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ABSTRACT 

The agonistic behavior of ten species of gobiid fishes from 

the Gulf of California is described and analyzed by ethological methods. 

Eight species were collected from rocky shores and three from sand or 

mud substrates. Rocky shore species studied were Gobiosoma chiquita, 

Gobiosoma puncticulatum, Gobiosoma digueti, Gobiosoma n. sp., Bathy-

gobius ramosus, Gillichthys seta, Aruma histrio, and Lythrypnus dalli. 

The sand bottom species was Quietula guaymasiae and the mud bottom 

species were Gobionellus sagittula and Gillichthys mirabilis. 

Agonistic behaviors in the gobiid fishes studied consisted of 

appetitive locomotor activity, contacts, and threat displays. Court

ship behaviors were also observed in three species. All behaviors were 

defined in terms of functional units meeting ethological standards for 

comparative study. A trellis diagram which illustrates comparative re

lationships among the species was constructed with the agonistic units. 

Systematic field study of agonistic behavior was conducted on 

fishes present on the Station Beach Reef, Puerto Penasco, Sonora, 

Mexico, during 1971 and 1972. Two species of gobies were studied— 

Gillichthys seta and Gobiosoma chiquita. G. seta was confined to the 

upper half of the reef while G. chiquita ranged throughout the inter-

tidal and also occurred in the shallow subtidal. Two other species— 

Gobiosoma n. sp. and Aruma histrio—are present in the lower half of 

the reef but were not observed during the 1971-72 study. Activity was 

xiv 
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sampled on four occasions in November, January, February and July, and 

is reported in rates for all units observed. 

Behaviors observed in field populations of the two species seen 

were the same as and occurred at similar rates as those behaviors de-
t 

scribed in laboratory populations. Exploratory activity rates while 

foraging appeared to be temperature dependent while rates of agonistic 

activity were higher in populations of greater density. 

Agonistic behavior of Gobiosoma chiquita was further studied in 

laboratory populations to examine relationships between territory and 

hierarchial structure. Individual males maintained territories cen

tered on artificial shelters. A strict hierarchy based on body size 

determined dominance relations among the territory holders. Only the 

super-dominant male of the hierarchies was observed either protecting 

eggs or courting. 

Agonistic behavior can be analyzed in motivational or kinetic 

terms. When appetitive behaviors occurring in agonistic encounters of 

Gobiosoma chiquita are analyzed in a motivational context of approach-

avoidance conflict, the components of locomotor activity and orienta

tion in each behavioral unit may be explained as a result of the 

motivational averaging of two opposing drives—fear and aggression. 

Polar diagrams, with locomotor activity or velocity as the radial 

coordinate and orientation relative to the opponent as the angular 

coordinate, can be used to illustrate graphically the kinetic analysis 

of agonistic behavior. Combat in Gobiosoma chiquita was analyzed using 

this method into three phases—exploratory, status conflict and status 

resolution. The field populations and the organized laboratory 



xvi 

populations of Gobiosoma chiquita had low rates of agonistic activity 

and virtually no status conflict. Disruption of the hierarchial struc

ture by introduction of new, mature fish in both field and laboratory 

produced significantly higher rates of agonistic activity usually char

acterized by episodes of contact or combat behaviors characteristic of 

status conflict. 



CHAPTER 1 

INTRODUCTION 

The family Gobiidae (Order Perciformes) is the most speciose 

of the inshore fish families in the Gulf of California (Walker, i960; 

MS). These small fishes are abundant in both shallow and deep water 

and occur on rocky shores and on depositing shore and estuarine habitats. 

The Gobiidae appears to have a variety of possible social behaviors from 

those of highly social schools to those of solitary, territorial indi

viduals (Reese, 196^). Agonistic activity of various types can there

fore be studied on a comparative basis in this family. 

Agonistic behavior has been strictly defined as combat between 

individuals (Scott, 1956). In the broader sense used here, this term 

is applied to any social interaction concerned with the distribution 

in space of the individuals involved or to the order of their access 

to resources. 

The aim of the present study was to examine the occurrence and 

functioning of agonistic behavior in the gobiid fishes of the Gulf both 

experimentally and within the context of normal social activity. Motor 

activity of ten species occurring on the coast of Sonora, Mexico, was 

subjected to intensive analysis by ethological methods in order to de

fine units of behavior for describing the observed agonistic activities. 

The behaviors of all species were then examined to determine if differ

ences related to taxonomlc, morphological or ecological adaptations. 

1 
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Application of ethology to the study of social behavior in 

fishes "began in recent years (Baerends, 1950; Baerends and Baerends-

Van Boun, 1950; Tinbergen, 1951)* The purpose of ethologlcal analysis 

is to develop objectively defined units for describing behavior. Func

tional units are those which meet rigid anatomical standards and, when 

properly defined, will be homologous units (Lorenz, 19^1). Homologous 

units have a high degree of utility in comparative studies and are 

necessary for the study of many aspects of the evolution of behavior. 

Comparative ethological data can supplement morphological data, con

tributing substantially to taxonomic problems (Losey, 1968; Barlow, 

1968; Lindquist, 1971)* Comparative ethological analysis can also 

facilitate study of the adaptation of behavior to habitat and environ

ment. 

One species, Gobjosoma chiquita, adapted well to th aquarium 

environment and was abundant and readily accessible at the Puerto 

Penasco marine laboratory. Agonistic activity of G. chiquita was in

vestigated using the aquarium as a model of the species' natural tide-

pool habitat and the results compared with those of field observations 

on tidepool populations. G. chiquita was also utilized in experimental 

studies to examine the nature and sequence of behaviors in an agonistic 

encounter. Direct observations and electronic and film records were 

made of combat between matched male pairs. 

A n^w model of agonistic behavior which relates motivation and 

activity was developed in order to describe the combat behavior of G. 

chiquita. This model resolves agonistic activities into aggressive, 
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submissive and conflict behaviors. The model allows preparation of a 

motivational analysis of agonistic "behavior in quantitative terms for 

the first time. 

The relationship of agonistic behavior to the ecology of a 

species has been examined in both fresh water (Van der Assen, 19^7) 

and marine fishes (Clarke, 1970; Low, 1971)• Comparative studies of 

behavior and ecology in stream fishes (Gerking, 1953} Winn, 1958) have 

also emphasized species specific adaptations of aggressive behavior 

to habitat, dispersal mechanisms, and to spatial distribution (King, 

1973). 

Social behavior among marine fishes, including the small 

perciform fishes known as gobies (family Gobiidae), has been reviewed 

by Reese (196k) and by Gibson (1969). Territoriality, especially dur

ing the reproductive period, has been widely noted in this family. 

These fishes have received continuing attention in part due to their 

ready adaptation to the observer (Ebert and Turner, 1962; Randall, 

1962). 

Many observations on aggression in gobiid fishes have been 

made incidental to observations on general behavior (Weisel, 19^7; 

Tavolga, 195^; Reese, 196^; Gibson, 1969). Observation and experi

mentation on agonistic behavior in the goby, BathyRoblus soporator, 

revealed changes in the typology and in the intensity of encounters 

resulting from differences between participants in sex, body size and 

season (Tavolga, 1956). Differences in,agonistic activity among indi

viduals can lead to dominance relations within a fish population and 



could result in the creation of a hierarchial structure which in ef 

feet controls the distribution of the individuals, the populations 

size, and the allocation of resources (Jenkins, 1969; Klopfer, 19^9 

Symons, 1971)* 



CHAPTER 2 

MATERIALS AND METHODS 

Collections 

Live material for the study was collected at various localities 

along the coast of Sonora, Mexico, in the Gulf of California. Collec

tions were made particularly at the reef in front of the Puerto Peffasco 

Marine Facility. The facility is operated jointly by The University of 

Arizona, Tucson, and The University of Sonora, Hermosillo, Mexico. An 

extensive shelliferous limestone reef is located in the intertidal zone 

here (Station Beach Reef). Other areas visited for collection and ob

servations included esteros and headlands from Puerto Penasco south to 

Guaymas in southern Sonora, Sinaloa and Baja California. These local

ities included Estero Morua, Desemboque, Puerto Lobos, Bahia Kino, 

Punta Colorado, Bahia San Augustln, Bahia San Carlos and Estero Soldado 

in Sonora. Tiburon Island (Sonora), Mazatlan (Sinaloa), Cabo San Lucas, 

Bahia Concepcion, Angel de Guarda Island, and several island localities 

off Baja California were also visited during cruise 15 of the R/V Te 

Vega of Stanford University, July-September, 1967. 

Main Study Area 

The prominent coastal features of the main study area (Figure l) 

are two headlands, the southern of basalt (Punta Peflasco) and the 

5 
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northern of granite (Punta Roca del Toro, known locally as Pelican 

Point). These headlands are separated "by four miles of sand "beach 

northwest of Punta Penasco and 3«5 miles of conglomerate reef adjacent 

to Pelican Point. Station Beach Reef, an Intertidal limestone reef ap

proximately two miles long, occurs southerly of Punta Pefiasco. Sand 

"beaches occur upshore of these reefs, Sandy shores also isolate these 

reefs to the north and south. North of Pelican Point are the extensive 

sand flats and "beaches of Bahia Adair, starting at Cholla Bay, a resort 

area and launch point at the bay's southern edge. 

Punta Roca del Toro (Pelican Point) and its associated reefs 

form the northernmost major rocky headland on the eastern shore of the 

Gulf of California (Comlte de la Carta Geographica de Mexico, i960). 

•A few outcroppings of sandstone "beach rock, apparently of the same type 

as occur in Puerto Penasco, are found north of this area in the lower

most intertidal at the center of Bahia Adair and at its northernmost 

terminus. G. chiquita, G. seta and Gobiosoma n. sp. have been collect

ed on these reefs, but the populations there are restricted in abundance 

by the moderate extent of the reefs. 

Maintenance of Live Specimens 

Aquaria with subsand filtration were utilized to maintain live 

specimens in both fresh and artificial sea water in our basement lab

oratory. Aquaria were topped weekly with distilled water to maintain 

normal salinity as evaporation is very rapid in the dry, desert climate. 

A strict aquarium regime (Spotte, 1970) was maintained in order to es

tablish uniform environmental conditions in all the aquaria and in each 
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half of the split aquaria. Environmental factors controlled are listed 

in Table 1. 

Only one serious pathogen vas encountered, a parasitic dino-

flagellate, Oodinlum, which responds to copper sulfate treatment. In 

this potentially fatal disease, studied by Morrison (1966), microscopic 

white colonies appear on the body and fins. Their presence in gobies 

can usually be recognized sufficiently early for treatment by close 

examination or by unusual rubbing and/or jumping movements made by the 

infected fish. 

Observations on Behavior 

Aquarium populations formed an important medium for study of 

agonistic behavior. Individuals or populations of fishes were main

tained in the lab over appropriate substrates, either sand or mud. 

Rocks, shells or artificial shelters were provided for all inhabitants. 

Glass vials of appropriate size were used for standard shelters. 

Agonistic behavior was studied by direct observations, intro

ducing additional second species, or introducing additional conspecific 

individuals. Presentations of individuals were occasionally made in 

Erlenrayer flasks to residents. 

Most study populations were size-graded from mature adults to 

early juveniles. Individual fish could then be recognized by their 

relative size. Caudal fin clipping was used in some experiments with 

fish of equal size. In this way movements and interactions of indi

viduals could be followed. 
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Table 1. Aquarium regime for the study of agonistic "behavior 

Environmental Variable Regime 

Aquaria 

Water 

Salinity 

Substrate 

Air 

Light 

Filtration 

Temperature 

Shelters 

Food 

Covered, 7*5 gallon fiberglass 
(three sides) and glass (front) 

Synthetic sea salts (instant ocean) 
with 19 trace elements; 20$ of vol
ume replaced each month 

Constant density (1.025); renewed 
'weekly with distilled water 

Fine, calcareous littoral sand i 1 

Filtered through activated char
coal; plant or pump delivery 

Paired 15 watt aquarium lamps; 
cycled 12 hours on/l2 hours off; 
adjusted monthly to sunset 

Paired subsand water filters each 
with in-line charcoal mini-filters 

Diurnal heating-nocturnal cooling 
cycle imposed by light sources 
(Ts73-89^f); constricted by supply 
of air at ambient temperature 
(TS66~82°F) 

Glass vials, single entrance 

Standard Individual ration (2 ml.) 
of frozen brine shrimp; weekly sup
plements of live brine shrimp 

j 
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Recording Behavior 

With a keyboard of switches attached to Input channels of the 

Esterline-Angus Event Recorder (Esterline-Angus Co., Indianapolis, 

Indiana) twenty different behaviors could he monitored simultaneously. 

Onset, sequence and duration of the activities under study can he ob

tained from the graphical record produced. Two recorders were avail

able—*a portable low voltage unit with an hour drive for slow behaviors 

and a laboratory 120 volt unit with a minute drive for use in observing 

fast behaviors and individual motor actions. The low voltage unit was 

used in the field combined with a 12-volt auto or supersize battery. 

Reactions to Observer 

Adult sand-dwelling gobies—Gllllchthys mlrabilis, Goblonellus 

sagittula. Quietula guaymasiae—were extremely wary of the observer 

despite the use of blinds, exhibiting flight preparation or freeze 

reactions for considerable periods. Relatively less data on behavior 

was obtained from these species. In contrast, rocky shore species ad

justed to the observer rapidly, exhibiting very brief flight or freeze 

reactions to approach or to rapid body movements. Normal behavior re

sumed within a few seconds in most cases or within a few minutes in 

extreme examples following assumption of an observation posture. Even 

moderate movements of the observer did not then interrupt ongoing ac

tivities . 

Some fish in aquaria did on occasion show curiosity or investi

gatory activities relative to the observer. Movements toward'the 

aquarium rim and attachment there to the walls in apparent anticipation 

of being fed was also observed. 
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A large experimental blind was prepared and tested in the field. 

The blind was constructed of cardboard for lightness and prepared with 

observation slits. The outsides were painted sky blue to match the 

background as it might be observed from the fish-eye view. This blind 

was used several times in tfca field on the Station Beach Reef but did 

not produce any apparent practical improvement over observations made 

with free-hand approach-and-observe techniques. 

To overcome the difficulties of reacting and/or conditioning 

to the observer by the fish in the aquarium and to screen out back

ground distractions during observation periods, a special aquarium 

observation hood was prepared (Figure 2). This consisted of a box open 

at both ends which narrowed from the glass front of the aquarium toward 

the observer. The observer end was dark when the eyes were in place. 

The fish adjusted well to this apparatus, returning to normal activity 

within a few minutes after its emplacement. Observations were started 

when at least three minutes had elapsed to allow for this adjustment 

period. Habituation to the presence of the hood Itself was encouraged 

prior to observation periods by emplacement of opaque panels on the 

front pane of aquaria during the day of observations. 

Physical Measurements" 

Fresh weights of fish were taken to the nearest hundredth of 

a gram using an Ainsworth 10*nbalance. A small chamber containing sea 

water was weighed. Then the fish, drained on filter paper, was added 

to the chamber and reweighed. Lengths were estimated to the nearest 

millimeter and sexing performed in a glass vial with premarked rulings. 



Figure 2 .. Ichthy:, hot on with hood, keyboard and Esterline-Angus 
Event ~ecorde (facing away behind seat) ready for re
cordin= havi r during an agonistic encounter in tank 2 

12 
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The fish, along with an appropriate amount of sea water, was "poured" 

into the vial and capped off for examination. 

An unusual frequency of ulcerative sores was noted in some 

measured fish. The typical sore occurred anywhere on the head or body, 

gradually increased in size and depth, and did not appear to respond 

to treatment with various drugs and chemicals typically used in fish 

diseases. Fatalities resulted when the ulcer penetrated the body wall 

or brain case. This condition may have resulted from over-drying of 

the skin during weighing. 

Encounter Experiments 

Split aquaria for isolating fishes in Individual areas were 

prepared for study of agonistic encounters. Fishes were separated in

to matched pairs and each placed in an opposite side of the split-tank 

aquaria. Pairs were matched by sex and size. Opaque partitions sepa

rated individual areas. 

Strict attention was paid to the physical and environmental 

features of each half aquaria with the intention of making each side 

an exact and uniform duplicate of the other (cf. Table l). Transfers 

of fish between split aquaria did not produce the disorientation nor

mally observed after initial introduction of an individual fish to a 

new aquarium. Normal agonistic behaviors could be observed in accli

mated individuals on the day following transfers in contrast to the 

two-week adaptation period usually seen. 

Encounters were studied in this highly controlled environment 

in which the major source of novelty could be either social or physical 



factors under choice of the experimenter. Control of experimental 

measures effecting site familiarity, physical security, experience on 

site, size of the individuals, sex of the individuals, isolation time 

encounter duration, and individual familiarity can be attained with 

this apparatus. An initial acclimation period of at least two weeks, 

during which normal functional behaviors appeared, was adopted prior 

to observations. Encounters were filmed or recorded directly on the 

event recording equipment (Figure 2). 

Encounters between matched pairs were allowed to proceed un

til a clear dominance status had been achieved by one or the other 

participant. A second criterion for an endpoint required that each 

participant be in its original territory or range. These criteria 

avoided interference by the experimenter with relationships between 

fish as they became established during the course of the experiment. 

It was also intended that they should establish a standard endpoint 

for all encounters at which motivational levels were similar. When 

aggressive drives had waned to normal levels during an encounter then 

this should be signaled by a reduction in aggressive behaviors and a 

restoration of sheltering and/or foraging drives as prime activators. 

Active chasing and back and forth movements between territories would 

then be expected to cease while foraging and exploratory movements 

would increase and each individual would tend to return to and remain 

in its own territory. 



CHAPTER 3 

GOBIIDAE STUDIED 

Geographical Distribution 

Eight of the eleven species of Goblidae studied (Table 2) are 

found at Puerto Penasco, Sonora, Mexico. All of these species would 

be included in the northern gulf fish fauna of Walker (i960). Five 

of the other Penasco species occur on rocky shores. The northern lim

its of their geographic distribution are determined in part by the ex

tent of rocky shore habitats, not typical of more northern areas in 

the gulf. These species are Gobiosoma chiquita, Gobiosoma n. sp., 

Aruma hlstrio, Gillichthys seta, and Bathygobius ramosus. During the 

period of study, Bathygobius ramosus may have pioneered the intertidal 

zone but did not become permanently established and had declined in 

numbers by the end of the study period. 

Three remaining forms from Puerto Penasco are associated with 

soft substrates. These species are Gillichthys mirabilis, Gobionellus 

saglttula, and Quietula guaymasiae* G. sagittula, a muddy bottom form, 

may be at the northern limits of its distribution in Puerto Penasco as 

the species apparently is not present in some years. mlrabllis also 

is not common in this area. Q. guaymaslae Is common, primarily on 

sandy bottoms, and ranges north to the Colorado delta and south at 

least to southern Sonora. 

