small glass plate was separated from the gel. RAPD fragments 

were then visualized by silver staining. The silver staining 

protocol was based on that described in the FMC instruction 

booklet for acryleunide* cross-linker (1987) , but modified to 

accomplish adequate staining with the Long Ranger gel 

matrix. The modified protocol include additional rinsing 

after the nitric acid and silver nitrate steps; replacement 

of the citric acid in the stop solution for an equal volume 

and dilution of acetic acid; and elimination of the pre-
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stain step. 

After staining, the gels were dried under em exhaust 

hood and kept attached to the larger glass plate throughout 

the analysis. 

Coding bands and related aspects 

The high resolution gels were scanned with a flat-bed 

Scanmaster 3+ scanner and analyzed with a Bioimager™ 

software package installed in a Sun workstation. With this 

software, the gel images were manipulated so as to enhance 

bands and reduce the background prior to coding the banding 

patterns (i.e. genetic profiles) . 

Only bands between the range of 1.5Kb (Kilo bases) and 

120 bases-long were analyzed. DNA fragments outside the 

selected range, even though amplified by PCR, are not 

generated with the same level of fidelity as the medium-size 

bands (Penner et al., 1993; Willieuns et al., 1993). Thus, 

scoring RAPD products in the specified molecular weight 

range minimizes the possibility of scoring bands resulting 

from nested inverted repeat motifs. (Steward and Porter, 

1995; Steward and Excoffier, 1996). Bands were scored 

following assumptions prescribed in Stewart and Excoffier 

(1996) as follows: 
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a) The banding patterns on the gels were interpreted 

without eunbiguity. 

b) A band on a gel identifies a strictly two-allele 

locus. A plus (+) denotes the presence of a band; a 

minus (-) its eibsence; and (+) is dominant over (-). 

c) Different band positions (if more than 5 bp apart) 

were considered as representing different loci. 

d) Loci are independent. 

e) At each locus, the genotypic proportions are at 

Hardy-Weinberg equilibrium. 

f) Bands in the same position in the gel were assumed 

phenotypically homologous (i.e., sequence homology is 

implicit between fragments of the Scune size) . 

The banding patterns were scored by hand since it was 

found that allowing the computer software to automatically 

identify and score bands was not only inaccurate, but also, 

created conflicts when bands within and between gels needed 

to be homologized. These problems were circumvented by 

homologizing bands according to the screen pixel value, such 

that two bands located at the same vertical position (and 

thus with the same pixel value) were considered and marked 

as homologous bands. 

An additional lane at the end of each gel (a reference 

lane) was used to score a series of artificial bands at the 
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sane pixel value as the real bands in the profiles. This 

reference lane was later on used to transform the gel into a 

presence/cibsence matrix and to homologize bands between 

companion gels (see below). 

Homologizing bands within gels was a relatively 

straight forward process once the scoring criteria was 

established and followed. Homologizing bands between the 

first and second (companion) gel, however, remained 

problematic. The difficulty resided in the fact that not all 

gels were run for the same exact amount of time. This 

resulted in between-gel homologous bands (of the same 

molecular weight) that did not migrate to the same position 

in the gel. 

Fortunately though, the seune 1Kb marker (of identical 

concentration —because it was prepared once— and the same 

volume) was used in all gels. The fact that bands in the 1Kb 

ladder had to be homologous across all gels, allowed me to 

solve this problem by combining into a simple formula, the 

recorded vertical pixel values corresponding to a) the 1Kb 

ladder bands on the first gel, b) the bands on the first 

gel's reference lane, and c), the 1Kb ladder bands on the 

second gel. The developed formula outputs a value that 

represent the pixel value at which (taking into 

consideration the between gel differences in migration) a 

band, homologous to the one scored in the first gel, will be 
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located if present in the second gel. The developed 

formulation, and an excunple of its application, are provided 

in Appendix A. 

Thus, when the pixel values corresponding to the 

(artificial) bands scored in the first gel's reference lane 

are used as input, the formula outputs a series of pixel 

values representing the location where those bands would 

have been if run on the second gel. By applying this formula 

to each band on the first gel's reference lane, a new 

reference lane, homologous to the first was obtained for the 

second gel. 

The calculated pixel values (corresponding to the new 

reference lane) , were then scored onto the second gel and 

their molecular weight obtained and compared to those from 

the first gel's reference lane. It was found that minor 

adjustments needed to be made in order to compensate for the 

logarithmic migration of the bands in the gel. Discrepancies 

in band molecular weight between the two reference lanes 

occurred, as expected, at the top and bottom of the gel 

(high and low molecular weight bands respectively) where 

departures from the strictly linear nature of the 

formulation are more prominent. 

The calculated bands were adjusted to the molecular 

weight of the first gel's reference bands, prior to using 

the new reference pixel values to code the Scunple bands in 
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the second gel. 

Obtaining banding pattern data 

Upon scoring all bands on each of the two companion 

gels, the reference lanes were used to turn the entire gel 

into a presence/absence (l=present, 0=absent) matrix. This 

procedure was conducted with the Bio imager™ package and 

involved using the location of bands in the reference lanes 

to search across the gels for bands with similar pixel 

value. In its search, the software assigns a 1 if the band 

is present or a 0 if absent. The two presence/absence 

matrices (one per gel) were then merged into a single matrix 

and edited in DOS 6.0 text editor. Each matrix was further 

manipulated in Microsoft Excel™ with which homologous bands 

(each band representing a locus) were tallied; the totals 

for the presence of each locus in each population were then 

used to calculate band frec[uencieŝ °. 

Since each of the six populations are represented by 
13 individuals, the sum across homologous bands within each 
population, represent the number of individuals in that 
particular population that bore the band. The maximum value 
for the sum or frequency of loci is 13 (when the band, or 
locus, is monomorphic and thus present in all individuals of 
that population) , and the minimum value is 0 (when the locus 
is not present in the surveyed individuals). The total 
number of individuals that possess the locus (i.e. 
frequency) were then turned into a proportion or percentage, 
by dividing the sum by 13, that is, the total number of 
samples in that population. 
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Due to the large number of loci generated with each 

primer, enough information (324 loci) was obtained after 

analyzing eight of the 20 random primer profiles. The 

robustness of the 324 loci (obtained with primers 0PM 04, 

11, 12, 14, 16, 17, 19 and 20 combined), was determined 

through extensive re-seunpling schemes which confirmed the 

adequacy of the data at hand. The RAPD profiles 

corresponding to the remaining 12 primers were not analyzed. 

Assessing genetic variation and data structure 

The first set of exploratory analyses were aimed at 

revealing the possible structure in the dataset of 

individual genetic profiles. Presence/aJasence matrices of 

variable ntimber of loci scored for 78 individuals, were used 

to obtain two different 78 X 78 pairwise distance matrices. 

The first distance matrix, was obtained using Rogers' 

distance (Rogers and Tanimoto, 1960) from a sub-set of 216 

loci; the 216 loci were compiled from those produced by 

primers 0PM 04, 11, 12, 14, and 16. Rogers' distance was 

chosen for two main reasons: first, because it satisfies the 

triangle inequality and second, because it outputs easily 

interpretable distance values that range from 0 to 1; a 

value of 0 indicates that the two individuals are completely 

unrelated and a value of 1 that two individuals have 
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identical genetic profiles. 

The second distance matrix was produced from pairwise 

distances between individuals represented by all scored loci 

(324) following Excoffier et al. (1992). This formulation 

was also adopted for two main reasons: first, because it 

renders distance measurements that are additive, and thus, 

allows for combining distances obtained from different sets 

of primerŝ .̂ The second argument in its favor is that it 

was developed (though not exclusively) for use with the 

statistical package with which analysis of molecular 

variance (AMOVA) was conducted (WINAMOVA* 1.5 for Microsoft 

Windows™ by Excoffier, University of Geneva) . 

With these two distance matrices, two dendrograms (one 

for each matrix) were constructed with the Neighbor Joining 

algorithm (Sneath and Sokal, 1973) and their robustness 

tested against random trees (Harper, 1978). These 

dendrograms were used to visually identify the occurrence of 

" Unlike Roger's et al. (1960) distance, Excoffier's 
et al. (1992) is strictly additive. The current version of 
RAPDistance software (Australian National University) can 
handle a limited number of loci (250) at one time. 
Previously conducted tests suggest that "noisy** 
relationships between individuals are obtained when 
distances are calculated from a reduced number of loci. For 
this reason, I tried to include as many loci as possible in 
the calculation of distances. With Excoffier et al. (1992) 
distance measure, the limitation of RAPDistance (regarding 
the number of loci the software can handle) can be 
circumvented by partitioning the dataset into two svib-sets, 
calculating pair-wise distances for each set, and then 
adding the two distance matrices. 
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clusters or clades of individuals from the scune fishing 

ground. Such grouping of individuals, would suggest that the 

relationship between members of a fishing ground is much 

tighter than their relationship with other such groupings. 

This, in turn, provided the basis for nesting individuals 

within fishing grounds and statistically testing the level 

of differentiation between those groupings. 

Random trees were used to test the significance of the 

original tree structure. Random trees were generated in the 

same manner described eibove, but on the bootstrapped (i.e. 

randomized) presence/absence matrix. Randomization (Efron, 

1979; Felsenstein, 1985) involves creating a new dataset by 

sampling N characters (216 or 324 loci) randomly and with 

replacement, so that the resulting data set is the Scune size 

as the original, but some characters have been left out and 

others duplicated. 

Bootstrapping the presence/absence matrix allowed for 

the calculation of a large number (1,000) of randomly-

generated pairwise distance matrices from which a similar 

number of random trees were derived. The total length for 

each random tree was then calculated and compiled into a 

distribution of "possible" tree-length values, against 

which, the length of the original (not randomized) tree was 

compared and its significance obtained. 

When conducting these type of analyses, the question 
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under consideration is (partially borrowing Faith and 

Cranston's, 1991 title): "Could a cladogreua this short have 

arisen by chance alone?*' The expectation is that randomly 

generated trees would be longer and noisier than a 

"structured" tree. On the other hand, no significant 

difference between the randomly generated distribution of 

tree lengths and the original tree, is to be expected when 

the original tree does not have a defined structure. 

All randomization procedures, the construction of 

dendrograms by UPGMA, and dendrogreun's null distribution 

parameters, were carried out and obtained with RAPDistance* 

V. 1.04 software (Australian National University, Camberra, 

Australia). 

Assessing evolutionary relationships between shrimp froB 

different fishing grounds 

In order to assess the relationship and degree of 

genetic differentiation between shrimp from each fishing 

ground, I conducted two hypothesis testing analyses. 

The first uses the individual to individual distances 

to statistically test for the grouping of individuals into 

fishing grounds. The null hypothesis under which this test 

is conducted is that there is no difference between 

individual genetic profiles; thus, grouping individuals by 
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fishing ground cannot be possible. Rejection of the null 

hypothesis will justify obtaining population descriptors by 

fishing ground; data which, can further be tested by the 

more traditional methods described next. 

The second analysis assumes the identity of fishing 

grounds as distinct populations with band frequencies more 

or less represented by the observed varieibility of the 

sample at hand. With this premise, genetic frequencies for 

specimens from each fishing groxind are calculated, and 

compared by means of genetic distances (such as Nei's, 1972, 

1978; Reynolds' et al., 1983, or others), which are in turn 

used to infer the evolutionary relationships between fishing 

grounds. 

Genetic structure inferred from individual pairwise 

Euclidean distances 

The analyses that follow were designed to answer the 

following general questions: What is the eunount of within 

and between genetic variance in specimens from different 

fishing grouns? Are shrimp from different fishing ground 

genetically different? 

Statistical analysis was conducted on the inter-

individual pairwise genetic distances nested within fishing 
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grovinds with a format similar to an analysis of variemce. I 

tested for significant genetic grouping of individuals 

within fishing grounds with AMOVA (Excoffier et ail., 1992), 

in a manner comparable to that described in Huff et al. 

(1993) and in Steward and Excoffier (1996), under the null 

assumption that all 78 individuals were drawn from the same 

underline panmictic population (i.e., no genetic difference 

between individuals and therefore no significance grouping 

of individuals within fishing ground). 

AMOVA is conceptually analogous to an analysis of 

variance in which the original presence/absence data is 

transformed into analytical sets of pairwise genetic 

Euclidean distances. The within, between, and total sums of 

squares, as well as corresponding mean squares and 

variances, are obtained and coiobined to test for significant 

differences between groups of individuals (in this 

particular case, fishing grounds). AMOVA outputs the 

calculated Phi-statistics values (*.t analogous to 

Wright's 1951 F statistics), the significance of which is 

obtained through assumption-free distributions generated by 

randomi z at ion procedures. 

Analysis of molecular variance was conducted on the 

matrix of pairwise distances obtained from all individuals 

coded for all 324 loci. The statistically testedsle distance 

measurement between individuals is (the Euclidean distance) 
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expressed as the number of site differences, emd were 

calculated following Excoffier (1992). In this fashion, 

AMOVA considers each individual as a chromosomal haplotype 

(where the presence/absence indicates the occurrence of 

specific sites in each haplotype), between which, a 

measurement of distance is obtained and tested in the 

context of ANOVA as described eUbove. 

The hierarchical model of population structure adopted 

for AMOVA, was similar to those used by Excoffier et al. 

(1992) and others (Cockerham, 1969, 1973; Weir and 

Cockerham, 1984; Long, 1986) , in that genotypes were 

collected into fishing grounds (or populations), but differ 

from them in that fishing grounds are not nested into 

regional groups. 

Without supporting evidence, the clustering of fishing 

grounds into more inclusive geographic regions may blur or 

produce unrealistic results in cases when one mistakenly 

(even though logically) group fishing grounds that are meant 

to be kept separated. This implies sacrificing detailed 

indicators of regional differences in favor of a more 

conservative fishing ground to fishing ground measurements 

of genetic subdivision. However, in the case where shrimp 

from two or more fishing grounds do in fact form a regional 

svib-population, their close genetic relationship will, 

nevertheless, be evidenced by the lack of significant 
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genetic differences between shrimp from each fishing ground 

forming regional sub-populations; this evidence could then 

be used to nest individuals from those fishing grounds into 

a more inclusive regional stock and allow for statistical 

testing at a regional level. 

The evolutionary relationships between shrimp from 

fishing grounds was inferred from the pairwise values of 

•gt- Since these values represent a "distance" measure, they 

were analyzed by UPGMA to obtain a dendrogram representing 

the way in which shrimp from each fishing ground are related 

to each other. The topology of the dendrogreun obtained from 

•ot values was compared to those obtained with traditional 

measures of genetic distance utilized in *'b" below. 

Additionally, significant pairwise values were used 

to calculate a measure of number of migrants (Nm) between 

populations in the context of an "infinite-Island" model 

(Weir, 1996) . Obtained values of Nin were used to evidence 

the most likely migration pattern between populations by 

analyzing its relationship with the geographic distance 

separating fishing grounds. 

What is the evolutionarv relationship between shrimp from 

each fishing around? 

The second set of analyses was aimed at obtaining 
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additional evidence for population structure at the level of 

the fishing ground. These analyses take the most traditional 

approach of reducing individual level variaUDility into a 

measure of population variedsility which is expressed in 

terms of band (loci or allele) frequencies. The latter are, 

in turn, assumed to be representative of the genetic 

variability present in the geographic region, fishing 

ground, or whatever criteria is used to group individuals 

for frequency calculation purposes. A band frequency data 

matrix (six fishing grounds x N loci) was produced for each 

primer, and these were subsequently analyzed, either 

separate or grouped, with several sub-routines of Phylip* 

(J. Felsenstein and University of Washington, 1987). 

Three different measurements of pairwise genetic 

distances between shrimp from all six fishing grounds 

(including Nei's, 1978 genetic distance; Cavalli-Sforza's 

and Edwards', 1967 chord measure; and Reynolds, Weir, and 

Cockerham's, 1983 genetic distance) were calculated, and 

used to obtain UPGMA dendrograms that depict the 

evolutionary relationships between shrimp from each fishing 

ground. These three measures of genetic distance were 

selected because, although they all assume that divergence 

of populations is caused mainly by genetic drift, they have 

different underlying assumptions and distributional 

properties. 
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Nei's genetic distance (1978) is formulated for an 

infinite isoallele model of mutation (with a correction texna 

that accounts for small scunple sizes) under the assumption 

that 1) there is a common rate of mutation for all alleles; 

2) genetic variability initially in the population is at 

eguilibriiim between mutation and genetic drift; 3) the 

effective population size of each population remains 

constant; and, 4) all new mutations are different from the 

alleles existing in the population (thus, the infinite-

allele model). Under these assumptions, Nei's genetic 

distance for a large sample of equivalent loci is expected 

to rise linearly with time. 

The other two measures of genetic distances (both 

referred to as D̂ ) differ from Nei's D in that they assume 

that the changes in gene frequency are caused only by 

genetic drift (and not mutation), and that populations vary 

in size. Unequal population sizes are accounted for by 

genetic distances that do not rise linearly with time, but 

acciimulate over time as the inverse of the effective 

population size. Thus, the effect of genetic drift will be 

reduced to 1/2 when population size doubles and the genetic 

distance will rise about 1/2 as fast with time. Cavalli-

Sforza's (1967) chord distance and Reynolds, Weir, and 

Cockerham genetic distance (1983) are both different 

estimators of the scuae quantity under the same model. 
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However, the former satisfies the triangular inequality and 

quantifies genetic distances that are expected to rise 

linearly with amount of genetic drift, whereas the latter 

computes genetic distances that are expected to rise 

linearly as a function of cumulated genetic drift (Weir, 

1996). 

The significance of the obtained trees, was assigned by 

another type of randomization procedure (delete-half 

Jackknife), whereby 1/2 of the original dataset is deleted 

at random and a niunber of new Jackknifed datasets are 

created. The robustness of the obtained by "majority rule 

consensus" dendrogram" from 1,000 random trees for each 

genetic distance. 

