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ABSTRACT 

A study was done on a rocky intertidal community in Puerto Penasco, Sonora, 

Mexico in the simimers of 1997-1999 in order to determine if the ENSO of 1997-1998 

had an effect on population densities of selected macroinvertebrates. Two replicate 

transects were laid perpendicular to the sea edge and a census of 21 macroinvertebrate 

species was taken in the simmiers of 1997, 1998 and 1999. A significant decrease of 

species densities occurred in 1998 when the mean sea surface temperature (SST) was 

more than 2°C warmer than in 1997 due to the 1997-1998 ENSO event. A phenomenon 

was also observed in 1998 where some species changed, compared to 1997, their vertical 

distribution in the intertidal from shallow to deeper waters, with a subsequent return to a 

more expected distribution in 1999. Also a comparison of 1997 and 1976 densities 

showed an increase in 1997 in abundances of those species with southern geographic 

ranges and a decrease of those with northern geographic ranges. This was correlated with 

an increase of mean SST of 1.9°C between the 1970's and the 1990's. 
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CHAPTER 1 

INTRODUCTION 

Only about 220 miles by road southwest from Tucson, Arizona is the Gulf of 

California—a unique body of water Ij^g between the Baja California peninsula and 

mainland Mexico. The northern Gulf, that region north of Isla Tiburdn (Figure 1), is 

where the study was done and is distinguished by three unusual characteristics. First is 

the large, seasonal fluctuation in onshore sea surface temperatures. At Puerto Pefiasco 

(also known as "Rocky Point") on the eastern side of the Gulf, the annual sea siu^ace 

temperature can fluctuate, ranging from 32°C in the summer to 10°C in the winter 

(Brusca, 1980). Second, since the Gulf acts as an evaporation basin, its surface salinities 

range from 1-3 parts per thousand higher than that of the eastern Pacific (Maluf, 1983). 

Finally, the Gulf experiences extreme tides, exposing 120 meters or more of the intertidal 

zone during the fiill or new moon, with a maximum of 23 feet of vertical displacement at 

Puerto Pefiasco (Brusca, 1980; Thomson, 1997-1999). The combination of these three 

factors, and undoubtedly many others, including the variety of habitats has created a rich 

and dynamic diversity of species in the littoral zone whose ecology and food-web 

patterns are little understood. One other significant factor also influences the biotic 

structure of the intertidal, not just in Puerto Pefiasco but around the world: the effect due 

to short and long-term climate change. There are three predictions that can be made about 
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the fauna in the rocky intertidal of this study: 1) Species densities will change from year 

to year, but will most dramatically vary in years with substantial sea surface temperature 

(SST) warming due to species-specific sensitivities to temperature variation; 2) Species 

vertical distributions will change due to substantial SST warming by retreating to deeper, 

cooler waters; and 3) Species geographical ranges will change due to long-term SST 

warming as evidenced by the increase in abundance of southern species and the decrease 

of northern species, as was observed by Barry et al. (1995). 

An example of biotic change possibly influenced by climate change in the Puerto 

Penasco region occurred in 1978 on a stretch of reef located 3 Km east of Puerto Peflasco 

known as Station Beach ("Playa de Estacion"). In 1976 Mackie and Boyer (1977) 

defined the "zonation" of the Station Beach reef and established a baseline data set for the 

invertebrate inhabitants and their ecology. In 1978, the formerly abundant top carnivore, 

the sunstar Heliaster kubiniji experienced a dramatic die-off (Dungan, et al., 1982) and 

was extremely rare, if not completely absent, by 1984. The near disappearance of 

Heliaster is theorized to have been due to an opportunistic disease brought on by a series 

of El Nino/Southern Oscillation (ENSO) events in 1977-1978 and 1980-1983 (pars, 

comm. Boyer and Thomson). Boyer (1987) investigated the food-web structure of this 

unique community after the disappearance of its top carnivore and determined that 

Heliaster was not a "keystone species," as proposed by Paine (1966), but rather that the 

reef reached a new stable, yet dynamic state. In this study, I replicated the transects of 

these two previous studies 21 years (Mackie and Boyer, 1977) and 13 years (Boyer, 

1987) later. My goals were to: 1) determine if the species densities and community 
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structure had changed appreciably since 1976; and 2) determine if the species densities 

and community structure had changed in response to warmer sea surface temperatures. 

ENSO events and their causes and effects have been well-studied. The ENSO 

phenomenon is characterized by significant increases in sea-surface height and sea-

surface temperatures of eastern Pacific coasts, initially off Ecuador and Peru, gradually 

causing similar significant changes farther up the Pacific coast, even to sub-arctic 

latitudes (Jacobs, et al., 1994). ENSO events have been correlated with faunal and floral 

change in eastern Pacific marine communities besides the Heliaster die-off, such as: the 

low survival of giant kelp (Afacrocystis) recruitment off the coast of southern California 

(Dayton, et al., 1984); the application of adaptive tactics in a polychaete 

{Phragmatopomd) in response to ENSO-related catastrophic disturbance (Barry, 1989); 

the increase of warm-water diatom species in Santa Barbara basin sediments during 

ENSO years (Schimmelmann, et al., 1990); and the suggested effects on higher 

organisms such as fish, seabirds, and marine mammals due to changes in food web 

structure off the coast of Peru (Barber and Chavez, 1983). The El Nino of 1982-83, the 

strongest of the century, may have had long-lasting effects causing changes in North 

Pacific sea surface temperatures, up to eleven years later (Jacobs, et al., 1994). 

Considering that ENSO events alone affect marine communities, the possibility of the 

long-lived oceanic aftershocks of these events on ecosystems could be devastating and 

unrecoverable. 

Species may respond to changes in the abiotic environment by shifting in 

abundance or distribution, so short-term and long-term ecological changes to localized 
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natural communities could be used as an indicator of climate change. Such changes have 

been smdied for centuries on terrestrial plant and open-ocean marine systems, but little is 

documented on year-to-year or multi-decadal effects of climate on coastal marine 

communities (Barry, 1995). "Closer examination of marine invertebrates and plants may 

reveal that their population dynamics are more closely tied to physical disturbance than 

previously thought" (Barry, 1989). These types of organisms are benthic in nature and 

although they may have planktonic stages in their life history, they spend the greater part 

of life—especially in the mature form—in direct association with the substratum. Such 

organisms, especially with life spans of many months or years, should provide a measure 

of oceanographic conditions in time as well as in space (Scagel, 1963). 

Although the principal factors that govem invertebrates species' distribution 

within the intertidal are amount of wave shock, substratum and tidal exposure (Brusca, 

1980), these are correlated with water and air temperature and lead to a prediction that 

cold-water species should also retreat to deeper waters when sea-surface temperatures 

warm. In addition, temperature has long been recognized to influence the geographical 

distributions of organisms (Lubchenco, et al., 1993) and temperature fluctuations also 

could induce a framework of species composition within the intertidal zone itself 

(Southward, 1991; McQuaid, et al., 1984). The affects of ENSO perturbations show 

year-to-year variations in biological production along the Pemvian coast (Barber, et al., 

1983), and an increase of warm-water primary producers (diatoms) and subsequent 

decrease of cold-water primary producers {Macrocystis) off the coast of California 

(Schimmelmann, et al., 1990; Dayton, et al., 1984). On the other hand, few biotic 
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responses have been recorded for intertidal organisms, and those found, for example in 

the Northem Pacific, were mostly negligible effects (Lubchenco, et al., 1993). The only 

well-documented strong responses of intertidal organisms to ENSO events were a mass 

mortality of black abalone populations throughout southern California in 1986-1988 

(Davis et al., 1992; Tissot, 1988, 1991), the disappearance of the simstar Heliaster in the 

northem Gulf of California (Dungan, et al., 1982) and the invasion of the samurai 

hydroid in 1984 (Mangin, 1991), also in the northem Gulf of California intertidal. El 

Nino events do cause significant sea siu^ace temperature (SST) changes (up to 2°C higher 

than normal in the summer) in the Northern Gulf of California (Dungan, et al., 1982), and 

could be predicted to cause a shift of zonation ranges of species within the intertidal as 

known for other shores (Barry, et al., 1995). Since "...cold water forms must move into 

deeper water in the lower latitudes to maintain a suitable environmental temperature" 

(Brusca, 1980), one prediction is that a similar phenomenon could occur at Station Beach 

due to relatively short-lived, temperature perturbations occurring over two to three years. 

In addition, normal species distributions within a community are predicted to return to 

pre-event conditions, with a decrease in sea surface temperatures. 

Although ENSO events cause dramatic and rapid perturbations to ecosystems, the 

long-term effects of climate change on coastal intertidal communities is not as well 

studied. Few locations exist where long-term transects and/or plots have been established 

to study the invertebrate benthos of an intertidal community. Examples of studies that 

examined long-term relationships between rising sea temperatures and species 

perturbations are the following: Barry, et al. (1995) studied a transect established by 
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Hewatt at the Hopldns Marine Station in 1931; Southward (1991, 1995) has accumulated 

data from the westem English Channel, particularly in the area of Plymouth, dating back 

to the 1920's and Ingolfsson (1996) has examined twenty-plus years of data from the 

intertidal of Iceland (Ingolfsson, 1996). Certainly, since temperature influences the 

framework of species composition of intertidal organisms (McQuaid and Branch, 1984), 

an examination and comparison of current data to past baseline data could very well be 

an indicator of long-term climate change. 

Long-term climate changes are predicted to affect species' abundances and to 

cause latitudinal shifts in species' abundances and the migration of geographic range 

boundaries (Barry, et al., 1995; Southward, 1995). Since species are predicted to migrate 

poleward to stay within their current water temperature ranges (Lubchenco, et al., 1993), 

and because species are generally more abundant in the geographic center of their ranges 

and decrease at the edges of the range in response to climate change, species adapted to 

cooler temperatures should decline in their abundance and species adapted to warmer 

temperatures should increase. Barry, et al. (1995) found this prediction to be true in the 

rocky intertidal in Monterey Bay, California. Since all rocky intertidal communities are 

influenced in similar ways by the same factors, I predict that likewise at Station Beach in 

the northern Gulf of California, species having a more California provincial faunal 

classification should decline in abundance and those species classified with a more 

Panamic faunal classification should increase in response to decadal climate change in 

the form of sea surface temperature warming. The abundances of species that are 

"cosmopolitan" to the northern Gulf, i.e., those whose distributional boundaries can fall 
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into the Califomian, Cortezian or Mexican provinces, but are generally more abundant in 

the Cortezian province or those species that are endemic to the Gulf of California should 

remain relatively unchanged due to decadal sea surface temperature warming. 
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CHAPTER TWO 

STUDY SITE AND ORGANISMS 

Physical environment 

This study was conducted on the reef at an area known as Station Beach in Puerto 

Penasco, Sonora, Mexico, found on the eastern side of the northern Gulf of California 

(31° 17' 678" N., 113° 31' 707" W.). Station Beach reef is oriented in an east-west 

direction, facing south, and is characterized by a series of changing and sloping 

substrates as the tide recedes, ranging from shell-hash sand, to coquina (consolidated 

limestone and shells) reef, to a basalt boulder field, then finally to a tidepool-filled 

coquina reef with many small channels draining back into the surf (Figure 2). Upwards 

of 150 meters of the entire reef are uncovered routinely during spring and neap tides; 

however, the lower part of the intertidal slopes steeply down within 1-2 meters and is 

rarely uncovered, except during the most extreme tides. The maximum tidal range at 

Station Beach is about 7 m (23 ft) (Thomson, 1997-1999). 