15 
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Table 2. Gobiid fishes studied 

Rocky Shores 

****Gobiosoma (Garmannia) chlquita (Jenkins and Evermann, 1888) 

**Goblosoroa (Gerhardinus) n. sp. 

***Gobiosoma (Elacatlnus) punctlculatum (Ginsburg, 1938) 

*G6biosoma (Tipiri&obius) digueti (Pellegrin, 1901) 

**Bathygobius ramosus (Ginsburg, 19^-7) 

**Lythrypnus dalll (Gilbert, 1890) 

*Aruroa histrio (Jordan, 188^) 

***Gillichthys seta (Ginsburg, 1938) 

Sandy and Muddy Shores 

*Glllichthys mirabilis (Cooper, 1861*) 

**Gobionellus sagittula (Gunther, l86l) 

**Quietula guaymasiae (Jenkins and Everroann, 1888) 

Key: **** —treated in detail, considerable field and laboratory 
observations, experimental studies; 

*** —moderate detail, field and laboratory observation; 
** —primarily laboratory, some field observations; 
* —laboratory observations only. 
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Three other species studied, not found at Puerto Penasco or 

only incidental there, are members of the central gulf fish fauna. 

All three are subtidal, rocky shore forms and occur abundantly more 

southerly in the gulf. These species are Gobiosoma (Elacatinus) 

puncticulatum, Gobiosoma digueti, and Lythrypnus dalli. All are 

brightly colored forms. The first two species have bright red color

ation about the head and opercular areas and both are apparently clean

ers for other fishes. L. dalli has dark bands on a bright magenta 

background. 

Six of the eleven species studied are endemic to the Gulf of 

California. These are Gillichthys seta, Aruma histrio, Gobiosoma 

chiquita, Gobiosoma n. sp., G. digueti and Quietula guaymaslae. Two 

of the five species ranging outside the gulf are found on the U. S. 

Pacific Coast. L. dalli occurs north to southern California and G. 

mirabilis occurs north to northern California. Three tropical species 

range south into South America. These are Gobionellus sagittula, 

Bathygobius ramosus and Gobiosoma (Elacatinus) puncticulatum. 

i 

Vertical Distribution 

Typical vertical distribution of gobies on the Station Beach 

Reef is shown in Figure 3* Three species, G. chiquita, B. ramosus and 

G. seta, were found in the upper intertidal zone, and three species, 

G. chiquita, Gobiosoma n. sp. and A. histrlo, were found at lower levels 

in the Intertidal. At least two of these, G. chiquita and Gobiosoma n. 

sp., were also found subtldally at Station Beach. 
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Figure 3. Topographic profile through Station Beach Reef, Puerto Penasco, Sonora, Mexico, with 
horizontal and vertical distribution of gobiid fishes. 

Profile modified after Eger, 1971, Figure 9, p. 17. Dots indicate sand; rock is lined. 
Species abbreviations: GC—Gobioscaa chiquita; ER—Eathygobius ranosus; GS—Gillichthys 
seta; AH—Aruma hlstrio; G. sp—Gobiosoca n. sp. Tide levels: EH—extreme high water; 
MH—mean high water; ML—mean lev water; EL—extreme low. Sipecies in parentheses are 
rare or absent in some years. 
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Species Descriptions and Habitats 

The description of each species includes meristic data (fin ray-

counts) on dorsal (D), anal (a) and pectoral (P) fins. Other anatomi

cal information is included in a few cases where confusion with related 

species is possible. Fin counts are based on at least five specimens 

of each species. Comparison was made by the author between this mate

rial and Identified collections at The University of California at Los 

Angeles. Field localities where data was obtained are listed follow

ing the fin counts. Ecological information given is based upon pub

lished information when available or upon observations and habitat 

descriptions at the author's collection and observation sites. The 

geographical distributions are based on personal collections and ob

servations , on UCLA and University of Arizona lchthyological museum 

records and on additional information in the literature (Jordan and 

Evermann, 1898; Wales, 1932; Ginsburg, 19^7j Barlow, 1961; Hoese, 

1971). 

Rocky Shore Species 

Gobiosoma (Garmannia) chiquita (Jenkins and Evermann, 1888). 

D-VII,10; A-10; P:19-20. Conception Bay, Puerto Refugio (Angel de 

Guardo Island), Baja California; Puerto Penasco; Cabo Risco Colorado 

(Tiburon Island), Cabo Tepoca, Sonora, Mexico. 

Gobiosoma chiquita is the commonest goby of rocky shores in 

the Puerto Penasco area. It occurs both in intertidal pools and in 

the shallow subtidal and is found on both headlands and their adjacent 

reefs. Along with Bathygobius, when present, and Gillichthys seta, it 



20 

is active dinurally and readily observed in the larger, shallow pools. 

It also is present in the shallow edges of the deep pools and in the 

standing sheets of water on the flatter, boulder-strewn portions of the 

reefs. It forages on the open sand bottoms characteristic of these 

depressions and in the algal turfs characterizing their rocky edges. 

G. chiquita has previously been reported from Guaymas and La 

Paz (Jordan and Everraann, 1898) and also from Bahla de Concepcion, 

Baja California (Wales, 1932). 

Juvenile G. chiquita feed by stalking the small psammofauna 

organisms living among sand groups, hunting over the bottom with inter

mittent pectoral paddles, fixing on any moving organism, and capturing 

of the item with a rapid downward thrust. Frequently a number of sand 

grains are picked up in this way, sorted in the mouth, with the small

er being rejected through the gills and the larger being spit out. 

Other individuals penetrating the area within a few inches of the feed

ing individual would be attacked and driven away. 

Stomach contents of juveniles and adults from Station Beach 

Reef included large numbers of small copedpos (0.3 - 0.5 ram.) together 

with sand grains. Occasional small atnphipods, iscpods, ostracods, 

crab megalops and microgastropods were also found. Adult feeding also 

included the larger and more vagile benthic annelids and crustacea. 

Larger components of the adult diet included amphipods, isopods, crabs, 

shrimps from 1.0 to 8.0 mm. in overall length and small annelids up to 

9.0 mm. in length. One adult was observed to capture an amphipod 

which was swimming along the surface of a shallow tidepool by swimming 

rapidly up off the bottom and Ingesting it. 
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The major food resource for the population of G. chiquita in 

tidepools may "be the psairanofauna on which it is observed to feed ex

tensively. These gobies are also observed to forage for small organ

isms on the large algal fronds and in the algal turf. G. chiquita may 

follow foraging rock crabs (Eriphia squamata) on the low algal turf, 

darting in and out, capturing small, detrital food particles or organ

isms disturbed by the crab. Organisms living in large algae (Sargassum, 

Fadina) and in the low algal turf represent secondary and tertiary food 

resources for this species. 

Gobiosoma n. sp."1" D-VII, 11-12; A:9-10; P-20. Puerto Penasco, 

Bahia Adair, Bahia Kino, San Carlos, Sonora, Mexico. 

Description: Dark bands on translucent body. Bilobed mental 

frenum. Scales restricted to the midline behind the pectoral, their 

number decreasing with age, leaving a midline patch on the caudal 

peduncle. Scales at basal corners of caudal. 

This undescribed species, which would be included in the sub

genus Gerhardinus (Ginsberg, 1933) occurs in low intertidal pools and 

in the shallow subtidal of rocky shores. It was also found on a small, 

isolated reef in the low intertidal at the center of Bahia Adair. 

Gobiosoma (Elacatinus) puncticulatum (Ginsburg, 1938)* 

D-VII,12; A-10; P-23. Cabo San Lucas, Puerto Refugio (Angel de Guarda 

Island), Baja California; Cabo Risco Colorado (Tiburon Island) and 

Punta Colorado, Sonora, Mexico. 

1 
Gobiosoma heterolepidotum , Hoese Dissertation (l97l)» 
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A subtidal species occurring in shallow waters down to at least 

ten feet below MLLW. It is common in locally, sheltering in crevices 

of rocky cliffs. It is frequently associated in such areas with sea 

urchins, Including species of Eucidaris aid Echinometra. (?• puncticula-

tum uses the urchins as shelter, diving under or behind them, when ap

proached by the diver. In one locality on Tiburon Island (Cabo Risco 

Colorado; August 2, 1967) both urchins occurred together in adjacent 

burrows in the hard rock faces. In nine encounters with two specimens 

of G* puncticulatum, in such paired situations Echinometra was chosen 

for shelter six times and Eucidaris three times. 

G. punticulatum has been reported to be a cleaner by some ob

servers (cf. Bohlke and Robins, 1968). This behavior was not seen in 

laboratory specimens. 

G. puncticulatum ranges from Ecuador to the central gulf > 

(Bohlke and Robins, 1968; Hoese, 1971)* 

Gobiosoma (Tlgrlgobius) digueti (Pellegrin, 1901). D-VII, 

10-11; A:9-10; P:18-19. 

Not seen in the field. Live specimens were received on several 

occasions from Alex Kerstich, who collected the species from localities 

near Guaymas, Sonora, Mexico. 

This species is apparently the same as that later and more 

thoroughly described by Ginsburg (1938) as Gobiosoma brocki from col

lections made at Los Frailes, Baja California. The type of G. digueti 

has not been examined by any recent worker and the correct name will 

likely be difficult to determine as several closely related, unde-

scribed species are now known (cf. Hoese, 1971* Table k9, p. 210). 
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Bathygobius ramosus (Ginsburg, 19^7)* D-VI,10; A-8; P-20; 

LS-Uo. Puerto Penasco, Puerto Lobos, Punta Colorado, San Carlos, 

Sonora, Mexico. 

Occurs in tidepools of rocky shores. Bathygobius ramosus ap

pears to have pioneered at Puerto Penasco in the summer of 1966. 

Juveniles of the species were abundant when first collected in Septem

ber and were found on the reefs of both headlands. The species had not 

been taken or observed in extensive previous collecting during June 

and July of 1966 at the same localities nor does it occur in previous 

tidepool collections from the area made by D. A. Thomson and others 

from that period. In particular, J. D. Lane sampled tidepools ex

tensively for gobies. However, a single specimen (38 mm SL) was col

lected there in late 196^ by J. Campbell. Specimens collected in 

September, 1966, ranged from 25 to k2 mm in total length. Larger in

dividuals were captured in later years. Adults up to 105 mm have been 

collected by the author in central Sonora from San Carlos and Puerto 

Lobos. The species has again become rare at Puerto Penasco. B. ramo

sus may therefore be only periodic in its occurrence in this area. 

B. ramosus has been reported to range from Peru to Mexico by 

Ginsburg (19^7)• 

Food of Bathygobius consists of amphipods (2.5 mm), crabs, 

polychaetes, anomuran zooea (3 mm), beetles (2 mm). A small clam shell 

covered with barnacles and a few ctenoid fish scales (2 mm) were also 

eaten. Specimens examined were from a tidepool sample of seven adults 

collected by Paul Winkler, 10:00 A.M., June 28, 1968, at Mazatlan, 

Sinaloa, Mexico. 



2^ 

Lythrypnus dalli (Gilbert, 1890). D-VI;7-l8; A:13-l^; P:19-

20. Puerto Refugio, Angel de Guarda Island, July 30, 19&7t 1000 hrs, 

8-10 feet. 

Occurring in a deeper zone than E. puncticulaturo, "but often, 

as at Angel de Guarda, on the same shore area. On rock surfaces, shel

tering in crevices and holes. At Puerto Refugio also found in company 

with the urchin Echlnometra, sheltering beneath and around the urchin 

and also within its spines I 

L. dalli ranges north from Cabo San Lucas into the central gulf 

and along the Pacific coast into southern California where it is known 

as the Catalina goby. In the gulf the species is found at least to 

San Francisco Bay on the Baja shore and gradually declines in numbers 

from Guaymas northward. One specimen is known from Puerto Penasco. 

Aruma histrio (Jordan, l8Qif). D-VII,12-13; A-ll; P:l8-19. 

An uncommon species occurring in low intertidal rock pools at Puerto 

Penasco. Adult A. histrio may occur in pairs. This large, agile spe

cies was rarely seen and when approached proved very difficult to cap

ture "by hand. Only a few single individuals were collected. The 

species has been reported in the gulf from Guaymas in Sonora and from 

Bahia de Concepcion and San Prancisquito Bay in Baja California (Gins-

burg, 1933). 

Gilllchthys seta (Ginsburg, 1938). D-VI,11-12; A:10-11; 

P:19-22. Bahia Adair, Puerto Penasco. 

Adults of this species are uncommon and often solitary in rocky 

tidepools. Also occasional in pools near rocks or boulders over sand 
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or raud. Aggregations of young fish may occur at low tide in the de

pressions around and under isolated rocks on the upper flats at Bahia 

Adair. The species is common in upper reef pools at Station Beach. 

Barlow (1961) established the range of this gulf endemic to 

include shores north of Punta San Francisquito on the west shore and 

Tiburon Island on the east. 

Food of G. seta on the Norse Beach reef at Puerto Penasco in

cluded small crabs, amphipods and polychaetes (6 to 1*5 mm). G. seta 

was aiso observed scavenging on the remains of small crabs and hunted 

for crustacea living in the algal turf at Station Beach. Aggregations 

of several young fish were sometimes seen around food sources. 

The study period (1971-1972) was a good year for recruitment 

in G. seta on Station Beach Beef. The species had declined in abun

dance during the previous years to the state of rarity at this site. 

Post-larvae occurred in abundance on the Station Beach Reef in February. 

Body coloration of post-larvae was greyish with black median fins. 

Average standard length of the post-larvae was 16.2 mm SL (n«6). Hot 

yet fully settled into a benthic niche, the small fishes were observed 

to swim in the shallow midwater over sandy areas on the upper reef. 

They appeared to follow along with the rising tide, landing intermit

tently on the sand bottom or on basalt boulders and occasionally for

aging from algal surfaces. In aquaria they readily avoided predation 

by adult G. chiquita, leaping away from any foraging rushes. A number 

of these post-larvae were raised in aquaria, observed in behavioral 

studies, and grew well for over a year. 
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Sandy and Muddy Shore Species 

Gillichthys mirabills (Copper, 186U). D-VI,12-13* A:ll-12; 

P:20-21. 

G. mirabilis is known to range from Toraales Bay, California 

to Bahia Magdalena, Baja California, on the Pacific coast and occurs 

in the northern gulf ranging south to Mulege on the west and Bahia 

Agiabampo on the east (Barlow, 1961). Specimens studied were imported 

from the Salton Sea where the species has been introduced and is abun

dant (Walker, 1961). 

Both species of Gillichthys have an extended maxillary bone 

which may reach posteriorly to the gill opening in adult G. mirabilis 

(Barlow, 1961). 

Quietula guaymasiae (Jenkins and Evermann, 1888). D-V,15j 

A:13-15; P:22-25« Bahia Adair and Estero Soldado, Sonora, Mexico. 

A large species occurring in the estero channels and upper 

tidal flats at Bahia Adair. Also abundant in the subtidal over sandy 

substrates. 

Adults were observed to burrow actively in aquaria with mud 

substrates. One individual was collected in such a burrow from a tidal 

pool in the upper sand flats of Bahia Adair. In sandy pools, the adults 

can bury themselves up to the eyes. 

This species ranges from Guaymas north to Bahia Adair and may 

occur also on the western gulf shore opposite this area. The extended 

maxillary of this species is very similar to that in Gillichthys seta. 
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According to authorities in this matter, two species of 

Quietula are common in the gulf (Donald Thompson, pers. comm., 1973)? 

Jordan and Evermann (1898) synonomized guaymasiae with Q.y-cauda, 

maintaining that the former was a juvenile form. While Gobiosoma n. 

sp. and G. chiquita, two very similar species anatomically, were early 

separated by behavioral differences, no observable differences of be

havior supported the presence of two taxonomic entities in the material 

studied by the author. 

Food of this species included shrimp, annelids and small fishes. 

Goblonellus sagittula (Gunther, l86l). D-VI,13; A-litj P-17-

Bahia Adair; Estero Soldado, Scnora, Mexico. 

Juveniles occur abundantly in favorable years in the high, 

muddy intertidal of the estero flats at Bahia Adair where they are 

found in and around Uca burrows. Adults were found in sandy tidepools 

and channels during low tides, where they take refuge in large crab 

burrows. 

G. sagittula has not been collected at Bahia Adair in recent 

years but has remained abundant in various esteros near Guaymas. Col

lections of this species at Bahia Adair were made in the summer of 

1966 (cf. Heath, 1967). 

G. sagittula has been reported at localities from Ecuador to 

San Diego, California. In the Gulf of California the species is known 

to range north to Mulege on the west and occurs from Guaymas to Bahia 

Adair on the eastern shore (Ginsburg, 1932). 
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Feeding behavior in G. sagittula was unusual for a goby in 

that the species sifts bottom material for food. The mouth is low on 

the head and the unusual lip structure gives the fish a peculiar ap

pearance. The upper lip is highly protrusible, operating forward and 

down to rake in material from the bottom surface which is then sorted 

in the mouth. Smaller particles are sifted out the gill openings while 

larger are spit out of the mouth. In the laboratory, this species 

readily fed on blue-green algae and frequently scraped algae growth off 

the aquarium walls. No other goby of this study was observed to forage 

on algae. 



CHAPTER If 

SEXUAL MATURATION OF GOBIOSOMA CHIQUITA 

The reproductive biology of Goblosoma chiquita was studied in 

order to determine what relation might be expected between maturity 

and observed behaviors. It was especially desirable to avoid using 

immature individuals for behavioral experiment, to determine what ex

ternal characters might be used for visual identification of the sexes, 

and to know in what parts of the year mating and associated holding of 

territories might be expected to peak. 

Sexual dimorphism is not notably marked in any of the species 

studied. After some study, however, it was determined that in Goblo

soma chiquita, small differences between the sexes did occur in the 

external genital papilla, the development of the first dorsal spine, 

the morphology of the lips and in the ultimate size of the individual. 

However, these differences apply consistently in this species only to 

fully mature individuals. For behavioral purposes, it remained diffi

cult or impossible to identify with certainty the sex of every indi

vidual without close and careful examination. For example, mature 

females may be similar in size and have no differences in the dorsal 

fin spines from subadult males. Males used in experiments were chosen 

on the basis of fully developed secondary sexual characteristics. 

The papillae of the male G. chiquita is relatively more narrow 

and elongate. It measures up to approximately 0.5 in length by 

29 
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0.35 mm in width at the base, decreasing to about 0.2 mm in width at 

the tip. In contrast, the female papilla is shorter, more rounded and 

typically indented to the extent of being slightly bifid at the tip. 

Its length may vary up to 0.35 mm and its breadth to 0.35 mm at the 

base. 