Majority rule consensus is one of the many in the 
family of tree consensus methods called the Mi (M-sub-L) 
methods (Margush and McMorris, 1981), and involves finding 
the monophyletic groups that occur as often as possible in 
the datasets (in this case those that occur in more than 50% 
of the 1,000 conducted randomizations). 
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Results 

Genetic profiles 

The specific primer sequence and total number of 

scorable loci generated by each random primer are presented 

in Table 3.1. Fragment sizes are provided in Appendix B. 

Table 3.1. 10-mer primer sequence and the total number 
of fragments generated from specimens of P. stylirostris. 

Random 
primer 

Sequence 
5' to 3' 

Total 
number 
of bands 

OPM-04 GGCGGTTGTC 34 

OPM-11 GTCCACTGTG 52 

OPM-12 GGGACGTTGG 42 

OPM-14 AGGGTCGTTC 48 

OPM-16 GTAACCAGCC 40 

OPM-17 TCAGTCCGGG 29 

0PM-19 CCTTCAGGCA 37 

OPM-20 AGGTCTTGGG 

C
M

 

A typical array of DNA fragments, visualized by silver-

staining, and scored on scanned images (Fig. 3.2.) 

represents a portion of a gel containing the RAPD products 

obtained by the amplification of 13 specimens from fishing 

ground four and some seunples from populations six. It is 



encouraging to observe the occurrence of (presumed 

homologous) monomorphic bands (Fig. 3.2 arrow) in all 

samples regardless of their geographic region of origin. 

Figure 3.2. Silver stained sequencing gel of RAPD 
profiles of Penaeus stylirostris. 
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A = 1KB ladder; B = RAPD profiles of specimens from Bahia 
Lobos; c = profiles of specimens from Huatabampo. Arrows: 
monomorphic bands in all specimens. lKB ladder fragment size 
(base pairs): 1 = 1636, 2 = 1018, 3 = 517, 4 = 506, 5 = 396, 
6 = 344, 7 = 298, 8 = 220, 9 = 201. 
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The presence of these highly conserved bands in saunples 

that were eunpllfied on different thennocyclers and nui on 

separate gels, considerably lessens the level of iincertainty 

associated with analysis of RAPD profiles. They also 

illustrate the relevance of optimizing template 

concentration, and PGR reaction conditions in general, as 

important factors in minimizing spurious eunpliflcatlon 

artifacts (Palumbi, 1996). 

PGR reaction optimization, however, is just one of the 

many steps to be taken if existing population differences 

are to be successfully revealed and studied. Equally 

critical is how well the generated RAPD products can be 

resolved. It stands to reason that the finer the resolution 

of genetic profiles, the better the information that can be 

extracted from them, and thus, the higher the probability of 

finding valuable population genetic markers or other 

indicators of population subdivision. RelicUSle resolution is 

even more critical in studies of geographically close demes 

since their potentially subtle genetic dissimilarities 

(acquired in a short period of evolutionary time) could be 

masked by traits that were present in their common ancestral 

population. 

The resolving power of the sequencing gel matrix (Fig. 

3.2) is evidenced by the clean separation of bands in the 

1KB ladder that differ by as little as 11 nucleotide bases. 
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RAPD profile "richness", resulting from the degree of 

fragment discrimination possible with "Long Ranger™", can 

be further demonstrated by comparing Fig. 3.2 against the 

resolution of the same RAPD profiles in a 1% agarose gel 

stained with ethidium bromide (Fig. 3.3). 

Figure 3.3. RAPD profiles of Penaeus stylirostris from 
Bahia Lobos resolved in 1% agarose gel. 

A = lKB ladders; B = RAPD profiles of shrimp from Bahia 
Lobos. 1KB ladder fragment size (base pairs): 1 = 1636, 2 = 
1018, 3 = 517-506, 4 = 396, 5 = 344, 6 = 298 7 = 220-201, 
8 = 154-134. 
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In order to present an impartial and fair comparison, 

the ethidium bromide-stained agarose gel (Fig. 3.3) was 

prepared with and the electrophoresis ran in the seune type 

of buffer and at the Scune concentration as that used in the 

high resolution gel (0.6XTBE). 

Even though acryleuaide base gels have long been 

recognized as far superior to ethidium bromide-stained 

agarose gels (Vesterberg, 1972; Gorg, et al., 1978; Bardakci 

and Skibinski, 1994), agarose is routinely used to resolve 

and analyze RAPD products from shrimp (Garcia et al., 1994; 

Garcia and Benzie, 1995; Alcivar-Warren et al., 1996). 

Unfortunately, as demonstrated by visually comparing Figs. 

3.2 and 3.3, important polymorphisms recognized as modest 

differences in fragment size (10-20 base pairs), cannot be 

properly resolved with this technique. 

Assessing genetic variability and data structure 

The genetic structure of the six populations of shrimp, 

was explored with unrooted neighbor joining trees of inter-

individual pairwise distances. This method reveal that 

clusters of individuals taken from the same fishing grounds 

form separate clades in the tree (Figs 3.4a and 3.4b). 

Despite the fact that different metrics and number of loci 

were used in their construction, both trees "cluster" 
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individuals from the seune fishing ground into more or less 

discrete clades. 

Rogers and Tanimoto's distances (1960) create almost 

perfect clades that group individuals by fishing ground, 

with the exception of one Guaymas specimen (39) that is 

assorted by itself, two specimens from Huateibeuapo (66 and 

67) placed within the clade formed by of Beihia Lobos 

specimens, and one individual from Huivuilay (56) that 

grouped within the cluster of Guaymas specimens. 

Excoffier et al. (1992) distance better assorted 

specimens within each fishing ground (Fig. 3.4b); only one 

specimen from HuatcUsampo (77) was is assigned to the clade 

of Kino Bay specimens; the remaining groups are clearly 

separable into independent clades. 



Figure 3.4a. Neighbor Joining tree drawn from Rogers 
and Tanimoto (1960) pairwise distances computed from 216 
loci. 
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Figure 3.4b. Neighbor Joining tree drawn from Excoffier 
et al. (1992} pairwise distances computed from 324 loci. 
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Random trees were used to generate a distribution of 

tree lengths against which, the significance of the 

structiire of the original tree was obtained (Tcible 3.2). The 

level of significance of the original tree lengths are 

reported as the difference between total branch length of 

the original tree and the mean tree length of the generated 

random tree distribution, expressed in number of standard 

deviations separating the difference (Z-values). 

Table 3.2. Permutation Trial Probability (PTP) test. 

Perautation Trial Probabilities 

Tree Calculated 
distance 

OTL MRTL SORT PTP-
value 

Fig. 4a Roger's 19.56 21.51 0.0454 42.95** 

Fig. 4b Excoffier 3264.10 3699.01 8.817 49.33** 

Significance obtained from 1,000 randomizations (bootstrap). 
Ho: original tree length » mean length of randomized trees 
(i.e no structure in original tree). PTP values reported as 
number of standard deviations (SORT) separating the original 
tree length (OTL) and the mean of the randomized tree 
lengths (MRTL). ** PTP Prob. MRTL = OTL < 0.0001 

The highly significant genetic structure existing 

between individuals, and their close clustering within their 

corresponding fishing grounds, justified grouping them by 

fishing grounds and obtaining general genetic descriptors 

for each of them (Table 3.3). 
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Table 3.3. Svumnary of RAPD profiles grouped by fishing 
ground. 

Population 
descriptor 
(324 loci) 

Geographic regions of Gulf of California Population 
descriptor 
(324 loci) 

I II III IV V VI 

# loci 302 291 309 300 295 300 

Mean loci 168 161 178 175 173 177 

# monomor. 24 49 46 31 52 45 

% polymor. 92.0 83.1 85.1 89.6 82.4 85.0 

I = upper Gulf, II = Beihia Kino, III = Guaymas, IV = Bcihia 
Lobos, V = Huivuilai, VI = Huatabampo. 

These descriptors represent averages and sums across 

primers (i.e for all 324 loci) . Even though these metrics 

(Table 3.3) do not evidence the existence of overall 

striking differences between shrimp from each fishing 

ground, samples from the upper Gulf have the highest level 

of loci polymorphism (92.05%), suggesting that samples from 

this region have a high level of genetic variadaility. 

Similar values of percent polymorphism and other such 

counts from shrimp in the remaining fishing grounds, do not 

necessarily imply they are identical. The reason behind this 

assertion is that these quantities represent metrics that 

were not calculated exclusively from homologous loci across 

samples. It is therefore possible to obtain identical counts 

and proportion of polymorphic loci from two genetically 
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different stocks, in cases when the metrics are computed 

from different loci. 

Genetic distances between DNA Haolotypes 

The resulting PHI-statistics (Tedsle 3.4a}, and the 

population pairwise values (Table 3.4b), were found to 

be statistically significant at a probability value of P < 

0.0001. This indicates the existance of significant genetic 

differences between specimens from different stocks. 

Pairwise values of •.c are interpreted as representing 

measurements of genetic differentiation between shrimp from 

each fishing ground. These values were used to construct a 

UPGM tree (Fig. 3.5) depicting the relationship between 

shrimp from the fishing grounds (those that are genetically 

closer are evidenced as clustering closer together in the 

dendrogram) . Since it was found that the pairwise were 

all statistically highly significant, clades form fishing 

grounds are interpreted as distinct populations that share 

varying degrees of similarities and/or evolutionary history 

with other populations in their clade. 
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Table 3.4a. Haplo-typic differences in samples of 
Penaeus stylirostris. 

ANALYSIS OF MOLECULAR VARIANCE 

Source Sums of 
Squares 

D.F. Mean 
Square 

•.e 
Value 

Among populat-ions 988.923 197.785 0.147** 

Within populations 4386.769 72 60.927 

Total 5375.692 77 

VARIANCE COMPONENTS 

Source variance Proportion 

Among Populations 10.527 14.73 % 

Within populations 60.927 85.27 % 

•ac value computed as 6̂ „ong)/5̂ tot.̂ ) • 

Table 3.4b. among pairs of populations of Penaeus 
stylirostris. 

II III IV VI 

I 0.0000 
II 0.1554 0. 0000 
III 0.1116 0. 1710 0. 0000 
IV 0.1461 0. 1654 0. 1199 0. 0000 
V 0.1200 0. 1727 0. 1133 0. 1705 0. 0000 
VI 0.1698 0. 1464 0. 1608 0. 0970 0. 1856 0.0000 

Pairwise values are significant at P = 0.0001. 
Population I = upper Gulf, II = Bahia Kino, III = Guaymas, 
IV = Bahia Lobos, V = Huivuilai, VI = HuataUDampo. 



Figure 3.5. UPGHA. of pairwise •.t for six populations 
of Penaeus stylirostris. 
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Patterns of genetic relationships between shrimp from 

fishing grounds evidence a lack of geographic structiire 

contributing to the genetic differences. The clustering of 

the two most genetically close populations (HuateUtiampo and 

Bahia Lobos fishing grounds with the lowest <,̂ =0.097) does 

not include shrimp from the Huivuilay fishing ground which 

is geographically located between them (Fig. 3.1). If 

genetic differences had accumulated in a clinal fashion, we 

would expect shrimp from geographically close fishing 

grounds to be genetically more similar than those that are 

geographically distant. The assumption is that geographic 

proximity would allow for a higher degree of gene flow 

between populations (Isolation by distance model), thus, 

genetic differences between shrimp in proximal fishing 

grounds is expected to be smaller. This assumption will 

break down in cases when migration occurs in a random 

fashion (Island Model) or if migration is prevented (or 

substantially reduced by barriers and other means) between 

some populations, regardless of their geographic proximity. 

A more drastic lack of geographic correlation is 

observed in the second cluster, formed by shrimp from the 

upper Gulf, Guaymas and Huivuilai. These three fishing 

grounds not only occupy three geographically distinct 

regions of the Gulf, but have other fishing grounds 

geographically located between them (B. Kino and B. Lobos) 
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Which are left out of that clade. 

The most genetically distinct shrimp population is the 

one that occupies the Kino Bay fishing ground. Of all the 

six fishing grounds surveyed. Kino Bay is perhaps the 

smallest and most isolated (personal obseirvation) ; a 

situation that may give rise to the considerable genetic 

distance with its neighbors. 

Genetic relationships between populations without a 

clearly identifiable geographic component, may indicate 

either the existence of incipient sub-populations derived 

from a single large ancestral population, or a case of 

evolutionary convergence, or stabilizing selection at some 

loci, in response to common environmental challenges. 

Gene flow between populations based on values 

Quantifying the existing genetic differences between P. 

stylirostris stocks with values of •.t, provides an 

estimation of the level of genetic differentiation and 

degree of isolation between fishing grounds; information 

which, may assist resource management. 

Additional valuable population details can be obtained 

by using the knowledge of genetic structure to model the 

demographic structure of the species, particularly the 

levels and patterns of gene flow between the populations. 
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The relevance of estiiaating gene flow between populations 

was summarize by Slatkin (1993): 

"Gene flow is a major component of population structure 
because it determines the extent to which each local 
population of a species is an independent evolutionary 
unit. If there is a large amount of gene flow eunong 
local populations, then the collection of populations 
evolve together; but if there is little gene flow each 
population evolves almost independently." 

Gene flow between populations is calculated as the 

absolute number of migrants per generation entering the 

resident population; a quantity represented by the product 

Nm. N represents the effective population size, m the 

relative rate of gene flow per generation into a sub-

population, and Urn represents the absolute number of 

individuals expected to migrate into a population to accoiint 

for the level of genetic differentiation between the donor 

and the resident population". This assertion can be made 

if both populations are assumed to be of the same size and 

that mutation and selection are not responsible for the 

genetic differences between them. 

Gene flow between populations was estimated by an 

indirect method that is based on Wright's (1951) Fst 

" Consequently, the lower their pairwise #,6, the less 
their genetic differentiation, and therefore, a higher 
migration rate (or gene flow) is expected to occur between 
them. 
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statistic (or the analogous •.t)". Pairwise values were 

used to estimate number of migrants between populations 

(TeUsle 3.5) following Slatkin (1985a & b), as: Nit̂  

[(l/».J-l]/4. 

Table 3.5. Gene flow between six populations of Penaeus 
stylirostris. 

I II III IV V VI 

I 0.000 400 536 616 680 748 
II 1.358 0.000 136 216 280 348 
III 1.990 1.211 0.000 80 144 212 
IV 1.461 1.261 1.835 0.000 64 132 
V 1.833 1.197 1.956 1.216 0.000 68 
VI 1.222 1.458 1.304 2.327 1.096 0.000 

Below diagonal: Nm values. Above diagonal: geographic 
distance (Km) between pairs of populations. Population I = 
upper Gulf, II = BeUiia Kino, III = Guaymas, IV = Bahia 
Lobos, V = Huivuilai, VI = Huateibampo. 

Theoretical considerations, discussed at length by Crow 

and Kimura (1970) , provide the basis for interpreting values 

of Nin. Small values of N;n (for some a value of one or less 

(Slatkin, 1985a); and for others (Hartl and Clark, 1989) a 

F statistics, is a single statistic used to compare 
populations. According to Bowcock and Cavalli-Sforza (1991), 
"The variation in gene frequencies between populations can 
be measured by measuring their This corresponds to the 
variance among gene frequencies, standardized by the mean 
gene frequency among all populations". 
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value of two or less) indicates that random genetic drift 

predominates over other evolutionary forces. Large N/n values 

either represent a large population with minimal variance 

due to random drift, or a high migration rate between 

populations. The pairwise Nm values obtained here fall 

within the range of 1.1 and 2.3 migrants/generation, 

indicating that the difference in genetic structure between 

populations of P. stylirostris in the Gulf of California are 

most likely caused by random genetic drift (Kimura and 

Maruyama, 1971), with very little gene flow between fishing 

grounds along the Sonoran coast. 

Inspection of Table 3.5 reveals that the lowest amount 

of migration (Nm = 1.096) occurs between two of the 

geographically closest fishing grounds (Huivuilai and 

Huatabampo; 68 Km apart). This low number of migrants 

between geographically close populations can be contrasted 

with much higher levels of gene flow (2.32 and 1.99 

migrants/generation) occurring over much larger geographic 

distances (132 and 536 Kn respectively). Stock introductions 

through possible escapement from aquaculture facilities or 

the existence of complex current-mediated migration patterns 

may explain these data. 
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Pairwise values of Kin (and *,«.) can also be used to 

evaluate and test the underlying pattern of migration 

between geographic regions. The relationship between the 

amount of gene flow and geographic distance separating 

populations, is used to deteznaine patterns of gene flow and 

their interpretation under the light of theoretical models 

of migration. Specifically, does the pattern of migration 

between these populations follow the Island Model (Wright, 

1943) or does it agree with the pattern expected under the 

Isolation by Distance (Wright, 1943, 1951) and Stepping 

Stone Models (Kimura, 1953; Kimura and Weiss, 1964)? 

Under the island model, the initial panmictic 

population is separated into geographically dispersed sub-

populations like islands in an archipelago. Each population 

is initially assumed to be so large that random genetic 

drift is negligible. After a large number of generations, 

the sub-populations acquire genetic differences which can be 

measured by Wright's F,,.. The model makes the assumption 

that migration into any of the sub-population is equally 

likely to originate from any of the remaining sub-

populations. This assumption implies that, in an island 

model, the edssolute number of migrants entering a population 

will be independent (i.e will be uncorrelated) to the 
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distance separating the island, since they all have an equal 

probability of migrating into any other island. Therefore, 

if either Nin or is plotted against geographic distance 

we should find that, under the island model, there is no 

correlation between these two parameters; the number of 

migrants into any population follow a random (or rather 

chaotic) trend. 

stepping stone or isolation by distance models, on the 

other hand, postulate migration events as occurring more 

frequently between geographically proximal populations them 

between distant ones. These models were developed to 

circumvent the rather unrealistic assumption, of the island 

model, that migration is equally probable between all pairs 

of populations. Thus, in the isolation by distance models, 

the probeibility of finding a migrant allele in the 

population is dependent upon both, the migration rate and 

the geographic distance separating the two populations. 