The study site is neither pristine nor a reserve. Directly adjacent to the study site 

are two shrimp farms (Genesis and the University of Sonora), which partially blocks 

access by road, and this provides some protection. However, several condominiums lie 

on the beach both east and west of the site, providing easy and unlimited beach access. 

Daily, and especially during the peak tourist seasons (spring and fall), people scour the 
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area as they go "tidepooling", often taking organisms and leaving boulders upside-down. 

Locals also take organisms from the area, especially octopus to be sold at the local 

restaurants. Fortunately, humans are size-selective predators (Moreno, et al., 1984) and 

most of my study organisms are "uninteresting" mollusks and crustaceans (see "study 

organisms" below). However, the removal of larger organisms from the food web is 

certain to play an indirect role in changing the abundances of other organisms, and may 

be a significant factor in this study. 

The geographic area in which this community is found is quite unique. Puerto 

Penasco is found on a point of land at one of the most arid southern stretches of the 

Sonoran Desert, known as the Pinacate Region. The Pinacate Region encompasses the 

northern Gulf of California biosphere reserve which receives less that 3 inches of rain per 

year, due to its semi-isolated position between the rain-shadowing mountain ranges of the 

Baja Peninsula and the already arid Sonoran Desert. The interplay between this arid 

region, the reduction of inflow from the Colorado River basin and subsequent destruction 

of the delta, and the over-fishing of marine species (especially the totoaba and shrimp), 

has made the studies of the Northern Gulf critical. It is imperative for scientists to 

understand how humans are affecting the Northern Gulf ecologies, and ultimately the 

surrounding communities that receive their livelihood from the seas. 

Study organisms 

During the period of this study, observations were made on some of the most 

conspicuous invertebrates at Station Beach, including 10 species of crustaceans, 5 species 
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of echinoderms, 5 species of cnidarians and 26 species of mollusks (Appendix B). 

Upwards of 85 species are known by the author in these categories whose geographic 

ranges fall into the study area and have been mentioned by other site-specific studies; 

however, only 46 of those species are conspicuous and easily identifiable and counted. 

Of these 46 species, 21 were selected for this study based upon those surveyed by Mackie 

and E. Boyer (1977) in 1976 and by Boyer (1987) from 1981 to 1984. Table 1 

summarizes the organisms with their range category (northern, cosmopolitan, endemic or 

southern) according to geographic distributional boundaries, from Brusca (1973, 1980), 

Allen (1976), Morris R., et al. (1980), Morris, P. (1966) and Keen (1971). The 

geographic range categories are defined by the author from the biogeographic provinces 

given by Brusca (1973) or Lubchenco, et al. (1993) as follows: northern species are 

those whose distributional boundaries fall mostly in the Califomian province, from Point 

Conception to the tip of the outer Baja of California; endemic species are those whose 

distributions are restricted solely to the Gulf of California (the Cortezian province); 

cosmopolitan species are those whose distributional boundaries can fall into the 

Califomian, Cortezian or Mexican provinces (from the head of the Gulf of California to 

Central America), but are generally more abundant in the Cortezian province; and 

southern species are those whose distributional boundaries fall mostly into the 

Panamanian province (Central and South America). See Appendix A for the point to 

point distributions of the study species. Also, Table 1 summarizes the study organisms' 

relative location within the intertidal according to Brusca (1973, 1980) and Warr (1987). 



19 

CHAPTER THREE 

METHODS 

Densities of Study Invertebrates 

The methods of this study were very similar to those used by Mackie and Boyer 

(1977) in their zonation study and by Boyer (1987) in his food web study. Two replicate, 

parallel transects were laid out in the intertidal reef and boulder field at Station Beach 

running from the high to low tidal zones. The exact location of the transect referred to by 

Boyer in his dissertation could not be located; however, the location of this study's 

transects are nearby, probably within a few hundred meters east of the original 

Boyer/Mackie study site based on descriptions of physical landmarks. The two transects, 

for this study named "east" and "west," were 11.7 m apart and had a permanent reference 

point (a concrete fence pillar) above the high tide line (31° 17' 688" N, 113° 31' 707" 

W). The concrete pillars form the boundary between beach condominiums and the 

Genesis shrimp farm property. The SE comer pillar of the condos was the reference 

point for the transects. Circular (hula hoop) quadrats (diameter=0.90 m, area=0.64 m^) 

were placed every three meters along each transect, sampling all habitat types (Figure 3). 

For each quadrat, the following data were taken: raw counts of all macroinvertebrates 

present (mollusks, crustaceans, echinoderms and anemones) by species, the distance ftom 

point of reference, the substrate and the date. A total of 44 quadrats were sampled during 
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mid-July and early August of 1997; 60 quadrats were sampled during mid-Jime and mid-

July of 1998; and 57 quadrats were sampled during late June and mid-July of 1999. A 

permanent collection of mollusk shells (when applicable), and crustaceans (in 70% 

ethanol) was made to insure correct identifications. Contact the author to see the voucher 

specimens. 

Abundance Data Analysis 

All data were entered and analj^ed with the JMP statistics program. Species 

mean abundances were calculated. Year to year differences between means within the 

study period of 1997 to 1999 were analyzed using the Kruskall-Wallis non-parametric 

test. Year-to-year differences in species' distributions within the study period of 1997 to 

1999 were analyzed using a contingency table chi-square analysis. The comparison of 

the available baseline data fi-om 1976 and 1981-84 to the 1997 species densities were 

analyzed using a repeated measiu'es ANOVA. 



21 

CHAPTER FOUR 

SHORT-TERM CLIMATE CHANGES 
RESULTS AlSfD DISCUSSION 

Changes in Abundances—Results 

During the winter of 1997-1998, a strong ENSO occurred that caused the sea 

surface temperatures (SST) at the Station Beach study site to be up to more than 2°C 

warmer than the monthly means, lasting from September of 1997 to April of 1998 

(Figure 4), from means calculated from a twenty-five year span of 1974-1999 (Boyer, R. 

and Turk-Boyer, P, 1999). This is consistent with the mean temperature deviations 

observed in 1978 by Dungan et al. (1982) that caused the Heliaster die-off relative to the 

1977-1978 ENSO. Similar reductions of macroinvertebrate densities were observed in 

the summer of 1998, but not of the same catastrophic nature as that of Heliaster. 

Data taken over three consecutive sxrauners (from 1997 to 1999) show differences 

in abundance when compared from year to year in most of the 22 study species censused 

(Table 2). During the 1997 transect counts, thousands of individuals of the 

macroinvertebrates were observed; in 1998, merely a few hundred individuals were 

observed and many of the study species had disappeared. The higher than normal 

temperatures literally wiped out most of the mobile macroinvertebrates, and only a few 

species showed a maintenance of abundances (Table 2). For example, the first 110 m of 

both transects were censused in July 1997 and almost exactly one year later again in July 
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1998. Nine common species across three phyla were considered from the study species 

list (Figure 5). It is quite apparent that eight of the nine species declined and one had a 

small increase in abundance per square meter. Many species' abundances returned to 

their pre-ENSO counts in the summer of 1999, although some species showed a much 

better recovery than others. The mean abundances from the same length of the two 

transects (137 m) in July 1998 compared to July 1999 (Figure 6) shows that seven of the 

nine species showed an increase. 

The five species of echinoderms censused clearly show a decline in abundance 

from 1997 to 1998, particularly the ophiuroids (Figure 7, Table 2). In the summer of 

1997, almost every basalt boulder that was overturned had a number of echinoderms 

underneath. Two species of brittle stars (Ophionereis annulata and Ophioderma 

panamense), one species of sea cucumber {Holothuria lubrica), and one species of 

seastar (Echinaster tenuispina) were present in all transect counts in 1997. In the 

summer of 1998, only one individual of one echinoderm species (the brittle star 

Ophionereis annulata) was foimd. However, Ophionereis is the only echinoderm that 

showed a significant difference of mean abimdances in the three summers censused 

(Kruskall-Wallis X^=4.36, df=2, p<0.1). Between the two years, Ophionereis had a mean 

abundance of 1.576 individuals per square meter in 1997 and an abundance of less than 

O.l in 1998 (Figure 7). The other echinoderm species mentioned did not show significant 

differences in each of the three summers due to so few individuals found for the 1997 

baseline data; however, certainly the decline in the mean number of Ophioderma 

panamense, Holothuria lubrica, and Echinaster tenuispina per square meter from 0.55, 



23 

I.17 and 0.39 respectively in 1997 to zero in 1998 would indicate a consistent effect due 

to climate variation. This decline of echinoderm densities is correlated with the increase 

in sea surface temperatures (Figure 4) due to an ENSO perturbation and is consistent with 

the findings of others, such as the previous disappearance of echinoderms after ENSO 

events attributed to elevated SSTs, where die-offs would be restricted to shallow waters 

where climate changes are more strongly expressed (Boyer, 1987; Dungan, et al., 1982). 

For the crustaceans, three species of hermit crabs were c&asMscd—Clibanarius 

digueti, Paguristes anahuacas, and Pagums lepidus (Figure 8). (One other species was 

also censused {Pylopagurus rosens), but is not included in the study because of 

unavailable baseline data from Mackie and Boyer (1977) and Boyer (1987); see 

Appendix B for the list of all organisms observed at Station Beach, along with the raw 

data, during the study period). The first two species showed a decline in mean 

abundances from 1997 to 1998. Clibanarius digueti abundances were not the same in the 

three summers censused (Kruskall-Wallis X^=6.27, df=2, p<0.04). In the summer of 

1997, Clibanarius digueti was found in clumps of 50 or more, with a mean abimdance of 

II.22 individuals per square meter. The following simimer (1998), C. digueti was less 

abundant, with a mean abundance of 2.73 individuals per square meter. Boyer (1987) 

found a similar decline in C. digueti densities during his study in which an increase in 

SSTs also occurred. He theorized that the decline of C. digueti was due to a possible 

decrease in available shells—an indirect result of the disappearance of the gastropod and 

bamacle-eating sunstar Heliaster. However, by looking at the SST for that time period, 

the decline of C. digueti densities may have been temperature related. C. digueti 
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recovered by 1999: in the summer of 1999, over 18 individuals per square meter were 

found, far greater than before the 1997-1998 ENSO event. 