The mature male of G. chiquita may be principally distinguished 

by a slightly elongated first dorsal spine, projecting up to 50$ beyond 

the length of the second spine and producing a concave, posterior edge 

to the fin membrane between the two. The first dorsal spine is barely 

longer than the second in the female. The lips of the mature male are 

also relatively thicker. The male also grows to a greater size than 

the female (Table 3)* Any especially large, robust individual 2 inches 

or more in length (<50 mm SL) is most probably a male. 

In the course of dissections, each Individual was examined for 

papillar development and for gonad size and development. Mature mor

phology of the genital papillae was found to be an indicator of sex. 

A papilla on a small individual which could not be definitely referred 

visually to one sex or the other, proved usually on dissection to be

long to an immature individual without any trace of gonad development. 

It therefore appears most likely that the papilla develops a mature 

configuration simultaneously with gonad maturation. 

The mature testis of G. chiquita (Table If) was typically elon

gate, somewhat triangular in cross^section and of a light translucent 

or whitish color in preserved specimens. No microscopic examination 

was conducted with testicular material so that the onset or occurrence 

of spermatogenisis was not determined. 
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Table 3• Standard length and sexual maturity in Gobiosoma chiquita 
as determined by examination for external and internal 
differentiation 

Standard 
Length (mm) 

Mature 
Female Male 

Immature Totals 

10-20 0 1 3 k 

20-30 13 19 3 35 

30-1*0 17 23 0 40 

tf0-50 0 if 0 U 

50-60 0 2 0 2 

Totals 30 ^9 6 65 

I 
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Table 1*. Length of gonads as a function of standard length in 
male and female Gobiosoma chiquita 

Standard Length of testes (mm) 
Length 0-2 2-4 4-6 6-fc! a-io 10-12 Total 

10-20 mm 0 1 0 0 0 0 1 

20-30 0 3 4 1 1(1) 0 9 

30-40 0 5(1) 6(2) MD 0 0 15 

40-50 0 0 0 2 2 0 4 

50-60 0 0 0 0 2(1) 0 2 

Totals 0 9(1) 10(2) 7(1) 5(2) 0 31 

(No.): indicates 
sample 

the number of males with seminal vesicles in the 

Standard Length of ovary (mm) 
Length 0-1 2-4 4-6 6-b 8-10 10-12 Total 

10-20 mm 0 0 0 0 0 0 0 

20-30 0 2 5(5) 2 0 0 9(5) 

30-40 1 0 8(1) 5(3) 1(1) 1(1) 16(6) 

40-50 0 0 0 0 0 0 0 

50-60 0 0 0 0 0 0 0 

Totals 1 2 13(6) 7(3) 1(1) 1(1) 25(11) 

(No.): indicates the number of ripe females in the sample 
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Testes examined varied from 2.5 to 9-0 mm in length and showed 

an increase in size which was related to "body length (Table k). Mature 

'males varied in size from 18 to 57 mm in standard length. The testes 

were judged to "be fully ripe when they were large in cross-section, 

whitish and greater than 6 mm long. This occurred sparingly in the 

sample in males 39 "to 57 nun SL. 

The ovaries were rounded, oblong organs which varied in length 

from 5»0 to 12.0 mm. Four stages of development were recognized—un

differentiated i small, no eggs visible, ovary length U.O mm; early: 

small white eggs visible, length h-6 mm; ripe: large, yellow eggs 

with some already loose in ovary, length 5-6 mm; distended ripe: 

ovary very enlarged, nearly or completely filling length of body cav

ity, 7-12 mm long. A female in the distended ripe stage has a notably 

swollen abdomen in external view. Mature females varied from 20 to 

35 mm (SL) (Table 4). Ripe females were found in the range 20 to 33 mm 

SL. 

The eggs of fully ripe females were round, 0.6 mm (0.5-0.7, 

n-10) in diameter and a bright yellow when preserved. Five hundred 

twenty-one were counted in one ovary of a distended ripe female from 

Puerto Penasco, indicating a total of just over one thousand eggs per 

individual (1,01*2). 

An extra pair of organs associated with the reproductive tract 

were noted in a few apparent males (6 of 1*3 males, 1*$). In addition 

to having normal looking testes, these individuals also had small, 

rounded organs, ventral and posterior, 2.0 to 3.0 mm in length. No 



increase in the incidence of these organs was found with increasing 

size or length of the testes. Males with the accessory organs, which 

are probably seminal vesicles, varied from 29 to 56 mm SL. Similar 

organs are found in G. mirabllis (Y/eisel, 19̂ 9)• 

No external or internal parasites or evidence of disease were 

noted in the examinations. 

Results from examination of 85 individuals representing 11 

months of the year are tabulated to determine seasonal differences in 

gonad development (Table 5)* All collections were from the Station 

Beach Reef at Puerto Penasco. Years included in the collections were 

1964, 1965, 1966, 1967* !9T0 and 1971• Ripe females were found in 

these samples from March through September inclusively. Ripe males 

were found in the samples from March through August. This data sug

gests an extended reproductive season which includes seven of the 

twelve months of the year. Courting pairs have been observed in the 

field in June and September at Station and Norse Beach Reefs. Repro

ductive behaviors and associated territorial activity might therefore 

be expected in populations of G. chiquita during the early spring, con

tinuing through the summer and fall. 
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Table 5- Bimonthly frequency of advanced stages of gonadal 
development in mature Gbbiosoma chiquita collections 

. from Station Beach Reef. 

Month 
n 
Female 

Ripe (tf) n 
Male 

Ripe (#) 

January-February 2 0.0 3 0.0 . 

March-April 6 100.0 9 88.9 

May-June 3 100.0 0 — 

July-August 11 90.8 17 23-5 

September-October 2 50.0 2 0.0 

November-December 10 0.0 5 0.0 

Totals 36 

testes enlarged 

n—number examined 



CHAPTER 5 

BEHAVIORAL STUDY OF GOBIES 

The coverage and completeness of "behavioral studies will vary 

with the availability of individuals for observation and experiment 

and with the frequency of observation of each species in the field. 

The relative importance of the species in the present study has been 

suggested in Table 2 (p. 17) • The relationship between coverage and 

completeness and the results of this study are examined here in more 

detail. 

The number of terms or units required to describe the behavior 

of the species studied is tallied in Table 6. The number of units 

varied from 19 in B. ramosus to ̂ 9 in G. chiquita. The larger number 

of units in some species is related in part to the variety in types 

of behaviors observed. G. chiquita, which had the largest number of 

units described, had also the greatest variety of behaviors observed, 

including courtship and parental behavior as well as all of the pro

posed categories of agonistic behavior~fighting or combat, threat 

display and physical contact. This species also received the greatest 

attention as measured by the number of observations. Coverage or vari

ety in the behaviors seen as well as the number of units described ap

pear therefore to vary with the frequency of observations. 

An observation was defined as a period when data was being col

lected on behavior. The number of observations included collecting 
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Table 6. Nimiber of observations (n) and units of behavior (U) described for 
the gobiid fishes studied 

Observations (N) Behavioral U Agonistic Behavior Other Behaviors 
Species Lab Field Total Units (U) N Combat Threat Contact Courtship Parental 

G. chiauita 668 69 737 1+9 0.07 * * * * * 

Gobiosoma n. sp. 10 3 13 40 3.08 * * * . • * 0 

G. digueti kk 0 bk 38 0.6k * * * * 0 

G. puncticulatum 71 u 75 35 0.U7 * * * * 0 

G. seta 28 15 ^3 31 0.72 0 0 * 0 0 

B. ramosus 26 8 3^ 19 0.59 * * * 0 0 

L. dalli 13 3 16 37 2.31 0 0 * 0 0 

A. histrio 3 1 k 0 - 0 0 0 0 0 

G. sagittula 192 3 195 21 0.11 0 * * 0 0 

Q. guaymasiae 66 k 70 29 0A1 0 * * 0 0 

G. mirabilis 18 1 19 29 1.53 0 0 * 0 0 

Total 1139 lH 1250 

Key: *-0bserved; O-Not seen 
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such data during experiments. Observing a number of fish simultaneous

ly was given a larger value than when observations were made on only a 

single individual or pair, i.e., observing five fish at once equaled 

five observations and observing one fish five separate times also 

equaled five observations. The number of fish studied also therefore 

influenced this statistic. In an experimental context, observations 

would be equivalent to sample size. 

Duration of such observation periods varied according to the 

circumstances. Initial observations were intended only for the pur

poses of defining behavioral units and for developing a general pic

ture of their sequences. Such periods were frequently an hour or more 
* 

in length. A minimum observation period of 10 minutes was established 

for later experiments but some periods frequently extended beyond a 

half-hour. Records of duration were not kept unless specific time-

related Information was desired. 

In 19 fully recorded laboratory observations of encounters 

between pairs in G. chiquita, the average duration was lU.50 minutes. 

In 5 periods on G. puncticulatum the average duration was 10.00 min

utes; in G. diguetl, U.30 minutes (n s 3)j in Goblonellus sagittula, 

13*75 minutes (n s *0* and in B. ramosus, 15.O minutes (n - l). At 

least 227 ten-minute laboratory periods were tallied in experiments 

on G. chiquita and 36 on Gobionellus sagittula. 

In the field, individual fish could rarely be followed for mere 

than a few minutes at a time. Either they were lost behind obstruc

tions, entered shelters or moved beyond the range of view. In 28 

fully recorded field observations on individual G. chiquita the 
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duration of observation averaged 2.52 minutes. In four periods of 

fully recorded field observation on G. seta the average duration was 

If. 1*5 minutes. 

The relation between units of behavior (u) described and the 

number of observations (N) made can be expressed as a ratio (u/N). 

In the most studied species, G. chiquita and £. sagittula, this ratio 

is relatively low (x z 0.09; range, 0.07 to O.ll). Five other species 

studied show intermediate values of the ratio which range from 0.^1 

to 0.72 (x s 0.57)j and four have relatively high ratios (x = 2.31* 

range 1.53 to 3.08). High ratios would be expected in species which 

have behaviors not yet described. However, in at least one case, 

Gobiosoma n. sp., the high value of the ratio may be the result of a 

close similarity in behavior to the very well-studied species G. 

chiquita, which resulted in description of a high number of behavioral 

units from relatively few observations of the new species. 

The ratio of the number of behavioral units defined to the 

number of observations required can be regarded as a measure of the 

rate at which information on behavior is being generated. This ratio 

will change with the duration and number, and with the seasonal and 

circumstantial dispersion of the study periods just as the behavior 

t, 

may be expected to change with differences in these factors. A single, 

long study period is limited by uniform circumstances, and by its 

localization in time. The same total study time could generate much 

more information if it were dispersed throughout the year in order to 

describe behaviors in a variety of habitats, environments and seasonal 
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life history stages. Counting observations is a valid measurement of 

this dispersion. 

The ratio Y - U/N is plotted as a function of the number of 

observations for nine species in Figure Ik The,ratio declines hyper-

bollcally as the number of observations increases. The relationship 
* 

between the ratio (Y) and the number of observations (n) can be fitted 

to the equation 

Log Y = 1.600 - 1.085Log N 

where r - - O.969 and p ̂  0.01. 

A similar relationship was found between the number of agonis

tic units (Na) and the number of observations: 

Log Ya = 0.853 - 0.878Log N. (r = -0.9*1-7, p<0.0l) 

The ratio may therefore be regarded as a way of relating the 

amount of information being collected to the effort involved. A ratio 

much less than one unit defined per observation is probably indicative 

of approach to a well-studied condition. 
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Figure Relation of the ratio of units of behavior described 
to the number of observations (Y - U/ll) plotted as a 
function of the number of observations for nine 
species of gobies 

Symbols: • all units; • agonistic units •r 
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CHAPTER 6 

ETHOLOGY OF GOBY BEHAVIOR 

Units of behavior as defined for study of agonistic behavior 

in gobies consisted of motor acts under the control of a definite 

muscle or muscle group, or by a simultaneous combination of such acts. 

When sequences of such units are repeated, they may be referred to as 

fixed or model action patterns and may be considered characteristic of 

a taxon (Lorenz, 19^1; Barlow, 1968). Some commonly observed motor 

acts of gobiid fishes and the units by which they may be described are 

listed in Table 7« 

All units are defined rigorously in the ethogram, the list of 

behavioral units, under the account for each species. Where applica

ble, the locomotor activity and the typical orientation of each action 

as it is adopted relative to the agonistic opponent or goal object is 

noted. The function of the behavior is listed. 

The function of behaviors can often be inferred from their 

goals or consumptive ends (Tlribergen, 1951)* As observed in gobiid 

fishes, functions of behavior include exploration, comfort, sheltering, 

shelter maintenance, feeding, courting, agonistic, parental and miscel

laneous (cf. Losey, 1968; Table 8). Comfort movements are equivalent 

to the scratching of higher vertebrates. They are generally associated 

with a skin irritation or infection. The miscellaneous category in

cludes several behaviors associated with primary physiological needs 

U2 
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Table 7. Some motor acts and associated behavioral units 
in gobild fishes 

Structure Motor Act 
Behavioral Unit 
Singular Act Rhythmic Acts 

Dorsal fin Erect or depress 
fin rays 

Fins up, fins 
down 

a 

Head—horizontal Abduct, adduct 
head 

Turn (left, right), 
straighten 

Head shake 

Head—vert leal Elevate, lower 
head 

Head up, head 
down 

Nod 

Jaw Lower, elevate 
dentary 

Gape or bite Chew 

Pectoral fin Abduct, adduct 
fin rays 

Paddle ( inter
mittent ), orient, 
backwalk (reverse) 

Paddleg 
(continuous) 

Pelvic fin Abduct, adduct 
fin rays 

Lift, lower body — 

Tail—horizontal Flex, extend 
vertebrae 

Coil, uncoil Swim 

^his action is seen in certain tube-dwelling fishes where it may be 
called 'fin flicker' 
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Table 8. Classification of behavioral units in gobiid fishes by 
function 

Agonistic (aggression, fear)* 

approach 
avoid 
brush 
butt 
carousel 
charge 
chase^ 
chase 
circle 
exaggerated swimming 

flee 
frontal threat 
gape 
head down 
head up 
head shake 
hop 
jump 
kiss 

belly strike 
cough 

brush 

bite 
chew 
fix 

attach 
backwalk 
brake 
coil 
fins up 
flight 

dig 
push 

Comfort (grooming) 

rub 
shoulder rub 

Courtship (reproductive) 

circle 

Feeding (hunger) 

forage 
head down 
ingest 

Locomotion (exploration, etc.) 

freeze 
hover 
orient 
paddle^ 
paddleg 
rest 

Shelter Maintenance (nesting) 

spit 

lateral threat 
mouthlock 
nip 
nudge 
pectoral twitch 
push 
ride 
shove 
tail brush 

shoulder strike 
tail wiggle 

lead 

sift 
spit 

swim, 
swim 
swim up 
tail beat 
turn 
u-turn 

sweep 

Parental (parental) 

fan 
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Table 8, continued 

Miscellaneous (physiological maintenance) 

"breathe float yawn 
defecate ingest bubble 

* Associated major drive(s) in parentheses 



such as respiration and excretion. Sheltering includes escape be

haviors which result in location of cover. Shelter maintenance ac

tivities include digging and other acts resulting in physical changes 

in and around the shelter or nesting site. 

Males of all species of Gobiosoma were observed to maintain 

shelter sites by clearing sand from holes under rocks. Sand was either 

swept out by stationary swimming movements or carried in the mouth and 

spat out in front of the opening. Even moderate-sized pebbles were 

carried or pushed out in this way. 

Exploration is defined as apparent non-directed locomotor 

activity. Directed locomotor movements, i.e., those with apparent 

immediate goals, include a variety of units described including shel

ter, approach, avoid, etc. These units are therefore appetitive 

locomotor actions which serve the associated function. Exploratory 

movements are normally carried out at a low frequency and involve 

only slow, intermittent movement, e.g., paddling. Goal-oriented move

ments may involve either lew or high frequency locomotor activity, 

i.e., either paddling or swimming. 

The ethograms for each species list all terms for behavioral 

units observed in that species. Just over half of the 80 terms noted 

in this study are defined in the account for the first species, 

Gobiosoma chlqulta. In subsequent species accounts all terms are list

ed but only new terms are defined unless there is some definite vari

ation by the species on the basic motor action as it is seen in G. 

chiquita. Postures and displays of Gobiosoma chiquita occurring in 



the agonistic behavior of the species are figured in a later section 

(Figure 5). 

An alphabetical list of behavioral units as derived from ob

servations on all the species studied precedes the ethograms (Table 9)« 

Table 9. Alphabetical list of descriptive terms used for 
• the study of behavior in gobiid fishes 

approach fan nip (bite) 
attach fins down nudge 
avoid fins inclined opercular beat 
backwalk fins up orient 
ballet fix paddle 
belly strike flee pectoral twitch 
bite flight push 
body shove float rest 
brake forage ride 
breathe freeze rub 
brush frontal threat scratch 
bubble gape shelter 
bump gular expansion shift 
butt (ram) head down short charge 
caudal undulation head up shoulder strike 
charge head left shove 
chase head right spit 
cheek shove head shake sweep 
chew hep swim 
circle hover T-stance 
clean ingest tail beat 
coil jaw-on-jaw tail brush 
combat jump tail wave 
cough kiss tail wiggle 
defecate lateral threat turn 
dig lead yawn 
dorsal flick lift zig-zag 
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Echograms 

Goblosoma (Garmannia) chiquita 

Action Description 

1. approach——-a paddle toward another individual (agonistic,court
ship) . 

2. attach———using suction developed by the pelvic disc, the fish 
attaches to the substrate (locomotion). 

3. avoid———a paddle away from another individual (agonistic). 

4. belly strike—scull up, swim down, striking abdominal area 
against substrate (comfort). 

5. bite (nip)—closure of the jaw on a goal object (feeding, agonis
tic). 

6. brake——simultaneous protraction of the pectoral fins result
ing in a reduction of velocity (locomotion). 

7.. breathe—intake of sea water for respiratory purposes; mouth 
opens slightly, bronchial chamber expands, drawing in 
water, then contracts, mouth remaining crpen as oral 
flaps close mechanically to prevent oral discharge of 
water, which then exits via opercular opening (miscel
laneous ). 

8. brush——contact of fins in passing, usually pectoral and/or 
caudal, against side of another individual (agonistic, 
courtship). 

9. carousel——reorienting movement toward opponent during combat, 
consisting of an approach, with a tail recovery and 
simultaneous turning of head toward opponent's tail; 
simultaneous or alternating approaches results in 
rotation of the pair of combatants (agonistic). 

10. charge——rapid swimming toward another fish (agonistic). 

11. chase——repeated sculls or swimming toward or in wake of 
another individual performing flee response (agonis
tic) . 

12. circle——paddling fully around opponent (agonistic). 