Graphically, N/n will be highly negatively correlated 

with geographic distance; the closer the two populations, 

the higher the expected gene flow. Following the same 

argiiment, graphing against geographic distance should 

show a positive trend indicating that the more proximal the 

two populations, the higher the chances for migration, and 

the lower the level of differentiation between the 

populations. 
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A Straight-forward approach to identify the most likely 

pattern of gene flow between populations of P. stylirostris, 

is to plot pairwise values of Nin against the pairwise 

geographic distance (Fig. 3.6), and to obtain the 

correlation coefficient of the distribution. 

Figure 3.6. Pairwise cUssolute number of migrants 
against geographic distance. 
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The relationship between Nin and geographic distance 

show a significant lack of correlation between these 

parameters (R̂ =0.002). The calculated slope of the least 

square regression line (not shown) has a value of 0.16 and 

is not significantly different from 0 (T-value for null 

hypothesis that slope of line = 0 was 0.875). Identical lack 

of correlation was found between the log transformed 

varicibles (not shown) . Lack of correlation strongly suggest 

that the structure of P. stylirostris populations may be 

governed by patterns of migration that follow those 

predicted by Wright's island model (random), and are not 

isolated from one another by geographic distance. 

Evolutionary relationship between populations of shrimp 

Genetic structure inferred from band frequency data 

I have so far presented results that were generated 

from pairwise inter-individual distance measurements (Rogers 

and Tanimoto, 1960; and Excoffier et al., 1992) calculated 

from the presence/absence matrix. The genetic structure and 

discreetness of populations on each fishing ground indicated 

with this method provide the justification for obtaining and 

testing band frequency pareuneters calculated from shrimp 

from each of the six fishing grounds. 
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It may seem redundant to use frequency data to test 

once again for possible genetic stzructure of P. stylirostris 

populations. However, since the analysis of frequency data 

employ different assumptions, the generated results will 

either provide an alternative scenario of the population 

structure, or serve to validate previous results. 

Band frequency data, albeit not accounting for within 

fishing ground variability, allow for the more traditional 

method of analysis (the random model) under which, the 

populations seunpled are considered to represent the species, 

and therefore, assumed to have a common evolutionary 

ancestry. Even though the populations may have been distinct 

for some time, the analysis is built on the assumption that 

there is a single ancestral population (a panmictic 

population) represented by several scimples collected from 

different geographic locations. In the absence of disturbing 

forces, such as selection, genetic drift, and assortative 

mating, all populations are expected to have the same 

allelic frequencies. 

Genetic distances, including: Nei's (1978) (Table 3.6), 

Cavalli-Sforza's (1967), and Reynolds' et al. (1983) (Tê ale 

3.7) were obtained from the matrix of six populations scored 

for 324 independent loci. 
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Table 3.6. Nei's (1978) genetic distance (D) between 
six populations of Penaeus stylirostris. 

II III IV VI 

I 
II 
III 
IV 
V 
VI 

0.0000 
0.1604 
0.1332 
0.1742 
0.1307 
0.1853 

0.0000 
0.1703 
0.1676 
0.1551 
0.1406 

0.0000 
0.1441 
0.1168 
0.1683 

0.0000 
0.1747 
0.1154 

0.0000 
0.1769 0.0000 

Population I = Upper Gulf, II = Beihia Kino, III = Guaymas, 
IV = Bahia Lobos, V = Huivuilai, VI = Huatabampo. 

Table 3.7. Cavalli-Sforza's (1967) and Reynolds, Weir, 
and Cockerhcun (1983) distances between six populations of 
Penaeus stylirostris. 

I II III IV V VI 

I 0. 0000 0. 2169 0. 1777 0. 2109 0. 1856 0. 2329 
II 0. 3092 0. 0000 0. 2359 0. 2272 0. 2324 0. 2111 
III 0. 2370 0. 3416 0. 0000 0. 1917 0. 1776 0. 2269 
IV 0. 3156 0. 3193 0. 2687 0. 0000 0. 2327 0. 1664 
V 0. 2475 0. 3170 0. 2267 0. 3431 0. 0000 0. 2473 
VI 0. 3453 0. 2783 0. 3309 0. 2155 0. 3593 0. 0000 

Below diagonal: Cavalli-Sforza (1967) Chord Distance. Above 
diagonal: Reynolds et al. (1983) genetic distance. 
Population I = Upper Gulf, II = Bahia Kino, III = Guaymas, 
IV = Bahia Lobos, V = Huivuilai, VI = Huatabampo. 

Of the three formulations used, the lowest pairwise 

genetic distances were obtained with Nei's genetic distance 

(D) . The highest values were produced by the Cavalli-Sforza 
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formulation. Despite differences in the magnitude of the 

distance values, all three formulations suggested that the 

two most genetically related populations to be Bahia Lobos 

and Huatabampo, with genetic distances of 0.1154, 0.1664, 

and 0.2155 calculated with Nei's, Reynolds' and Cavalli-

Sforza respectively. Reynolds' and Cavalli-Sforza's differ 

from Nei's in that they suggest the largest genetic 

differences (D̂ = 0.2473 and 0.3593, respectively) occur 

between shrimp from Huivuilai and Huatabampo 

(geographically, the second closest fishing grounds) whereas 

Nei's largest estimate (D= 0.1853) is calculated to be 

between shrimp in the upper Gulf and Huatabampo (the most 

geographically distant fishing grounds). 

Under certain conditions (i.e., if the assumption of 

equal mutation rate for all loci is violated), Nei's genetic 

distance represents an underestimate of the actual genetic 

distance (Nei, 1987). If we assume this to be the reason 

behind the low distance values obtained with this formula, 

then, Nei's D values should be regarded as the most 

conservative (or lower bound) estimate of the amount of 

divergence between the six populations analyzed here. Thus, 

representing the relationship between these populations with 

Nei's (D), will render a dendrogram that illustrates minimum 

divergence between populations. 

Additionally, smaller genetic distance values may be 
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more prone to approach "0" (or no difference) when the 

original dataset is modified (i.e., by reducing the number 

of loci, changing frequency values, etc.). By making such 

modifications through Jackknife procedures, it is possible 

to test the robustness of the dataset, the calculated 

genetic distance, and the original dendrogram. 

"Majority-Rule" dendrograms (Fig. 3.7a to 3.7c) 

represent the relationships between the populations and, at 

the base of each fork, the number of times (out of 1,000) 

that the group consisting of the populations to the right of 

the fork was found to occur. 
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Figur* 3.7a. Majority-Rule relationships between 
populations of Penaeus stylxrostris based on Nei's genetic 
distance (1978). 
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Fî re 3.7b. Majority-Rule relationships between 
populations of Penaeus stylirostris based on Cavalli-Sforza 
(1967). 
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Figur« 3.7e. Majority-Rule relationships between 
populations of Penaeus stylirostris based on Reynolds et al. 
(1983). 
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All three dendrogreuns in Fig. 3.7, even though 

calculated with different algorithms, depict the ssune 

relationships between populations. The structure of the 

dendrograms obtained from frequency data is also identical 

to that of Fig. 3.5, obtained from a radically different 

treatment of the presence/aibsence matrix (i.e., leading to 

the calculation of Excoffier's distance and his . The 

values at the forks in all three dendrograms are very 

similar cunong dendrograms, suggesting that the depicted 

relationships are robust with respect to the genetic 

distance algorithm used. 

Since Nei's distance has been shown to be linearly 

related to geographic distance under the isolation by 

distance models (Nei, 1972; Singh and Rhomberg, 1987; Hartl 

and Clark, 1989), this measure of genetic distance can, 

therefore, be used to test these models in a manner similar 

to migration parameter estimates (Nm). Fig. 3.8 illustrates 

the relationship between the values of D and geographic 

distance. 
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Figure. 3.8. Gene flow between populations of Penaeus 
stylirostris derived from Nei's genetic distance. 
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Genetic and geographic distances were found to be 

uncorrelated; with an of 0.0121, and slope of the best 

fitted line (not shown) not significantly different from 0. 

This finding corroborates previous results (Fig. 3.6) and 

indicates, once again, that the patterns of differentiation 

presented here are more in agreement with those predicted by 

an island model of migration than with the isolation by 

distance models. 
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Theoretical considerations 
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Poor resolution of genetic profiles through ethidium 

bromide-stained agarose gels, seems to defeat the purpose of 

adopting highly sensitive PGR techniques, such as RAPDs, 

which have the potential to reveal subtle fragment size 

differences between samples. The richness of the RAPD 

profiles generated in this study, limits criticisms 

regarding the low number of fragments produced by RAPD 

(Caetano-Anolles, 1993), but illustrates the danger of 

drawing over-simplistic conclusions about the technique from 

profiles visualized in low-resolution agarose gels. 

Gel resolution is of extreme importance for accurately 

coding RAPD profiles. Unequivocal band coding is of critical 

importance, especially since electrophoretic data need to 

meet two basic assumptions if evolutionary relationships are 

to be inferred from them: independence of characters and 

homology between character states (Swafford et al., 1996). 

Coding of loci as presence/absence assumes each locus 

to be independent (i.e., the occurrence of one locus does 

not influence the probcUaility of occurrence of a second 

locus). This rather stringent assumption may not hold true 
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in most cases'®. 

Although heavily criticized on theoretical grounds 

(Buth, 1984; Mabee & Humphries, 1993; Miirphy, 1993), the 

coding and analysis of loci as presence/cibsence is perhaps 

the only choice available for the analysis of dominant RAPD 

profiles. Presence/absence RAPD data can be turned into 

relative frequency data at each locus which, in turn, can be 

used as a measure of relative similarity (the Phenetic 

approach) between members of a clade. 

Phenetic analyses are based on overall similarities 

rather than character changes, and are often used for 

exploring evolutionary relationships within a taxon or 

between closely related taxa (Michel, 1995). The phenetic 

approach was used evaluate the evolutionary relationships 

between stocks, thus, these comparisons are based on overall 

genetic similarities. 

Finally, consideration should be given to the number of 

Small differences in fragment size between two 
samples could be caused by either a deletion or an insertion 
(in one of the samples). For this difference in band size 
to be evidenced by PGR, the insertion/deletion event must 
occur within the region of the genome that is flanked by the 
primer(s). But, if this event had occurred within the 
priming site of a second primer (also used in the analysis) , 
this new primer will be uneUsle to generate a band in seunples 
where the insertion/deletion occurred, because the primer 
site was disturbed by the mutation. In this case, the 
assumption of character independence will no longer hold 
true, since the difference in band size obtained with the 
first primer (a character state) is correlated with the 
absence of another band. 
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loci used to infer evolutionary relationships and genetic 

differentiation eunong populations. Robust estimates of 

evolutionary relationships are obtained in genetic analyses 

that incorporate more than 30 (ideally 100 or more; Nei, 

1987b) loci. Tateano et al. (1982) and Nei et al. (1983), 

conducted extensive computer simulations whereby a 

phylogenetic tree was specified a priori, and trees obtained 

from a progressively large number of loci were compared to 

the specified "true" tree. These researchers found that the 

constructed phylogenetic trees "home" to the "true" tree 

when 30 or more loci were used. Nei (1987b) points out that 

"... in the reconstruction of a phylogenetic tree for a 

group of species at least 30 loci should be used". The 

number of loci used in this study, being 10 times larger 

than what Nei (1987b) prescribed, should be adequate enough 

to reveal extant genetic differences between stocks. 

Structure of Penaeua stvlirostria populations 

The advent of new and more powerful molecular 

techniques have widen our expectations of the eunount of 

genetic varieUaility that may be quantified among natural 

populations. Analyses of nuclear polymorphism (such as RAPD 

and microsatellites) allow us to answer questions regarding 

the extend to which different populations within the species 
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have differentiated over time since their isolation from 

their ancestral population(s). The action of evolutionary 

forces, or genetic drift, will result in intraspecific 

differentiation, and this differentiation is conveniently 

quantified by the P statistics of Wright (1951), the 

analogous measurements of Cockerham (1969, 1973), or 

Excoffier's •.t statistics (1992) . 

A common finding in analysis of population structure 

(surveyed across a large number of loci) is that the highest 

proportion of the overall genetic variance is accounted for 

by within group variation; very little of the remaining 

variance is accounted for by between population structure 

(Hartl and Clark, 1989; Excoffier et al., 1992; Bowcock et 

al., 1994; Stewart and Excoffier, 1996). Results presented 

here agree well with this general finding in that the 

proportion of the variance accounted for by the between 

stocks component is only 15%; the remaining 85% represents 

the average genetic variability present within populations 

from each fishing ground (Table 3.4a). Nevertheless, the 

comparatively small among population variance retained 

enough information to assign specimens from fishing grounds 

into individual populations (Figs. 3.4a, 3.4b and TeUdle 

3.4b). 
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It is unfortunate that no other survey of RAPD genetic 

varicibility in natural populations of shrimp have been 

published. The few reported RAPD analyses conducted on 

domesticated shrimp stocks (Alcivar-Warren et al., 1994; 

Garcia et al., 1994; Garcia and Benzie, 1995), seem to be 

aimed at finding population-specific markers for the stocks 

at hand rather than actually "testing" for population 

structure. They do not provide values of •gt or This 

situation prevents a direct comparison of the results 

presented here with other RAPD profiles of shrimp, and 

leaves no other option but to use reported P,t values for 

shrimp populations calculated from allozyme data. However, 

the effect of balancing selection on these loci, tend to 

produce low levels of allozyme variation (Karl and Avise, 

1992) and thus, the allozyme data are expected to generate 

overall lower level of population subdivision than RAPD 

data. 

The lowest level of genetic differentiation between 

three geographically distant populations of wild P. vannamei 

(Ecuador, Panama and Mexico) is reported by Sunden and Davis 

(1991) in a survey of allozyme polymorphisms. It is 

interesting to contrast their extremely low P,t values 

(between 0.0089 and -0.0014), indicative of almost 
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negligible genetic differences between widely separated 

populations, and the significant overall presented here 

(0.147) obtained over a much smaller geographic scale. — 

Similar lack of population genetic subdivision (evaluated by 

allozyme variation) among regional stocks of three penaeid 

species from the Gulf of Mexico and Atlantic coast of 

Florida, is reported in Lester (1979), and illustrates that 

the limiting factor in these studies is the use of 

allozymes. 

Sunden and Davis' lowest reported P,c value (-0.0014), 

was calculated between samples of Mexican and Panamanian 

populations and was correctly interpreted as indicative of 

high levels of gene flow among these populations. Findings 

like these contrast sharply with the degree of population 

structure and reduced levels of gene flow between 

geographically proximal populations of P. stylirostris 

within the Gulf of California (Table 3.4b). 

Lester and Pante (1992) report P,t values between 

an Ecuadorian and a Mexican population of P. stylirostris to 

be "low" (>0.05) for allozymes, but this value increased to 

0.28 when RFLP patterns were analyzed instead (Davis, 

unpublished data). Based on these findings, the authors 

concluded that "the two techniques (allozymes and RFLP) 

yield very different conclusions eibout the level of 

geographic differentiation among populations..." The degree 



304 

of incongruence in Davis' results, as well as the negligible 

genetic differences found by Sunden and Davis (1991), 

illustrate a point presented earlier regarding low level of 

variation in (functional) electrophoretic characters: they 

may be too evolutionary conserved to evidence extant 

intraspecific genetic differences. 

RFLP profiling should produced much higher values 

than allozymes, because (as SAPD) RFLP does not discriminate 

between coding and non-coding regions of the genome, and 

thus, can reveal much higher numbers of polymorphic loci and 

population markers, as well as richer and more informative 

population profiles. 

Assuming that the results presented in Lester and Pante 

(1992) were obtained from RFLP profiles coded in an unbiased 

way (i.e., without selecting just those that evidence 

differences between the populations), their P.t value for 

RFLP (0.28) is expected to be higher than the value 

presented here (0.147). This assertion is based on the 

consideration that, if demonstreOjly different genetic 

structure is found within the confined region of the Gulf of 

California (where there is a higher probability for genetic 

exchange), then, values between a Mexican and an 

Ecuadorian stock (which due to their isolation by distance 

are less likely to exchange genes) should reflect overall 

higher levels of population subdivision. 
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Significance of genetic distances 

Measurements of genetic distance should increase as the 

geographic distance between natural stocks is increased. 

This assertion is based on the assumption, however, that, an 

increase in geographic distance reduces the level of gene 

flow between populations which allows for accumulation of 

genetic differences, thus the increasing values of D. Nei's 

(D) is also expected to increase in value as the extent of 

the comparisons increase from individuals within stocks, to 

comparisons among isolated stocks, to species within the 

same genera, to different genera, and so on. 