Another hermit crab, Paguristes anahuacas, although not as common as C. 

digueti, also had different densities, though not quite significantly, in the three years 

censused (Kruskall-Wallis X^=5.71, d6=2, p<0.06). P. anahuacas declined in density and 

went from an abundance of 2.95 to 0.82 individuals per square meter fi-om 1997 to 1998. 

P. anahuacas recovered as well, showing a higher abundance (3.37/m^) in 1999 than in 

1997—before the ENSO. In Southward's (1991) studies on barnacles, temperature 

accounted for more that 40% of the variance in species' densities, as shown by quick 

responses to unusually rapid cooling of SST in winter or from sudden warming in the 

spring, much as is seen here with the response of hermit crabs before, during and after an 

ENSO perturbation. 

Interestingly, Pagurus lepidus showed a significant difference in densities in each 

of the three different summers (Kruskall-Wallis X^=6.73, df=2, p<0.03); however, in this 

case P. lepidus abimdances were higher in the svunmer of 1998, whereas the C. digueti 

and P. anahuacas showed a decrease in abundances. In the summer of 1997, less that 2 

individuals per square meter were found, as compared to more than 5 in the warmer 1998 

summer. In the summer of 1999, average P. lepidus abundance hovered around 4.3 

individuals per square meter. Since all three species of hermit crabs are endemic to the 

Gulf of California, and generally are not found past the southem Gulf, there is no reason 

to predict that P. lepidus would have a greater afSnity for warmer tropical waters than the 

other two species. However, P. lepidus is more of a sandy shore species than C. digueti 
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or P. anahuacas (Harvey and McLaughlin, 1991). Before the winter of 1997-1998 when 

the ENSO event took place, a hurricane swept through the Gulf of California in 

September of 1997, causing quite a bit of sand to be pushed ashore. One of the first 

observations made during the following simmier in 1998 was that a great deal more sand 

was in the intertidal than in the previous sirauner; much of the coquina reef was covered 

in sand and the basalt boulders were sitting in sand instead of bare reef. The increase of 

P. lepidus may be more closely correlated to the increase of the sandy substrate rather 

than the increase in SST. 

The mollusks perhaps best showed the significant differences between the 1997 

and 1998 summers. Out of the 13 species of mollusks in the study, three common 

gastropods {Turbo fluctuosus, Tegula mariana and Morula ferruginosa), and one 

amphineuran {Chiton virgulatus), showed significant declines in species abundances in 

the warmer 1998 summer (Figure 9). Turbo fluctuosus showed the greatest decline 

species mean densities in the three simimers censused fi-om 1997 to 1999 (Kruskall-

Wallis X"=9.62, df=2, p<0.008). However, Tegula mariana showed the greatest decline 

from 1997 to 1998, from an mean abundance of 7.861 individuals per square meter in 

1997 to only 0.456/m^ in 1998; the mean densities were also not the same in the three 

summers (Kruskall-Wallis X^=7.56, df=2, p<0.02). Morula ferruginosa mean 

abundances also were not the same in the three stmimer censused (Kruskall-Wallis 

X-=7.38, df=2, p<0.02). 

An example of a species absence in one year was that of Chiton virgulatus. In 

1997, an average of 1.167 individuals were found per square meter. Quite often, as one 
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turned over a boulder, a beautiful 5-6 cm specimen was found. Incredibly, not one single 

individual was found in 1998. By 1999 however, the abimdance of Chiton virgulatus had 

returned to the same level as in 1997, before the ENSO-caused disappearance. Mean 

Chiton virgulatus densities also were not the same in the three siramiers censused 

(Kruskall-Wallis X^=7.11, df=2, p<0.03). 

Five other gastropods (Tegula rugosa, Nerita sp., Liocerithium juditheae, 

Neorapana tuberculata and Acanthina angelica) showed a similar pattern of abundance 

decline in 1998 with a recovery to pre-ENSO numbers in 1999 when the SSTs were more 

normal; however, the differences were not significant in the three summers except for 

Liocerithium juditheae (Kruskall-Wallis 'X^=l 32, df=2, p<0.03). 

Although Mitrella is found south to Panama, so is Nerita, Turbo and Columbella, 

and none of the latter were able to maintain species densities during the sea surface 

temperature warm-up. Another gastropod, Columbella fuscata, showed no change in 

abundance during the same time. The only species of gastropod that showed an increase 

in abundance after the ENSO event was Mitrella ocellata. Again, there would seem to be 

no correlation for Mitrella to have a higher affinity for warmer waters over other 

gastropod species. 

Changes in Abundances—Discussion 

Boyer (1987) reports in his Station Beach food web dissertation several 

examples of the fluctuations of species abundances and gives the following possible 

reasons for these changes: the indirect effects caused by the disappearance of the top 
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carnivore {Heliaster) in 1976; patchy (uneven) distributions over the substrates; normal 

population dynamics; and climate change (the increase in sea surface temperatures). An 

examination of the four years of Boyer's data would seem to confirm the idea that the 

Station Beach community exhibits population numbers fluctuations from year to year 

(Boyer, 1987), just as any community is suspect to the same factors that cause oscillatory 

population patterns. However, the only well-docimiented strong response of intertidal 

mollusks to ENSO events is the mass mortality of black abalone populations throughout 

southern California after the 1982-1984 and 1986-1987 ENSO events (Davis et al., 1992; 

Tissot, 1988, 1991). However, the mass mortality of the abalone was most likely not 

caused by increased SST alone, but by a combination of starvation, potential infection of 

a parasite, unstable high population densities and an increase in SST due to consecutive 

ENSO events. Lubchenco et al. (1993) feel that the ENSO events have little direct 

impact on intertidal communities and that temperature anomalies only contribute to 

devastation. They feel that the destruction of adjacent kelp communities by the ENSO 

events played more of a role in destroying the black abalone than the increase in 

temperature itself. Surely the response of the abalone to at least indirect factors caused 

by ENSO events correlates with the overwhelming similar response of northern 

California Gulf species. It is unknown whether algae was devastated or not in the 

northern Gulf during the ENSO years, causing a depletion of available nutrients for 

herbivores and setting off a possibly devastating chain of events. However, I think that 

the decline in abundances of the Station Beach macroinvertebrates in response to ENSO 

events was directly temperature related because: I) The population declines occurred 



28 

indiscriminantly across phyla; 2) All species found in the siunmer of 1998 appeared 

healthy and active, free of noticeable parasites or lesions; 3) The change in sea surface 

temperatures occurred in spring and summer, known times for mating and gestation; 4) 

Recruitment the following year (1999) for many species was high, with many post ENSO 

counts returning to pre-die-off levels; 4) Shifts in population abundance correlates with 

observations made by Barry et al. (1995); and 5) as discussed in the next section, it 

appears that many mobile species were able to retreat to subtidal waters until conditions 

were more favorable to return to their normal vertical distributions. 

The one species that seemed to thrive in the warmer conditions were the sedentary 

colonial anemones, Palythoa ignota, which showed no decrease in the niunber of 

individuals, and perhaps showed a significant increase. Due to the difficulty of reliably 

counting thousands of individuals, Palythoa was not included as a study specimen in this 

research; however, visual observations would indicate that this cnidarian was the only 

species counted in 1998 that literally flourished while most other species declined. 

Changes in Species' Intertidal Distributions—Results 

A striking phenomenon caused by the 1997 winter ENSO event is that of the 

changing of the intertidal distributions of many of the mobile macroinvertebrates. 

Perhaps this phenomenon would best explain the ability of so many species to be able to 

recover from what seemed to be a mass-die off of species during the year when the sea 

surface water temperatures were so much warmer. The species were not actually 

experiencing mass mortality, as a decline in abundances would seem to indicate, but 
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instead were retreating to subtidal waters where they could "wait out" the season of 

unusually high water temperatures by avoiding exposure. Interestingly, this was a pattern 

across the three phyla included in the study, where mollusks, crustaceans and 

echinoderms alike retreated from their normal tidal heights to those that were lower 

down. Out of the 21 species in the study, 12 clearly showed a retreat into the lower 

intertidal during the siramier of 1998. Only one species (the hermit crab Paguristes 

anahuacus) showed no change in vertical distribution; the rest were unobserved (no 

individuals present in the transects that year). Table 3 shows the study organisms, their 

commonly accepted vertical distributions according to Brusca (1980), and their 

distributions according to the observations made during the summer of 1998. If one were 

to determine the Station Beach zonation during the summer of 1998 after the ENSO 

event, the results would have been quite misleading. 

The distributions also indicate that some species were beginning to return to their 

normal intertidal location in 1999, but not quite to the same tidal heights as in 1997. 

Some species, such as the chitons, are restricted not just by tidal height but by 

microhabitat to the basalt boulders found mostly in the mid-intertidal zone. Of the few 

boulders that exist in the extreme lower zones, no chitons were found. Perhaps mass-

mortality and species recruitment is the best explanation for the decline and reappearance 

of these species. 

Three species, one from each phylum, best illustrates the "retreat to lower tide 

zones" phenomenon. The red and white hermit crab, Clibanarim digueti (Figure 10), 

ranged 56 meters from the reference point all the way to the end of the transects (110 m). 
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In 1998, it was only found starting in meter 83 all the way through the end of the transect 

(131 m). In 1999, the hermit crab began inching its way back up the reef and was found 

68 meters from the reference point. The year to year distribution differences of 

Clibanarius digueti within the intertidal was statistically significant (X^=277.81, df=2, 

p<0.05). The turban snail. Turbo fluctuosus (Figiu"e 11), was in all but two of the 

quadrats sampled in the 1997 transects and was quite common from the upper all the way 

to the lower tidal zones. In the warmer year of 1998, ordy two individuals were found in 

meter 86 and the range of the species did not appear until meter 122—a difference of 69 

horizontal meters from the year before. In 1999, Turbo was again found in the mid-tidal 

at meter 80, but was still 20 meters away from inhabiting the same quadrats from two 

years earlier. The year to year distribution differences of Turbo fluctuosus within the 

intertidal was also statistically significant (X^=43.70, df=2, p<0.05). Finally, the ringed 

brittle star Ophionereis annulata (Figure 12), was not uncommon in the upper mid-tidal 

in 1997, ranging from meter 65 to meter 107 in the lower mid-tidal zone. In 1998, the 

only individuals found were 119 meters from the reference point, far past the distance the 

previous year. This species also showed the same redistribution pattem as the other two 

and was found in meter 83 again in the simimer of 1999, slowly creeping its way back to 

its normal distribution. The year to year distribution differences of Ophionereis annulata 

within the intertidal was also statistically significant (X^=43.70, df=2, p<0.05). 
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Changes in Species' Intertidal Distributions—Discussion 

These results would seem to confirm the hypothesis that cold water preferring 

species would retreat towards deeper water due to relatively short-lived, high sea surface 

temperature perturbations occurring over two to three years, and that normal species 

distributions within a community would retiun to pre-event conditions. Barry et al. 