13 • coil or tail flex—arrest of tail and caudal fin in extreme flex
ure, resulting in coil of body into a curve (locomo
tion) . 
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ill-, defecate—-no special external motor acts are associated with 
defecation (miscellaneous). 

15. dig-———ingestion of sand followed by deposition in another 
place, usually by spitting material out (maintenance). 

16. fan———in place alternating forward strokes of pectoral fins, 
combined with fins up (parental). 

17. feed———ingestive behavior involving sculling or swimming up 
to capture food above the substrate (orient, locomote, 
open mouth, close mouth) (cf. forage)(feeding). 

18. fins up or down inclined—raising af- medial fin rays of dorsal 
and anal fins into fully upright posture, combined 
with full expansion of caudal fin elements (locomo
tion); fins down is the lowering and retracting 
movement; fins inclined is a partial erection of 
these elements. 

19* fix——orientation of head while observing a live food or
ganism prior to the feeding thrust in forage, com
bined with locomotor arrest. Head usually depressed 
or tilted (feeding). 

20. flee——repeated paddles away from another fish (agonistic). 

21. flight——swimming away from another fish (or from observer) 
(escape, agonistic). 

22. forage—ingestive behavior involving food organisms on or in 
the substrate; includes approach, fixate, charge and 
ingest (feeding). 

23. freeze—locomotor cessation, in place on substrate, usually 
combined with head down (agonistic, escape). 

2k. frontal threat display—a combination of orientation toward 
another fish with gape and fins up (agonistic). 

25• gape———opening jaws more or less widely (feeding, agonistic). 

26. head down——lowering of head (feeding, agonistic). 

2"J, head up—raising of head (agonistic). 

28. head turn—a movement of anterior head region to left or right 
(locomotion, etc.). 
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29* hcxne———locomotor return to the near proximity of the shelter, 
usually to a position with the head at or almost with
in the shelter entrance or to within a body length of 
it (sheltering). 

30. hop--- --a single rapid paddle, producing a sudden forward or 
sideward movement (locomotion). 

31. jump-——a hop over another individual (locomotion). 

32. lateral threat display—combination of postural actions, including 
lateral orientation, gape, head up, fins up and coil, 
in the presence of a territorial intruder (agonistic). 

33» lead——an approach and U-turn performed by the male in front 
of or beside the female and followed by paddling ahead 
(courtship). 

3lf. mouth lock(jaw-on-jaw)—extended bite of opponent's lip or man
dible (agonistic). 

35. orient——in place change of head direction and body position 
with head turn, paddle and tail recovery. Varies from 
a few degrees to a U-turn (locomotion). 

36. paddle——simultaneous power strokes of both pectoral fins and 
includes fin recovery or backstroke (locomotion). 

37. push——swimming with snout against pebble or object to be 
moved (maintenance). 

38. rest——cessation of locomotor actions, fins down (locomotion). 

39- ride(mount)—sculling up and falling across body of another indi
vidual (agonistic). 

Uo. shelter-—entrance into crevice, a shelter site or nest, often 
under a rock (sheltering). 

1*1. shoulder strike—hop up, swim down, striking substrate with pec
toral base (comfort). 

1+2. sift———chewing or sorting of sand or debris in mouth, allow
ing some particles to fall out fill openings (feeding). 

U3. spit———rejection of sand or debris, or large pieces of food; 
includes opening mouth, branchial contraction, and 
closing mouth (feeding, maintenance). 
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1*4. stop—--—cessation of locomotor activity, an in place stop with 
fins up (locomotion). 

1*5• sweep———digging with in place swimming movements (maintenance). 

1*6. swim——active tall beats or thrusts of tail and caudal fin to 
alternate sides (locomotion). 

hf. tail beat(tail flex)—a sudden thrust of the tail and caudal fin to 
one side (locomotion). 

U8. tail wave—alternate tail beats in place directed at eggs; beats 
with a period about one per second (parental). 

b9. tail wiggle—alternating rapid, low amplitude tail beats in place. 
Sometimes performed by an individual as a symptom of 
oodinosis (comfort) or during courtship (courtship). 

50. wrestle——locomotor movements by one or both individuals, in
cluding paddling and swimming,.sometimes with a twist
ing movement, to maintain posture or for the purpose 
of es cape (agoni st i c). 

51. yawn——an extreme gape followed by mouth closing, in non-
agonistic context (comfort). 

Gobiosoma (Oerhardlnus) n. sp. 

Ethogram: approach, attach, avoid, backwalk, belly strike, 

bite, breathe, carousel, caudal undulation, charge, dig, feed, fins 

down, fins inclined, fins up, flee, flight, gape, head down, head 

shake, head up, hop, lateral threat display, lead, lift, mouth lock, 

nod, nudge, rest, ride, shelter, side hop, scull, swim, tail beat, 

tail flex (coil), tall wave, yawn. 

Action Description 

1. caudal undulation—vertical undulation of caudal rays during lat
eral threat display (agonistic). 

2. nudge——a brief paddle, pushing against body of another indi
vidual (agonistic). 
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3. side hop——short lateral jump towards intruder (courtship), 

if. tail wave—show in-place swimming movements (courtship). 

Gobiosoma (Elacatinus) puncticulatum 

Ethogram: attach, approach, avoid, bite, breathe, butt, 

carousal, charge, chase, circle, coil, feed, fins down, fins up, flee, 

flight, gape, head down, head in, head to, head out, head shake, head 

turn, head up, home, jump, lateral threat display, mouth lock, orient, 

paddle, pectoral twitch, rest, shelter, side hop, side roll, tail beat, 

tail brush. 

Action Description 

1. head down—head lowered. Seen in sane approaches (agonistic), 
or when examining food on substrate (feeding). 

2. head in (rtail out)—stop with head within a shelter entrance, 
prior to entering fully (sheltering). 

3. head out—head at or just out of shelter entrance, when looking 
out of shelter (sheltering). 

4. head to——a single turn of head toward opponent and return, 
accompanied by a coil (agonistic). 

5« head shake—lateral back and forth head movements performed from 
a shelter entrance (agonistic). 

6. pectoral twitch—rapid simultaneous flicks, more or less in place, 
of pectoral fins (agonistic). 

7. side roll—lateral rolling of the body toward opponent to 30-^5° 
angle, fins down or inclined to opposite side, some
times with a slight coil (agonistic). 

8. tail brush—touch of caudal fin against another fish following an 
approach and pass (agonistic). 
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GoMosoma (Tigrigobius) digueti 

Ethogram: attach, approach, avoid, backwalk, ballet, bite, 

butt, charge, chase, cheek shove, clean, dig, dorsal flick, fins down, 

fins up, flee, float down, gape, gular expansion, head down, head up, 

head shake, hop, Jaw-on-jaw, jump, kiss, nudge, orient, paddle, pec

toral twitch, push, ride, scratch, shelter, short charge, side hop, 

spit, swim, swim up, T-stance, tail brush, tail wiggle. 

Action Description 

1. ballet——intertwine with another small fish while swimming up, 
probably associated with cleaning activity (feeding ?). 

2. cheek shove—push (coil) to side with cheek against opponent 
(agonistic). 

3- clean——swim up and attachment to another fish and search there 
for parasites (feeding). 

If. dorsal flick—flick of dorsal to side toward opponent (agonistic). 

5. float down—locomotor arrest after swim up resulting in return to 
substrate (locomotion). 

6. gular expansion—ventral ejqiansion of the throat (agonistic). 

7. jump——hop over another individual to land on substrate oppo
site (locomotion, agonistic7). 

8. kiss——butt lips after frontal approach (agonistic, court
ship? ). 

- 9. push——paddle in contact with another individual (agonistic). 

10. scratch—jerky movements or twisting with belly or anal region 
on substrate (comfort). 

11. short charge—brief, jerky approach (agonistic). 

12. spit——swim up, spit out sand after dig (maintenance). 

13. swim up—swimming or paddling straight up off substrate 
(locomotion). 
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lU. T-stance—resting with body pointed to cheek, perpendicular to 
opponent, often while in contact (agonistic). 

15. tail "brush—brushing caudal fin across cheek of another individual 
in passing (agonistic). 

Bathygobius ramosus 

Ethogram: approach, avoid, breathe, butting, carousel, charge, 

coil, feed, fins down, fins up, flee, flight, gape, head up, lateral 

threat display, orient, paddle, rest, swim, shelter. 

Lythrypnus dalli 

Ethogram: approach, attach, avoid, bite, brake, breathe, 

brush, butt, charge, chase, coil, dorsal flick, feed, fins down, fins 

up, flee, float down, head down, head out, home, orient, paddle, pec

toral twitch, rest, shelter, short charge, side hop, sweep, swim, swim 

up, tail beat, tail wiggle, turn left, turn right, U-turn, yawn, zig

zag. 

Action Description 

1. feed———rapid approach and ingesting of food item followed 
by U-turn and rapid return to perch (feeding). 

2. head out—resting in shelter with head in or near entrance 
looking out (shelter). 

3. side hop—-paddling movements toward opponent while maintaining 
lateral orientation (agonistic). 

4. tail wiggle—two to several restricted tail beats in place, fol
lowed by fins down; usually given after U-turn when 
pointing away from opponent or on approach of opponent 
from side (agonistic). 

5. zig-zag——short charges or approach movements made alternately 
left and right as opponent is neared (agonistic). 
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Gillichthys seta 

Ethogram: approach, attach, avoid, backwalk, breathe, brush, 

charge, chase, coil, dig, exm's, fins down, fins up, fins inclined, 

gape, head down, head' shake, orient, paddle, pectoral twitch, push, 

rest, ride, scull, shelter, shoulder strike, spit, sweep, swim, swim 

up, yawn. 

Action Description 

1. backwalk -alternate pectoral protractions while on substrate 
resulting in backward movement (locomotion). 

2. brush—-—touching another individual with anal or caudal fins 
in passing (agonistic). 

3. dig--———ingestion of sand or substrate material, to prepare 
a nest (maintenance), or possibly as a threat display 
to another individual (agonistic). 

4. exm's(exaggerated swimming movements)—low frequency tail beats 
with little forward movement; usually combined with 
head shakes (agonistic). 

5. fins inclined--ray elements at about a k5 degree angle (locomo
tion) . 

6. head shake—alternate lateral head movements often as result of 
exaggerated swimming movements (agonistic). 

7* pectoral twitch—in place pectoral flicks (agonistic). 

8. scull———initial caudal movement seems characteristic, follow
ing pectoral paddling movements resulting in a glide 
just off bottom, while caudal gives slight flicks 
which seem barely propulsive (locomotion)'. 

9- shoulder strike—swim up, then down sharply, striking side against 
substrate (comfort). 

10. swim up-——moving about above substrate with sculls and occasional 
caudal undulations (locomotion). 
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Gillichthys mirabills 

Ethogram: approach, avoid, backwalk, breathe, brush cheek rub, 

coil, cough, feed, fins down, fins up, flight, head shake, head touch, 

hover, ingest bubble, orient, paddle, pectoral twitch, push, rest, 

scull, swim, swim up, tail brush, U-turn, wiggle, yawn. 

Action Description 

1. coil———lateral flexure of tail with arrest so that caudal 
region is curled, with fins up (locomotion). 

2. cough—-—sudden and brief opening and closing of mouth (comfort, 
agonistic?)1 

3. head shake—a single, side-to-side or lateral shake of the head 
after being brushed by a larger individual (agonistic). 

U. head touch—contact made after coasting to a stop with head at, 
on, or against body of another individual (agonistic). 

5. hover——staying in place in the water column (off the sub
strate) by pectoral paddling and occasional assists 
by vertical undulations of the caudal elements 
(locomotion). 

6. Ingest bubble—taking an air bubble into the mouth at the surface 
(miscellaneous). This action is central to the 
aerial respiration characteristic of this species in 
unfavorable, oxygen-low environments (cf. Todd and 
Ebeling, 1961). 

7. push——swimming with head against head, cheek, or body of 
another fish (agonistic). 

8. rest——locomotor cessation, head low, fins down, pectorals 
down (locomotion). 

9. scull——paddle with assists from caudal fin (locomotion). 

10. T-stance——near approach to body of another individual, so that 
head is almost in contact and at a right angle to the 
other fishes' body, followed by rest in this position 
with fins up (agonistic). 

11. wiggle——slow undulatory body and tail movements in place, com
bined with alternating and synchronized backward 
strokes of the pectorals, which expand on backstroke, 
contract elements on front stroke (function not known). 
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12. yawn ——mouth opens, head and tall up, gulars expand and close, 
mouth closes. Occasionally performed by a smaller near 
or as a result of approach by a larger individual (com
fort, agonistic). 

Quietula guaymasiae 

Ethogram: approach, arch back, avoid, breathe, brush, bury, 

butt, charge, defecate, dig, fins down, fins up, float down, forage, 

gape, jaw breaking, lift, nudge, paddle, pectoral fan, rest, shove, 

spit, sweep, swim, swim up, tail brush, tail up, yawn. 

Action Description 

1. arch back—dorsal curving of the vertebral column associated with 
defecation (miscellaneous). 

2. brush——contact of ventral fins on body as one individual swims 
over another (agonistic). 

3» bury——swimming into sand substrate so that body is buried and 
only eyes and top of head are visible (sheltering). 

If. defecate—-elimination of fecal matter, accompanied by lift, back 
arch and ventral fins up (miscellaneous). 

5« dig——vertical orientation of body with thrusts down as sub
strate is taken into the mouth (maintenance). 

6. float down--locomotor cessation after swimming up, often performed 
over another individual (agonistic). 

7. forage——feeding off substrate, including ingestion, performed 
with head down, back arched up and tail down (feeding). 

8. ^aw breaking—brief, low amplitude opening and closing of the 
mouth (comfort?, agonistic?). 

<?• tail brush—contact of the caudal fin on the body of another indi
vidual in passing (agonistic). 

10. tail up——raising caudal region vertically (function not known). 

11. shove——body contact with tail beats against another individual 
. (agonistic). 
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Gobionellus saglttula 

Ethograra: approach, attach, avoid, backwalk, butt, charge, 

chase, chew, dig, flee, fins down, fins up, forage, head down, lift, 

nip, sift, swim up, tail wave, tail wiggle, threat display. 

Action Description 

1. nip———biting opponent, typically at tip of tall (agonistic). 

2. tail wiggle—in place tail beats accompanied by pectoral fanning. 
Seen in individuals suffering severe oodinosis (com
fort). 

3. threat display—frontal or lateral presentation accompanied by 
fins up, lift, tail wave and gradual edging toward 
opponent (agonistic). 

\ 



CHAPTER 7 

COLOR PATTERNS 

Fishes often show changes In coloration over brief intervals. 

These changes are presumed by some authors to result from mood shifts 

and to have signal value (Hoese, 197l)« 

Changes in color patterns were observed only in G. chiquita, 

G. puncticulatum and B. ramosus. Observations were not sufficient to 

establish the occurrence of coloration changes if they occur in the 

other species studied. 

A darkening of the face and cheeks was typical of courting 

G. puncticulatum. These areas became almost black in the extreme 

cases observed. 

Brief darkening or melanistic flushing occurred in subordinate 

B. ramosus, often when terminating an encounter or avoiding a dominant 

fish. 

Changes of coloration were varied in G. chiquita. Six basic 

color patterns were observed—normal, cheek spots, spots and bars, 

white fringes, melanistic, courting male. Normal colors included a 

faint mottling of white and green throughout the body surface. Reddish 

tints are frequent in the cheeks. The fins are more or less clear. 

Faint dark specks are also scattered on the body, when concentrated 

sometimes giving a barred appearance. 'Cheek spots* are observed in 
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dominant individuals. This coloration pattern includes a dark spot 

just "below the corners of the Jaw adjacent to the lower lip on each 

side, a smaller spot just above the upper lip in the posterior third 

of the jaw on each side, and a large, dark cheek spot in the lateral 

midline. Subordinate individuals were typically colored in 'spots 

and "bars.1 In addition to the cheek spot coloration, a full comple

ment of dark midline spots (7-8) were visible along the lateral mid

line and above each spot faint double bars crossed the dorsum. Mature 

males in combat often show a dark body coloration with dark median 

fins bearing 'white fringes.' One subordinate male jaw-on-jaw wres

tling with another fish showed a sharply demarked 'black face' just 

prior to breaking off the encounter. As this was only seen once it 

is not clear whether it represents a species coloration or an isolated 

individual response. 'Melanistic' coloration with full darkening 

throughout the body surface is typical of sheltering fish. This color 

pattern often persists briefly after a fish leaves shelter. Finally, 

the male 'courting' color pattern consisted of a lightening of the 

body color to a uniform, pale yellowish. Females being courted did 

not show any apparent change in coloration from the normal pattern. 



CHAPTER 8 

COURTSHIP 

Courtship behaviors were observed in three of the species 

studied. Both field and laboratory observations were made of court

ship in Gobiosoma chiquita. Laboratory observations of courtship 

were made in Gobioscma n. sp. and in Gobiosoma puncticulatum. 

Gobiosoma chiquita 

Field observations of courting in G. chiquita were made on 

two separate occasions in the Puerto Penasco area. The first occurred 

while diving at Norse Beach on September 16, 19SS, at 1100 hours. The 

depth was about ten feet. The habitat was a subtidal, rocky bottom 

area just off shore. The second observation of a courting pair oc-
* 

curred June 25, 1971 > on Station Beach Reef, in the mid-afternoon. 

The pair was observed in shallow intertidal waters of the upper reef 

on a flood tide just a few feet in front of advancing wave crests. 

Observations of this courtship activity were periodically interrupted 

by reduced visibility resulting from foam and wave action. 

On August 30, 1971, eggs were discovered in the laboratory 

during an inspection of vial shelters. The eggs were present in the 

shelter of a male G. chiquita ("alpha") in a 20-gallon aquarium and 

were discovered just prior to start of the hierarchy experiment (see 

below). Several hundred eggs were plastered to the walls of the vial 
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in a band around the circumference. The shelter was replaced immedi

ately in order to observe parental behaviors and the eggs were not 

counted or examined in detail. Records indicate that aquarium water 

temperatures at this time ranged from 20 to 2U°C. 

Courting male G. chiquita made three basic types of movements. 

On the approach, the male moved close to the female. The male might 

then circle the female. Return movements were then made toward the 

shelter with the female following. 

After the approach movement, the male frequently chased the 

female if she moved away. This chase was performed by the male as a 

series of "hops" each of which caught the male rapidly up to the fe

male. Circling movements ensued when the male caught up to the female 

and then passing close by her side, turned back Just in front and 

passed back near her opposite side. The female then usually turned 

and followed the male. While leading, the male frequently turned back 

after several "hops"* forward and U-turned in front of or beside the 

female, then proceeded ahead once again toward the shelter entrance. 