The range of the calculated Nei's (1978) genetic 

distance between the six populations of P. stylirostris 

surveyed here (0.1154 to 0.1853), fall within the range of 

values reported for similar among population comparisons of 

several penaeid species, calculated from allozyme 

electrophoretic patterns (Mulley and Latter, 1980; Lioe, 

1984; Mattoccia et al., 1987) 

The only reported measures of genetic distance 

calculated from RAPD profiles of captive populations of P. 

vcinnamex, were reported in Garcia et al. (1994). At a first 

glance, their Nei's (1979) D values (ranging from 0.077 to 

0.250) do seem to agree with those presented above for wild 

populations of penaeid shrimp; suggesting similar amount of 
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genetic varied? ility between these captive populations and 

their wild counterparts. Upon fuirther inspection, however, 

it was found that all of their D values (including the 

between populations, ranging from 0.125 to 0.250 in their 

Table 4, as well as the among fcunily D values 0.077 to 0.216 

in their Tcible 5) are, in fact, ten fold higher than they 

should be. Garcia et al. (1994) ignored an important 

component of the genetic distance formulation resulting in 

their over-estimate of the amount of genetic differences 

between the captive stockŝ ®. Recalculation of their values 

with the appropriate formulation render genetic distances 

between some of the captive stocks similar in magnitude (non 

Nei's (1979) distance was formulated for 
restriction-site data, which could be transformed into a 
measure of "distance" by ec[uating the differences in 
restriction site patterns to nucleotide substitutions; a 
measure called "S" in Nei's (1979). The formula used in 
Garcia et al. (1994): S = 2n̂ /(n3t+ny.) does not represent (as 
claimed by the authors) a similarity coefficient, but rather 
"the proportion of ancestral restriction sites that have 
remained unchanged" (Swafford et al. 1996 p. 463). I do not 
see anything wrong with equating restriction-site data to 
KAPD profiles. After all, we may consider 10-mer random 
primers as essentially acting as 10 base restriction enzyme 
cutters. However, their critical mistake occurred when 
measures of "S" were transformed into genetic distances. 
According to their methods, they used the formula d= 1 - F 
instead of the appropriate formula proposed by Li and Graur 
(1991) as 
d= 1 - ,  where 'r" is the length of the endonuclease 
recognition sequence. If the complete formula is applied to 
their estimates of F, and assigning "r" a value of 10 (for 
the 10-mer primers they use to obtain the RAPD profiles) the 
re-calculated genetic distances are 10 fold less than those 
reported in their paper. 
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significant) to those reported by others (Muller and Latter, 

1981b and Hattoccia et al. (1987)". 

A final note on population structure 

The results presented here strongly suggest that P. 

stylirostris does not occupy the Gulf of California as a 

single panmictic unit, but it is "compartmentalized" into 

sub-populations (Fig. 3.4a and 3.4b). This, significantly, 

is the perception of most shrimp fishermen in the Gulf of 

California. The robustness of the hypothesized relationships 

between the genetically different populations on the 

different fishing grounds, is revealed by two different 

analytical methods (i.e., analysis of Euclidean distances 

from the presence/absence matrix and subsequent AMOVA on the 

one hand, and the more "classical" treatment of band 

frequency data). Each procedure provides the exact same 

answer to the question of population relationships (Figs. 

3.5 and 3.7). 

The adoption of randomization procedures has allowed 

for the calculation of assumption-free estimates of the 

This finding may have profound implications for the 
development of a selective breeding progreun with these 
populations of P. vannamei', operation which may be rendered 
ineffective due to the low genetic diversity of the founder 
stocks. 
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significance of the inferred population relationships (Fig. 

3.7), and the degree of genetic differentiation euaong them 

values of Tedsle 3.4b). Application of bootstrap and 

Jackknife procedures to the genetic analysis of populations 

provided answers to three important guestions: A) Can clades 

of individuals within fishing grounds be the result of a 

random arrangement?; B) How robust are the among-population 

evolutionary relationships?; and C) What is the statistical 

significance of the obtained values of genetic 

differentiation (•,t) anong populations? 

Considering all the evidence presented so far, coupled 

with the probability estimates of the statistical treatment 

of the data, indicate that the populations of P. 

stylirostrxs in the Gulf of California have structure. The 

highly significant values obtained here are of esctreme 

importance to fishery management and to aguaculturists 

alike. The notion of a resource that it is not only widely 

distributed, but also highly compartmentalized into svib-

populations, bears important connotations for the management 

of the fishery and to the esteiblishment of founder stocks in 

the ac[uaculture industry. Baseline studies like this, 

constitute an important part of the "new ecological genetics 

that focuses on large-scale geographic variation in 

demographic and genetic dyneunics eunong small, partially 

isolated, and potentially locally adapted populations with 
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obvious implications for conservation and natural-resource 

management" (Real, 1993). 

Possibla population isolating mechanisms 

Perhaps one of the most demanding aspects of 

interpreting the data generated in this study, is to provide 

meaningful scenarios and possible mechanisms that will 

account for the genetic differences among populations. Due 

to the general lack of understanding of natural shrimp 

population dynamics, the contents of the following sections 

are, for the most part, speculative. They are nevertheless 

presented here with the aim and hope to motivate future 

research in the field. 

Theoretical considerations 

One of the basic assumptions of population genetics 

studies is that for two populations to genetically diverge 

from one another they must remain isolated. In other words, 

genetic differences between sub-populations (identified by 

changes in the relative frequency of alleles) will evolve in 

the course of time if there is little or no gene flow 

between them. Lack of gene flow between two populations does 

not automatically guarantee that they will genetically 
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diverge from one another. For that to occur, the two 

isolated populations must be subjected to different 

evolutionary pressures (ChackreUaorty and Leiman, 1987). 

Selection pressures from the varying conditions under which 

the individuals of different populations live, result in 

adaptations to local conditions; these adaptations are 

usually manifested as changes in the average of quantitative 

characters and/or as changes in allele frequencies euaong 

populations. 

Genetic differentiation will be prevented, however, if 

high levels of gene flow restore the genetic combinations 

that were lost through evolutionary forces (selection, 

mutation, and genetic drift). 

If we assume that P. stylirostris population genetic 

differences resulted from their isolation, possible 

mechanisms that will maintain their isolation from one 

another have to be proposed. A commonly held belief is that 

marine populations show low levels of genetic 

differentiation as a result of their high dispersal 

capabilities (Palumbi, 1994). However, a thorough analysis 

of the physical oceanography of the Gulf of California 

coupled with the biology of P. stylirostris, may indicate 

the existence of previously unsuspected isolating 

mechanisms. 
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Physical barriers 

Due to the benthic nature of marine shrimp, barriers to 

their migration may occur as eibrupt changes in the sediment 

characteristics of the continental shelf. Most of the 

relatively shallow eastern continental shelf of the Gulf is 

characterized by alluvial sediment types transported by the 

major river systems, including the Colorado and Concepcion 

rivers in the northern Gulf and the Yaqui, Mayo Fuerte, 

Sinaloa, and Piaxtla rivers to the south of Guaymas (Maluf, 

1983). The occasional flow of the Sonora River (discharging 

to the estuary of La Cruz in the Kino Bay area) brings in 

alluvial sediments to the middle Gulf region (Van Andel, 

1964; Maluf, 1983). One obvious abrupt change in the type of 

sediment occurs in the region between Punta Lesna (some 60-

70 Km north of Guaymas) and Kino bay. The predominant rocky 

reefs and the scarcity of shrimp in this area suggest it may 

form a natural barrier to shrimp migration between the Kino 

and Guaymas stocks. 

A similar type of barrier can be proposed for the 

region between Kino Bay and the fishing grounds north of 

Tiburon island. The exception would be an occasional 

migration through the Canal del Infiernillo (the thin 

shallow stretch of sea between Sonora and Tiburon Island). 

However, according to local fishermen, "shrimp do not like 



312 

to venture into this zone because of the abundance of 

predators and tall sea grasses" (Horales per. com.; Vasquez 

per. com.). The Western shores of Tiburon Island drop 

abruptly into a deep sea trench (the Tiburon trench) which 

is too deep for shrimp to use as a migration corridor 

connecting the central and Upper Gulf populations. 

Behavioral barriers 

Abrupt changes in salinity (which may occur at some 

river drainages) cannot necessarily act as barriers to 

migration because most Penaeus species are euryhaline and 

can tolerate very low (7 ppt) salinities (Bardach et al., 

1972) . River drainages, which in the eastern coast of the 

Gulf are usually associated with nutrient rich and 

productive estuaries, may serve as important environmental 

cues for maturation, spawning, and perhaps to some degree 

form part in the imprinting (if assumed to occur in shrimp) 

of juveniles to their estuarine waters. 

Most descriptions of the reproductive behavior and 

biology of penaeid species describe gonad maturation and 

mating as occurring in open ocean waters (Bardach et al., 

1972; Landau, 1992). Females spawn planktonic eggs near the 

water surface in inshore waters, usually in the vicinity of 

brackish waters. Within 18-24 hr shrimp eggs hatch into 
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nauplii which go through several metamorphosis events until, 

by about day 11, diminute shrimp-looking, fully benthonic 

post-larvae (PLs) appear. These post-larvae migrate into the 

nearby estuaries where they remain until they reach the 

juvenile or sub-adult stage (Fast, 1992). The basis of the 

reproductive cycle of most penaeid shrimp is well 

understood; so much so that it can be mimicked in laboratory 

settings. 

What is not known, however, is if shrimp, in a manner 

similar to salmonids and other anadromous species, are 

capable of recognizing their "home" estuarine waters through 

imprinting and other programmed learning mechanisms. If they 

can recognize "home waters", at least some of the 50 or so 

estuaries and coastal lagoons along the coast of Sonora 

could serve as cues for shrimp females to congregate and 

spawn in the vicinity of their home estuaries; imprinting is 

one possible way of maintaining populations that are 

reproductively isolated from each other. 

Another poorly understood aspect of penaeid's 

reproductive biology, is the role that carapace pigmentation 

plays in species and mate recognition. P. stylirostris (as 

well as other penaeid species) have the capeUsility of 

controlling the intensity of their pigmentation through the 

expansion and contraction of their "chromatophores". The 

ability to adjust coloration was extensively studied in the 
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fiddler crab (Uca pugilatus) and seems to provide an 

adaptation that allows Crustaceans to blend-in with their 

environment (Brown, 1950; Chang, 1992), adjust body 

temperature (Wilkens and Fingerman, 1965) and protect 

epithelial cells against deunaging ultraviolet radiation 

(Coohill et al., 1970). 

Changes in coloration naturally occur in the laOsoratory 

when shrimp are transferred from a light to a dark colored 

tank. What we do not know, however, is to what extend 

genetically different populations can produce distinctive 

coloration "patterns"". Or if, similar to the fiddler 

crab, coloration patterns are involve in intraspecific 

communication (i.e., courtship antagonism; Crane, 1944) and 

intraspecific assortative mating mechanisms. A review of 

some of the most important functions of coloration have been 

discussed in Fingerman (1988). 

Environmentally induced spawning asvnchronv? 

Satellite imagery of the Gulf of California has 

revealed unusual surface temperature and current patterns 

An interesting observation regarding coloration 
patterns of P. califomiensis and the fishermen perception 
of population structure associated with this trait, is 
presented in Chapter 1 in the "Ethnography of fishing" 
section. 
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(Figs 1.3 to 1.6) which seem to divide the Gulf into four 

major regions or zones: the upper Gulf, the mid Gulf, a 

transition zone, and the southern Gulf. These four regions 

were already discussed in the context of influencing 

regional morphology (Chapter 2) and therefore, will not be 

fully discussed here. One of the reasons for reviving the 

argximent has to do with the fact that in P. stylirostris, 

reproductive biology is closely linked to increases in water 

temperature, drops in salinity, and increased photoperiod. 

It is known that moderate temperature elevation (of as 

little as 2-4°C) plays an important role in shrimp 

maturation. However, not all individuals "get the 

reproductive machinery going" at the same time or in 

response to the exact Scune temperature increase. 

We can hypothesize that shrimp have something like a 

"physiological memory" and, that this physiological memory 

is capable of recording the range of regional temperatures 

that the animal has experienced from PL to adult. Further, 

we can assume that sexual maturation is "controlled" or set 

by the physiological memory (for the sake of this argument 

suppose it to be just above the mean annual temperature). 

With these two attributes in place (i.e., physiological 

memory and its control over onset of maturation), it is easy 

to envision different stocks spawning at different times in 

response to their physiologically optimal environmental 
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temperature. 

The hypothesized physiological memory invoked edsove may 

not be as unrealistic as it may sound. In fact, if it is 

real, it may be playing an important role in determining 

differential growth, environmental optima and overall 

performance characteristics of captive stocks mentioned by 

Lester and Pante (1992). These authors comment on two P. 

stylirostris stocks (upper Gulf and Guaymas) as having 

"different environmental optima as related to culture 

conditions". 

Sexual maturity and spawning events in the upper Gulf 

population of P. stylirostris occur earlier than in the 

central and southern Gulf. By mid-April, for example, 

shrimpers catch somewhere between 25-30% of gravid females 

and males with fully developed spermatophores; their 

proportion in the catch significantly increases towards the 

end of the shrimp season (sometimes extended to May 15). On 

the other hand, gravid females are rarely caught from 

fishing grounds to the south of Guaymas during this time. 

Very little is known about the reproductive activity of the 

Kino Bay P. stylirostris population". 

" Kino bay blue shrimp is a small population than can 
barely support the local fishery. As a result of industrial 
trawlers' fishing pressure, the Kino blue shrimp disappear 
within the first couple of weeks and the trawlers turn into 
the less valuable but more abundant brown shrimp P. 
califomiensis. 
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The fact remains that water temperatures of the upper 

Gulf during the months of March-April (Fig. 1.5) are, on 

average, two to four degrees colder than those of the 

southern region. Thus, in the absence of a physiological 

adaptation to different local temperature range, the upper 

Gulf stock should spawn later than those in of the lower 

Gulf; retarding their spawning in anticipation of the warmer 

water temperatures. However, delay spawning does not seem to 

be the case. 

Following the same argiiment, and since the upper Gulf's 

average April temperatures occur in March in the lower Gulf, 

the initiation of spawning events in the southern regions 

should start around March (if we assume that water 

temperature dictates the spawning time of the species 

regardless of population origin of the individual). 

Additionally (and in support of the physiological 

memory hypothesis), year-round water temperatures of the 

Upper Gulf do not seem to ever get as high as those in the 

more oceanic southern Gulf region. Therefore, selection may 

have decreed that spawning occurs at a different temperature 

optimum in the two areas. 

Population isolating mechanisms revisited 

All of the potential isolating mechanisms discussed 
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above, are presented here in an effort to interpret the 

genetic differences observed and the possible stib-division 

of the Gulf shrimp into several regional stocks. I have 

presented each of these mechanisms under a separate heading 

only for the sake of clarity. However, all of them can be 

intertwined into a complex web of synergistic effects 

leading to population isolation. 

The discussion around spawning temperature optima, was 

presented in the context of temperature directly affecting 

or influencing gonad development and triggering sexual 

maturation. It is equally feasible to speculate about 

indirect temperature effects on shrimp spawning time. For 

example, temperature changes can trigger the emergence of 

specific zoo- and phytoplankton communities which presence 

may act as an environmental cue triggering shrimp gonad 

maturation. Space and time limitations prevent me from 

entertaining synergistic (web) alternatives to the presented 

basic isolating schemes. The reader is encouraged to make 

those connections whenever possible. 

Understanding patterns of gene flow 

Theoretical considerations 

The significant values of discussed eUsove indicate 

that all of the populations of P. styllrostrls surveyed here 
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are genetically different from each other. From the pairwise 

values of genetic differentiation, we can calculate and 

speculate on the absolute number of migrants that, by 

entering another population will maintain these values. 

The way in which number of migrants is rationalized and 

interpreted can be easily understood by an analogy. Suppose 

that the genetic makeup of two isolated populations can be 

represented by two colors. One of these populations is 

represented by a dark gray and the other by a lighter gray. 

The value of between these populations, represents the 

degree of tone difference between these two populations 

(while taking into consideration the fact that each 

population is not a pure color but have a variance around 

the population average tone of gray). The calculated Nm 

value (cibsolute number of migrants) represents the maximum 

number of individuals that can be allowed to migrate between 

these populations without significantly altering the eunount 

of genetic differentiation between them. 

I have estimated gene flow between the surveyed 

populations of P. stylirostris with the theoretical 

framework of Wright's Island Model of migration. This model 

contemplates the scenario of a number of sub-populations 

scattered like islands in an archipelago. It makes the 

assumption that migration into any of the sub-populations is 

equally likely to originate from any of the remaining sub-
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populations. Hence, if there are n islands with a migration 

rate of m between them, each migrant has a probeQ)ility l/(n-

1) of coming from each other's island. A consequence of the 

island model, is that the cibsolute number of migrants 

entering a population will be independent (i.e will be 

uncorrelated) to the geographic distance separating the 

islands, since they all have an equal probeibility of 

migrating into any other island. Thus, the model makes a 

specific prediction: niomber of migrants are uncorrelated 

with geographic distance. This prediction was found to be 

true for the P. stylirostris shrimp populations surveyed 

here. 

Additional theoretical considerations discussed in 

Chakraborty and Leiman (1987) demonstrate that the important 

parameter in the estimation of gene flow between populations 

is, the absolute number of migrants (Nin) and not the 

proportion of migrants (m) exchanged between stocks 

(Allendorf and Phelps, 1980). So, assuming that all 

populations have the same effective population size (N), we 

can use the calculated values of N;n to infer the degree of 

gene flow between pairs of populations. 

The absolute number of migrants entering the 

populations can be obtained directly from the value of 

genetic differentiation between populations (*,t). Slatkin 

(1993) draws an important conclusion regarding the use of 
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Wright's F.̂  values to derive values of Km: 

"indirect methods for estimating levels and patterns of 
gene flow using Wright's Fst statistic (or our 
analogous , provide reliable estimates of the 
average value of Nin and can in fact indicate the extent 
of isolation by distance. F.e is relatively insensitive 
to mutation rates and selection coefficients, making it 
possible to combine information from different loci." 

Additionally, values on Km can be used to determine the 

most likely evolutionary force that has influenced the 

genetic divergence between populations. Slatkin (1989) 

suggests that values of Nin less than or equal to two are 

indicative of genetic divergence caused mainly by genetic 

drift. Values of Nm that are higher than two indicate either 

that the populations are panmictic (i.e., no significant 

genetic structure) or, that genetic differences between 

populations result from natural selection (or other 

evolutionary forces). 

The reason for this assertion, is that populations that 

evolved through random genetic drift (Kimura, 1963, 1983; 

King and Jukes, 1969) are much more susceptible to "de-

evolve" when large numbers of migrants enter the population, 

than populations that evolved in response to natural 

selection or other evolutionary forces. Genetic drift is a 

stochastic process that occurs in small populations, so, 

changes in allele frequency are not controled by selection 

pressures of any kind (they occurred by chance alone). 



322 

Therefore, the reintroduction of lost alleles can be 

achieved freely and by a small number of migrants. 