(1995) reported one single case of a snail whose distribution shifted seaward with 

increased abundance in the low zone and a decreased abundance in the middle zone. No 

observations of the retreat of mobile macroinvertebrates en masse to deeper, cooler 

waters in response to an increase in sea surface temperatures have been found in the 

literature. However, this phenomenon confirms the idea that ENSO events have transient 

effects on the local structure of marine communities. 
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CHAPTER FIVE 

LONG-TERM CLIMATE CHANGES 
RESULTS AND DISCUSSION 

Year to Year Changes in Species Densities—Results 

It is supposed and supported by the research of Barry et al. (1995) that community 

structure reflects a change among geographic range categories due to long-term climate 

change, especially due to the increase of sea surface temperatures. The data collected in 

the summer of 1997 at Station Beach before the ENSO-related die-o£fs as compared to 

baseline data from Mackie and Boyer in 1976 (1977) and Boyer (1987) could indicated a 

similar pattern of geographic range shifts. 

From 1975-1976 Mackie and Boyer established the intertidal distribution 

structure of Station Beach and published the abundances (number of individuals per 

square meter) for 27 species across eight phyla. The methods used to count species were 

replicated as much as possible, with the exception of the exact location of the transects. 

The current study transects are probably located just a few hundred meters east from 

Mackie and Boyer's site but closely matches the reef structiu-e and tidal height. The 

reference marker used by Mackie and Boyer seems to have disappeared, most likely due 

to condominium construction on the beach. From the published original list, 22 species 

in three different phyla were chosen and each one was assigned to a range category 

(northern, cosmopolitan, endemic or southern) according the geographic ranges given by 
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Brusca (1973, 1980), Allen (1976), Morris R., et al. (1980), Morris, P. (1966), and Keen 

(1971). See Appendix A for the point to point distributional boundaries of the study 

species. The comparison of macroinvertebrate abundances from 1975-1976 to 1997 

shows the two similar patterns observed by Barry et al.: 1) There were significant 

changes in population abundance. Of the 22 species surveyed, 10 showed statistically 

significant changes in relative abundance (Table 4); 2) The commimity showed change 

in the three geographic range categories (Figure 13). Three of the southem species did 

increase in abundance and the one northem species decreased, while many of the 

cosmopolitan and endemic species showed no or insignificant abundance changes. 

The abundances of three out of the seven genera in the southem geographic range 

group changed significantly. All three were gastropod mollusks, which Barry et al. 

(1995) asserts to be commonly found at sites associated with thermal stress. Merita 

funiculata showed the greatest increase in population density, from a density of 0.94 in 

1976 to a ubiquitous 12.66 individuals per square meter in 1997. While somewhat 

uncommon in 1976 and quite common in 1997, N. funiculata occurred in approximately 

the same upper-middle to high tide zone. Turbo fluctuosus, a easily identifiable turban 

snail, went from a density of 1.16 in 1976 to 4.75 individuals per square meter in 1997. 

Again, Turbo was found in much the same vertical distribution within the intertidal zone 

between the two years. Last, Tegula species, not distinguishing between T. rugosa and T. 

mariana, also showed a significant increase. Already somewhat common in 1976, the 

Tegula spp. doubled from 2.00 to 3.99 individuals per square meter in 1997. Although T. 

rugosa can be a common Gulf endemic, only 2 total individuals were sighted in 1997 at 
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Station Beach, whereas hundreds of T. mariana were sighted; therefore, the doubling of 

the abundance of the Tegula spp. is a conservative estimate, with the more southern T. 

mariana most likely accounting for nearly all of the increase in abundance. 

In contrast, the only northern species in the study, the sea hare Aplysia califomica 

showed a significant decrease in abundance. Aplysia can be found in much cooler 

southem California coastal waters all the way up to Humbolt Bay, California. In this 

study, no individuals this species was ever observed. Aplysia has been reported to be 

seen recently in the cooler waters of the winter months by individuals at the reef and 

subtidal waters near CEDO particularly in the winter of 1998, (pers. comm. Mangin), but 

I have never observed a single individual at Station Beach, even in the winter. 

The pattern of change of the cosmopolitan and endemic species is somewhat 

balanced. Out of the 10 species considered to be cosmopolitan or endemic, 1 showed no 

significant change. Of the 9 that did change significantly, 5 increased in abundance while 

4 decreased. 

A comparison of the 1997 data to the data from Boyer (1987) at Station Beach 

from 1981 to 1984 shows a somewhat similar pattern (Figure 14). Two of the seven 

southem species, Ophionereis annulata and Ophioderma panamense showed an increase 

in abundance over the 13 year period, whereas only one showed a decrease; the rest 

remained relatively unchanged. The cosmopoliatan and endemic species did show a 

balanced pattern; three species increased in abimdance while two species decreased and 

one remained relatively unchanged. 
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Year to Year Changes in Species Densities—Discussion 

This 21-year period of faunal change coincides with a warming of sea surface 

temperatures at Puerto Penasco, (the temperatures were recorded at the Center for the 

Study of Deserts and Oceans (CEDO), about 4 Km east of Station Beach along the same 

reef), and would seem to affirm that species' geographic ranges do indeed change due to 

increased SSTs. Annual mean SST increased 1.5°C over the past 25 years, spaiming from 

1974 to 1999 and increased at a higher rate than the annual maximum or annual 

minimum (Figure 15). Comparison of the average monthly SSTs for the 1970's, 1980's 

and 1990's shows that the monthly mean temperatures increased each decade except in 

January, June, August, and December, and at least in those four months there was an 

increase from the 1970's to the 1980's (Figure 16). The largest change occurred when 

mean spring SSTs warmed by 1.9°C between the 1970's and the 1990's and may 

significantly affect species' recruitment, gamete and larval dispersal, and available 

nutrients. There are two alternate reasons for the changes in species abundances 

besides that of increased SST. One reason is due to removal of individuals from their 

habitats by man (Barry, et al., 1995). For example, the sea hare Aplysia and two seastars, 

Echinaster and Heliaster are species that disappeared due to increased SST after the 

ENSO events of the early 1980's and have not returned to 1976 abundances as hoped by 

Boyer (1987). Boyer reported that Echinaster and Aplysia disappeared due to warmer 

SSTs and hoped that they would return when the warming trend discontinued. However, 

this study does not support this, as evidenced by no sightings of Aplysia and only one 

single individual of Echinaster found during the whole study. Likewise, Heliaster is 
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non-existant in the Station Beach boulder fields and only one Heliaster happened to be 

spotted in the subtidal fix)m random searches during the three years of the study. Not 

only have these species fallen prey to the whims of nature and climate, but they might 

have no chance of returning to more abundant numbers, at least at Puerto Penasco, due to 

collection by tourists. For example, casual observations of tourists' and local natives' 

buckets as they walk along the reef show a considerable removal of octopi, nudibranchs 

and echinoderms from the Station Beach area. Unlike the Hopkins Marine Station 

(HMS) used by Barry et al. (1995), the Station Beach site is not protected from removal 

of individuals and the resultant impact caused by man must be considered, but the extent 

of that impact is unknown. 

Another possible factor affecting the abundances of species over the 21 years 

from 1976 to 1997 could be the indirect effect of the removal of predators (Barry, et al., 

1995) such as octopi or seastars from the intertidal, whether by nature or by man. For 

example, both Heliaster and Echinaster are predators of most of the gastropods included 

in the study. As both of these seastars have failed to return to 1976 abundances in the 

1990's, most notably the voracious Heliaster, certainly the non-return of these predators 

would affect the population numbers of the prey gastropods. A follow-up study to 

Boyer's guild structure research on the community might now more than ever be 

important to determine the affects of the disappearance of the predator species on the 

food web. 



37 

CHAPTER SEX 

SUMMARY AND CONCLUSIONS 

Conclusion One: Species densities change year to year, but most dramatically decline in 

years with substantial SST warming. 

In the case of this study, the substantial 2°C increase in sea surface temperatures 

as caused by the ENSO eyent of the winter of 1997 would seem to be directly correlated 

to the mass disappearance of macroinyertebrates at Station Beach in the summer of 1998. 

Most of the study organisms had a decline in abundance, but eight species showed the 

most significant difference from the summer of 1997 to the summer of 1998: the 

ophiuroid Ophionereis annulata (1.58 to 0.067 indiyiduals/m^); the hermit crabs 

Paguristes anahuacus (2.95 to 0.82 individuals/m^) and Clibanarius digueti (11.22 to 

2.73 individuals/m"); and the mollusks Turbo fluctuosus (4.75 to 0.91 indiyiduals/m^), 

Tegiila mariana (7.86 to 0.46 indiyiduals/m^), Merita funicidata (12.66 to 3.91 

individuals/m^). Morula femiginosa (5.40 to 1.58 indiyiduals/m^) and Chiton virgulatus 

(1.17 to 0 individuals/m"). As the SST returned closer (decreased) to the long-term mean 

the population densities increased and many returned close to pre-die-off coimts or better: 

Ophionereis annulata (0.067 to 0.70 individuals/m^); Paguristes anahuacus (0.82 to 

3.37 individuals/m^) and Clibanarius digueti (2.73 to 18.01 individuals/m"); and Turbo 

fluctuosus (0.91 to 1.44 individuals/m^), Tegula mariana (0.46 to 5.78 individuals/m^). 
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Nerita funiculata (3.91 to 11.87 individuals/m^). Morula ferruginosa (1.58 to 1.65 

individuals/m^) and Chiton virgulatus (0 to 1.19 individuals/m^). 

Conclusion Two: Species vertical distributions change due to substantial SST warming 

bv retreating to deeper waters. 

Although the observations of the transects in 1997 was conservative (only 110 m 

of the transects were censused, as compared to greater than 130 m in 1998 and 1999), the 

1998 transects showed no presence of many macroinvertebrates in their defined zones, 

but an actual presence in relatively lower zones where they are not normally expected. 

Three species best show this phenomenon: Clibanarius digueti (56 m fi"om reference 

point in 1997 to 83 m fix)m reference point in 1998); Turbo fluctuosus (50 m firom 

reference point in 1997 to 86 m from reference point in 1998); and Ophionereis annulata 

(65 m from reference point in 1997 to 119 m from reference point in 1998). The 1999 

transects showed a return of the mobile macroinvertebrates to their more accepted or 

"normal" vertical distributions and in this case, the censuses were not conservative, but 

were in excess of 140 m: Clibanarius digueti (83 m from reference point in 1998 to 68 m 

from reference point in 1999); Turbo fluctuosus (86 m from reference point in 1998 to 80 

m from reference point in 1999); and Ophionereis annulata (119 m from reference point 

in 1998 to 83 m from reference point in 1999). 
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Conclusion Three: Species geographical ranees change due to long-term SST warming 

as evidenced bv the increase in abundance of southem species and the decrease of 

northern species. 