Brushing of the female with the pectoral and caudal fins was suspected 

in many of these near passages of the male. In the aquarium where 

close-up observations were made of these activities, tail wiggling by 

the male in front of the female was a prominent part of leading. 

In one instance in the field, the pair appeared to be headed 

toward a hole about 1 m. away underneath a moderate sized (1^*) 

boulder before being interrupted by another diver. In the second field 

observation, the pair disappeared beneath a moderate sized (l-2 foot 

diameter) basalt boulder ca 1.5 m. distant and was not seen again. 
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Coloration of the male in the second field observation was a 

marked pale yellowish with no bars or spots visible. Similar male 

coloration was also observed in the laboratory courtship bouts. The 

female appeared to be normally colored in both instances. 

Esterline-Angus records of male courtship in G. chiquita were 

obtained on two occasions during February, 1972, in the laboratory. 

Observations were made in the late afternoons in the same 20-gallon 

tank used in the hierarchy experiments. The individual named "three" 

was courting the omega female, who was not notably responsive and did 

not follow the lead of the male on any of the sorties observed. 

Average activity rates of the courting male were: homing, 

1.4 units per minute; sheltering, 0.8 upm; foraging, 0.0; exploring, 

1.7 upm; courting, 3*2 upm. Courting activity included approaching, 

2.5 upm; avoiding, 0.1 upm; chasing, 0.6 upm; and tail wiggle, 0.6 upm. 

Parental activities of male G. chiquita guarding eggs was ob

served on several occasions in the laboratory. Most activity consisted 

of ventilation movements—pectoral fanning or tail waving in or near 

the nest entrance. Following tail waving, usually performed with the 

head more or less out of the nest, the male left the shelter and U-

turned before entering or just backwalked into the next. Pectoral fan

ning was usually done while outside facing the entrance. During one 

observation period, bouts of fanning occurred at a rate of 1.0 upm. 

On the basis of the field observations, it is suggested that 

courtship may occur in G. chiquita throughout its vertical range. The 

corollary hypothesis suggests that mature adults will also occur 
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throughout this range. Combined with laboratory observations, the 

available evidence suggests that this behavior may occur at any time 

during the light cycle. 

The season of breeding activity in G. chiquita should include 

the period of the field observations of courtship. The breeding sea

son indicated by the period of advanced gonadal development (see Sex

ual Maturation), i.e., March through September, does include the dates 

of all these observations. In addition, a laboratory record of court

ship was obtained from late February. It is possible that this record 

resulted from somewhat advanced maturation due to laboratory conditions 

but its close proximity to the expected breeding season suggests a nor

mal origin. The breeding season is therefore tentatively extended 

from late February to mid-September. 

Gobiosoma n. sp. 

Courting males of Gobiosoma n. sp. were a dark reddish-brown 

in body coloration. Females occasionally appeared somewhat lighter in 

color than normal during these bouts. 

The wall approach was usually by a series of short hops. In

terested females approached the male or remained still. On the near 

approach, the male held the head down and shook the head back and 

forth laterally in quick repeated movements. The male might chase the 

female if she moved away. Nudging by the male suggested attempts to 

induce the female to become more active. 

Leading on the return consisted of repeated hops toward the 

shelter with interspersed head down approaches. Head shaking by the 
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male frcsn the nest entrance was occasionally seen when the female moved 

near. On returning toward the shelter with the male, the interested 

female often hovered around or looked into the shelter entrance after 

his entry. 

The sequence of activities described was repeated at intervals 

of a few minutes up to seven times in one instance. 

The initial reaction of the females to courting males was 

typically hostile. Agonistic displays were made by the female on the 

early approaches of the male. Following the displays, the female 

usually attempted to move away. No actual attacks by females toward 

courting males were observed. However, in one instance a non-

participating female attacked the participating female during a chase 

by the male when the other female entered her territory. 

None of the observed courtship bouts ended in egg-laying and 

no eggs were ever found in the aquaria attributable to Gobiosoma n. 

sp. 

Courtship was observed in Gobiosoma .n. sp. on May if and 7> 

1966, at 10^5 hours and at 2000 hours shortly after arriving in the 

lab and after artificial illumination had been turned on in the room. 

The water temperature following the first observation was 23.7°C* 

Gobiosoma puncticulatum 

Courting male Gobiosoma puncticulatum had very dark heads, 

resulting from apparent infusion of dispersed black pigment together 

with the normal red. Head shaking was directed from the shelter en

trance at passing females. 
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Following repeated bouts of courtship beginning in mid-

January, eggs were found in .the shelter guarded by a male G. punc-

ticulatum on February 15, 1973* Temperature in the aquarium was 

23.8°C* Five hundred and forty eggs were counted under magnification 

of the dissecting scope. The eggs were adhering in a patch to the 

upper, inner surface of the shelter vial. These eggs were developing 

and eyed larvae were observed within each. Each egg was cylindrical, 

about 2 mm in height and 0.5 mm in diameter and were attached by a 

basal disc. The upper end of each egg was marked by four slightly 

extended corners. 



CHAPTER 9 

AGONISTIC BEHAVIOR: GENERAL ACCOUNT 

Intraspecific Encounters 

The typical intraspecific encounter was prompted by the ap

pearance of another individual near the shelter site, usually a 

burrow, crevice, or open area under a rock. Threat displays gen

erally preceded any combat between the individuals. Contacts be

tween individuals often occurred in the absence of combat. Field 

and laboratory observations on agonistic behavior are summarized for 

eight species studied in Table 10. 

Threat display occurred typically within the bounds of the 

territory, an area in front of the primary shelter, usually a crevice, 

burrow, hole or a partially excavated area underneath a rock. The 

intruding individual G. chiquita was usually charged in a frontal at

tack and retired immediately. In the aquarium, a territory holder 

could be quickly displaced if attacked by a larger individual who had 

the undisputed use of shelters and areas within the aquarium. The 

smaller individual would flee after a threat- display of the larger 

individual at its shelter opening. 

The lateral threat display, as observed in G. chiquita, con

sisted of a positioning of the body perpendicular to that of the in

truder, gaping of the Jaws, and erection of the median fins (Figure 5)* 

The display was presented with a curving of the body which placed both 
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Table 10. Population structure and agonistic "behavior of some 
gobiid fishes from the Gulf of California 

Species Population Structure Threat Displays Combat Contacts 

Gobicsoma 
chiauita 

Adults solitary, terri
torial; breeding season 
extended; male guards 
eggs beneath rock 

Frontal, gaping; 
lateral, gaping, 
body flexure 

Head to tail in 
lateral position, 
carousel, biting, 
mouthlock 

Butting, biting, 
riding 

Gobiosoma 
n. sp. 

Adults territorial Lateral, gaping, 
body flexure 

Lateral, carousel, 
mouthlock 

Butting, nudging, 
riding 

Elacatinus 
puncticulatum 

Adults solitary, terri
torial; male guards eggs 

Lateral, gaping, 
head turning 

Lateral, carousel, 
biting, mouthlock 

Butting, biting, 
riding, tail 
brushing 

Bathyp.obius 
ramosus 

Adults territorial during 
breeding season 

Lateral, gaping, 
body flexure 

Lateral, carousel Butting 

Gillichthys 
seta 

Adults solitary; juveniles 
may occur in aggregations 

Frontal, gaping Ilot seen Nudging, bmsh-
ing, riding 

Gillichthys 
mirabilis 

Adults territorial during 
breeding season; male 
guards burrow nest 

Frontal, full gape; 
jaw breaking 

Frontal, pushing 
with gaping jaws 

Butting, biting, 
brushing, head 
touching,nudging 

Quietula. 
Kuaymasiae 

Juveniles and adults non-
territorial 

Full gape not ob
served; jaw breaking 

Wot seen Butting, lateral 
nudging, shoving 
tail brushing 

Go'oionellus 
sagittula 

Adults non-territorial(?); 
juveniles territorial 

Frontal or lateral, 
body waving 

Hot seen Butting, biting 
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Figure 5. Postures and displays of Cobioscma chiquita occurring 
in agonistic behavior 

a—Resting, b--Alert, c—Frontal threat, d—-Lateral 
threat (dorsal view), inset—Fair in combat, 
e—Submissive. 
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the head and tall toward the opponent. This display was shown to in

dividuals of relatively equal size from a distance of about one body 

length. Smaller intruders were simply chased away with approaches, 

charging or chasing. The frontal threat display of G. chiquita often 

preceded rapid locomotor advance or charge upon an intruding fish. 

The frontal display consisted of a slight gape and erection of all 

medial fins with the head pointing toward the opponent. 

Goblosoma n. sp. also occasionally added a dip and return of 

the head (nod) to the lateral display repertoire, especially toward 

larger individuals. A similar gesture, head shaking, repeated rapidly 

at brief intervals, was prominent in the lateral display of G. punc-

ticulatum. Closing of the jaws and a twitch of both pectoral fins 

often occurred during the display in this species. Toward smaller 

intruders, the head movements to and away from the opponent were slow

er and more exaggerated and included the complete anterior half of the 

body. 

In Gobiosoma n. sp. an initial locomotor movement toward the 

opponent was typical and, if the intruder did not retire, was quickly 

followed by a frontal attack or by mutual combat in the lateral posi

tion. If the opponent was clearly smaller, the attack was prompt. 

Lateral displays of longer duration (up to a minute or more) continued 

between equally matched individuals. 

The body flexure typical in the lateral threat display of 

these rocky shore species was absent in G. sagittula. A display in 

this species consisted of an exaggerated elevation of the body on the 

pelvic fin disc (lift) accompanied by a mild waving of the body in 
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which sinuous flexures proceded toward the caudal. Occasionally the 

threat display was given in a frontal position facing the intruder. 

Weisel (19^7) has described seasonal agonistic behavior in 

Gillichthys mirabilis associated with breeding in aquaria. Gaping of 

the large mouth~in this species enlarged by posterior extensions of 

the maxillary—occurs in face-to-face confrontations between males. 

Combat consisted of pushing and shoving matches between open-mouthed 

rivals. No lateral displays or lateral combat was reported. 

Specimens of G. mirabilis maintained in aquaria did not engage 

in any fighting or displays. Occasional yawning and coughing was seen 

but did not appear to be associated with any agonistic function. Sim

ilar bouts of yawning were seen in Q. Kuaymasiae but no clear agonistic 

interindividual displays were observed. 

In the aquarium, Gillichthys seta showed approach and nudging 

of an intruder. No threat displays comparable to those of Gobiosoma 

were seen. The approach was usually punctuated by exaggerated pec

toral flaps or twitches. This species has a large mouth but is small

er in size and does not develop the extended Jaws to the same degree 

of its congener, G. mirabilis. Sudden digging thrusts into the sub

strate were sometimes observed when approaching another fish. This 

movement was most likely a displacement activity, a more ritualized 

form of threat display derived from shelter maintenance activities. 

A similar interpretation has been placed on digging movements in the 

stickleback (Herligenberg, 19&3). 

Frontal contacts resulting from attacks in most species studied 

consisted of butting against the cheek or side of the opponent. A 
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large G. chiquita, for example, butted strongly and rapidly four times 

against a pencil inserted into the aquarium and held near the core 

shelter. The impact of these attacks, felt along the pencil, was con

siderable and surprising. 

G. puncticulatum engaged in intense combat between individuals 

equal in size, in which pieces of pectoral fins were occasionally bit

ten off or prolonged jaw-on-jaw battles occurred. Attacks in this 

species were followed by brief resting periods and repeated lateral 

threat and attack sequences. This high intensity was not normally 

observed in intraspecific encounters. The intruder usually retires 

after a brief encounter, or avoids the dominant individual by constant 

fleeing movements ahead or up onto the aquarium sides. However, in 

one instance, in which a resident G. chiquita was confined with another 

territorial male from a similar half aquarium, the resident was found 

dead the next morning, clearly battered by repeated agonistic contacts. 

The sequence of units in various types of agonistic encounters 

of G. chiquita is outlined in Table 11. The sequences are arranged in 

an order which reflects increasing duration and severity. Approach-

avoid pairing is the most frequently observed behavior among tidepool 

populations. Contacts occur when the intruder or subordinate fish ig

nores the dominant or resident and does not immediately withdraw. A 

small resident male on his own territory may be attacked (butted) in 

the open by a larger intruder in a frontal contact. However, a lateral 

threat display by the larger fish may be necessary to evict the resi

dent from its shelter. Only when the intruder is comparable in size 
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Table 11. Sequence of behavioral units in typical encounters 
of Gobiosoma chiauita 

I. Encounter while exploring off territory 

S 

Avoid 

IX. Encounter, with contact, on subordinate territory 

1. 
2 .  

D 
Approach 

1. 
2 .  
3. 
h. 

D 
Approach 

Butt 
Approach 

Avoid 

III, Encounter with subordinate on dominant territory 

1. 
2 .  
3. 
h. 
5. 
6.  
7. 

Orient toward S 

Frontal threat 

Charge 

S 
Approach 

Approach 

Approach 

Flee 

IV. Encounter with unfamiliar intruder on dominant territory 

1. 
2. 
3-
k. 
5. 
6.  
7. 
8.* 
9.* 
10.* 
11. 
12. 
13. 
Ik. 
15. 

Orient toward S 

Approach 

Lateral threat 

Carousel 

Carousel 

Approach 

Chase 

Approach 

Approach 

Approach 

Lateral threat 

Carousel 

Avoid 

Avoid 

Flee 

Key: *-•-repetitive units; D—dominant or resident; S—-subordinate or 
intruder 
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and remains in the resident's territory is the complete combat se

quence seen. 

Combat in G. chiquita begins when a pair of individuals closes 

together in mutual lateral display and began carouseling (Table 11, 

Sequence IV). The carousel movements are paddling movements of the 

pectoral fins during the lateral displays which turn the individual 

into contact with (butt) or very near to the caudal fin of the other 

displaying individual. In this way alternate movements of both indi

viduals resulted in close-in circling and repeated contacts between 

the pair. Circling was also seen prior to attack or display. The 

more aggressive fish circled immediately around the opponent with 

rapidly repeated, continuous, paddling movements. These movements of

ten ended in sheltering at first or, later in the encounter, in at

tacks by butting of the opponent's cheek. 

Juvenile and post-larval G. chiquita were not shelter-oriented 

but tended to defend a space around them wherever they might be. Dis

plays developed gradually from a basic frontal, charging attack and 

tended to be mild, showing only fin erection with occasional slight 

gape. Actual contacts were rare. This behavior appeared to correlate 

closely with defense of feeding space. Some more aggressive juveniles 

defended an open, target space, remaining and feeding within it as 

long as they were able to defend it. 

Size dominance, which seemed to operate in the shelter-oriented 

gobies studied, resulted in a size-graded spacing within the aquarium 

in G. chiquita. Individuals similar In size tended to occupy shelters 

separated by the greatest possible distance. Thus each individual 
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tended to be surrounded by relatively much smaller neighbors. 

Pseudoterritory, i.e., occupation of areas by subordinates within the 

territory of a dominant individual was observed in very dense popula

tions of Cr. chiquita and has also been observed in Hypsoblennius 

(Losey, 1968). 

Edges of the territory were much more sharply defined by juve

nile Goblonellus than by other species observed. Larger individuals 

dominated smaller ones by repeated frontal attacks at the edges of the 

territory. 

While individuals of B. ramosus claimed shelter ownership from 

smaller individuals, the adults exhibited restraint in display and 

contact. Smaller individuals gave way before the mild frontal attacks 

of the larger or turned away at an approach at a distance of about one 

body length. Lateral display and combat were infrequently observed. 

The ethology of a closely related Atlantic species, B. soporator, has 

been studied by Tavolga (l95*b 1956) and is similar to that observed 

in B. ramosus. 

Interspecific Encounters 

. Behavioral relationships between the various species are sug-
» 

gested by results of several interspecific encounters observed. Inter

specific threat display and attack were generally the same as seen in 

intraspecific behavior. With regard to size dominance, however, small

er individuals owning territory were more prone to defend it against, 

large individuals of another species. This was observed in displays of 

Gobiosoma n. up. against G. chiquita and of Goblonellus against larger 
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Quletula. However, larger G. chiquita displaced smaller territory-

holding Gobiosoma n. sp. from favorable shelter sites by threat dis

play and even fought brief jaw-on-jaw battles with individual 

Gobiosoma n. sp. of slightly larger size. A blenny from the rocky 

shore habitat, Hyposoblennius gentilis, also chased smaller Gobiosoma 

n. sp. and G. chiquita away from its shelter site but in turn was dis

placed by larger individuals of these species. Lythrypnus daHi chased 

smaller Gobiosoma n. sp. and caused equal-sized G. puncticulatum to 

flee by short-charging. 



CHAPTER 10 

FIELD STUDIES OF AGONISTIC BEHAVIOR 

Study Sites 

Systematic field studies on the behavior of the gobiid fishes 

occurring at Puerto Fenasco, Sonora, Mexico, were begun in the fall 

of 1971 anti continued through summer 1972. The studies were institu

ted in order to test definitions of behavioral units under natural 

conditions and to examine the variety and occurrence of agonistic be

haviors in reef populations. 

Fish populations in two. types of habitat were investigated— 

tidepool fish populations and populations in the shallow waters of the 

boulder zone. Study areas in both habitat types were established on 

Station Beach Reef in the marine preserve west of the desalting plant. 

Transects were established in the two reef areas from the upper edge 

of the reef at the beachline to the lower seaward edge. Eighteen 

tidepools occurred along the reef transect of which seven contained 

fish populations. An additional seven tidepools were selected from 

other parts of the reef for study of which five contained fish. Of 

five study sites on the boulder zone transect, two contained fish. 

The number of G. chiquita was positively correlated with pool 

area (r s 0.723* p<0.05) in a sample of nine tidepools containing 

fish. Population density in the pools was larger in summer (12*U 
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p 
individuals per tn ) than in the winter populations (lj-.O individuals 

per m2) due to intervening spring recruitment of juvenile G. chiquita. 

Population density on the preserve transect averaged higher (U.00 per 

P 2 
m ) than in the boulder zone (2.50 per m ) during the winter surveys. 

Comparable summer data was not obtained from the boulder zone. Pcpu-

2 
lation density of G. chiquita averaged 5*73 individuals per m of pool 

surface (range 0,0 to l8.l per m2) year round on the reef transects. 

Records of behavior were made at four pools in the middle and 

upper reef (2, 6A, 6B, 6) and in an area of basalt boulders at the up

per reef edge on four occasions in 1971-72 (November 28, 1971; January 

15, 1972; February 26, 1972; July 13 and lk, 1972). Descriptions of 

the study sites are presented in Table 12. 

Recording equipment was established at study sites during low 

tide exposures. Population density and environmental temperatures 

were noted at all study sites. Due to repeated high wave action and/ 

or poor visibility conditions over the reef during my visits, it was 

not possible to study these sites during high tides. 