On the other hand, a much larger number of migrants 

will be required to account for genetic differences acquired 

through natural selection or other directional evolutionary 

forces. Alleles lost through selection can only re-enter the 

population along with a large number of individuals (at 

least larger than those required to brealc down drift) . 

Selection pressure on those migrants will be much higher 

that on the residents. Differential selection pressure 

between migrants and residents will substantially decrease 

the reproductive success of the migrants (especially if they 

happen to be homozygous dominant for the allele under 

selection in the resident population), which has to be 

compensated (so to speak) by the existence of a larger 

migrant representation. 

The indirect method for calculating values of Nin (i.e., 

from the P,t) provide an accurate approximation of the 

amount of gene flow between the reproductive units of a 

structured resource (Slatkin, 1993). For this reason this 

method has been extensively used to quantify gene flow in a 

large number of species with different dispersal 

capabilities and mating systems. In order to put in 

perspective the average gene flow value for P. stylirostris, 

a list of similar statistics calculated for other species 
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(Tcible 3.8) are provided. Additionally, these values serve 

to illustrate the interplay between gene flow, mating 

system, dispersal capabilities, and the way in which natural 

history traits contribute to the resulting amount of genetic 

differentiation in these species. 

Table 3.8. Values of gene flow and for a variety of 
species. Compiled in Hartl and Clark (1989) from Slatkin, 
(1985a). 

Species Type of 
organism 

ma 

Stephanomeria exigua Annual plant 1. 4 0. 152 
Mytilus edulls Mollusc 42. 0 0. 006 
Drosophila. wxllistoni Insect 9. 9 0. 025 
D. pseudoobscura Insect 1. 0 0. 20 
Chanos chanos Fish 4. 2 0. 056 
Hyla regilla Frog 1. 4 0. 152 
Plethodon ouachitae Salamander 2. 1 0. 106 
P. cinereus Salamander 0. 22 0. 534 
P. dorsalis Salamander 0. 10 0. 714 
Batrachoseps campi Salamander 0. 16 0. 610 
B. pacifica (ssp.l) Salamander 0. 64 0. 281 
B. pacifica (ssp.2) Saleunander 0. 2 0. 556 
Lacerta milisellensis Lizard 1. 9 0. 116 
Peromyscus califomicus Mouse 2. 2 0. 102 
P. polionotus House 0. 31 0. 446 
Thomomys bottae Gopher 0. 86 0. 225 

* Penaeus stylirostris Shrimp 1. 45 0. 147 

* Nm for P. stylirostris calculated from overall •,£ value. 

Table 3.8 reveals the interplay between low F,t values 

(or high Nxn) , and the dispersal rate of outbreeding species 
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(as inferred from the occurrence of either external 

fertilization, motile planktonic larval stages, or both), 

such as mussels (Mytilus edulxs). High F,e values, on the 

other hand, occur in more genetically structured populations 

of salamanders and lizards which tend to live in small 

isolated home ranges with little or no gene flow between 

them (Nachman per. com.). Genetic variability between 

populations of these species will most likely be governed by 

considerable random genetic drift acting strongly in small 

isolated populations. 

Low values of migrant per generation among populations 

of P. stylirostris (Nin approximately 2 or smaller), indicate 

that the six populations surveyed in this study are more 

likely to be diverging genetically through random genetic 

drift, although a selection component acting at the local 

level cannot be completely ruled out (Hartl and Clark, 

1989). The implication of this finding is that even though 

the populations are genetically different from one another 

(as indicated by their significant values) , P. 

stylirostris populations could become a single panmictic 

stock if shrimp are routinely moved and introduced (either 

accidentally or intentionally) from one region to another. 
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The evolutionary relationship between populations was 

determined by the eunount of genetic differentiation (•,t), 

and the value of the genetic distance (D) . These values 

represent different expressions of the degree of relatedness 

between populations. Thus, populations that are closely 

related will have a small genetic distance or value (and 

a larger Nm indicative of the genetic blending caused by 

migration which, in turn, reduces the degree of 

differentiation eunong populations). Graphical representation 

of the evolutionary relationships, as inferred from values 

of *,6 and D, are depicted in Figs. 3.5 and 3.7 

respectively. 

The first and most obvious aspect of these Figures, is 

that the structure of the cladogreua and relationships 

between populations do not change with the method used to 

produce them. The dendrogram of Fig. 3.5, even though 

obtained through a treatment of the data that is radically 

different to that used for relative frequency data (leading 

to values of D) , depict the same connection between 

populations as that of Fig. 3.7. Furthermore, three distinct 

treatments of the frequency data produce identical 

evolutionary relationships among populations (Figs. 3.7a-

3.7c). These observations illustrate the robustness of the 
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data at hand and add integrity to the depicted 

relationships. 

Populations that form individual clades (upper Gulf, 

Guaymas, and Huivuilay, for excunple) are clustered in the 

same clade, indicative of the relatively lower level of 

genetic dissimilarities and higher levels of gene flow £uiiong 

them. We may ask how could a population from the southezm 

Gulf (such as Huivuilai) be more closely related to those in 

the upper Gulf than to its nearest neighbors (Huatedaampo to 

its south or Bahia Lobos to its north) ? I will attempt to 

answer this question by entertaining two possible scenarios; 

current-determined migratory routes and exotic 

introductions. 

Possible current-mediated migration 

Gene flow between wild populations of P. stylirostris 

may seem devoid of a geographic component, simply because we 

impose the intuitive restricted expectation of shrimp 

migrating on a northwest-southeast transect along the east 

coast of the Gulf. However, if we discard that expectation, 

and envision the possibility of shrimp migrating across 

populations (passively or otherwise) across the Gulf and 

then up or down the Baja California coast, gene flow may be 

following an oceanographic rather than a geographic pattern. 
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Hcunmann et al. (1988), provide an exeunple of such 

migratory events across and up the Gulf, in a study of the 

Pacific sardine. These authors describe the occurrence of 

strong current systems that initiate in the Sonora and 

Sinaloa coasts and end in the coasts of the Baja California 

Peninsula, as the mechanism responsible for the active 

transportation of sardine eggs and larvae from the Sonoran 

to the Baja Califomian coasts. These strong movements of 

water across the Sea of Cortez are associated with different 

eddies and circulation gyres, two of the strongest ones 

initiate in the coasts of Guaymas and south of Huatabampo 

(Yavaros). 

Maluf (1983), discusses similar net water transport 

systems as Hanmann et al. (1988) ; she postulates water 

transport across the Gulf in the summer months to be wind-

mediated currents. According to Maluf (1983), strong water 

transport across the Gulf (with current velocities from 10-

20 cm/sec; Roden, 1964) occurs during the late spring and 

summer months, in the same areas identified by Heunmann et 

al. (1988). During these months, cool low salinity Pacific 

water inflow takes place along the Baja California coast 

(outflow occurs along the east coast of the Gulf), creating 

a net water movement up towards the midriff islands along 

the west coast of the Gulf. 

Active water movement in the midriff islands occurs 
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towards the Upper Gulf and not across the Gulf as in the 

southern regions; the predominant water movement is 

associated with wind-driven currents complemented by strong 

(1 to 3 m/sec; U.S. Hydrographic Office, 1951) back and 

forth tidal currents. 

Finally, circulation patterns in the Upper Gulf, seem 

to be governed by thermally-driven currents that create a 

rotary circulation in this shallow basin. Hendrickson (1974) 

argues that the rotary circulation of the Upper Gulf will 

cause a net clockwise circulation during the winter months 

and counterclocJcwise in the summer. Whatever the net 

direction of the eddies, the existence of this type of 

circulation in the Upper Gulf, may be used to explain the 

relative isolation of this region as inferred from the 

satellite images presented in Chapter 1 (Figs. 1.3 to 1.6). 

Jimenez and Lara (1988) provide a third piece of 

evidence that can be used to establish the existence of net 

water circulation and transport of plankters across the Gulf 

from the Sonoran to the Baja California Coast. Jimenez and 

Lara (1988) conducted research on copepod and zooplankton 

composition and distribution by scunpling several regions of 

the central and southern Gulf (refer to their Fig. 3 for 

sampling station location) . Even though these authors do not 

discuss zooplankton and copepod distribution patterns in 

relation to water currents, a close inspection of their 
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graphs and the dendrogram of seunpling station similarity 

index (Jaccard index) , reveal that contiguous scunpling 

stations across the Gulf are more similar in their 

zooplankton compositions than contiguous stations along a 

northwest-southeast transect. 

Furthermore, Jimenez and Lara's (1988) Fig. 5, 

indicates the existence of at least three zooplankton 

assemblages (with high similarity indices) occurring across 

the Gulf in three localities: Kino, Guaymas eind Yavaros. 

These three localities are only marginally related to each 

other (along an imaginary northwest-southeast transect) in 

terms of their zooplankton characteristic faunas. —It is 

indeed unfortunate that Jimenez and lara's work was 

conducted in the month of March; too early for P. 

stylirostris larvae to be found in their samples. 

With this evidence at hand, it is likely that shrimp 

migratory routes comprise both the east and west coasts of 

the Gulf of California rather than just the east coast. It 

seems perfectly reasonable to suggest the possibility of 

shrimp larvae being actively transported across the Gulf by 

the strong summer westerling currents. This current-mediated 

transport of shrimp larvae may not be as important as in the 

case of the sardine, or other exclusively planktonic 

organisms (copepods and zooplankters). Nevertheless, as 

inferred from the values, only a small amount of gene 
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flow is expected to actually occur between the surveyed 

populations of shrimp, and thus, it is not necessary to 

invoke massive migrations of shrimp larvae across the Gulf 

in order to account for the patterns of gene flow obtained 

here. 

I would speculate that the majority of the larvae 

produced in the regions occupied by the six populations of 

shrimp will remain in the east coast in protected coves, 

bays, and estuaries, and only a small proportion will be 

swept across the Gulf with the currents. Those that stay in 

the same region where they have been spawned will constitute 

the bulk of the recruits in the next generation. Meanwhile, 

those that get caught and carried by the currents, may 

either find a suitable habitat in the west coast, or may 

remain in the current to be transported back to the Sonoran 

coast where they may enter other populations. 

The most important aspect of the current-mediated 

migration model, is that it provides a mechanism that can be 

used to explain why contiguous fishing grounds (such as 

Huivuilay and Huatabampo) have lower levels of migration 

among them than with other, geographically distant 

populations. The gyres of the lower Gulf identified by 

Hammann et al. (1988) are large in diameter, and, they do 

not seem to be completely circular (like the eddies and 

gyres of the upper Gulf) but similar to arches that connect 
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broadly separated regions of the east coast. Thus, shrimp 

larvae spawned in Guaymas are more likely to be transported 

by the gyres to regions such as Huivuilay and Huatabampo 

than to the nearest population to the south (Bahia Lobos). 

Gyre circulation patterns of the lovrer Gulf seem to by-pass 

contiguous fishing grounds and to strengthen the evidence 

for gene flow among geographically distant regions. 

Exotic introductions 

Throughout this discussion, I have treated the data, 

and regarded P. stylirostris in the Gulf of California, as 

representing pristine populations evolving without unnatural 

external influences. However, shrimp aquaculture practices 

create a tremendous potential for the mixing of natural 

stocks. Shrimp farmers are always willing to try new strains 

of shrimp (imported from either other countries or other 

regions of Mexico) in an effort to obtain better growth 

rates, yields and revenues, and some escapement inevitably 

occurs. In order to obtain better performing shrimp, 

aguaculturists transport and introduce genetically different 

stocks into aguaculture regions. 

Even though the Mexican government is currently trying 

to limit the importation of foreign stocks (due to the risk 

of concomitant pathogen introduction with devastating 
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consequence for the aquaculture and shrinp industry; 

Lightner et. al., 1992; Lightner, 1996), the expanding 

industry has encountered very little regulations with 

respect to the transplantation of native stocks. 

Shrimp hatcheries in the upper Gulf of California 

(CICTUS, Genesis and Maritech) , are known to have used local 

P, stylirostris broodstock in the production of aquaculture 

seed (Lightner et. al., 1992). It is also known that these 

hatcheries used to sell shrimp post larvae to many shrimp 

growing farms along the coast of Sonora and Sinaloa. 

Active movement of shrimp stocks and their escape into 

the natural environment, can also be used to explain the 

genetic proximity of Guaymas and Huivuilay stocks to that of 

the Upper Gulf. However, without hard facts, the role that 

aquaculture plays in genetically altering native stocks is 

engaging speculation. 
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CHAPTER 4 

PAST, PRESENT, AND FUTURE OF SHRIMP RESEARCH 



On the Path of Shrimp Research 

334 

Scientific studies of shrimp species and populations 

(especially in the Americas), seem to have been conducted to 

fulfill immediate demands and goals, and the objectives 

changed according to the needs to understand specific 

aspects of shrimp natural history. Shrimp research has 

changed with changing availability of funding and the need 

to generate information in specific research areas. 

What follows is an attempt to narrate the major events 

that punctuated the path of scientific discovery for shrimp 

researchers, and to emphasize the relevance of my findings 

to the current needs of both shrimp aquaculture and shrimp 

fishery management. 

As in all scientific disciplines, the very root of 

shrimp studies is deeply buried in the description and 

classification of species of shrimp; a scheme that, at 

present, is unlikely to undergo major revisions. Taxonomy 

and systematics opened up an era of exploration and 

discovery and with it, the realization that crustaceans in 

general were consumed and highly prized by local peoples. 

Decades, if not centuries, had elapsed between shrimp 

taxonomic studies and the beginning of modem research. New 

exploitation technologies have allowed humans to exploit 

shrimp more efficiently and created the need to manage and 
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regulate shrimp fishing practices. 

The first shrimp studies were started to fulfill the 

need to understand and ameliorate the impacts of human 

exploitation on shrimp resources. In the beginning, research 

focused on wild shrimp with the objectives of devising and 

implementing management regimes aimed at preventing over-

exploitation. About two or three decades ago, shrimp studies 

were most likely to get fvinded if they were either justified 

with clearly defined management objectives, or if the 

findings were to have direct applicability to the management 

of the commercial fishery. Thus, identifying wild regional 

stocks of the species xuider exploitation became one of the 

most significant research efforts of the late 1970's and 

early 1980's. 

Unfortunately, most studies of wild shrimp populations 

not only failed to identify shrimp as being structured into 

populations, but were also instrumental in creating the 

dogma that shrimp ought to be considered panmictic in 

nature. Hence, although usually justified under management 

objectives, studies of wild shrimp populations rarely 

provided managers with alternatives to the already 

established population management regimes. Well intended 

research projects were crippled at the time by the low 

resolving power of the molecular and morphometric techniques 

in vogue (see Lester, 1979; Mulley and Latter, 1980; 1981; 
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1981; Lester et al., 1990 and the siunmary in Lester and 

Pante, 1992). 

Concomitantly to shrimp research attempts to provide 

solid foundations for the management of economically 

important species of shrimp, a series of events and 

predicaments —high market value and expansion of existing 

markets, pollution, environmental degradation, over

capitalization of most shrimp fleets, and the prediction of 

a downward trend in landings and catch per unit effort— led 

to the incipient development of the shrimp aquaculture 

industry. 

In the early days, shrimp aquaculture posed a serious 

threat to local shrimpers and their economies. Shrimp 

fishers witnessed "their" wild post-larvae being caught and 

transferred from the natural environment to privately own 

ponds, whereby investors profited at the expense of local 

fishers whom, in turn, were left with an impoverished 

resource. Notwithstanding the social cost of shrimp 

aquaculture, the new and flourishing industry funneled 

research efforts away from wild fisheries and into shrimp 

farms and development of hatchery technology. The 

redefinition of research efforts resulted in an aquaculture 

industry which, in a relatively short period of time, 

developed rearing techniques and related technologies that 

allowed shrimp culture to become (technically) almost 
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independent from wild post-larvae, an industry that today 

has an average share of the world-wide market for shrimp of 

30 to 40%. 

Perhaps because shrimp aguaculture was much more 

conducive to experimental, rather than observational 

research, in the early 1980's research began emphasis moving 

away from natural fisheries (which continued to be managed 

following the dogmas of panmixia and the prescriptions of 

bio-economic models) to the shrimp farms and hatcheries. 

Scientists, now interested in captive shrimp rearing, 

brought with them previous findings of small genetic 

differences between widely separated populations; 

information which, even though not "practical" for 

management purposes, was incorporated into the incipient 

aguaculture hatchery and breeding progreuns. 

Thus, hatcheries emd other shrimp rearing facilities, 

that had access to scientific advise and literature, began 

by obtaining a number of wild broodstock animals from 

different regions of the globe. Three main objectives 

dictated the selection of aguaculture founder stocks from 

different geographic regions: a) to preserve natural genetic 

variability, b) to reduce the effects of inbreeding, and c) 

to test and select for stocks (or their crosses) that 

performed optimally under hatchery and farm conditions (Dill 

et al., 1994). 
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Upon establishing founder populations and fcimlly lines 

for hatchery purposes, the expansion and intensification of 

shrimp aquaculture around the world, led to new shrimp 

culture research objectives; to provide pond management 

guidelines for optimal growth performance. This new emphasis 

on specific aspects of shrimp aquaculture research began in 

the mid 1980's, and has dreunatically expanded our 

understanding of the biology and ecology of shrimp. Not only 

has research in hatchery techniques and pond management 

helped the young industry become self-sufficient and 

profitable, but also shrimp culture has made scientists 

aware of both the negative impact of shrimp diseases, and 

the important role they play in determining the success of 

the enterprise. 

In that respect, shrimp aquaculture provided valuê ale 

indicators of the potentially devastating effects associated 

with epizootics which, due to the inherent difficulty of 

studying them in wild populations, would have been otherwise 

unavaileUsle to us. Thus, shrimp pathology developed into an 

essential aspect of shrimp farming, ultimately becoming 

instrumental in preventing or euneliorating the negative 

impacts of disease, and a key service to shrimp farming 

communities. 