The observed decline the northern study species' abundance and the increase of 

most of the southem study species seems to correlate with the 1.9°C increase of mean 

SST observed at Puerto Pefiasco over 30 years from the 1970's to the I990's. The 

northern species that declined was Aplysia califomica (0.29 individuals/m^ in 1976 to 0 

individuals/m^ in 1997). The southem species that showed an increase in abundance 

from 1976 to 1997 were: the gastropods Nerita funiculata (0.94 to 12.66 individuals/m"), 

Tegula mariana (1.57 to 3.99 individuals/m^) and Turbo fluctuosus (1.16 to 4.75 

individuals/m^); and the echinoderms Holothuria lubrica (0.90 to 1.17 individuals/m^), 

Ophioderma panamense (0.42 to 0.55 individuals/m^) and Ophionereis annulata (1.50 to 

1.58 individuals/m"). 

A Closing Comment 

The continued census of population densities and subsequent monitoring of SST 

each summer would hopefully substantiate these claims. Station Beach could perhaps 

serve as another model community in the examination of the year to year and long-terra 

effects of climate change in the rocky intertidal, much as the Hopkins Marine Research 

Station as utilized by Barry, et al. (1995). The Center for the Study of Deserts and 

Oceans (CEDO), also in Puerto Penasco, has a well-marked long-term transect 

established in which students regularly census macroinvertebrates and algal cover. This 
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transect has been established since 1982, but the data has never been statistically 

analyzed versus any climate data (Boyer and Turk-Boyer, pers. comm.). Perhaps an 

analysis of the CEDO data would again prove the predictions made by Barry et al. (1995) 

and in this study. 
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Figure 1. A map of the Gulf of California, with the inset showing the location of Puerto 
Penasco and the study site. Station Beach (Vought, 1961). 
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Figure 2. Photographs of the study site at Station Beach. 
A) Looking south with the reef stretching in an east to west direction. 

B) Looking west into the boulder field with the high reef to the left. 
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Figure 3. A diagram of the study site transects. 
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Figure 4. Deviations from average monthly mean onshore sea surface temperatures at 
Puerto Peiiasco, Sonora, Mexico, between January 1995 and August 1999. Mean values 
are based on data from January 1974 through August 1999. Data source is the Center for 
the Study of Deserts and Oceans (CEDO). Arrows indicate sampling dates. 
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Figure 5. Year to year comparison of nine species' densities (mean individuals per square 
meter) on the same length (110 m) of both transects (east and west), 1997 vs. 1998 (+/- I 
se). Species names abbreviations: Chiton virgulatus (Cv), Clibanarius digueti (Cd), 
Morula ferruginosa (Mf), Neritafimiculata (N£), Ophionereis annulata (Oa), Paguristes 
atiahiiacus (Pa), Pagurus lepidus (PI), Tegula mariana (Tm), Turbo jluctuosus (Tf). 
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Figure 6. Year to year comparison of nine species' densities (mean individuals per square 
meter) on the same length (137 m) of both transects (east and west), 1998 vs. 1999 (+/- 1 
se). Species names abbreviations: Chiton virgulatits (Cv), Clibanarius digueti (Cd), 
Morula ferruginosa (Mf), Nerita fiiniculata (Nf), Ophionereis annulata (Oa), Paguristes 
anahuacus (Pa), Pagurus lepidus (PI), Tegula mariana (Tm), Turbo fluctuosus (Tf). 
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Figure 7. Mean abundance for both transects, per square meter (+/- 1 se) for Ophionereis 
annulata by month and by year censused. 
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Figure 8. Mean abundance for both transects, per square meter (+/- 1 se) for Clibanarius 
digueti, Paguristes anahuacus and Pagurus lepidus by month and by year censnsed. 

Clibanarius Clibanarius 
35 n 

3 5n-

"O o 

1 T 
97/7 97/8 98/6 98/7 99/6 99/7 

transect date 

98 99 

transect date 

98/6 98/7 99/6 

transect date 

Pagurus 
transect date 

Pagurus 
10.0-1 

T 1 1 1 r 
97/7 97/8 98/6 98/7 906 99/7 

transect date 



49 

Figure 9. Mean abundance for both transects, per square meter (+/- 1 se) for Morula 
femiginosa. Turbo fluctuosus, Tegula mariana and Chiton virgulatus by month and by 
year censused. 
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Figure 10. Yearly distribution of Clibanarius digueti, mean niunber of individuals every 
3 m along the transects. 
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Figure 11. Yearly distribution of Turbo fluctuosus, mean number of individuals every 3 
m along the transects. 
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Figure 12. Yearly distribution of Ophionereis annulata, mean number of individuals 
every 3 m along the transects. 
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Figure 13. Changes in the abundances of intertidal invertebrates between 1976 and 1997. 
Mean abundance of individual species in 1997 [log(abundance +1)] plotted against 
similar values from 1976. Species names abbreviations: Acanthina angelica (Aa), 
Aplysia califomica (Ac), Chiton stokesii (Cs), Chiton virgulatus (Cv), Clibanarius 
digueti (Cd), Columbella Juscata (CO, Echinaster tenuispina (Et), Heliaster kubiniji 
(Hk), Holothuria lubrica (HI), Liocerithium juditheae (Lj), Mitrella ocellata (Mo), 
Morula femiginosa (Mf), Neorapana tuberculata (Nt), Nerita funiculata (Nf), 
Ophioderma panamense (Op), Ophionereis annulata (Oa), Pagurus lepidus (PI), Tegula 
species (T spp.), and Turbo fluctuosus (Tf). 
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Figure 14. Changes in the abundances of intertidal invertebrates between 1981-84 and 
1997. Mean abundance of individual species in 1997 [log(abundance +1)] plotted 
against similar values fixjm 1981 to 1984. Species names abbreviations: Acanthina 
angelica (Aa), Aplysia califomica (Ac), Chiton stokesii (Cs), Chiton virgulatus (Cv), 
Clibanarius digueti (Cd), Columbella fuscata (Cf), Echinaster tenuispina (Et), Heliaster 
kiibiniji (Hk), Holothuria lubrica (HI), Liocerithium juditheae (Lj), Mitrella ocellata 
(Mo), Morula ferruginosa (Mf), Neorapana tuberculata (Nt), Nerita funiculata (Nf), 
Ophioderma panamense (Op), Ophionereis annulata (Oa), Pagurus lepidus (PI), Tegida 
species (T spp.), and Turbo jluctuosus (Tf). 
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Figure 15. Mean, maximum and minimum shoreline ocean temperature variation at 
Puerto Penasco at the Center for the Study of Deserts and Oceans during the past 30 
years. Annual mean, maximum and minimum temperatures, including lines of fit for 
each parameter. Arrows indicate ENSO events that have occurred within the 30 year 
time period. 
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Figure 16. Decadal shoreline ocean temperature variation at Puerto Penasco at the Center 
for the Study of Deserts and Oceans during the past 30 years. Seasonal variation in shore 
temperatures, based on 10-year averages (+/- 1 se). 
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Table 1. Study organisms at Station Beach Reef. Range category (N=northem, 
C=cosraopolitan, E=endeniic or S=southem) is indicated. See Appendix A for point to 
point distributional boundaries. Sources are footnoted at bottom. Intertidal location 
(H=high, M=middle, or L=low) where commonly found is indicated, according to Brusca 
(1973, 1980) orWaiT(1987). 

Species Name Range Category Intertidal Location 

MOLLUSCA: POLYPLACOPHORA 

(amphineuran) S (I) M 
Chiton virgiilatns (amphineuran) C (1) M 

MOLLUSCA: GASTROPODA 

Acanthina angelica iooXh SDsd\) E (1,5) H, M 
Aplysia califomica isQdihaiQ) N (1,3) L, M 
Coliimbella fuscata {davQ sh&W sas^X) S (1,5) H, M 
Liocerithium jiidithae (horn shell snail) C (1,5) H, M 
A/fYre//a oce//a/a (miter shell snail) E (1,4) M 
Manila ferniginosa {smail shell saaiX) C (1,4) M 

/M^ercM/ato (large dye shell snail) E (1,5) M 
Nerita funiculata {svaaXl nexitQ stmX) S (1,5) H 
regw/a (pearly top snail) E (1,4) H 
T e g w / a ( p e a r l y  t o p  s n a i l )  S  ( 1 , 4 )  H  
Turbo fluctuosus (tv^aasaaxl) S (1,4) M 

CRUSTACEA; DECAPODA 

Clibanarius digueti QxQmat C (1) H, M 
Pagiiristes anahuacus QiiervmX. cx26a) C (I) L 
Pagiinis lepidits CTdh) C (1) M 

ECHINODERMATA: ASTEROIDEA 

Heliaster kubiniji {svxi star) S (1) M, L 
Echinaster tenuispinaiscdiSlai) E (1) M 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica (sea cucumber) S (1) M 
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TABLE ONE - Continued. 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense (brittle star) S (1, 2) H, M 
Ophionereis annulata Qon\A& ^31) S (1, 2) M 

SOURCES: (1) Brusca, 1973, 1980; (2) Allen, 1976; (3) Morris R., et al., 1980; (4) 
Morris, P., 1966; (5) Keen, 1971. 
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Table 2. Abundances (individuals per square meter) of the study organisms in each 
transect on the date counts were made. The transect length for that date is also given. 
Abundances calculated &om the formula: raw count of individuals/[range of hula hoop quadrats where 
found X area of hula hoop (0.64 m")]. 