All activities of individual fishes were monitored by keyboard 

input to the twenty channels of the portable Esterline-Angus Event 

Recorder. The data was converted to rates for the period of observa

tion to allow comparison between visits and sites. Average individual 

activity rates, population density and temperature at one boulder zone 

and two tidepool study sites are presented in Appendix, Table A3. 
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Table 12. Description of behavior study sites on Station Beach Reef 

Uppermost reef. Large shallow pool. Tidal height 
5-0 feet (MLW). Area—139 nr« Maximum depth-
SOS nim. Sand bottom. Low algal turf, some macro-
algae present, 

Lower middle reef. Elongate, deep tidepool ringed 
by steep rim with overhang on the wesj. Tidal 
height 3*33 feet (MLW). Area—3.58 nr. Average 
maximum depth—0.23 m (range 0.21 to O.38 m) dur
ing low tide exposure. Bottom area—65$ sand, 
35$ reef rock. Algal cover: 50$ macroalgae 
(Padina mexicana Dawson, Sargassum herpohizum (?), 
35$ low algal turf. 

Lower middle reef. Small rectangular pool. Tidal 
height +1.25 (MLW). Area—1.16 m . Maximum depth-
120 mm. Sand bottom. Low algal turf and macroalgae 
(Padina, Colgodiura, Sargassum) present on submerged 
rock surfaces. Macroalgal cover—22.^$. 

Lower middle reef. Small rectangular pool. Sand 
bottom. Some low algal turf (15$ coverage), macro
algae (15$)• Area—0.25 m2. Maximum depth—160 mm. 

Boulder Zone 1 Upper reef. Continuous shallow water. Tidal 
height +1.75 feet (MLW). Rounded basalt boulders 
0.15 to 1.16 m. in diameter (average 0.^7 m«) par
tially embedded in coarse sand which covers reef to 
a depth of 51 ram. Average maximum depth—73 mm* 
(range 58-116 mm.)> draining seaward during low 
tide exposures. Total bottom area—71$ boulder, 
29$ sand, 38$ submerged. Submerged bottom area— 
39$ rock, 6l$ sand. Algal cover—(submerged area) 
10$ microalgae, 20$ low algal turf (estimated). 

Pool 2 

Pool 6 

Pool 6a 

Pool 6B 
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Activity of Reef Populations 

Two species of gobies were observed on Station Beach Reef dur

ing the study period. Gillichthys seta occurred initially on the reef 

transect in pool 2 and subsequently in other upper and middle reef 

pools. Oobiosoma chiquita was present in the boulder zone, in pool 2 

and in other pools throughout the two transects. The vertical distri

bution of these two species at Station Beach is the same as that ob

served by Barlow (1961) in rocky reef areas of the northern gulf. 

Behavior in tidepool populations of G. chiquita and G. seta 

consisted primarily of those activities associated with feeding, 

i.e., exploration and foraging. Sheltering and agonistic behavior 

were uncommon. Agonistic behaviors in these tidepool populations in

cluded approach, avoid, chase and flee. Frontal threat displays oc

curred in one of the four tidepool populations sampled. 

Average individual activities of G. chiquita in four broadly 

defined activity types were: foraging—1.55 behavioral units per min

ute (upm); exploring--5*^0 upm; sheltering—0.13 upm; and agonistic— 

0.35 upm. Average individual activities of G. seta were: foraging— 

1.15 upm; exploring—6.55 upm; sheltering—0.36 upm; and agonistic— 

O.63 upm. Total activity rates varied from 4.81 to 10.88 behavioral 

units per minute and averaged f.k units per minute in populations of 

G. chiquita. Total activity rates in G. seta were similar to that in 

G. chiquita being observed on the same day (8.80 vs. 8.79 units per 

minute). 

Agonistic activity was a low percentage of the total number of 

units observed in field populations of G. chiquita (averaging 5*2$, 
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range 1.4-7*9$) and also in the population of subadult G. seta (7*2$). 

No physical contacts between individuals were seen in the population 

of Gr. chiquita sampled. Contacts did occur among individuals of G. 

seta and included nudging and riding. 

During some earlier field observations, individuals of G. 

chiquita were observed defending shelter sites in tidepools. One of 

these instances occurred on a rising tide very near the tide line. 

Resident G. chiquita of the tidepool, sheltering under rocks and in 

crevices, attacked transient individuals which were passing through 

the pool in various directions. Charging and lateral display were 

observed during these encounters. 

The vertical distribution of adult G. seta may be related to 

tide levels. No adult individuals of this species were noted in mid-

tidal pools during the January and February, 1972, study periods. In 

the summer study, July 13, 1972, & single large G. seta, apparently 

adult, was found in a mid-tidal pool (No. 6). Solitary adults of G. 

seta have been observed in pools and bouldery areas on Station Beach 

and at Norse Beach, solitary adult G. seta were common, each occurring 

one to a pool, together with populations of G. chiquita. A migration 

of maturing adults into lower tidal zones on the reefs and adoption 

there of solitary, probably territorial, habits seems to be a feature 

of the life history of G. seta. 

Although the population density of G. chiquita is high through

out the extent of the reefs at Station Beach and Norse Beach, fully 

mature adults in breeding or adult coloration have only been seen one 

to a pool. Most fish observed are subadult and non-territorial. A 
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single, apparent adult male was fleetingly noted twice among the indi

viduals of pool 6. Coloration of the "body of this individual was mel-

anlstlc with notably reddish dorsal fins. This individual was not 

sampled in the behavioral observations due to its tendency to stay in 

a crevice shelter in the central, lower depths of the pool. A solitary 

adult male was also present in an adjacent pool (6B). 

The maximum population density of fully adult male G. seta 

might be estimated as 0.28 per m in tldepools on the middle reef at 

Station Beach assuming solitary habits. The population density of 

breeding adult males of G. seta at Station Beach would be 0.32 per m^ 

if the number were one to a pool. 

Transfer Study 

Five Individuals of G. chiquita were captured and transferred 

to a distant (10 m.) tidepool (6B) on the Station Beach Reef transect. 

The solitary resident male of the pool, showing the melanistic shel

tering coloration, repeatedly charged, chased, butted and nudged away 

the introduced fish, maintaining a clear area around his shelter. 

This shelter was opposite the deepest area of the pool and had two 

entrances. Smaller, immature residents ignored the introduced fish 

and continued to feed in algal turf at the opposite end of the tide-

pool. 

Behavior of this territorial male was recorded following the 

introduction (Table 13)* No activity had been noted prior to this 

time as the male was remaining in Its shelter. Comparison with average 

individual activity observed in other pools on this date shows a 
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Table 13. Comparison of activity in a tidepool population of 
Gobioscma chiquita with that of a territorial male 
after introduction of distantly caught fish 

Activity Territorial Male 
7/1V72 
(n=l) 

Population Average 
7/1V72 
<n«5) 

Shelter 1.19** 0.00 

Forage 0.23 1.32 * 1.98 

Explore 2.56 6.91 ± lv.83 

Agonistic activity 2.62** 0.62 * 1.05 

approach 1.91** 0.11* * 0.39 

avoid 0.00 0.10 ± 0.M-

frontal 0.00 0.00 

chase 0.U8 0.39 * Q.57 

flee 0.00 0.00 

contacts 0.23**® 0.00 

Total activity 6.60 8.79+5.92 

(Data in behavioral units per minute plus or minus twice the 
standard deviation) 

aButt cheelt, ride 

**Highly significant (p<O.Ol) 
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statistically significant increase (p<O.Ol) in agonistic behavior in , 

the resident male (2.39 vs. 0.62 units per minute). The sheltering 

rate was also notably greater in the territorial male (1.19 vs. 0.00) 

(p<0.0l). Total locomotor activity (paddle plus approach) is within 

the range observed in other tidepool populations (^.*t-7 vs. 6.91 units 

per minute) but the agonistic component (approach) is significantly 

greater (p^O.Ol) in frequency (1.91 vs. O.lU units per minute). It 

appears that the introduction of strange fish into the territory of 

an adult male induced a high intensity of aggressive activity in the 

dominant resident. 

Effects of Environment and Habitat 

Rates of total activity in tidepool populations were correlated 

with environmental temperature (r » 0.993* p<0.0l). Most of the cor

relation came from undirected locomotor activity referred to as explor

atory in nature (r - 0.989* P<0.05). Rates of sheltering* foraging 

and agonistic activity were not correlated with temperature. A sig

nificant correlation was noted between average rates of agonistic ac

tivity and population density (r s O.968, p<Co-.05). 

The higher frequency of sheltering behavior at lower tempera

tures (10.2-12.0°C.) in the November and January samples may reflect a 

real behavioral adaptation. Sheltering rates averaged 0.27 upm (0.23-

0.30 upm) in tidepool and boulder zone populations at the lowest tem

peratures. Sheltering was entirely absent in the February and July 

samples. Water temperatures of these tidepool populations were 

13*3°C. and 31*0°C. If locomotor capacity was reduced at the lowest 
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temperatures, remaining near shelter would provide increased protec

tion from predators. 

Potential predators of shallow water fishes observed on the 

reef at Station Beach included a variety of shore and wading birds. 

Heron, crane, snowy egret and willet were frequently seen at a dis

tance stalking the shallow reef pools. In addition, smaller birds 

such as grebes, were frequently observed diving just off the reef and 

sometimes in the larger pools and emarginations in the reef at the tid

al line and all of these species are capable of capturing small fishes. 

Not seen were nocturnal mammal predators which may visit the reef on 

occasion. All of these homeotherms would be likely to have a consid

erable edge in capturing poikilothermic fish at v'ery low temperatures. 

In addition to the above, aquatic predators--predominantly the large, 

carnivorous fishes—are likely to be numerous at high tide over these 

areas. 

Foraging activity in G. chiquita continued at low temperatures. 

Average foraging rates were even slightly higher in two low-temperature 

samples than in the two taken at higher temperatures (X s 1.62 vs. 

1.U8 upm). 

Differences in the physical and biotic environment between the 

boulder zone site and the tidepool site may be responsible for differ

ences in activity rates between fish populations on the two transects. 

While rates of sheltering activity did not appear to be different in 

the boulder zone from those observed on the reef transect, higher 

rates of exploratory and foraging activities were noted there despite 

similar environmental temperatures. Differences in the rate of 
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foraging activities of G. chiqujta might result from differing eco

logical resources in the two habitats. In the boulder zone less of 

the contiguous area is submerged than in a tidepool (38$ vs. 100$). 

The lower density of resources might require higher activity for lo

cating equal amounts of food. The reduced level of agonistic activity 

might be explained by a reduced likelihood of encounter between indi

viduals among boulders than in the open tidepool bottoms. 

Comparison of Behavior in Field and Laboratory 

Field and laboratory populations of 6. chiqujta showed few un

expected differences in behavior (Table 1^). Foraging rates were low

er in laboratory populations as these fish did not have access to the 

psammofauna and other benthic organisms which are eaten in the field. 

Foraging in the laboratory was restricted to the limited food items 

remaining in the aquarium from previous feedings. 

Rates of agonistic behavior in field and laboratory populations 

were virtually the same. Few threat displays and no combat were seen 

in established laboratory populations and none at all in the field 

populations studied. Agonistic behavior in these populations was 

mainly restricted to low intensity approach and avoidance movements, 

together with some frontal threat, charging and chasing. The only dif

ference appears to be in a slightly higher rate of fleeing in the lab

oratory population. This tendency, however, did not appear in the 

normal activity of a matched pair of males. Laboratory populations 

studied were maintained at a much higher population density (26.1 



Table ll*. Activity in field and laboratory populations and in initial encounters cf male 
Oobioscma chiquita 

Group 
Sample size (n) 

Field 
Populations 
(n = 28) 

Normal Activity 
Laboratory Laboratory 
Population Pair 

(n = 30) (n r 20) 

Initial Encounters 
Laboratory . • Laboratory 
Pair Pair 
(n = 6) (n r 3) 

Home MB — 0.27 ± 0.08 0.57 0.23 MM 

Shelter 0.13 * 0.08 o.u 4 0.02 0.21 + 0.06 - 0.15 0.06 0.53 + 0.35 

Forage 1.55 ± 0.32 — 0.18 ± 0.06 0.03 0.03 0.10 + 0.05 

Explore 5.1*0 ± 1.22 - - 3.79 ± 1.38 1.72 + 0.30 ^33 4• 0;52 

Agonistic 0.35 0.10 0.71 4r 0.12 O.36 ± 0.13 8.1*7 + 0.70 3.07 + o.ii* 

Approach 0.08 M 0.03 0.05 + 0.01 — 1.1*0 0.5I* MM 

Avoid 0.05 * 0.02 0.06 0.02 - - 0.65 •h 0.36 MM 

Frontal Threat 0.06 + 0.06 0.05 £ 0.02 0.01 ± 0.01 0.28 •h 0.16 0.77 * 0.12 

Charge 0.15 0.09 0.23 ± 0.06 0.30 0.09 0.00 0.00 

Chase 0.00 0.03 -t. 0.01 0.00 0.30 * 0.26 0.13 -W 0.37 

' Flee 0.02 ± 0.01 0.28 0.05 0.05 * 0.03 0.22 •k 0.20 0.10 4 0.05 

Lateral Threat 0.00 0.01 
r—

1 0
 .
 

0
 

-« 

0.00 1.37 0.22 + 

Carousel 0.00 0.00 0.00 U.07 O.56 1.80 4- 0.1*0 

Mouthlock 0.00 0.00 0.00 0.08 o.oi* 0.00 

Total Activity 7.1*1 * 1.1*7 MM 4.81 <4= 1.06 10.93 J. 0.99 7.50 M O.52 

(Data in average number of individual behavioral uni-ts per minute plus or minus the standard error) 
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individuals/m^) than the average field population (5-7 individuals/). 

The difference in fleeing rates is probably a significant result of 

higher population density in the laboratory. 

Considerably higher rates of agonistic activity were charac

teristic of combat. Peer males, carefully matched for size, engaged 

in prolonged lateral threat displays and carouselling during initial 

encounters. During encounters of the highest intensity, mouthlock and 

swimming or wrenching movements, which might be called wrestling, also 

appeared. Because of reduced foraging rates in fighting pairs, the 

total activity during such encounters appears to be only slightly 

greater than that in the populations. V/hile fighting these fish for

age only at infrequent intervals, primarily before and after the en

counter. Since foraging is the principle activity of the field 

populations observed, there is very likely a real trade-off between 

high intensity agonistic behavior and foraging activity. 



CHAPTER 11 

EXPERIMENTAL ANALYSIS OF HIERARCHY AND TERRITORY 

Shelter preference studies and observations on G. chiquita in 

aguaria suggested that social relations among aquarium fishes could 

"be described in hierarchial terras. In a strict or "straightline" 

hierarchy each fish occupies a position or status ranking relative to 

all other fishes which is either aliove or "below in the chain. The 

super-dominant individual dominates all other fishes; the least domi

nant individual takes precedence over none. Such hierarchies have 

"been studied in many vertebrates (Collias, 19^) and in some fishes 

(Braddock, 19^5 J Greeriberg, 19^6). The interplay of territory with 

hierarchy could be potentially important in determining the spatial 

organization of a population. In a confined habitat such as a tide-

pool this interplay could result in structuring the dominance rela

tionships among the fish and thereby influencing the individual's use 

of' resources. 

The experimental environment consisted of a large 20-gallon 

aquarium, suitably shielded and with an observation hood fitted with 

a viewport which was covered with one-way, silvered plastic film. 

Six standard shelters, consisting of 3 dram glass vials, each partly 

buried by pebbles, were distributed uniformly around the tank. Into 

this environment a size-graded population of six adult G. chiquita 

89 
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was introduced. All fish used were weighed and measured (Table 15)* 

Observation periods commenced after a two-week acclimation interval. 

Ten minute data collection sessions were scheduled daily in a stan

dard observation period at 1600 hours. Each agonistic encounter or 

"attack" was mapped and the participants noted. Three replicates con

sisted of a week's data at intervals of two weeks. Two weeks prior to 

the final replicate, one additional male (three), was introduced into 

the aquarium. 

Territorial Activity 

Territories were defended by all but one of the seven gobies 

utilized. Only the smallest individual, the omega female, did not 

establish and hold a territory for some period. 

The territory of the super-dominant individual in the hier

archy remained fixed over the two central shelters during all three 

replicates. The super-dominant fish utilized both shelters as well as 

other shelters in the aquarium but only defended the central territory. 

The other shelters were used as territorial centers by other members 

of the population. Territories of some subordinant individuals were 

sited in corners of the aquarium rather than around shelters. An in

dividual defending an area on one day may-have moved to another area 

on the succeeding day. The territory occupied for the greatest dura

tion by each individual is mapped (Figure 6). 

All agonistic activities of the super-dominant males are indi

cated in Figure 6 by arrows which mark the location and direction of 

their attacks on subordinants. Inner and outer regions of the 
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Table 15. Physical characteristics of fishes used 
in the hierarchy experiment 

Sex Length Weight 
(mm.) (gm.) 

Three M 62 

Alpha M 52 1.59 

Gamma F 52 1.56 

Beta M ^7 1.23 

Phi M ^7 1.10 

Delta M 45 1.17 

Omega F ^5 0.99 
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Figure 6. Territories of individual Goblosoma chiquita during 
three periods of the hierarchy experiment 

Entrances to the six shelters are marked. Arrows 
note direction of attacks "by the super-dominant male. 
Dots and circles locate attacks by other individuals. 
A—alpha, B—beta, D--delta, G—gamma, P~phi, 
3—three. 
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territories are not delineated by location of agonistic activity in 

the three periods. Approximately equal numbers of attacks occur in 

both areas of the super-dominant's territories in periods 1 and 2. 

In period 3> "the majority of attacks by the super-dominant do occur 

near the periphery of the territory and none at all in the Interior 

one half. No consistent pattern is evident in the distribution of 

attacks in subordinant territories. Overall, the distribution of at

tacks between inner and outer halves of the territorial areas in the 

three periods are not significant by chi-square tests (p<O.Ol). 

The principle direction of the attacks by territory holders 

on other fishes is away from the territory center in all three periods. 

If the attacks were randomly oriented, equal numbers would occur in 

the four cardinal sectors. If the sectors are oriented with respect 

to the shelter opening, the theoretical ratio for distribution of the 

attack directions inward, perpendicular, and outward, should be: 1: 

2: 1. The hypothesis of random distribution of attacks is rejected 

by the chi-square test (p<O.Ol). Average directions of attack by the 

s u p e r - d o m i n a n t  m a l e s  i n  t h e  t h r e e  r e p l i c a t e s  w a s  i n w a r d ,  1 1 . 3 p e r 

pendicular, 19.756; and outward, 68.9$. Average directions of attack 

for subordinates were inward, 10.0$; perpendicular, 15.0$; and out

ward, 75.0$. 