The relatively recent historical development of shrimp 

pathology has being made possible by the pioneering works of 
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T.A. Bell, J. Brock, and D.V. Lightner in the Americas, T. 

Flegel in Asia, J.R. Boneuni and J. Hari in Europe. These 

scientists have not only described and demonstrated the wide 

spread occurrence of shrimp pathogens, but have also 

discussed the real and possible implications of disease to 

both the aquaculture industry and commercial fisheries. The 

effects of disease on wild stocks should not be taken 

lightly. On the contrary, the concept of disease effects 

should be somehow incorporated into current academic and 

government fisheries progreims, in an effort to make fishery 

students aware of the existence of pathogens and their role 

as an integral part of the equation of "natural mortality 

estimates". 

A secondary effect of scientific research being driven 

mainly by needs of the shrimp aquaculture industry, was that 

fishery scientists and aquaculture scientists, slowly began 

to drift apart. As a result, we have the same organisms 

being studied at two very different levels. Managers 

regulating commercial shrimping were for the most part 

oblivious to the imminent threat of disease epizootics posed 

by aquaculture introductions and stock transfers, but had 

first hand experience regarding behavioral and natural 

history patterns of wild shrimp. Shrimp aquaculturists had 

very little concern for the wild resource and thus, directed 

their efforts towards understanding disease and how to best 
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eliminate or cope with the presence of disease agents and 

carriers in their farms. 

The characterization and luderstanding of old diseases 

and the ongoing discovery of emerging shrimp pathogens, led 

to a shift in hatchery interests from general post-larvae 

production to the establishment of specific pathogen free 

(SPF) or specific pathogen resistant (SPR) programs aimed at 

increasing the quality and performance of the post-larvae. 

SPF shrimp were to be used for aquaculture purposes in areas 

free of specific viral agents —additionally, SPF progreuns 

would provide animals to research groups to serve as "clean" 

experimental animals—, whereas SPR stocks were to be used 

in areas where specific diseases became either established 

or posed potential concern. Therefore, in order to maintain 

and (if at all possible) improve farm production in the face 

of disease, scientific efforts were once more steered by the 

aquaculture industry to apply modem concepts of 

morphometries and, secondarily, genetics techniques to the 

study of shrimp. 

Early morphometric analyses were carried out with the 

sole motivation of identifying a handful of variables that 

correlated well with size or tail weight. The principal 

concern was to increase production by selecting fast growing 

individuals, which in turn were to be determined by the 

value of specific mensural characters. So, the next epoch of 
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shrimp research was dominated by "studies of correlation" 

between growth performance and morphometric or genetic 

characteristics. Unfortunately, early studies in shrimp 

morphometries failed to provide the tools that aquaculture 

needed to boost production and initiate selective breeding 

programs to improve growth rate and tail size. The main 

reason behind the failure of morphological/growth 

correlation studies had to do with the fact that the 

variables used for morphometric analyses were either over-

simplistic or, in the case of the more ambitious efforts, 

hard to obtain from specimens that needed to be kept alive. 

Because of these inherent constraints, genetic analysis 

once again became the analytical tool of preference (in the 

early 1990's) for finding the seemingly elusive 

correlations. The reappearance of genetic analysis in the 

field of applied shrimp research was preceded by few but 

significant discoveries. 

First, Reeb and Avise's (1990) demonstration that 

mitochondrial DNA of Crassostrea virginica showed 

considerable genetic subdivision along the eastern coast of 

Florida. Despite the wide range of larval dispersal 

characteristic of this species and similarity of allozyme 

variants throughout the surveyed range, demonstration of 

differences in mitochondrial DNA undermined previous beliefs 

of substantial gene flow in this species (Buroker, 1983) and 
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offered researchers a "better way" to look at genetic 

varieUaility. Later, Karl and Avise (1992) showed that 

patterns of nuclear differentiation were much more 

consistent with patterns of mitochondrial DNA divergence 

than with allozyme variation. They suggested that allozymes 

were inadequate to answer questions of population 

subdivision, because their low level of variation may be 

indicative of strong balancing selection. 

Finally, Palumbi and Benzie (1991), working with shrimp 

mitochondrial DNA, found a surprisingly high level of 

genetic differentiation between two penaeid species of 

shrimp (Penaeus stylirostris and P. vannamei) previously 

found to have low levels of electrophoretic variation 

(Lester, 1983). Based on sequence data, Palumbi and Benzie 

(1991) found that genetic differences between subgenera of 

shrimp were comparable to the magnitude of differences 

between families of mammals; and shrimp genera were fovmd to 

be more divergent than some orders of mammals. 

The shrimp industry was willing to commit resources to 

identification of the best performing feunily lines, and the 

new genetic evidence against the long held belief that 

shrimp were genetically homogeneous rendered (novel) genetic 

analysis, once again, as the technique of choice for the 

task. This led to an unprecedented increase in the frequency 

of aquaculture genetic research. Yet, genetic analyses were 
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almost exclusively focussing on finding "genetic markers" 

for desireUsle growth performance in captive stocks; the seuae 

goal of previous morphometric work. 

In synchrony with the flourishing "shrimp genetic 

correlation" studies, scientists and hatchery managers began 

to envision the potential of siibjecting shrimp to artificial 

selection, based on the belief that artificial selection 

would improve disease resistance, growth characteristics, 

and other desirable traits, in the same way as occurred in 

the cattle, swine, poultry, and salmonid fish industries. As 

a result, shrimp geneticists began to slightly shift their 

research questions away from correlations between genetic 

markers and growth and to ward correlations between genetic 

markers and disease resistance. A change in the nature of 

research questions did not necessarily represent a real 

scientific break through, but illustrates how shrimp farming 

commands shrimp research efforts. 

The genetic approach to selective breeding emerged at a 

time when a large portion of the industry came to the 

realization that even if the performance of captive stocks 

were improved, the industry was not satisfied with growing 

"clean" SPF shrimp; especially in areas where viral diseases 

had become established. Recently, as a result of significant 

loses to disease, and for the first time in the short 

history of the shrimp aquaculture industry, the goals and 
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objectives of the leading research teeuns were obscured by 

conflicting opinions and interests regarding stock 

selection. 

Two contrasting factions represent the current state of 

the aquaculture industry, each one with potential strategies 

to meet the demand for animals that will grow well in the 

presence of disease and environmental deterioration. On the 

one hand, research and development programs (such as the 

U.S. Marine Shrimp Consortium) as well as commercial 

hatcheries that have managed to keep their stocks clean, are 

currently concentrating efforts on conducting disease 

challenge studies. Their objective is to selectively breed 

resistance to specific pathogens while maintaining parent 

stocks free of them. At the same time, and in order to 

increase their chances of finding the "right" genetic 

combination, they are in constant search for wild SPF stocks 

to incoirporate into their breeding programs. Both objectives 

are heavily dependent on genetic characterization and 

performance evaluation of huge numbers of potential crosses. 

It is difficult to say whether the initial objectives have 

been met. 

On the other hand, hatcheries and farms affected by 

disease epizootics (throughout the Americas, but especially 

in Venezuela) took a radically different approach to 

maintaining production: they initiated selective breeding 
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programs whereby after each growing season, disease 

survivors (potential pathogen carriers) were used to produce 

the F2 generation. The first estcQilished progreun to 

selectively breed disease resistant shrimp was initiated in 

the early 1980's by IFREMER (French Institute for Research 

and Oceanic Exploitation), but this progreun suffered the 

consequences of "patented technologies" which prevented the 

dissemination of information and marketing of the IHHN-

resistant stock. Later, a similar IHHN-resistant stock was 

developed in Venezuela, and this stock is currently 

commercially available. Since the Venezuelan marketing 

success and with the emergence of new pathogens (especially 

Taura Syndrome Virus or TSV), similar disease-resistant 

breeding programs were initiated in Ecuador and Mexico. 

However, this alternative SPR approach soon showed evidence 

of inbreeding-related problems, which seem to be more 

pronounced in instances when farmers select for more than 

one trait (usually disease resistance and fast growth). 

The inherent constraints and needs of both factions are 

currently bringing them back together. Their common need is, 

once again, in the identification of genetically defined 

populations of wild shrimp. Proponents of SPF are searching 

for clean and genetically distinct sources of wild stocks 

for their progreims, while advocates to SPR programs have 

returned to using wild stocks because selection for disease 
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resistance probeibly is achieved faster in nature through 

natural selection; thus, the proponents of breeding SPR 

shrimp are currently searching for wild shrimp populations 

that have acquired resistance to specific pathogens. The 

divergent views of SPF and SPR proponents, finally met at a 

point of a common need: both SPR and SPF currently need 

genetically distinct wild founder stocks for their selective 

programs. 

Obviously, shrimp researchers have traveled a circular 

path. This circular path has allowed us to test, re-analyze 

and re-evaluate the old dogmas of the past under the light 

of new analytical tools and techniques. The new motivation 

behind searching for genetically distinct wild populations 

of shrimp is different from that of the fishery managers of 

the 1970's. Nevertheless, the question remains the same: Are 

there genetically different stocks of shrimp or is shrimp a 

panmictic resource? The reviving of this old question in 

turn generated a more fundamental one: have we gained the 

knowledge that will grant such a challenging undertaking as 

the identification of genetically distinct stocks in the 

admits of panmixia? 

Scientific discoveries in seemingly unrelated fields of 

research have profoundly altered research on shrimp 

populations. For excunple, new molecular techniques that 

allowed Karl, Avise, Palumbi, and Benzie to change our 
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perception of the extent of natural genetic varisUsility, 

have been considerably improved over the last five years. 

The development of high-resolution image analysis systems 

and related analytical tools have not only considerably 

increased the cimount and quality of genetic data, but also 

offered novel statistical tests with which genetic 

information can be processed and analyzed. The availability 

of fast and powerful computers has permitted the practical 

application of complicated algorithms, which have provided 

morphological researchers with an unsuspected level of 

analytical power. Finally, social science research in 

general, and recent studies in maritime anthropology in 

particular, offer a multitude of exeunples of how folk 

knowledge has played a leading role in important scientific 

discoveries. Furthermore, countless excunples in this field 

of research have enlightened us as to the (usually) negative 

consequences of proposing management strategies in isolation 

from the social context; under those circumstances, the 

blcune for biological over-exploitation and other negative 

human impacts on fishery resources, is often put on sectors 

of the society that have the least political power (usually 

the fishers and government biologists) rather than on the 

fishery managers. 

I have attempted to merge the social sciences with 

biological principles in order to present a more holistic 
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view of the wild shrimp fishery of the Gulf of California. 

Information regarding the social and political climate iinder 

which the Mexican shrimp fishery operates, was obtained in 

several ways. First, considerable insight and direct 

experience was gained by my spending time shrimping 

throughout the Gulf on board shrimp trawlers and small 

inshore boats. Second, a better understanding of the "human 

dimension of shrimping" was acquire through intensive 

informal interviewing with fishers that participate in the 

fishery as well as through lengthy conversations with 

anthropologists like Dr. Vasquez-Leon and Dr. HcGuire, who 

studied the political and socio-economic aspects of the 

Mexican shrimp fishery at the seime time I conducted my 

research. My informal training in social science research 

was furthered through participation in a multidisciplinary 

research effort directed by Dr. McGuire and conducted in the 

upper Gulf of California. Finally, I attained "inside 

knowledge" of the fishery biologist's perspective on the 

mismanagement of shrimp in Mexico, by participating in their 

daily research activities and sharing information with 

biologists and researchers of the Centro Regional de 

Investigaciones Pesqueras (CRIP). 

The perceptions of the biological and management 

objectives of the Mexican shrimp fishery presented in 

Chapter 1, are based on both published facts and personal 
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observations. In order to clarify my intentions for 

presenting the "social reality** of the Mexican shrimp 

fishery, I would like to make some additional comments. I 

believe that the realm of resource management should not be 

delimited by self-imposed political and social boundaries; 

especially when the natural resource (the object of this 

investigation), represent an important source of employment 

and income for a large (and usually marginalized) portion of 

the society. It is by no means an easy task to demonstrate 

the fallacy of old dogmatic positions, especially when they 

have been endorsed or recognized by a "higher authority". 

But, it is an integral part of science to systematically 

challenge, revise, and update its concepts and theories. 

That being not so, we would still believe that the Sun 

orbits around the Earth. Thus, contrary to the more 

conservative opinions, I believe that addressing the 

political agendas behind resource management, is both our 

challenge and obligation; especially because scientists and 

managers who become aware of the social issues are more 

likely to provide alternatives and/or recommendations to 

some of the identified management problems with a much 

better understanding of their consequences and implications. 

On the purely biological aspects of my research, I was 

cible to capitalize on the several technologies: the 

availability of sophisticated and accurate equipment, the 
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development of powerful molecular and morphometric 

techniques, and a myriad on new analytical methods. These 

powerful tools have enabled me to reveal the morphological 

and genetic population structure of shrimp in the Gulf of 

California in an unprecedented manner. Because of that, the 

techniques of shrimp population identification used in this 

study, have the potential of being adopted for the purposes 

of fishery management and aquaculture research. In the 

present historical moment, my findings are both relevant and 

directly applicable to the shrimp aquaculture industry. 

Hopefully, in the long term, findings like these may 

motivate the commencement of a healthy but critical re-

evaluation of current fishing practices and fishery 

management regimes, this re-evaluation seems to be 

critically needed if the integrity and sustainability of 

this valuable resource is to be guaranteed to future 

generations. 
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Formula to calculate relative location of homologous 

bands of PCR-RAPD profiles in two separate gels. 

i M,, - I 

p X i BPd, - Mn ! ; 

1 M,, - M,, j 

Then, 

Bp (2) = P + Mji 

Where 

Hjx = Pixel value of marker flanking the band to be 

homologize on gel 2 (eUsove the band of interest) , 

M23 = Pixel value of marker fleinking band on gel 2 (below) , 

Mil = Same as M31 but on gel 1, 

= Seune as N32 but on gel 1, 

BP(i) = Pixel value of band coded on gel 1 (used as reference 

to find homologous band on gel 2), 

and, 

Bp (3) = Pixel value on gel 2 where the band homologous to 

Bp(x, should be located. 
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APPENDIX A (Cont) 

Exeimple: 

Suppose a band coded on the first gel is located at a 

vertical pixel value of 750 and that this band is "flanked" 

by two bands of the molecular weight marker located at 

pixels 500 emd 1000 respectively. The location of each of 

the already identified homologous marker bands on the second 

gel is 300 and 600 respectively. What is the pixel value at 

which a band homologous to the 750 (eQ>ove) should be 

present? 

Applying the formula, 

! M,, - I 

p X I BPd, - Mil I J 

! Mil - I 

j 300 - 600 I 

I 500 - 1000 I 

X j 750 - 500 I = P = 150 

Then, 

BP(2) = P + Mji = 150 + 300 = 450 
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Primer neune, number of fragments/primer and fragment 
sizes. 

OPM04 OPMll OPM12 0PM14 OPM16 0PM17 0PM19 OPM20 
(34) (52) (42) (48) (40) (29) (37) (41) 
695 1585 600 1040 1390 870 1350 1070 
660 1450 570 1000 1330 690 1250 940 
600 1130 55 970 1200 635 1110 875 
570 965 545 900 860 605 830 820 
560 850 535 840 810 570 770 700 
550 740 520 810 760 555 710 665 
538 690 510 780 715 545 650 650 
520 660 495 760 680 530 620 635 
515 635 490 710 615 520 590 595 
510 610 475 690 560 510 575 575 
500 565 465 655 545 500 560 560 
495 555 450 635 520 490 550 530 
485 545 440 620 500 465 535 525 
470 535 430 600 490 440 525 520 
450 530 420 585 480 410 515 510 
430 520 405 565 470 390 505 505 
415 495 390 550 460 360 495 500 
385 480 375 530 445 330 480 490 
365 470 360 520 430 320 470 480 
345 460 330 515 400 310 450 450 
340 455 325 510 380 300 435 435 
330 450 320 505 360 290 415 405 
325 435 315 495 350 265 390 370 
315 425 310 485 330 240 370 345 
305 405 300 480 320 225 350 335 
295 395 295 460 310 210 335 325 
285 385 285 450 305 200 325 310 
270 375 280 435 300 185 315 295 
260 365 275 425 290 170 305 285 
250 335 265 415 275 295 275 
240 330 255 405 265 285 260 
230 320 245 375 255 275 250 

In parenthesis total munber of fragments. 
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APPENDIX B (Cont) 

OPM04 OPMll 0PM12 0PM14 0PM16 0PM17 0PH19 0PM20 
210 315 240 360 245 265 230 
185 310 230 345 235 250 210 

305 220 330 225 240 190 
300 210 320 195 230 180 
295 190 310 185 210 170 
290 185 300 175 165 
285 175 290 160 160 
280 170 285 120 150 
275 145 280 140 
270 130 270 
260 250 
250 240 
230 210 
210 180 
190 170 
180 160 
175 
165 
155 
140 



355 

REFERENCES 

Alcivar-Warren, A. D.K. Garcia, A.K. Dhar, 6.M. Wolfus, and 
K.M. As-trofsky. 1996. Proceedings to the Third Symposium on 
Diseases in Asiaui Acpiaculture, Bangkok, Thailand. 

Allendorf, F.W., and S.R. Phelps. 1981. Use of allelic 
frequencies to describe population structure. Can. J. Fish. 
Aquat. Sci. 38:1507-1514. 

Anderson, T.W. 1984. An Introduction to Multivariate 
Statistical Analysis, 2nd Ed. Wiley, N.Y. 

Archie, J.W. 1989. A remdomization test for phylogenetic 
information in systematic data. Systematic Zoology 38: 219-
252. 

Armstrong, J., A. Gibbs, R. PeeOcall, and G. Weiller. 1995. 
RAPDistance programs; version 1.04 for the analysis of 
patterns of RAPD fragments. Australian National University, 
Camberra, Australia. 