7/18/97 EAST 7/19/97 WEST 8/2/97 EAST 8/1/97 WEST 
SPECIES 110 m 110m 110 m 110 m 
Chiton stokesii 0 0 0 0 
Chiton virgulatus 1.17 2.08 1.04 130 
Acanthina angelica 0 1.56 0 1.56 
Aplysia califomica 0 0 0 0 
Columbella fuscata 0.96 0.96 0 0 
Liocerithium judithae 0.21 0.83 0 2.86 
Mitrella ocellata 1J7 0.78 3.44 0.62 
Morula femiginosa 6.84 4.10 5.82 4.86 
Neorapana tuberculata 1.56 0 0 0 
Nerita species 20.62 5.94 13.44 10.62 
Tegula rugosa 0 0.47 0 0 
Tegiila mariana 8.89 6-93 9.37 6.25 
Turbo fluctuosus 5.78 4.77 4.06 4.37 
Clibanarius digueti 3.24 7.92 20.64 13.08 
Paguristes anahuacus 5.56 0.52 5.60 0.13 
Pagurus lepidus 3.12 1.17 2.01 1.56 
Heliaster kubiniji 0 0 0 0 
Echinaster tenuispina 1.56 0 0 0 
Holothuria lubrica 0 0 0 4.69 
Ophioderma panamense 0 1.56 0.62 0 
Ophionereis annulata 0.41 1.73 2.26 1.91 

6/13/98 EAST 7/10/98 WEST 7/24/98 EAST 7/23/98 WEST 
SPECIES 143 m 152 m 146 m 143 m 

Chiton stokesii 0 0 0 0 
Chiton virgulatus 0 0 0 0 
Acanthina angelica 0 0 0 0 
Aplysia califomica 0 0 0 0 
Columbella fuscata 1.56 0.49 0.20 0.10 
Liocerithium judithae 0.21 0 0 0 
Mitrella ocellata 7.81 0 1.15 0.10 
Morula femiginosa 1.56 0.94 2.37 1.50 
Neorapana tuberculata 0 0 0 1.56 
Nerita species 0.78 0 21-09 0 
Tegida rugosa 0 0 0 0 
Tegula mariana 0.78 0.23 0.08 0.08 
Turbo fluctuosus 0.98 0.88 0.88 0.75 
Clibanarius digueti 1.56 4.60 1.47 5.61 
Paguristes anahuacus 1.56 0.10 0.10 0 
Pagurus lepidus 5.21 9.48 3.65 3.33 
Heliaster kubiniji 0 0 0 0 
Echinaster tenuispina 0 0 0 0 
Holothuria lubrica 0 0 0 0 
Ophioderma panamense 0 0 0 0 
Ophionereis annulata 0 0.39 0 0 
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Table 2—Continued. 

6/28/99 EAST 6/29/99 WEST 7/12/99 EAST 7/13/99 WEST 
SPECIES 128 m 134 m 137 m 143 m 

Chiton stokesii 0 0 0 0 
Chiton virgulatus 0.78 3.12 0 0.85 
Acanthina angelica 1.56 0 14.06 0.78 
Aplysia califomica 0 0 0 0 
Columbella fiiscata 0J9 0.78 1.91 0 
Liocerithium Judithae 3.12 5.65 0.87 1.56 
Mitrella ocellata 0.62 1.56 0.78 0.78 
Morula femtginosa 1.46 2.44 1.56 1.13 
Neorapana tuberculata 1.56 0 0 0.39 
Merita species 4.53 16.41 9.20 17.36 
Tegula rugosa 0 0.62 0 0 
Tegula mariana 8.59 10.94 2.11 1.48 
Turbo Jluctuosus 0.98 1.37 1.83 1.56 
Clibanarius digueti 12.27 31.02 9.45 19.32 
Paguristes anahuacus 2.56 3.69 5.27 1.95 
Pagurus lepidus 3.73 2.52 7.74 3.34 
Heliaster kubiniji 0 0 0 0 
Echinaster tenuispina 0 0 0 0 
Holothuria lubrica 0 0 0 0 
Ophioderma panamense 0 0 0 0 
Ophionereis annulata 0 1.56 0.94 0.31 
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Table 3. Study organisms at Station Beach Reef. Vertical distribution in column 2 
(H=high, M=middle, or L=low) where generally found in the Gulf of California is 
indicated, according to Brusca (1980). NO=none observed in 1998. 

Brusca (1980) 1998 Observed 
Species Name Vertical Distribution Vertical Distribution 

MOLLUSCA: POLYPLACOPHORA 

Chiton stokesii (amphineuran) M NO 
Chiton virgulatus (amphineuran) M NO 

MOLLUSCA: GASTROPODA 

Acanthina angelica (dye shell snail) H, M NO 
Aplysia califomica (sea hare) L, M NO 
Columbella fiiscata (dove shell snail) H, M L 
Liocerithium judithae (hom shell snail) H, M M, L 
Mitrella ocellata (dove shell snail) M M, L 
Morula femiginosa (small dye shell snail) M M, L 
Neorapana tuberculata (large dye shell snail) M L 
Nerita funiculata (small nerite snail) H NO 
Tegiila rugosa (pearly top snail) H NO 
Tegiila mariana (pearly top snail) H M, L 
Turbo Jluctuosus (turban snail) M L 

CRUSTACEA: DECAPODA 

Clibanarius digueti (hermit crab) H, M M, L 
Paguristes anahuacus (hermit crab) M, L M, L 
Pagurus lepidus (hermit crab) M L 

ECHINODERMATA: ASTEROIDEA 

Heliaster kubiniji (sun star) M, L NO 
Echinaster tenuispina (sea star) M NO 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica (sea cuciunber) M NO 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense (brittle star) H, M NO 
Ophionereis annulata (brittle star) M L 
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Table 4. Mean abundance (number of individuals per square meter) of the study species 
in 1976 (Mackie and Boyer, 1977), 1981-1984 combined (Boyer, 1987) and in the 
summer of 1997. (DU = data unavailable). 1976 or 1981-84 values that are statistically 
significantly different fix)m 1997 are indicated (* p>0.002, ** p>0.001). 

1976 1981-1984 1997 
Species Name abundance combined abundance abundance 
MOLLUSCA: POLYPLACOPHORA 

Chiton stokesii 1.48* 
Chiton virgulatus 3.20* 

MOLLUSCA: GASTROPODA 

DU 0 
2.29»» 0.70 

Acanthina angelica 4.65* 0.94** 0.78 
Aplysia califomica 0.29* 0** 0 
Columbella fuscata 1.11* DU 0.48 
Liocerithiiim judithae 5.40* 0.63** 0.98 
Mitrella ocellata 1.19* DU 1.55 
Morula ferruginosa 4.50* 18.16* 5.40 
Neorapana tuberculata 0.063* 0.16** 0.39 
Merita fiiniculata 0.94** 24.81* 12.66 
Tegidas^. 1.57* 19.22* 3.99 
Turbo fluctuosus 1.16** 6.06** 4.75 

CRUSTACEA: DECAPODA 

Clibanarius digueti 11.30* 
Paguristes anahuacus 5.10* 
Pagurus lepidus 0.25* 

ECHINODERMATA: ASTEROIDEA 

2.13** 11.22 
DU 2.95 
DU 1.97 

Heliaster kubiniji 0.26* 0** 0 
Echinaster tenuispina 0.30* 0** 0.39 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica 0.90* 1.25** 1.17 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense 0.42* 0.23** 0.55 
Ophionereis annulata 1.50* 0.95** 1.58 
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APPENDIX A 

POINT TO POINT GEOGRAPHIC RANGES OF STUDY SPECIES 

This table provides the point to point geographic ranges of the 21 study species, along 

with the geographic region designation used in the research. (N = northern, E = endemic, 

C = cosmopolitan, S = southern). The resources given are: 1 = Brusca, 1973, 1980; 2 = 

Allen, 1976; 3 = Morris, R., et al., 1980; 4 = Morris, P., 1966; 5 = Keen, 1971. 

SPECIES NAME GEOGRAPmC RANGE SOURCE 
MOLLUSCA: POLYPLACOPHORA 

Chiton stokesii throughout the Gulf of California to 
Ecuador(S) (1) 

Chiton virgulatus Bahia Magdalena, west coast of 
Baja California/northern Gulf of 
California to La Paz (C) (1,5) 

MOLLUSCA: GASTROPODA 

Acanthina angelica endemic to Gulf of California (E) (1»5) 
Aplysia califomica Humbolt Bay, California to northern 

Gulf of California (N) (1,3) 
Columbella fuscata Bahia Magdalena, west coast of 

Baja California/throughout Gulf of 
CaUfomia to Peru (S) (1,5) 

Liocerithium judithae Bahia Magdalena, west coast of 
Baja California/throughout Gulf of 
California to Mazatlan (C) (1,5) 
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APPENDIX A—Continued. 

Mitrella ocellata 
Manila ferruginosa 

Neorapana tuberculata 
Merita funiculata 

Merita scabricosta 

Tegiila rugosa 
Tegiila mariana 
Turbo Jliictuosus 

endemic to Gulf of California (E) (1,4) 
Bahia Magdalena, west coast of 
Baja California/throughout 
Gulf of California to Guaymas on 
Sonoran coast (C) (1,4) 
endemic to Gulf of California (E) (1,5) 
outer coast of Baja California throughout the 
Gulf of California to Peru (S) (1,5) 
outer coast of Baja California throughout the 
Gulf of California to Ecuador (S) (1,5) 
endemic to Gulf of California (E) (1,4) 
throughout Gulf of California to Peru (S) (1,4) 
Isla de Cedros, west coast of Baja California/ 
throughout the Gulf of California to 
Paita, Peru (S) (1,4) 

CRUSTACEA: DECAPODA 
Clibanarius digueti 

Paguristes anahuaciis 

Pagiirus lepidus 

Bahia Magdalena, west coast of 
Baja California/throughout Gulf of 
California (C) (1) 
Loreto to Isla Cerraluo, west coast of 
Baja California/throughout Gulf of 
California to Guaymas on Sonoran coast (C) (1) 
Bahia de San Hipolito, west coast of 
Baja California/throughout Gulf of 
California to Isla Clipperton (C) (1) 

ECHINODERMATA: ASTEROIDEA 

Heliaster kubiniji 

Echinaster tenuispina 

ECHINODERMATA: HOLOTHUROIDEA 

Cape Mendocino, California/throughout 
the Gulf of California to Nicaragua (S) 
endemic to Gulf of California (E) 

(1) 
(1) 

Holothuria lubrica throughout the Gulf of California to 
Ecuador (S) (1) 



65 

APPENDIX A—Continued. 

ECHDSrODERMATA: OPHIUROIDEA 

Ophioderma panamense southern California/throughout the 
Gulf of California to Peru (S) (1, 2) 

Ophionereis annulata San Pedro, California/throughout the 
Gulf to Ecuador (S) (1,2) 
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APPENDIX B 

RAW DATA OF ALL MACROINVERTEBRATES AT STATION BEACH 

SUMMERS OF 1997 TO 1999 

The following tables provide the raw data of all the macroinvertebrates found 

during the study period at Station Beach, including the study species and the non-study 

species. For each species, the following information is provided: the date in which the 

census was taken, which transect for that date ("east" or "west"), the transect length 

(meters from the reference point) for that date, the number of quadrats (range within the 

transect) in which the species was found and the number of total individuals counted for 

that census date. 
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APPENDIX B-Continued. 