In the third period, the newly introduced male 'three,' became 

dominant after combat with the top males, 'alpha' and 'beta.' He then 

occupied the central, back shelter and also controlled the central, 

front shelter, displacing alpha, the former super-dominant fish, who 
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had occupied the central region of the aquarium during the first two 

replicate periods. 

Typically, the subordinant fish in these experiments distrib

uted themselves in opposition to the fish Just higher in the hierarchy. 

When the dominant fish occupied a shelter on the left side of the 

aquarium, the next-subordinant fish was found on the right side. Dis

tribution in relation to dominance ranking was also observed in other 

aquarium populations. This distribution might serve to increase the 

distance between the most closely related individuals in the status 

rankings and would result thereby in reducing their likelihood of 

coming into contact. 

The most economically defined territory of the super-dominant 

individuals averaged IU5.I square inches (0.0935 in area. Terri

tories were centered in front of the main or primary shelter entrance. 

Laterally located territories of the subordinate individuals were 

2 smaller, averaging only ^9-8 square inches (0.0321 m ). 

In two instances, the super-dominant male was observed to en

gage in reproductive activities. Reproductive behavior was not ob

served in any of the three subordinant males. In one case, 'Alpha1 

was found to be guarding eggs in its primary shelter during the initial 

acclimation period. In the other case, 'Three' was twice observed • 

courting the omega female in the week immediately following the final 

replicate. All of the males (1*0 - 65 mm SL) were well within the size 

range of mature fish (18 - 57 mm)(Table 3 ). Fish from field collec

tions in the same size range as the experimental males also had the 
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longest average and the extreme longest testes indicating a high de

gree of ripeness (Table U, p. 33)-

Hierarchy and Dominance 

The combined data of each replicate clearly demonstrate the 

presence of a straight-line, peck dominance hierarchy in the study 

populations of Gobiosom chiquita. In a total of 2Qk attacks observed 

during the three periods, only 17 (6.0$) were directed toward individ

uals of apparent higher status. The distribution of all attacks among 

the individuals of the resident laboratory population is tabulated in 

Table l6. The rates of attack (number per minute) among these indi

viduals is tabulated in Table 17. 

The relationships considered in the concept of hierarchy are 

those aggressive actions of the type: A attacks B. Not tabulated are 

the submissive activities (avoidance reactions, etc.): B avoids A. 

The concept of dominance in this context is related to the 

relative frequency of attacks in each pair or dyad. If the number of 

attacks by A on B is greater than the number by B on A, A may be said 

to dominate. In an equable society, usually called a peck-right so

cial order, these numbers are relatively similar. In a strict or 

straight line hierarchy, usually called a peck-dominance hierarchy, 

the subordinate individual may not attack the dominant at all. The 

strictness of the hierarchy can be measured by the number of blank 

cells in the n by n hierarchy table. The relative numbers of blank 

cells forms the basis for the author's dominance index, d. 



Table 16. Distribution of aggressive activity among resident Gobiosoma chiquita 
in a laboratory population 

Attacking 
Individual Three Alpha Beta 

Individual 
Phi 

Attacked 
Delta Gamma Omega N.R.a 

Total 
Initiated 

Three - 6 0 2 5 8 1 1 23 

Alpha 1 - 16 28 IT 15 21 13 110 

Beta 0 0 - 16 IT 2 6 T 1*8 

Phi 0 0 2 - 15 3 2k 8 52 

Delta 0 0 0 3 - 1 15 3 22 

Gamma 0 1 1 5 6 - 5 1 19 

Omega 0 0 0 0 0 1 - 0 1 

N.R.a 0 0 0 2 l 2 3 9 IT 

Total Received 1 7 19 56 61 32 T5 b2 293 

^.R.—Not recorded 

(Data is number of threats, approaches, charges, chases, etc.) 



Table 17. Rate of aggressive activity among resident Gobiosotca chiquita in a laboratory population 

Attacking 
Individual Three Alpha Beta 

Individual 
Phi 

Attacked 
Delta Gamma Omega N.R.a Total 

Three tat* 0.150 0.000 0.050 0.125 0.200 0.025 0.025 0.575 

Alpha 0.006 - 0.094 0.165 0.100 0.088 0.123 0.077 O.588 

Beta 0.000 . 0.000 - 0.094 0.100 0.012 0.035 0.0U1 0.282 

Phi 0.000 0.000 0.012 - 0.088 0.018 0.l4l 0.047 0.305 

Delta 0.000 0.000 0.000 0.018 - 0.006 0.088 0.018 0.129 

Gamma 0.000 0.006 0.006 0.029 0.035 - 0.029 0.006 0.112 

Omega 0.000 0.000 0.000 0.000 0.000 0.006 - 0.000 0.006 

N.R.a 0.000 0.000 0.000 0.012 0.006 0.012 0.018 0.053 0.100 

Total 0.006 0.04l 0.112 0.329 0.359 0.188 0.431 0.247 1.724 

^.R.—Not recorded 

(Data is number of attacks per minute) 
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The dominance index, d, is the number of relationships ob

served, N0 (equal to the number of cells in the table containing data) 

divided into the total possible number of relationships, less one. 

That is 

d : (n2 - n) - 1 

No 

A society tending toward equability, i.e., peck-right, will 

have the lowest index (D = 0). In a perfect hierarchy, i.e., peck-

dominance, the index will be one (D z l). Values larger than one in- . 

dicate a subhierarchial society with reduced agonistic activity. In 

the situation of most reduced agonistic activity, amounting to a 

strict "dictatorship," i.e., a single leader, D assumes the large val

ue n - 1. Values of D much larger than one, (D> 3) way also suggest 

an insufficiency of observations if the society is known to be hier-

archial. The average dominance index for the hierarchy experiment was 

1.023, Indicating a close correlation to the hierarchial model in so

cieties of G. chiquita. Individual values for each replicate were, 

in order, 0.762, 0.673* and 1.63*f-. 

Landau (1965) has also developed an index which measures the 

conformance of such data to a strict hierarchy. The hierarchy index, 

h, is calculated as follows: 

* = * • t(v-7)2 
n (n - 1) i 

where v - n - 1 
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In this formulation, v is the dominance score or number of individuals 

dominated and n is the total number of participants. The index also 

varies from 0 in an equable society to 1 in a strict or straight-line 

hierarchy. The average hierarchy index for this experiment was 0.835* 

Measuring Agonistic Activity 

Measures of agonistic activity of the individual fish developed 

from the hierarchy study are summarized in Table 18. The following 

were calculated for each participant: number of individuals attacked, 

number dominated, number attacking, number dominating, attack rate, 

rate of being attacked, number of different shelters occupied during 

observation periods, and number of different territory sites defended. 

From this information two additional measures of activity were cal

culated: the average attack rate per individual (calculated as the 

rate of attacks divided by the number of individuals attacked) and 

the average rate of being attacked per individual (calculated as the 

rate of being attacked per individual (calculated as the rate of being 

attacked divided by the number of individuals attacking). These latter 

measures of agonistic activity may be called the specific attack rate 

and the specific rate of being attacked. 

Individuals of higher status in the hierarchy attacked more 

individuals and were attacked by fewer individuals than were their 

subordinants. This tendency was the major criterion for assigning sta

tus. As a result, individuals of higher status attacked other individ

uals more frequently as measured by the number of attacks per minute 

and were attacked less frequently than their subordinants. This was 



Table 18. Average individual measures of agonistic activity for three replicate 
periods of the hierarchy 

Individual 
Territories 

Defended 
(no.) 

Shelters 
Occupied 
(no.) 

Individuals 
Attacked 
(no.) 

Attack 
Rate 
(npm) 

Ai* Individuals 
Attacking 
(no.) 

Rate 
Attacked 
(npm) 

Si** 
Rate 

Three 1.0 k.O 5.0 0.58 0.12 1.0 0.01 0.03 

Alpha 1.0 3.0 5.0 O.63 0.16 0.7 0.0^ O.llf 

Beta 1.7 3.3 3.0 0.28 0.09 2.0 0.11 0.09 

phi 2.3 2.0 2.7 0.31 0.08 3.3 0.33 0.11 

Delta 0.3 2.0 1.3 0.13 0.08 3.7 0.36 0.07 

Gamma 1.3 1.3 2.3 0.11 0.06 2.7 0.19 0.10 

Omega 0.0 1.3 0.3 0.01 0.01 b-5 0.^3 0.07 

* Specific attack rate 
** Specific rate of "being attacked 
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true both among the males and among the females. There was also a 

tendency for the super-dominant males to have higher specific attack 

rates (X s 0.11+ attacks/individual/minute) than their subordinants 

(X s 0.08). Males also had higher specific attack rates (X s 0.11 

attacks/individual/rainute) than females (X - 0.0*0. 

In order to examine the possible significance of length and 

weight on measures of agonistic activity, correlation coefficients 

were calculated for all pairings of these variables. The correlation 

coefficients were combined into an average after the method of Fisher 

(Snedecor, 1956, p. 178-190). 

Significant positive correlations between agonistic activity 

and physical characteristics were found among the males of the hier

archy. The number of individuals attacked was positively correlated 

with the standard length of the attacker (r - 0.97^, p<0.0l). A sig

nificant negative correlation existed between the number of individuals 

attacking any individual male and its length (r - O.83O, p<0.05), a 

relation which is the expected inverse of the previous correlation. 

Attack rates of individual males were positively correlated with their 

length (r - 0.977, p<0.0l). Correlation between rates of being attacked 

and standard length were not significant. 

Because the number of individuals dominated was correlated with 

the number attacked (r - 0*983* p<0.0l), the number dominated was also 

positively correlated with the length of the attacking individual. Ad

ditionally, because the weight of a fish was correlated with its stan

dard length (r a O.896, p<0.0l), this variable was also correlated 

with sane of the measures of agonistic activity. 
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Hierarchy and Shelter Favorability 

A relation "between hierarchy and shelter favorability was re

peatedly observed in aquarium populations and in experiments. Shelter 

preference is a choice exercised by dominant fish in habitats with 

limited shelters available. Subordinate fish may have no shelter or 

be forced to use less favorable sites. In size-graded populations of 

G. chiquita, the super-dominant or alpha fish occupied the best or most 

preferred shelter, usually one with two entrances. In one peripheral 

experiment using an 11-gallon aquarium, five size-graded fish (A,B,C, 

D,E) were given one small, single-entrance shelter consisting of a 

broken clam shell. This shelter was occupied and defended by the 

largest (A) fish when examined following a 8-hour interval. When a 

larger, two-way rock shelter was added at a third of the aquarium 

length away, the A fish moved over to it and the first shelter was oc

cupied by the B fish. The D fish sheltered beside the rocks, in the 

overhand. The A fish still moved through both shelters, chasing B out 

of the second shelter. On the addition of a third, large, two-entrance 

shelter in the last third of the aquarium, the A fish occupied it, the 

B fish occupied the smaller, two-entrance shelter and the C fish, here

tofore without shelter, now occupied the small, one-entrance shelter. 

The D and E fish hid in the dark corners of the aquarium, entering the 

shelters only briefly on the approach of the observer. When a dominant 

arrived at the shelter of a subordinate, a corresponding displacement 

occurred in the hierarchy of shelters, a hierarchy based on shelter 

favorability, as the subordinate then retreated to the next most favor

able site. 
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There was a tendency among the males of the hierarchy study 

for individuals of higher status to utilize more of the area as indi

cated by a larger number of shelters entered. These individuals also 

showed reduced mobility by defending fewer territories, i.e., by re

maining longer at one site than did subordinates. 

The relation between hierarchy and shelter location may also 

be inferred from the study of hierarchy in the 20-gallon tank. The 

super-dominant fishes, in two separate instances, chose a centrally 

located shelter over peripheral shelters of the same type and size. 

A central location would give equal access to the resources of the 

area, e.g., space, other shelters, etc. 

Hierarchy and Behavior 

Agonistic behavior observed during the observation periods was 

behavior of relatively low intensity. Attack behavior included brief 

threat displays, both frontal and lateral, approach and charging. 

Average individual rates of attack and display for the three replicates 

were 0.28 upm, 0.20 upm, and 0.37 upm (X = 0.283 upm). The majority of 

this activity was composed of approach and charging. Rates of threat 

display were 0.15 upm, 0.28 upm and 0.05 upm (X s 0.l6l upm). Average 

sheltering rates were 0.08 upra, 0.11 upm and 0.09 upm (X - 0.09^ upm). 

The low intensity agonistic behavior seen during the three perioids fol

lowing acclimation of the individuals was comparable to that sampled in 

undisturbed field populations of G. chiquita on Station Beach Reef 

(Table lk). 
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Behavior following introduction of the second super-dominant 

fish (Three) was of high intensity. The average rate of attack in this 

period for all seven fish was 0.31 upm, not notably different from that 

in the experimental observation periods. The behaviors seen, however, 

were quite different and included chasing, prolonged lateral threat 

displays, butting, nipping, mouthlock and carousel (combat). This ac

tivity was comparable to that observed during laboratory encounters be

tween matched pairs (Table lk)'. 

These observations suggest that tidepool populations are rela

tively organized. Introduction or migration of new or unfamiliar fish 

into the population, whether in the field or in the laboratory, resulted 

in a high and unusual frequency of contact, threat display and combat 

behaviors. Disorganization of the hierarchy, as revealed by the occur

rence of these high intensity agonistic behaviors, may therefore be ex

pected when transient or non-resident individuals enter tidepool 

population. 

In the aquarium population model, a peck-dominance hierarchy 

structured the agonistic activity of the males while they continued to 

maintain relatively non-overlapping territories. The super-dominant male 

occupied a central shelter and was the only individual observed to en

gage in reproductive activity. Subordinate males appeared to avoid 

contact with dominants by sheltering In opposite regions of the aquar

ium. Thes^ results suggest that a male dominance hierarchy in popula

tions of G. chiquita can influence the location and size of territories, 

the occurrence of reproductive behavior and determine the frequency and 

orientation of agonistic activity. 



CHAPTER 12 

MOTIVATIONAL ANALYSIS OF AGONISTIC BEHAVIOR 

• Motivational Analysis; Theory 

The tendency to act, or motivation, reflects a complex inter

action of drive states (Fuller, 1966). In the simplest interaction, 

conflict behavior, two opposing drives are activated simultaneously. 

Conflict behavior occurs in courtship (Bastock, 19^7) and in agonistic 

behavior (Tiribergen, 1951j 1952a), situations which Involve at least 

one other Individual who acts as a stimulus-source. Drives affected 

in the agonistic context have been classified as aggression -and fear 

or escape. Resultant conflict behavior can be a mixture of actions 

normally associated with the two drives or may be an entirely new ac

tion, as suggested by Van Hoist and St. Paul (1963)* 

It is instructive to analyze agonistic behavior of fishes in 

terms of motivation. An initial suggestion for graphical analysis of 

such behavior in these terms was made originally for the stickleback 

by Morris (1958). Losey (1968) developed a Plight-Attack Diagram in 

order to analyze the relative motivational levels of agonistic be

haviors of blennid fishes. Morris suggested that regions of conflict 

might be associated with specific motor acts. Losey showed that these 

acts could reflect various degrees of conflict initiated by the simul

taneous arousal of opposing drives. 

105 
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The pioneering motivational analysis was prepared by Lorenz 

(1963> Figure 3> page 19) to explain facial expression in the dog. 

Darwin (1858) had early observed that actions representing differing 

moods are often opposite in character to each other, a principle he 

called 'antithesis.' In Lorenz1 analysis, this principle is used to 

determine two motivational axes of fear and aggression and the asso

ciated acts are quantified in terms of their completeness of expression 

In fish, motivational analysis has been applied to the behav

iors which result from complex interactions between opponent individuals 

Losey (1968) studied agonistic behavior in blennies and Ohlert, 1958 

(in Lorenz, 19^3 ) examined courtship and agonistic behavior in cichlids 

in this manner. Kortmulder (1972) has made a schematic approach to 

the motivational analysis of agonistic behavior in Barbus. 

The approach taken in the present study attempts to identify 

elements of motor activity which can be measured quantitatively and 

can be associated with appropriate drives as suggested by a conflict 

theory of agonistic behavior (Figure J). An entirely new method of 

graphing this behavior clarifies the analysis. Films of combat be

havior are analyzed and the results plotted. 

The basic concept relating motivation and orientation, devel

oped in depth by Schneirla (1939> 19&5)# associates an approach drive 

with movement toward the stimulus object and, conversely, an avoidance 

drive with movement in the opposite direction. In the agonistic con

text we may call the approach drive aggressive and, correspondingly, 

the avoidance drive has been considered to be the fear or escape drive 
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At tack 

Figure 7. Graphical analysis of motivation and behavior 
during agonistic "behavior 

a. Two-dimensional motivational space of fear on aggression. 
b. Agonistic behaviors on flight-attack coordinates. 
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(Ohlert, 1958# in Lorenz, 19&3)• In addition, it is assumed here that 

the velocity of the associated movements are directly related to the 

"intensity" of the motivation (cf. Brown, 19^8). These assumptions 

allow an analysis of motivation by analyzing the orientation and 

velocity of an individual fish during an agonistic encounter. A high 

velocity approach would be interpreted as a highly motivated act of 

aggression, while a slow avoidance movement becomes a lightly moti

vated act of escape. By applying this model to an actual encounter 

it should be possible to observe the correspondence between agonistic 

activities and the expected motivations. A further test would show 

areas of conflict and displacement as predicted by Morris (1958). 

Motivational Analysis: Application 

The relationship between frequency of motor activity and veloc-
j 

ity of progress is direct. Harris (i960) has investigated this rela

tion in the gobiid fish Peri apthalmus, finding that velocity varies 

directly with rate of fin movements. He also found changes in velocity 

both within and between swimming movements. Within the power movement, 

a pectoral fin stroke or paddle, the velocity of the fish increases 

rapidly to a peak and then declines as the energy is dissipated by 

frictional resistance and the fish glides to a stop. More rapidly re

peated pectoral strokes can maintain a higher average velocity. Bain-

bridge (1958) examined the relation between traditional caudal swimming 

and velocity in a number of fishes. He found a direct relation between 

frequency of tail movements and velocity. Velocity can be calculated 

from the formula 
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V = 3A (L) (f/l.33) 

where V is average velocity (cm./sec.), L is body length (cm.) and f 

is the tail beat frequency (no./sec.). 

In order to make a preliminary analysis of locomotion in the 

test species, G. chiquita, locomotor movements were classified by a 

system adapted to rapid visual identification. Five states were recog

nized—resting, intermittent paddling, continuous paddling, slow swim

ming and fast swimming (Table 19)* Each state can also be defined in 

terms of an increasing average velocity of progress. Paddling was the 

favored low velocity locomotion in-this species, while swimming was 

preferred for high velocity locomotion. There appeared to be little 

overlap in the use of these modes. At high paddling speeds, occasional 

caudal beats could be observed but very high velocity travel was ex

clusively by caudal swimming, with the pectoral fins held close along 

the body. 