Aubexrt, H. emd M.N. Zedeno. 1993. La orgauiizacion temporal 
de la pesca de ccunaron de altamar. In: Maritime Commxmity 
and Biosphere Reserve: Crisis and Response in the Upper Gulf 
of California. T.R. MacGuire and J.Greenberg, eds. 
Traduccion al espanol. Occasional Paper No.2 Bureau of 
Applied research in Anthropology, University of Arizona, pp 
29-48. 

Ausubel, P.M., Brent, R., Kingston, R.E., Moore, D.D., 
Seidman, J.G., Smith, J.A. and Struhl, K. 1989. Current 
protocols in molecular biology. John Wiley and Sons. New 
York. 

Bailey-Brock J.H. and S.M. Moss. 1992. Penaeid taxonomy and 
zoogeography. In: A.W. Fast & L.J. Lester (eds), Marine 
Shrimp Culture: Principles and Practices. Elseiver Science 
Publishers B.V. 

Bardach, J.E., J.H. Ryther, and W.O. McLamey. 1972. 
Aquaculture. The Farming and Husbandry of Freshwater and 
Marine Organisms. Jeihn Wiley & Sons, Inc. Canada 

Bardakci, F. and D.O.F, Skibinski. 1994. Application of the 
RAPD technique in tilapia fish: species and sxibspecies 
identification. Heredity 73:117-123. 



356 

Barlett, H.S. 1937. Some excunples of statistical methods of 
research in agriculture and applied biology. Journal of the 
Royal Statistical Society, Supplement 4 137-170. 

Baverstock, P.R. and C. Noritz. 1996. Proyect design. 
Chapter 2 in: D.M. Hillis, C. Moritz, and B.K. MeUsle, (eds) 
Molecular systematics (second edition). Sinauer Associates, 
Inc. Sunderland, MA. 

Benzie, J.A.H. 1996. A review of the effect of genetics and 
environment on the maturation and larval quality of the 
giant tiger prawn, Penaeus monodon. Aguaculture 133:103-111. 

Benzie, J.A.H. 1997. Penaeid genetics and biotechnology. 
Proceedings of SICCPPS, Aquaculture (in press). 

Bookstein, B. Chemoff, R.L. Elder, J.M. Humphries, 
Jr. G.R. Smith, and R.E. Strauss. 1985. Morphometries in 
Evolutionary Biology: The geometzry of size and shape 
changes, with exeunples from fish. Academy of Natural 
Sciences, Philadelphia, PA. 

Bookstein, F.L. 1989. "Size and shape": a comment on 
semantics. Syst. Zool. 38:173-180. 

Bumpus, H.C. 1889. The elimination of the unfit as 
illustrated by the introduced sparrow. Passer domesticus. 
Biological Lectures, Marine Biology Laboratory, Woods Hole, 
11th Lecture, pp. 209-226 

Bowcock, A.M., A. Ruiz-linares, J. Tomforde, E. Minch, J.R. 
Kidd and L.L. Cavalli-Sforza. 1994. High resolution of human 
evolutionary trees with polymorphic microsatellites. Nature 
368:455-457. 

Brauner, S., D.J. Crawford and T.F. Stuessy. 1992. Ribosomal 
DNA and RAPD variation in the rare plant family 
Lactoridaceae. Amer. Jour. Botany 79:436-439 

Brown, F.A. 1950. Studies on the physiology of Uca red 
chromatophores. Biol. Bull. 98:218-226. 

Buroker, N.E. 1983. Population genetics of the American 
oyster crassostrea virginica along the Atlantic coast and 
the Gulf of Mexico. Mar. Biol. 75:99-112. 

Buth, D.G. 1984. The application of electrophoretic data in 
systematic studies. Ann. Rev. Ecol. Syst. 15:501-522. 



357 

Buth, D.G. 1990. Genetic principles and the interpretation 
of electrophoretic data. In: D.H. Withmore (ed) 
Electrophoretic and Isoelectric Focusing Techniques in 
Fishery Management. CRC Press, Inc. 350 pp. 

Caetano-Anolles, G., 1993. Amplifying DNA with arbitrary 
oligonucleotide primers. PGR Methods and Applications 3:85-
94. Cold Spring Harbor Laboratory Press. 

Carr, W.H., K.T. Fjalestad, D. Godin, J. Swingle, J.M. 
Sweeney and T. Gjegrem. 1996. Genetic variation in weight 
and survival in a population of specific pathogen free, 
Penaeus vannamei* World Aquaculture '96, Book of Abstracts. 
World Aquaculture Soc. pp.63 

Cavalli-Sforza, L.L. and A.W.F. Edwards. 1967. Phylogenetic 
analysis: Models and estimation procedures. American Journal 
of Human Genetics 19:233-257. 

Centro Regional Investigaciones Pesqueras (CRIP) 1992. 
Boletin informativo No 33. Guaymas, Sonora. 

Chakraborty, R. and 0. Leimar. 1987. Genetic variation 
within a subdivided population. Chapter 4 in: Ryman, N. and 
F. Utter (eds) Population Genetics and Fishery Management. 
Washington Sea Grant Program, University of Washington 
Press, pp. 420. 

Chang E.S. 1992. Endocrinology. In: A.W. Fast & L.J. Lester 
(eds), Marine Shrin̂  Culture: Principles and Practices. 
Elseiver Science Publishers B.V. 

Clark C. w. 1976. Mathematical Bioeconomics: The Optimal 
Management of Renewcible Resources, J. Wiley and Sons, New 
York. 

Clegg, M.T. 1989. Molecular diversity in plant populations. 
In: Plant Population Genetics, Breeding and Genetic 
Resources (eds Brown H.D., M.T. Clegg, A.L. Kahler, and 
B.S. Weir) , pp. 98-115. Sinauer, Sunderland, MA 

Cockerham, C.C. 1969. Variance of gene frequencies. 
Evolution 23: 72-83. 

Cockerham, C.C. 1973. Analysis of gene frequencies. Genetics 
74: 679-700. 



358 

Coohill, T.P., C.K. Bartell and M. Fingerman. 1970. Relative 
effectiveness of ultraviolet and visible light in eliciting 
pigment dispersion directly in metanophores of the Fiddler 
crab Uca Pugilator. Physiol. Zool. 43:232-239. 

Crane, J. 1944. On the color changes in fiddler creds (genus 
Uca) in the field. Zoologica 29:161-168. 

Crow J.F. and M. Kimura. 1970. An Introduction to Population 
Genetics Theory. Harper and Row, New York, 591 pp. 

Daly, H.V. 1985. Insect morphometries. Ann. Rev. Entomol. 
119:783-790. 

Dill, J. T. Mcllwain, W.C. Rowland and G. Pruder. 1994. The 
Gulf Coast Research LeUsoratory Consortium's U.S. Marine 
Shrimp Farming Program. USMSFP 10th Anniversary Review, GCRL 
Special Publication No. 1, 7-24. 

Dowling, T.E., Smith, G.R. and Brown, W.M., 1989. 
Reproductive isolation and introgression between Notropis 
comutus and Notropis chrysocephalus (Feunily Cyprinidae): 
comparison of morphology, allozymes and mitochondrial DNA. 
Evolution 43:620-631. 

Eden, M. 1967. Inadequacies of Neo-Darwiniand evolution as a 
scientific theory. In Mathematical Challenges to the Neo-
Darwinian interpretation of evolution, ed. P.S. Hoorhead and 
M.M. Kaplan (Wistar Institute Press, Philadelphia, Pa.). 

Edgington, E.S. 1980. Randomization tests. Marcel Decker, 
Inc. New York. 

Edwards, R.R.C. 1978. The fishery and fisheries biology of 
penaeid shrimp on the Pacific coast of Mexico. Oceanogr. 
Mar. Biol. Ann. Rev. 16:145-180. 

Efron, B. 1979. Bootstrap methods: another look at the 
jackknife. Ann. Statist. 7:1-26. 

Ehrhardt, N.M., P.S. Jacquemin, F.J. Magallon, and M.C. 
Rodriguez. 1981. The Pacific shrimp fishery of Mexico. 
Review paper for the workshop on the scientific basis for 
management of penaeid shrimp. Key West, Florida. 18-24 Nov. 
1981. 

Ellsworth, D.L., K.D. Rittenhouse, and R.L. Honeycutt. 1993. 
Artifactual variation in randomly-amplified polymorphic DNA 
patterns. BioTechniques 14:362-364. 



359 

Everhart, W.H. and W.D. Youngs. 1981. Principles of Fishery-
Science, 2nd ed. Cornell University Press, Ithaca. 

Excoffier, L., P.E. Smouse and J.H. Quattro. 1992. Analysis 
of molecular variance inferred from metric distances among 
DNA haplotypes: application to human mitochondrial DHA 
restriction data. Genetics 131:479-491. 

Faith, D.P. 1990. Chance marsupial relationships. Nature 
345:393-394 

Faith, D.P. and P.S. Cranston. 1991. Could a cladogram this 
short have arisen by chance alone?: on permutation tests for 
cladistic structure. Cladistics 7:1-28 

Felsenstein, J. 1985. confidence limits on phylogenies: an 
approach using the bootstrap. Evolution 34: 300-311 

Ferris S.D. and W.J. Berg. 1987. The utility of 
mitochondrial DNA in fish genetics and fishery management. 
In: Ryman, N. and F. Utter (eds) Population Genetics and 
Fishery Management. Washington Sea Grant Progreum, University 
of Washington Press, pp. 420. 

Fingerman, M. 1988. Pigment hormones in Crustacea. In: H. 
Laufer and R.G.H. Downer (eds), Endocrinology of Selected 
Invertebrate Types. Alan R. Liss, Inc., New York, pp.357-
374. 

Fitch, W.N. and E. Hargoliash. 1967. Construction of 
phylogenetic trees. Science 155: 279-284. 

Gabriel, K.R. 1971. The biplot graphical display of 
matrices with application to principal component analysis. 
Biometrika 58:453-467. 

Garcia, S. 1984. A note on environmental aspects of penaeid 
shrimp biology and dynamics. In J.A. Gulland and B.J. 
Rothschild, eds., Penaeid shrimp: their biology and 
management. Surrey, England: Fishing News Books LTD. 

Garcia, S. and L. Le Restre. 1981. Life cycles, dyneuaics. 
Exploitation and management of coastal penaeid shrimp 
stocks. FAO Fisheries Technical Paper No. 203. Rome. 

Garcia, D.K., H.A. Faggart, L. Rhoades, W. Carr, J. Sweeney, 
K.M. Ebert, and A. Alcivar-Warren, 1994. Genetic diversity 
of cultured Penaeus vannamei using three molecular 
techniques. Mol. Mar. Biol. Biotech. 3:270-280. 



360 

Gilbertsen, N. 1993. Chaos on the commons. MAST. 6(1-2) 
74:91. 

Gorg, A., Postal, W. and R. Westermeier. Ultrathin-layer 
isoelectric focusing in polyacryleunide gels on cellopheme. 
Anal. Biochem. 89, 60. 

Gulland, J.A. 1984. Introductory guidelines to shrimp 
management: some further thoughts. In: J.A. Gullemd and B.J. 
Rothschild (eds) Penaeid Shrimp: Their Biology and 
Management. Fishing News Books Ltd., Surrey, England. 

Hadrys, H., N. Balick and B. Schierwater. 1992. Application 
of random cimplified polymorphic DNA (RAPD) in molecular 
ecology. Mol. Ecol. 1:55-63. 

Hall, C.A.S. 1988. An assessment of several of the 
historically most influential theoretical models used in 
ecology and the data provided in their support. Ecological 
Modeling 43:5-31. 

Hammann, M.G, T.R. Baumgatner, and, A. Badan-Dangon. 1988. 
Coupling of the Pacific sardine (Sardinops sagax caeruleus) 
life cycle with the Gulf of California pelagic environment. 
CalCOFI rep. Vol XXIX:102-109. 

Harper, C.W., Jr. 1978. Groupings by locality in community 
ecology and paleoecology: tests of significance. Lethaia 
11:251-257. 

Hartl, D.L., and A.G. Clark. 1989. Principles of Population 
Genetics (2nd edition). Sinauer Associates, Inc., 
Sunderland, Mass. pp. 682. 

Hawkins, D.M. 1980. Identification of Outliers. Chapman and 
Hall, London. 

Hendrickson, J.R. 1974. Study of the marine environment of 
the northern Gulf of California. Final Report. Nat. Tech. 
Inf. Serv. Ptibl. N74-16008, U.S. Dept. of Commerce. 95 pp. 

Hills, M. 1982. Bivariate versus multivariate allometry: a 
note on a paper by Jungers and German. Am. J. Phys. 
Anthropol. 59: 321-322. 

Horton, S.E. 1982. Intraspecific variation in the marine 
shrimps Penaeus (Litopenaeus) stylirostris and Penaeus 
(Litopenaeus) vannamei. Unpublished M.S. Thesis, Texas A&M 
Univ. 



361 

Huff, D.R., Peakall, R. and Smouse, P.E. (1993). RAPD 
variation within and eunong natural populations of 
outcrossing Buffalograss (Bucbloe dactyloides). Theor. 
Applied Genet. 86: 927-934. 

Ihssen, P.E., H.E. Booke, J.H. Casselman, J.H. McGlade, N.R. 
Payne, and F.N. Utter. 1981. Stock identification: materials 
and methods. Canadian Journal of Fisheries and Aquatic 
Sciences 38:1838-1855. 

Jimenez-Perez L.C. and J.R. Lara-Lara. 1988. Zooplankton 
biomass and copepod community structure in the Gulf of 
California during the 1982-1983 El Nino event. CalCOFI Rep. 
Vol XXIX:122-128. 

Jolicoeur, P. 1963. The multivariate generalization of the 
allometry equation. Biometrics 19:497-499 

Karl, S.A. and J.C. Avise. 1992. Balancing selection at 
allozyme loci in oysters: implications for nuclear RFLPs. 
Science 256:100-102. 

Kerr, S.L. and R.A. Ryder. 1989. Current approaches to 
multispecies analysis of marine fisheries. Can. J. Fish. 
Aquat. Sci. 46:528-534. 

Kim, J. and Mueller, C.W. 1978. Factor Analysis. Sage 
University Paper Series on Quantitative application in the 
Social Sciences 7-14. Sage Publications, Beverly Hills. 

Kim, J. and M.A. Burgman. 1988. Accuracy of phylogenetic-
estimation methods using simulated allele frequency data. 
Evolution 42: 596-602. 

Kimura, M. 1953. "Stepping stone" model of population. Annu. 
Rep. of the Natl. Inst, of Gen, Japan. 3:62-63. 

Kimura, M. and G.H. Weiss. 1964. The stepping stone model of 
population structure and the decrease of genetic correlation 
with distance. Genetics 49:561-576. 

Kimura, M. 1969. The rate of molecular evolution considered 
from the standpoint of population genetics. Proc. Natl. 
Acad. Sci. USA 63:1181-1188. 

Kimura, M. and T., Haruyama. 1971. Pattern of neutral 
polymorphism in a geographically structured population. 
Genet. Res. 18:125-131. 



362 

Kimura, M. 1983. The Neutral Theory of Molecular Evolution. 
Ccunbridge University Press. Ceunbridge, U.K. 

King, J.L., and T.H. Jiikes. 1969. Non-Darwinian evolution. 
Science 164:788-798. 

Landau, M. 1992. Introduction to Aquaculture. John Wiley & 
Sons, Xnc. Canada. 

Lande, R. 1985. Genetic and evolutionary aspects of 
allometry. Pages 21-32 in Size and scaling in primate 
biology (W.L. Jungers, Ed.). Plenum, New York. 

Larkin, P.A. 1981. A perspective on population genetics and 
salmon management. Can. Jour, of Fish, and Aguat. Sci. 
38:1469-1475. 

Leamy, L. and D. Bradley. 1982. Static and growth allometry 
of morphometric traits in randombred house mice. Evolution 
36:1200-1212. 

Lessa, E.P. 1992. Multidimensional analysis of geographic 
genetic structure. Syst. Zool. 39:242-252. 

Lester, L.J., 1979. Population genetics of penaeid shrimp 
from the Gulf of mexico. J. Hered. 70:175-180. 

Lester, L.J. 1983. Developing a selective breeding progreua 
plan for penaeid shrimp. Aquaculture 33:41-50. 

Lester, L.J. and M.J.R. Pante. 1992. Genetics of Penaeus 
species. In: A.W. Fast & L.J. Lester (eds), Marine Shrimp 
Culture: Principles and Practices. Elseiver Science 
Publishers B.V. 

Lewontin, R.C. and J. Hubby. 1996. A molecular approach to 
the study of genie heterozygosity in natural populations. 
II. Amounts of variation and degree of heterozygosity in 
natural population of Drosophila pseudoobscura. Genetics 
54:595-609. 

Li, W.-H. and D. Graur. 1991. Fundamentals of Molecular 
Evolution. Sinauer, Sunderland, Massachusetts. 

Lightner D.V., R.M. Redman and T.A. Bell. 1983. Infectious 
hypodermal and hematopoietic necrosis, a newly recognized 
disease of penaeid shrimp. J. Invert. Pathol. 42:62-70. 



363 

Lightner, D.V., R.R. Willieuns, T.A. Bell, R.M. Redman, and 
L.A. Perez A. 1992. A collection of case histories 
dociimenting the introduction and spread of the virus disease 
IHHN in penaeid shrimp culture facilities in Northwestern 
Mexico. ICES Mar. Sci. Symp. 194:97-105. 

Lightner, D.V. 1996. Epizootiology, distribution and the 
impact on international trade of two penaeid shrimp viruses 
in the Americas. Rev. Sci. Tech. Off. Int. Epiz. 15(2):579-
601. 

Lioe, K.G., 1984. La varieUsilite et la differenciation 
genetigue de quelques especes Peneides. Thesis, Univ. Sci. 
Technigues Languedoc de Hontpelier. 

Lluch, D. 1977, Analisis de la pesqueria de Ccimardn de 
altamar de Mazatlan, Sinaloa, Mexico. Tesis doctorado, 
Escuela Nacional de Ciencias Biologicas del Institute 
Po1itecnico Nacional, Mexico. 