Census Date: July 18, 1997 
Transect: East, 110 m 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 
MOLLUSCA: POLYPLACOPHORA 

Chiton virgulatus 7 9 
Stenoplax conspicua 0 

MOLLUSCA: GASTROPODA 

Acanthina angelica 0 
Anachis sanfelipensis 4 3 
Anachis nigris 0 
Cerithium maculosum 6 6 
Collisella atrata 0 
Collisella stanfordiana 0 
Columbella fuscata 9 8 
Columbella strombiformis 6 10 
Crepidula striolata 0 
Crepidula uncata 0 
Hipponix pilosus 15 14 
Liocerithiiim jiiditheae 10 2 
Littorina aspera 0 
Mitrella ocellata 8 7 
Morula ferruginosa 16 70 
Neorapana tuberculata 1 1 
Nerita funicidata 5 127 
Nerita scabricosta 5 5 
Oliva dama 1 1 
Tegida ntgosa 0 
Tegida mariana 10 91 
Thais biserialis 0 
Turbo Jluctuosus 15 75 

MOLLUSCA: BIVALVIA 
Isognomon janus 1 2 
Modiolus capax I 5 
Ostrae conchaphila 0 
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APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

CRUSTACEA 
Alpheus sp. 0 
Clibanarius digueti 10 29 
Eriphia squamata 0 
Pagiiristes anahuacus 6 32 
Pagurus lepidm 7 16 
Palemon ritteri 1 19 
Pylopagurus roseus 5 2 
Tetragrapsiis jouyi 1 9 

ECHINODERMATA: OPHIUROIDEA 
Ophioderma panamense 0 
Ophionereis annulata 15 5 

ECHINODERMATA: ASTEROIDEA 
Echinaster tenuispina 1 1 

ECHINODERMATA; HOLOTHUROIDEA 
Holothuria lubrica 0 

CNIDARIA 
Palythoa ignota 1 50 
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APPENDIX B-Continued. 

Census Date: July 19, 1997 
Transect: West, 110 m 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

MOLLUSCA: POLYPLACOPHORA 

Chiton virgulatus 6 16 
Stenoplax conspiciia 7 3 

MOLLUSCA: GASTROPODA 

Acanthina angelica 1 1 
Anachis sanfelipensis 0 
Anachis nigris 1 1 
Cerithium maculosum 11 5 
Collisella atrata 0 
Collisella stanfordiana 3 3 
Columbella fuscata 3 8 
Columbella strombiformis 5 17 
Crepidula striolata 0 
Crepidula imcata 0 
Hipponix pilosus 20 43 
Liocerithium juditheae 10 8 
Littorina aspera 0 
Mitrella ocellata 4 4 
Morula ferruginosa 16 43 
Neorapana tuberculata 0 
Nerita funiculata 10 38 
Merita scabricosta 0 
Oliva dama 0 
Tegula nigosa 11 3 
Tegida mariana 16 71 
Thais biserialis 0 
Turbo fluctuosus 20 61 

MOLLUSCA: BIVALVTA 

Isognomon Janus 
Modiolus capax 
Ostrae conchaphila 

1 
2 

8 
3 
0 
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APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

CRUSTACEA 

Alpheus sp. 0 
Clibanarius digueti 13 71 
Eriphia squamata 11 5 
Paguristes anahuacus 6 3 
Pagiirus lepidus 7 6 
Palemon ritteri 7 8 
Pylopaguriis roseits 0 
Tetragrapsiis jouyi 5 7 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense 1 1 
Ophionereis annulata 5 21 

ECHINODERMATA; ASTEROIDEA 

Echinaster temiispina 0 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica 1 I 

CNIDARIA 

Palythoa ignota 7 600 
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APPENDIX B-Continued. 

Census Date: August 2, 1997 
Transect: East, 110 m 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

MOLLUSCA: POLYPLACOPHORA 

Chiton virgulatiis 9 4 
Stenoplax conspicua 8 8 

MOLLUSCA: GASTROPODA 

Acanthina angelica 0 
Anachis sanfelipensis I 1 
Anachis nigris 7 6 
Cerithium maciilosum 4 8 
Collisella atrata 0 
Collisella stanfordiana 0 
Columbella fuscata 0 
Columbella strombiformis I 1 
Crepidula striolata 0 
Crepidula uncata 0 
Hipponix pilosus 18 82 
Liocerithium juditheae 0 
Littorina aspera 11 50 
Mitrella ocellata 4 11 
Monda ferruginosa 17 68 
Neorapana tuberculata 0 
Nerita funiculata 9 86 
Merita scabricosta 0 
Oliva dama 0 
Tegula rugosa 0 
Tegula mariana 14 74 
Thais biserialis 1 I 
Turbo fluctuosiis 20 52 

MOLLUSCA: BIVALVLA 

Isognomon Janus 
Modiolus capax 
Ostrae conchaphila 

1 
2 

10 
5 
0 
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APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

CRUSTACEA 

Alpheus sp. 0 
Clibanarius digueti 19 251 
Eriphia squamata 16 3 
Paguristes anahuacus 11 4 
Pagurus lepidus 5 9 
Palemon ritteri 10 42 
Pylopagurus roseus 5 3 
Tetragrapsiis Joityi 5 6 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense 5 2 
Ophionereis annulata 8 13 

ECHINODERMATA: ASTEROIDEA 

Echinaster tenuispina 0 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica 0 

CNIDARIA 

Palythoa ignota 16 60 
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APPENDIX B-Continued. 

Census Date: August 1,1997 
Transect: West, 110 m 

SPECIES 
RANGE NUMBER OF 

INDIVIDUALS 

MOLLUSCA; POLYPLACOPHORA 

Chiton virgulatus 6 5 
Stenoplax conspicua 1 1 

MOLLUSCA: GASTROPODA 

Acanthina angelica 1 1 
Anachis sanfelipensis 0 
Anachis nigris 1 1 
Cerithium maculosum 0 
Collisella atrata 0 
Collisella stanfordiana 1 1 
Columbella fuscata 0 
Columbella strombiformis 9 12 
Crepidula striolata 0 
Crepidula uncata 0 
Hipponix pilosus 20 108 
Liocerithium juditheae 6 1 
Littorina aspera 13 53 
Mitrella ocellata 2 2 
Morula ferruginosa 20 56 
Neorapana tuberculata 0 
Nerita funiculata 10 68 
Nerita scabricosta 0 
Oliva dama 0 
Tegula rugosa 0 
Tegula mariana 8 56 
Thais biserialis 0 
Turbo fluctuosus 20 56 

MOLLUSCA: BIVALVIA 

Isognomon Janus 
Modiolus capax 
Ostrae conchaphila 

18 
1 

33 
I 
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APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES nSTDIVIDUALS 

CRUSTACEA 

Alpheus sp. 0 
Clibanarius digueti 15 159 
Eriphia squamata 13 8 
Paguristes anahuacus 1 I 
Pagurus lepidtis 1 7 
Palemon ritteri 15 28 
Fyiopagunis roseus 0 
Tetragrapsus jouyi 1 2 

ECHINODERMATA; OPHIUROroEA 

Ophioderma panamense 0 
Ophionereis annulata 9 12 

ECHINODERMATA; ASTEROIDEA 

Echinaster tenuispina 0 

ECHINODERMATA; HOLOTHUROIDEA 

Holothuria lubrica 1 3 

CNIDARIA 

Palythoa ignota 7 400 
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APPENDIX B-Continued. 

Census Date: June 13, 1998 
Transect: East, 143 ra 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

MOLLUSCA: POLYPLACOPHORA 

Chiton virgulatus 0 
Stenoplax conspicua 0 

MOLLUSCA: GASTROPODA 

Acanthina angelica 0 
Anachis sanfelipensis I I 
Anachis nigris 3 9 
Cerithiiim maculosum 4 2 
Collisella atrata 0 
Collisella stanfordiana 0 
Coliimbella fuscata 1 1 
Coliimbella strombiformis 5 2 
Crepidula striolata 0 
Crepidula uncata 0 
Hipponix pilosus 4 6 
Liocerithium Juditheae 15 2 
Littorina aspera 17 3 
Mitrella ocellata 1 5 
Morula ferruginosa 22 22 
Neorapana tuberculata 0 
Nerita funiculata 6 3 
Nerita scabricosta 0 
Oliva dama 8 2 
Tegida nigosa 0 
Tegula mariana 4 2 
Thais biserialis 0 
Turbo fluctuosus 16 10 

MOLLUSCA: BIVALVIA 

Isognomon Janus 
Modiolus capax 
Ostrae conchaphila 

6 
0 
3 
0 



76 

APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES rNDIVIDUALS 

CRUSTACEA 

Alpheiis sp. 0 
Clibanarius digueti 16 16 
Eriphia squamata 4 2 
Paguristes anahuacus I 1 
Pagurus lepidus 6 20 
Palemon ritteri 0 
Pylopagiirus roseus 0 
Tetragrapsus Jouyi I 2 

ECHINODERMATA: OPHIUROIDEA 

Ophiodemia panamense 0 
Ophionereis annulata 0 

ECHINODERMATA; ASTEROIDEA 

Echinaster tenuispina 0 

ECHINODERMATA; HOLOTHUROIDEA 

Holothuria lubrica 0 

CNIDARIA 

Palythoa ignota 4 >5000 
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APPENDIX B-Continued. 

Census Date: July 10,1998 
Transect: West, 152 m 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

MOLLUSCA: POLYPLACOPHORA 

Chiton virgulatus 0 
Stenoplax conspicua 0 

MOLLUSCA: GASTROPODA 

Acanthina angelica 0 
Anachis sanfelipensis 0 
Anachis nigris 2 2 
Cerithium maculosum 1 2 
Collisella atrata 0 
Collisella stanfordiana 0 
Coliimbella fuscata 5 5 
Columbella strombiformis 12 13 
Crepidiila striolata 0 
Crepidula uncata 0 
Hipponix pilosus 11 22 
Liocerithium juditheae 0 
Littorina aspera 0 
Mitrella ocellata 0 
Monda femiginosa 23 15 
Neorapana tuberculata 0 
Merita funiculata 0 
Nerita scabricosta 0 
Oliva dama 1 3 
Tegida nigosa 0 
Tegida mariana 1 3 
Thais biserialis 0 
Turbo fluctuosiis 15 13 

MOLLUSCA: BIVALVIA 

Isognomon Janus 
Modiolus capax 
Ostrae conchaphila 

11 
0 
94 
0 



78 

APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

CRUSTACEA 

Alpheiis sp. 0 
Clibanariiis digueti 16 60 
Eriphia squamata 12 4 
Pagiiristes anahiiacus 1 1 
Pagiims lepidus 12 91 
Palemon ritteri 0 
Pylopagunts roseus 0 
Tetragrapsiis jottyi 0 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense 0 
Ophionereis annulata 1 2 

ECHINODERMATA: ASTEROIDEA 

Echinaster tenuispina 0 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica 0 

CNIDARIA 

Palythoa ignota II >5000 
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APPENDIX B-Continued. 

Census Date: July 24, 1998 
Transect: East, 146 m 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

MOLLUSCA: POLYPLACOPHORA 

Chiton virgulatus 0 
Stenoplax conspicua 1 1 

MOLLUSCA: GASTROPODA 

Acanthina angelica 0 
Anachis sanfelipensis 0 
Anachis nigris 7 3 
Cerithium maculosum 8 8 
Collisella atrata 0 
Collisella stanfordiana 8 10 
Coliimbella fuscata 1 2 
Columbella strombiformis 10 52 
Crepidula striolata 0 
Crepidula uncata 0 
Hipponix pilostts 7 62 
Liocerithium juditheae 0 
Littorina aspera 2 4 
Mitrella ocellata 3 11 
Morula ferruginosa 20 38 
Neorapana tubercidata 0 
Nerita funiculata 2 27 
Nerita scabricosta 0 
Oliva dama 0 
Tegula rugosa 0 
Tegula mariana 1 1 
Thais biserialis 1 1 
Turbo fluctuosus 8 13 

MOLLUSCA: BIVALVL\ 

Isognomon Janus 
Modiolus capax 
Ostrae conchaphila 

9 
8 

0 
32 
2 
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APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

CRUSTACEA 

Alpheus sp. 1 1 
Clibanarhts digueti 8 16 
Eriphia squamata 4 2 
Paguristes anahuacus I 1 
Pagurus lepidus 11 35 
Palemon ritteri 8 40 
Pylopagurus roseus 0 
Tetragrapsus joityi 1 5 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense 0 
Ophionereis annulata 0 

ECHINODERMATA: ASTEROIDEA 

Echinaster tenuispina 0 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica 0 

CNIDARIA 

Palythoa ignota 9 >5000 
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APPENDIX B-Continued-

Census Date: July 23, 1998 
Transect: West, 143 m 

RANGE NUMBER OF 
SPECffiS INDIVIDUALS 

MOLLUSCA: POLYPLACOPHORA 

Chiton virgufants 0 
Stenoplax conspicua 0 

MOLLUSCA: GASTROPODA 

Acanthina angelica 0 
Anachis sanfelipensis 0 
Anachis nigris I 2 
Cerithium maculosum 0 
Collisella atrata 0 
Collisella stanfordiana I 2 
Coliimbella fuscata 1 1 
Coliimbella strombiformis 10 7 
Crepidula striolata 0 
Crepidula uncata 1 1 
Hipponix pilosus 25 74 
Liocerithium juditheae 0 
Littorina aspera 10 14 
Mitrella ocellata 1 1 
Monda ferruginosa 21 24 
Neorapana tuberculata 1 1 
Nerita funiculata 0 
Merita scabricosta 0 
Oliva dama 0 
Tegula rugosa 0 
Tegida mariana 1 1 
Thais biserialis 0 
Turbo fluctuosus 18 11 

MOLLUSCA: BIVALVIA 

Isognomon janus 
Modiolus capax 
Ostrae conchaphila 

4 
2 

0 
8 
2 
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APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

CRUSTACEA 

Alpheiis sp. 0 
Clibanarius digiieti 17 61 
Eriphia squamata 1 2 
Pagiiristes anahuacus 0 
Pagurus lepidus 14 32 
Palemon ritteri 2 7 
Pylopagiirus roseus 1 1 
Tetragrapsus Jouyi 1 2 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense 0 
Ophionereis annulata 0 

ECHINODERMATA: ASTEROIDEA 

Echinaster teniuspina 0 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica 0 

CNIDARIA 

Palythoa ignota 13 >5000 
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APPENDIX B-Continued. 

Census Date: June 28, 1999 
Transect: East, 128 m 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

MOLLUSCA: POLYPLACOPHORA 

Chiton virgulattis I I 
Stenoplax conspicua I 12 

MOLLUSCA: GASTROPODA 

Acanthina angelica 1 1 
Anachis sanfelipensis 0 
Anachis nigris 17 2 
Cerithium maculosum 5 10 
Collisella atrata 8 3 
Collisella stanfordiana 1 1 
Columbella fuscata 1 1 
Coliimbella strombiformis 6 10 
Crassispira pluto 12 34 
Crepidula striolata 0 
Crepidula uncata 0 
Hipponix pilostis 19 11 
Liocerithium juditheae 12 25 
Littorina aspera 9 113 
Mitrella ocellata I 1 
Monda ferruginosa 14 15 
Neorapana tiiberculata 1 1 
Nerita funicidata 7 29 
Merita scabricosta 0 
Oliva dama 1 1 
Tegula nigosa 0 
Tegida mariana 2 22 
Thais biserialis 0 
Turbo Jluctuosits 16 10 

MOLLUSCA: BIVALVTA 
Isognomon Janus 0 
Modiolus capax 0 
Ostrae conchaphila 0 
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APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

CRUSTACEA 

Alpheus sp. 0 
Clibanarius digueti 20 157 
Eriphia squamata I 1 
Paguristes anakuacus 9 18 
Pagurus lepidus 10 31 
Palemon ritteri 1 6 
Pylopagiinis roseus 0 
Tetragrapsus jouyi 0 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense 0 
Ophionereis annulata 0 

ECHINODERMATA: ASTEROIDEA 

Echinaster tenuispina 0 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica 0 

CNIDARIA 

Palythoa ignota 5 >5000 
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APPENDIX B-Continued-

Census Date: June 29, 1999 
Transect: West, 134 m 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

MOLLUSCA: POLYPLACOPHORA 

Chiton virgulatus 1 4 
Stenoplax conspicua 2 4 

MOLLUSCA: GASTROPODA 

Acanthina angelica 0 
Anachis sanfelipensis 0 
Anachis nigris 3 2 
Cerithiiim maculosum 1 2 
Collisella atrata 0 
Collisella stanfordiana 0 
Columbella fuscata 4 2 
Columbella strombiformis 14 12 
Crassispira pluto 9 269 
Crepidula striolata 0 
Crepidida iincata 0 
Hipponix pilosus 21 33 
Liocerithiiim juditheae 11 47 
Littorina aspera 10 133 
Mitrella ocellata 2 6 
Monda ferruginosa 16 25 
Neorapana tuberculata 0 
Nerita funicidata 10 105 
Nerita scabricosta 0 
Oliva dama 2 3 
Tegula nigosa 5 2 
Tegula mariana 4 28 
Thais biserialis 0 
Turbo fluctuosus 11 14 

MOLLUSCA: BIVALVL\ 
Isognomon janus 0 
Modiolus capax 1 10 
Ostrae conchaphila I 1 
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APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

CRUSTACEA 

Alpheus sp. 0 
Clibanarius digueti 18 397 
Eriphia squamata 2 2 
Paguristes anahuacus 2 26 
Pagurus lepidus 13 21 
Palemon ritteri 6 20 
Pylopagums roseus 0 
Tetragrapsus jouyi 1 4 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense 0 
Ophionereis annulata 1 1 

ECHINODERMATA: ASTEROIDEA 

Echinaster tenuispina 0 

ECHINODERMATA; HOLOTHUROIDEA 

Holothuria lubrica 0 

CNIDARIA 

Palythoa ignota 7 >5000 
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APPENDIX B-Continued. 
I 

Census Date: July 12, 1999^ 
Transect: East, 137 m 

RANGE NUMBER OF 
SPECIES INDIVTDUALS 
MOLLUSCA: POLYPLACOPHORA 

Chiton virgulatus 0 
Stenoplax conspicua 0 

MOLLUSCA: GASTROPODA 

Acanthina angelica 1 18 
Anachis sanfelipensis 0 
Anachis nigris 13 7 
Cerithiiim maculosum 4 6 
Collisella atrata 1 1 
Collisella stanfordiana 0 
Columbella fuscata 9 11 
Columbella strombiformis 10 17 
Crassispira pluto 17 41 
Crepidula striolata 0 
Crepidula uncata 13 17 
Hipponix pilosus 20 11 
Liocerithium juditheae 8 10 
Littorina aspera 16 70 
Mitrella ocellata 5 3 
Monda femiginosa 17 25 
Neorapana tuberculata 0 
Nerita funiculata 3 53 
Nerita scabricosta 0 
Oliva dama 0 
Tegida nigosa 0 
Tegula mariana 14 27 
Thais biserialis 2 2 
Turbo fluctuosus 18 27 

MOLLUSCA: BIVALVLV 

Isognomon janus 0 
Modiolus capax 4 9 
Ostrae conchaphila 0 
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APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 

CRUSTACEA 

Alpheus sp. 11 
Clibanariiis digiieti 21 133 
Eriphia squamata 4 4 
Paguristes anahuacus 11 27 
Pagurus lepidus 14 109 
Palemon ritteri 4 13 
Pylopagiirus roseits 0 
Tetragrapsiis joiiyi 1 6 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense 0 
Ophionereis annulata 3 6 

ECHINODERMATA: ASTEROIDEA 

Echinaster temiispina 0 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica 0 

CNIDARIA 

Palythoa ignota 4 >5000 
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APPENDIX B-Continued. 

Census Date: July 13, 1999 
Transect: West, 152 m 

RANGE NUMBER OF 
SPECIES INDIVIDUALS 
MOLLUSCA: POLYPLACOPHORA 

Chiton virgiilatits 10 6 
Stenoplax conspicua 2 5 

MOLLUSCA: GASTROPODA 

Acanthina angelica 2 2 
Anachis sanfelipensis 11 2 
Anachis nigris 20 6 
Cerithium maculosum 1 20 
Collisella atrata 0 
Collisella stanfordiana 5 3 
Coliimbella fuscata 0 
Coliimbella strombiformis 14 9 
Crassispira pluto 9 76 
Crepidula striolata 0 
Crepidula uncata 8 12 
Hipponix pilosus 9 37 
Liocerithium juditheae 10 18 
Littorina aspera 8 88 
Mitrella ocellata 2 2 
Monda fermginosa 25 18 
Neorapana tuberculata 8 2 
Nerita funicidata 9 100 
Nerita scabricosta 0 
Oliva dama 1 2 
Tegula rugosa 0 
Tegida mariana 8 19 
Thais biserialis 5 3 
Turbo fluctuosus 22 22 

MOLLUSCA: BIVALVIA 

Isognomon Janus 0 
Modiolus capax 8 67 
Ostrae conchaphila 1 1 
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APPENDIX B-Continued. 

RANGE NUMBER OF 
SPECIES INDIVTDIJALS 

CRUSTACEA 

Alpheus sp. 0 
Clibanarius digueti 22 272 
Eriphia squamata 3 3 
Paguristes anahuacus 6 10 
Pagunis lepidiis 22 115 
Palemon ritteri 6 16 
Pylopagurns roseus 1 2 
Tetragrapsiis joityi 2 I 

ECHINODERMATA: OPHIUROIDEA 

Ophioderma panamense 0 
Ophionereis annulata 10 2 

ECHINODERMATA: ASTEROIDEA 

Echinaster tenuispina 0 

ECHINODERMATA: HOLOTHUROIDEA 

Holothuria lubrica 0 

CNIDARIA 

Palythoa ignota 1 >5000 
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