Lomnitz, L. 1987. Las relaciones horizontales y verticales 
en la estructura social urbana de Mexico. In: Le heterodoxia 
Recuperada: En Tomo a Angel Palermo. S. Glantz (ed) . Fondo 
de la Cultiira Econ6mica. Mexico D.F. 

Long. J.C. 1984. The allelic correlation stxructure of Gainj 
and Kalcun speaking people 1. Estimation and interpretation 
of Wright's F-statistic. Genetics 112: 629-647. 

Ludwig, D., R. Hilbom, and C. Walters. 1993. Uncertainty, 
resource exploitation, and conservation: Lessons from 
history. Science 260:17-36. 

Lynch, M. and E.G. Milligan. 1994. Analysis of population 
genetic structure with RAPD markers. Mol. Ecol. 3:91-100. 

McUsee, P.M. and Humphries, J. 1993. Coding polymorphic data: 
examples from allozymes and ontogeny. Syst. Biol. 42(2):166-
181. 

Maluf, L.Y. 1983. Physical oceanography. Chapter 3 in: 
Island Biogeography in the Sea of Cortez T.J. Case and M.L. 
Cody (eds). University of California Press. Berkeley, CA. 

Manly B.F.J. 1986. Multivariate statistical methods: a 
primer. Chapman & Hall, New York. 



364 

Marcus, L.F. 1990. Traditional Morphometries. Chapter 4 in 
Proceedings of the Michigan Morphometries Workshop (F.J. 
Rohlf and F.L. Bookstein Eds.). Special Publication Number 
2, The University of Michigan Museum of Zoology, Ann Arbor, 
Michigan. 

Margush, T. and F.R. McMorris. 1981. Consensus n-trees. 
Bulletin of Mathematical Biology 43:239-244. 

Martin, A.P., R. Humphreys and S.R. Palumbi. 1993. 
Population genetic structure of the armorhead, 
Pseudopentaceros wbeeleri, in the North Pacific ocean: 
Application of the polymerase chain reaction to fisheries 
problems. Can. J. Fish. Aquat. Sci. 49:2386-2391. 

Mattoccia, M., G. La Rosa, E. de Matthaeis, M. Cobolli 
Sbordoni and V. Sbordoni. 1987. Patterns of genetic 
varicibility and differentiation in Mediterranean populations 
of Penaeus kerathurus (Crustacea, Decapoda). pp. 131-141. 
In: K. Tiews (ed.), Proc. florid Symp. on Selection, 
Hybridization, and Genetic Engineering in Aquaculture. Vol 
1. H. Heenemann GMBH, Berlin. 

McGuire, T.R. 1983. The political economy of shrimping in 
the Gulf of California. Human Organization 42(2):132-145. 

McGuire, T.R. 1991. Science and the destruction of a shrimp 
fleet. MAST 4(1) 32:55. 

Mendoza-Martinez, S. 1985. Narraciones Criticas y S.O.S. de 
la Industria Pesquera. Editorial Costa Amic, S.A. Mexico, 
D.F. 

Merino, M. 1987. The coastal zone of Mexico. Coastal 
Management 15:27-42. 

Mitchel, E. 1995. Evolutionary diversification of rift lake 
gastropods: Morphology, anatomy, genetics and biogeography 
of Lavigeria (mollusca: thiaridae) in Lake Tanganyika. 
Ph.D. dissertation. University of Arizona. 

Molles, M.C. Fish Species Diversity on Model and Natural 
Patch Reefs: Experimental Insular Biogeography. Thesis Ph.D. 
University of Arizona. 

Morales Ignacio "Nacho". Guaymas resident, offshore shrimp 
fisherman; captain of "Montserrat" trawler during the 1992-
93 shrimp season. 



365 

Mulley, J.C. and B.D.H. Latter. 1980. Genetic variation and 
evolutionary relationships within a group of thirteen 
species of penaeid prawns. Evolution 34:904-916. 

Mulley, J.C. and B.D.H. Latter. 1981a. Geographic 
differentiation of Eastern Australian Prawn populations. 
Aust. J. Mar. Freshwater Res. 32:889-895. 

Mulley, J.C. and B.D.H. Latter. 1981b. Geographic 
differentiation of tropical Australian Prawn populations. 
Aust. J. Mar. Freshwater Res. 32:897-906. 

Muralidharan, K. and K.E. Wakeland. 1993. Concentration of 
primer and template qualitatively affects products in 
randon-cunplified polymorphic DNA PCR. Biotechniques 14:362-
364. 

Murhpy, R.W. 1993. The phylogenetic analysis of allozyme 
data: invalidity of coding alleles by presence/cibsence and 
recommended procedures. Biochem. Syst. and Ecol. 21(1): 25-
38 

Nachman, Michael W. Assistant professor. Ecology and 
Evolutionary Biology. University of Arizona, Biological 
Sciences West room 334. Tucson, AZ. 85721 

Nei, M. 1972. Genetic distance between populations. Amer. 
Natur. 106:283-292. 

Nei, M. 1973. Analysis of gene diversity in subdivided 
populations. Proc. Natl. Acad. Sci. USA. 

Nei, M. 1978. Estimation of average heterozygosity and 
genetic distance for a small number of individuals. Genetics 
89:583-590. 

Nei, M. 1983. Genetic polymorphism and the role of mutation 
in evolution. In evolution of genes and proteins, ed. H. Nei 
and R.K. Koehn (Sinauer Associates, Sunderland, Mass.), pp. 
165-190. 

Nei, M. 1987a. Molecular Evolutionary Genetics. Columbia 
University Press, NY. 

Nei, M. 1987b. Genetic distance and molecular phylogeny. 
Chapter 8 in: Ryman, N. and F. Utter (eds) Population 
Genetics and Fishery Management. Washington Sea Grant 
Program, University of Washington Press, pp. 420. 



366 

Ocean Garden Products, Inc. 1990-1992. Comportsuniento del 
mercado del ceunaron. San diego, California. 

Palumbi S.R. and J.A.H. Benzie. 1991. Large mitochondrial 
DNA differences between morphologically similar Penaeid 
shrimp. Mol. Mar. Biol. Biotech. 1:27-34. 

Palumbi, S.R. 1994. Genetic divergence, reproductive 
isolation, and marine speciation. Ann. Rev. Ecol. Syst. 
25:547-572. 

Palumbi, S.R. 1996. Nucleic Acids II: The Polymerase Chain 
Reaction. Chapter 7 in: D.H. Hill is, C. Moritz, and B.K. 
Mable, (eds) Molecular systematics (second edition). Sinauer 
Associates, Inc. Sunderland, HA 407-514. 

Penn, J.W., and N. Caputti. 1986. Spawning Stock-Recruitment 
for the tiger prawn P. esculentus fishery in the Exmouth 
Gulf, western Australia, and their implications for 
management. In: P.C. Rothlisberg, B.J. Hill, and D.J. 
Staples (eds) Second Australian National Prawn Seminar. 
Queensland, Australia: NPS2. pp. 165-173. 

Penner, G.A., A. Bush, R. Wise, W. Kim, L. Domier, K. Kasha, 
A. Laroche, G. Scoles, S.J. Molnar and G. Fedak. 1993. 
Reproducibility of random amplified polymorphic DNA (RAPD) 
analysis among laboratories. PCR methods and applications 2: 
341-345. 

Philipp, D.P., J.M. Epifanio, and M.J. Jennings. 1993. 
Point/counterpoint: Conservation genetics and current 
stocking practices — Are they compatible? AFS Issues. 
Fisheries, Vol.18, No.12:15-16. 

Real, L.A. 1993. Ecological Genetics. Princeton University 
Press, N.J. 

Redfield, J.A., D. Hedgecock, K. Nelson, and J. Salini. 
1981. Low heterozygosities in tropical marine crustaceans of 
Australia and the trophic stability hypothesis. Mar. Biol. 
Lett. 1:303-313. 

Reeb, C.A. and J.C. Avise. 1990. A genetic discontinuity in 
a continuously distributed species: mitochondrial DNA in the 
American oyster Crassostrea virqinica. Genetics 124:397-406. 

Reynolds, J., B.S. Weir, and C.C. Cockerham. 1983. 
Estimation of the coancestry coefficient: Basis for a short-
term genetic distance. Genetics 105:767-779. 



367 

Ricker, W.E. 1972. Hereditary and environmental factors 
affecting certain salmonid populations, p. 19-160. In R.C. 
Simon and P.A. Larkin (ed.) The stock concept in Pacific 
salmon. Univ. British Coliimbia, Vancouver, B.C. 

Roden, G.I. 1964. Oceanographic aspects of the Gulf of 
California. In Marine Geology of the Gulf of California, 
Mexico. San Diego Soc. Hat. Hist. Mem. 5. 97 pp. 

Rodriguez de la Cruz. 1972. Estudio biologico estadistico 
sobre la pesqueria del ceunoaron del Golfo de California. 
Institute Nacional de la Pesca, CPPG serie tecnica. No 1. 

Rodriguez de la Cruz, H.C. 1976. Sinopsis biologica de las 
especies del genero Penaeus del Pacifico Hexicano. Hemorias 
del simposio sobre biologia y dinamica poblacional de 
camarones. Guaymas, Son. Agosto 8-13:281-316. 

Rogers, D.J. and T.T. Tanimoto. 1960. A computer progreua for 
classifying plants. Science 132: 1115-1118. 

SAS Institute. 1992a. SAS/STAT user's guide, version 6, 4th 
ed. , Vol 1 and 2., SAS Institute, CARY MC. 

SAS Institute. 1992b. SAS/IHL software: usage and reference, 
version 6, 1st. ed., SAS Institute, CARY NC. 

Schaal, B.A., S.L. O'Kane-Jr, and S.H. Rogstad. 1991. DNA 
variat.ion in plant populations. Trends in Ecology and 
Evolution 6:329-333. 

Sepulveda M.A. 1976. Crecimiento y mortalidad del ceunaron 
bianco {Penaeus vannamei) en el sistema lagunar Huizache-
Caimanero, Sinaloa, Mexico, tesis profesional Escuela 
Nacional de Ciencias Biologicas, Mexico, D.F. 

Shea, B.T. 1985. Bivariate and multivariate growth 
allometry: statistical and biological considerations. J. 
Zool., Lond. (A), 206:367-390. 

Singh, R.S., and L.R. Rhomberg. 1987. A comprehensive study 
of genetic variation in natural populations of Drosophila 
melanogaster. II. Estimates of heterozygosity and patterns 
of geographic differentiation. Genetics 111'.255-211. 

Slatkin, M. 1985a. Rare alleles as indicators of gene flow. 
Evolution 39:53-65. 



368 

Slatkin, H. 1985b. Gene flow in natural populations. Annu. 
Rev. Ecol. Syst. 16:393-430. 

Slatkin H. 1993. Gene flow and population structure. In: 
Real, L.A. (ed.), Ecolocfical Genetics. Princeton University 
Press, N.J. 

sneath, P.H.A. and R.R. Sokal. 1973. Numerical Taxonomy. 
W.H. Freeman, San Francisco 573 pp. 

Smith, E. 1990. Chaos in fishery management. MAST 3(2):1-13. 

Soto, L.R. 1967. Hecanismo hidrologico del sistema lagvinar 
Huizache-Caimanero y su influencia sobre la produccion 
camaronera. Tesis profesional, Escuela Superior de Baja 
California, Ensenada, B.C. Mexico. 

Stewart Jr., C.N. and D.M. Porter. 1995. RAPD profiling in 
biological conservation: an application to estimating clonal 
variation in rare and endangered Iliamna in Virginia. 
Biological Conservation 74: 135-142. 

Stewart Jr., C.N. and L. Excoffier. 1996. Assessing 
population genetic structure and variability with RAPD data: 
application to Vaccinium macrocarpon (American Cranberry). 
J. Evol. Biol. 9:153-171. 

Strauss R.E. and F.L. BooKstein. 1982. The truss: Body form 
reconstruction in morphometries. Syst. Zool. 31(2):113-135. 

Strauss, R.E. 1984. Static allometry and functional feeding 
morphology in haplochromine cichlids, pp 217-229 In A.A. 
Echelle and I.L. Kornfield (eds.). Evolution of Fish Species 
Flocks. Univ. Maine Press, Orono. 

Strauss, R.E. 1985. Evolutionairy allometry and variation in 
body form in the South American catfish genus Corydoras 
(Callichthyidae). Syst. Zool. 34:381-396. 

Strauss, R.E. 1987. On allometry and relative growth in 
evolutionary studies. Syst. Zool. 36(l):72-75. 

Strauss, R.E. 1990 Patterns of quantitative variation in 
lepidopteran wing morphology: the convergent groups 
heliconiinae and ithomiinae (Papileonoidea: Nymphalidae). 
Evolution 44(1):86-103. 



369 

Strauss, R.E. 1992. Lepidopteran wing morphology: the 
multivariate analysis of size, shape, and allometric 
scaling. In Ordinations in the Study of Morphology, 
Evolution and Systematics of Insects: Applications and 
Quantitative Genetic Rationales (J.T. Sorenson and R.G. 
Foottit, eds.). Elseiver Press. 

Swofford, D.L., Olsen, 6.J., Waddel, P.J., and Hillis, D.M. 
1996. Phylogenetic inference. Chapter 11 in: D.M. Hillis, C. 
Moritz, and B.K. Mable, (eds) Molecular systematics (second 
edition) . Sinauer Associates, Inc. Sunderland, BIA. 407-514. 

Tateno, Y., M. Nei, and F. Tajima. 1982. Acc\aracy of 
estimating phylogenetic trees from molecular data. I. 
Distantly related species. Journal of Molecular Evolution 
18:387-404. 

Thomson, D.A. and C.E. Lehner. 1976. Resilience of a rocky 
intertidal fish community in a physical unstcible 
environment. J. Exp. Mar. Biol. Ecol. 22:1-29. 

Thomson, D.A., L.T. Findley, and A.N. Kerstitch. 1987. Reef 
Fishes of the Sea of Cortez: The Rocky-shore Fisheries of 
the Gulf of California. The University of Arizona Press. 
Tucson, Arizona. 

Tinker, N.A., M.G. Fortin and M.E. Mather. 1993. Random 
eunplified polymorphic DKA and pedigree relationships in 
spring barley. Theoretical and Applied Genetics 85:976-984. 

U.S. Hydrographic Office. 1951. Sailing directions for the 
west coast of Mexico and Central America. Publ. 84, 
Washington, D.C. 308 pp. 

Van Andel, T.H. 1964. Recent marine sediments of the Gulf of 
California. In Marine Geology of the Gulf of California, ed. 
T.H. Van Andel and G.G. Shor, Jr., Amer. Assoc. Petrol. 
Geol. Mem. 3. 

Vasguez Francisco "Mocoro". Full time fisherman. Kino 
(viejo) resident since 1954. 

Vasguez-Leon, M. 1993. The political organization of 
fishing. In: Maritime Community and Biosphere Reserve: 
Crisis and Response in the Upper Gulf of California. T.R. 
MacGuire and J.Greenberg, eds. Occasional Paper No.2 Bureau 
of Applied research in Anthropology, University of Arizona, 
pp 29-48. 



370 

Vasguez-Leon, M. 1994. Avoidance strategies and government 
rigidity: the case of the small shrimp fishery in two 
Mexican communities. Journal of Political Ecology 1:67-82. 

Vasguez-Leon, M. 1995. Environmental adaptation, political 
coercion, and illegal behavior: small-scale fishing in the 
Gulf of California. PhD. Dissertation, University of 
Arizona. 

Vesterberg, O. 1972. Isoelectric focusing of proteins in 
polyacrylamide gels. Biochem. Biophys. Acta. 257, 11. 

Walker, B.W. 1960. The distribution of affinities of the 
marine fish fauna of the Gulf of California. Sys. Zool. 
9(3):123-133. 

Weir, B.S. and C.C. Cockerham. 1984. Estimating F-statistics 
for the analysis of population structure. Evolution 38: 
1358-1370 

Weir, B.S. 1996. Intraspecific differentiation. Chapter 10 
in: D.H. Hillis, c. Moritz, and B.K. Hcible, (eds) Molecular 
systematics (second edition). Sinauer Associates, Inc. 
Sunderland, MA 407-514. 

Wilkens, J.L., and M. Fingerman. 1965. Heat tolerance and 
temperature relationships of the fiddler creds Uca pugilator 
with reference to body coloration. Biol. Bull. 128: 133-141. 

Williams, J.G.K., A.R. Kubelik, K.J. Livak, J.A. Rafalski, 
and S.v. Tingey. 1990. DNA polymorphisms amplified by 
arbitrary primers are useful as genetic markers. Nucleic 
Acid Research 18:6531-6535. 

Williams, J.6.K., M.K. Hanafey, J.A. Rafalski and S.V. 
Tingey. 1993. Genetic analysis using random amplified 
polymorphic DNA markers. Methods in Enzymology 218: 704-740. 

Wilson, J.A. 1990. Fishing for knowledge. Land Economics 
66(1):12-29. 

Wilson, J.A., J. French, P. Kleban, S.R. McKay, R. Townsend. 
1991. Chaotic dynamics in a multiple species fishery: a 
model of community predation. Ecological Modeling 68:303-
322. 

Wilson, J.A. and P. Kleban. 1992. Practical implications of 
chaos in fisheries. HAST 5(1):67-75. 



371 

Wright, S. 1932. The roles of mutation, inbreeding, 
crossbreeding, and selection in evolution. In Proceedings of 
the 6th International Congress of Genetics. Vol. 1, pp. 356-
356. 

Wright, S. 1943. Isolation by distance. Genetics 28:114-138. 

Wright, S. 1951. The genetical stzructure of populations. 
Ann. Eugen. 15:323-354. 

Wright, S. 1978. Varied)ility within and among natural 
populations. Evolution and the Genetics of Populations, Vol. 
4. University of Chicago Press, Chicago. 