A similar system was developed for classifying orientation in 

relation to another fish. This system had to be adaptable to film 

analysis as well as to quick visual determination. Nine orientation 

zones from 0 to 180 degrees were established (Figure 8), Each zone oc

cupied 22.5 degrees of arc and was placed so that the zones at right 

angles were centered on 0.90, and l80 degrees. Zero degrees meant head 

pointed at the opponent; zone k, head 90 degrees away, and zone 8, head 

180 degrees away. 

The median angle of orientation for each sector in degrees is: 

0—0°, 1—22.50°, 2--U5.00°, 3—67.5O0, If—90.00°, 5—112.50°, 6—135.00° 

7—157*50°, 8—180.00°. All orientation determinations were made 
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Table 19. Classification of locomotor activity in Gobiosoma chiquita 

jQcom^tor Description 

0. Resting—a significant pause with no locomotor 
movements; in resting or alert posture 

1. Intermittent paddling—brief pauses between 
pectoral strokes; velocity low, increasing, 
peaking or declining; alert posture 

II. Continuous paddling—no pauses between pec
toral strokes; velocity low, constant 

III. Slow swimming—countable tail and caudal 
beats; pectorals not active; velocity mod
erate, constant 

IV. Fast swimming—high frequency tail beats, 
not countable; pectorals folded back; veloc
ity high, constant 
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Rest Paddle Swim 

Toward 

Figure 8. Polar coordinate system for the study 
of agonistic behavior 

Orientation sectors are numbered 0-8. 
The polar half-graph (0-180°) is non-
handed. See text for further explana
tion. 
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relative to the mid-point of total length or body center of both par

ticipants. In sampling orientation, no difference was made "between 

left-handed and right-handed orientation. 

Films to be analyzed for motivational studies were made of en

counters between previously Isolated male fish. Each film covered the 

complete length of an encounter as previously defined (see Methods and 

Materials). Observations were made by sampling the films at 10-second 

intervals. For a sample point, velocity and orientation of both par

ticipants was noted. 

Sampling Agonistic Activity 

Sampling data from the films of combat is plotted on the polar 

diagram by total number of observations (Figure 9) and by average fre

quency per encounter (Figure 10). Border totals sum data from each of 

the five velocity rings or annuli and the nine orientation sectors. 

Because of differing angular coverage, the orientation sectors 

might be expected to have a sample frequency ratio of 1:2:2:2:2:2:2:2:1. 

A non-random concentration of behaviors at certain orientations during 

agonistic encounters is indicated by chi-square test (p 0.01). Two 

of the nine sectors have a frequency much higher than expected. These 

sectors are the modal orientations (sectors 0,^) characteristic of at

tack behavior (charging, etc.) and of lateral threat display or combat 

(carousel). The two sectors together account for 51.*$ of "the 

sample observations. Modal orientation characteristic of avoidance 

movements (sector 8) accounted for only of the samples. Together 

the three modal sectors accounted for 59*3$ of the sample observations. 
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Tola I 

IV 

III 

20 

23 

32 
O 

54 

Total 114 42 78 

Figure 9* Number of observations of activity in velocity annuli 
0 - IV and orientation sectors 0-8 during agonistic 
encounters of Gcbiosoma chiquita 



llh 

Total .070 
.057 

024 
IV .000 .000 

.000 ,053 

000 III .000 .000 
294 ,000 

.000 
,000 

II 
.061 .000 

.012 
000 000 

.020 .000 .004 .002 

020 .000 
.000 

.024 ,000 

012 0 ,012 .131 
.167 .000 

.041 .000 .041 
.013 .020 

.073 
220 .000 

,033 

.316 Total ,170 045 1.000 .000 

Figure 10. Frequency of activity during agonistic encounters of 
Gobiosonia chlquita . 

Data In fractions of all observations 
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Intermediate orientations (orientation sectors 1-3 and 5-7) 

are not regions behaviorally defined in the species ethogram. These 

sectors are relatively unused according to the sampling data. Turn

ing movements might pass through these regions relatively rapidly, 

slowing or stopping in the modal body orientations at 0 degrees, 90 

degrees, and 180 degrees (sectors 0, k and 8). Other orientations in 

the six intermediate sectors accounted for U0*9$ of the observations. 

All nine orientation sectors may be grouped into three broad 

classes: toward (0, 1, 2); lateral (3> ^ 5)} and away (6, 7> 8). 

Of 2^5 sample observations taken simultaneously on two fish in agon

istic encounters of the highest intensity (see Table 20), ̂ 3*3$ of the 

orientations were toward the opponent fish, ̂ 0.8^6 were lateral to the 

opponent and only 15*9$ were away. A condensed version of the sampling 

data on orientation during agonistic encounters appears in Table 20. 

Distribution of the orientations sampled during agonistic en

counters in the three classes was non-random by chi-square test 

(p<0.0l). An excess of sample observations oriented toward the oppo

nent and a corresponding deficit in orientation away from the opponent 

was the cause of the deviation from the expected ratio (l:2:l) of ob

servations among the three classes. 

Most agonistic behaviors occur at relatively low velocities, 

primarily intermittent or continuous paddling (annuli I, II) which in

cluded 1*9.0$ of all observations. Fast swimming (annulus V) was not 

observed at all and slow swimming (annulus IV) accounted for only a 

small fraction (^.5$) of all observations. Individual fish at rest 

(annulus 0) accounted for almost half (U6.5$) of the observations. 
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Table 20. Frequency of observation of orientation and locomotor 
activity components in agonistic encounters of 
Gobioscma chiquita 

Locomotor 
Activity Toward 

Orientation 
Lateral •Away Totals 

0 0.11*3 0.2^1 0.08l O.U-66 

I 0.159 0.127 0.032 0.319 

II 0.097 0.028 0.014-5 0.170 

III 0.033 0.012 0.000 0.01*5 

IV 0.000 0.000 0.000 0.000 

Totals 0.1*33 0.1*08 0 .159  1.000 

n - 2J+5 
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Sample observations of relative locomotor activity are not 

equally distributed over the five velocity classes. The frequency of 

observations declined with increasing locomotor activity. It seems 

likely that a hazardous natural environment gives pauses in activity 

a high selective value. Similar pauses in activity occur during 

foraging. 

The dominant fish had a higher frequency of orientation toward 

his opponent than does the subordinate fish (0.512 vs. 0.350)(Table 2l) 

As expected, the subordinate fish has a higher frequency of orientation 

away from the opponent fish (0.2k2 vs. 0,080). Both were exactly 

matched in frequency of parallel orientation (0.408 vs. 0.1+08). The 

differences between frequencies for dominant and subordinate orienta

tion are highly significant (p<0.0l) by chi-square test. 

There are no significant differences in the sampling data be

tween the participants in frequency of locomotor activity. 

Continuous Recording of Agonistic Activity 

Activity rates based on continuous recordings of ethologically 

defined units were also made from films of the agonistic encounters. 

Orientation and velocity components of behavioral units may be assigned 

to zones of the biphasic diagram using definitions in the ethogram 

(Table 22). Units of agonistic activity may also be assigned to zones 

of the polar biphasic diagram (Figure 11). 

Average activity rates for ethologically defined units during 

the agonistic encounters studied were: homing, 0.57/minute; sheltering 

0.15/minute; exploring, 1.72/minutej agonistic, 8.59/minute. Average 



118 

Table 21. Frequency of observations of orientation and locomotor 
activity during agonistic encounters of Gobiosoma chiauita 
analyzed by status of the participants 

Locomotor 
Activity Toward 

Orientation 
Lateral Away Total 

0 0.160 0.2U8 0.01*8 0.1*56 
0.125 0.233 0.116 0.475 

I 0.160 o.ioi* 0.008 0.272 
0.156 0.150 0.058 0.367 

II 0.160 0.01*8 0.021* 0.232 
0.033 o.odiJ O.O67 0.10b 

III 0.032 0.008 0.000 0.01*0 
0.033 0.017 0.000 0.050 

IV 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

Total 0.512 0.1*08 0.080 1.000 
0.350 o.iio'a 0.21f2 1.000 

n s 2U5. Dominant/Subordinant 
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Cfc&t9e3 

Figure 11. Polar diagram for defining units of agonistic "behavior 
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Table 22. Behavioral units defined by components of 
orientation and locomotor activity 

Orientation Sectors 
Annulus Locomotor 0 1 2 3  h 5 6 7 8 

Activity Toward Lateral Away 

0 Rest Frontal Lateral Caudal 

I Paddle-^ Approach Carousel Avoid 

II Paddleg Chase Circleg Fleeg 

III Swimi Charge^ Circle^ Flee,, 

IV Swimg Charge^ Circle^ Fle^ 
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rates of agonistic activities included approach, 1.15/minute; avoid, 

0.85/minutej circle, o.io/minute; frontal threat, 0.28/minute; chase, 

0.05/minute; flee, 0.02/rainutej lateral threat, 1.37/minutej and 

"biting, 0.10/minute. 

Data from the continuous recordings of agonistic activity 

taken from films of the encounters discussed in the previous section 

can "be analyzed into velocity and orientation components (Table 23) 

"based on the definition of each unit. Bates of parallel activity 

(5*5^ units per minute) and low frequency paddling (6.12 upm) are very 

high during combat. Most of this activity represents carouselling 

(If.07 upm). 

The distribution of activity among the three classes of orien

tation is non-random by chi-square test (p<O.Ol) only in the dominant 

individual (Tahle 2^). The dominant fish expresses more activity with 

an orientation toward his opponent than does the subordinate. 

Progress of an Encounter 

Single encounters may also be studied via "biphasic analysis. 

One extended agonistic encounter of high intensity (18 minutes of com

bat) was sampled in four periods of equal duration. Frequency of loco

motor activity and orientation for each participant (dominant/ 

subordinate) during the sample periods are given in Tables 25 and 26. 

The total number of observations in the four periods was 1^2. Differ

ences "between numbers of samples for each fish resulted from one or the 

other "being occasionally outside the film frame. 
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Table 23. Activity rates during encounters of Gobiosoma chiquita 
analyzed by components of orientation and 
locomotor activity 

Locomotor 
Activity Toward 

Orientation 
Lateral Away Totals 

0 0.37 1.37 0.00 1.1k 

I 1.1+0 4.07 O.65 6.12 

II 0.30 0.10 0.22 0.62 

III 0.15 0.00 0.00 0.15 

IV 0.00 0.00 0.00 0.00 

Totals 2.22 5.5^ O.87 8.63 

Data in units per minute 
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Table 2h. Activity rates during encounters of Gobiosoma chiauita 
analyzed by components of orientation, locomotor 
activity and status 

Locomotor 
Activity Toward 

Orientation 
Lateral Away Totals 

0 O.Mf 
0.30 

1.U0 
1.33 

0.00 
0.00 

l.Bk 
I.63 

X 2.1+3 
0.37 

U.80 
3*33 

0.03 
1.27 

7.26 
•̂97 

II 0.60 • 
0.00 

0.17 
0.03 

0.03 
O.k) 

0.80 
0TS3 

III 0.13 
0.17 

0.00 
0.00 

0.00 
0.00 

0.13 
0.17 

IV 0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

Totals 3.60 
0.8V 

6.37 
4.69 

0.06 
lTSf 

10.03 
7.20 

Data in units per minute. Dominant/Subordinate 
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Table 25• Frequency of observations of orientation during 
four periods of an agonistic encounter of male 
Gobiosoma chiauita 

Orientation 
Period Sample size Toward Parallel Away Total 

1 18 
19 

0.222 
0.158 

.556 

.527 
.222 
.316 

1.000 
1.001 

2 19 
19 

0.263 
0.526 

.578 .158 
.000 

-?99 
1.000 

3 25 
2* 

0.561 
0.5^2 

.koo 
.333 

.0U0 

.125 
1.001 
1.000 

h 12 
"T 

1.000 
0.000 

.000 
7i5f 

.000 
TB33 

1.000 
1.000 

n - sample size. Dominant/Subordinate 
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Table 26. Frequency of observations of locomotor activity 
during four periods of an agonistic encounter 
of male Gobiosoma chioirita 

Locomotor Activity 

Period Sample size Rest Paddle-^ Paddle^ Svfim^ Swinig Total 

18 
19 

0.389 
0.632 

.333 

.368 
.278 
.000 

.000 

.000 
.000 
.000 

1.000 
1.000 

19 
19 

0.895 
0.665 

.105 

.211 
.000 
.105 

.000 

.000 
.000 
.000 

1.000 
1.001 

25 
a* 

0.^80 
0.417 

.240 

.291 
.080 
.0B3 

.200 

.20B 
.000 
.000 

1.000 
0.999 

12 
S 

0.000 
0.000 

.250 

.000 
.750 
1.000 

.000 

.000 
.000 
.000 

1.000 
1.000 

n - sample size. Dominant/Subordinate 
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The sequence of events recorded in the samples may be con

sidered In the context of three behavioral phases typical of an intense 

agonistic encounter. During the initial phase (Period l), intrusion 

by the subordinate fish into the territory of the eventual dominant 

occurs. This phase is characterized by exploratory activity on the 

part of both fish. This phase culminates in initial contact behaviors 

such as circling and butting of the subordinate by the resident fish. 

During the second phase of the encounter (Periods 2 and 3), prolonged 

lateral displays by both fish are intermixed with carouseling and 

butting, i.e., this is the phase during which true combat or fighting 

occurs. This phase culminates in a series of mouthlocks and wrestling 

activity in which the dominance status of the participants becomes 

evident. In the final phase (Period the subordina has capitu

lated and ending his resistance to the attacks of the dominant resi

dent, begins to avoid him. This is t.-e period in which the subordinate 

fish would normally increase the distance between himself and the 

dominant. In the aquarium the final period is characterized by chasing 

and is also the time during which the dominant typically occupied and 

began to defend the shelter of the subordinate. 

Orientation during the initial period was not significantly 

different from a random distribution (l:2:l) for either fish by chi-
» 

square test (p<O.Ol). This state continued for the top fish through 

the second period of the encounter but the eventual subordinate becomes 

more aggressive. Both fish showed a significantly higher frequency ocf 

aggressive orientations during the third period. The encounter cul

minated in the final period following a resolution of the conflict in 
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favor of the dominant who then assumed an exclusively aggressive ori

entation while the subordinate adopted an almost exclusively submissive 

orientation. 

Regarding locomotor activity, the dominant fish displayed more 

apparent agitation (e.g., fast paddling) during the initial period of 

the encounter but reduced his locomotor activity somewhat in favor of 

slow paddling during the two periods of combat {2, 3)* Both fish 

were highly active during the final period of chasing. 

Similar evidence on the progress of an encounter is provided 

by analysis of activity rates developed from continuous recordings 

(Tables 27 and 28). This data deemphasizes the significance of sub

missive orientations of activity in parallel orientations in the mid

dle phase (Periods 2, 3) and the. sudden increase in apparent 

aggressive motivation in the third period resulting from attack by 

mouthlock. The polarization of the orientations of behavior in the 

fourth period noted in the activity rates clearly characterizes the 

new status positions of the two fish. 

An apparent reduction in average locomotor activity occurs 

between the first and the second period. This reduction continues 

during combat in the third period until higher intensity wrestling 

(swimming movements) appears. Higher locomotor activity rates chas

ing characterize the final period. 

Behaviors characteristic of dominant fish appear to be those 

with a primary orientation toward the opponent (orientation zones 0, 

1, 2). In the encounters studied, higher average rates of locomotor 

activity and higher rates of all agonistic behaviors were 
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Table 27- Rates of activity (behavioral units per minute) 
during four periods of an encounter of male 
Gobiosoma chiquita analyzed for orientation 

Orientation 
Pez-iod Toward Lateral Away Total Agonistic 

1 JLi 3^1 0^0 5.U 
1.1 1.0 1.7 T35 

2 0.0 9.1 0.0 9.1 
o7$ H72 OTO KB 

3 5.^ 6.0 0.0 11. l|. 
3.0 TT? o3 9.0 

U 6.2 0.0 0^0 6^2 
o.o o.o TT79 ¥79 

Dominant/Subordinate 



129 

Table 28. Rates of agonistic activity (behavioral units per minute) 
during four periods of an encounter of male Gobiosoma • 
chiauita analyzed by locomotor activity 

Locomotor Activity 

Period Rest Paddle^ Paddle^ Swim, Swinig Total Agonistic 

1 0.6 k.2 0.6 0.0 0.0 5.1* 
0.2 3.2 ô r 0.0 0.0 TB 

2 1.3 M 0.0 0.0 0.0 
1.-3 7-5 0.0 0.0 0.0 8.8 

3 1.8 8.1 0.0 1.5 0.0 11.If 
27£ 5-1 0.0 1.5 0.0 9.0 

k 0.0 0.0 6.2 0.0 0.0 6.2 
0.0 0.0 TH9 0.0 0.0 9̂ 

D omi nant/Sub ord i nat e 
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characteristic of the dominant fish. Behaviors characteristic of sub-

ordinant fish appear to "be those with a primary orientation auay from 

the opponent (orientation zones 6, 7# 8)* Slightly lower average loco

motor and activity rates occurred in subordinate fish during the en

counters studied. Both higher frequencies and rates of aggressive 

activity are characteristic of the dominant fish studied. Subordinate 

fish showed lower frequency and rates of aggressive activity jind a 

correspondingly higher frequency and rate of submissive actions 



CHAPTER 13 

DISCUSSION AND CONCLUSIONS 

Taxonomic and Ecological Relationships 

A trellis diagram of agonistic behaviors of ten species of 

gobies suggests taxonomic, ecological, and ethological relationships 

among the species (Figure 12). Occurrence of a behavioral unit in a 

species is indicated in the diagram by crossing of the species and 

the unit lines. Behavioral units shared by most of the species are 

placed at the base of the diagram. Units occurring in only one spe

cies are placed only on that species line. An exaggerated behavioral 
\ 

unit corresponds with an unusual anatomical specialization. This anal

ysis is fundamentally the same as that originally developed by Lorenz 

(lcjlj-l) for the comparative study of reproductive behaviors in the ducks 

and geese (Anatinae, Aves). Any group of homologous behavioral units 

may be treated in this manner. Agonistic units were used in this case 

since this group Included observed behaviors of the largest number of 

species and the most complete coverage of any behavioral type seen in 

this study. 

The largest number of agonistic units (12) was observed in the 

most socialized species, G. digueti. This social cleaner also had the 

largest number of unique agonistic behaviors (3)--i*e*> cheek shove, 

Jumping and kissing. G. puncticulatum, possibly another cleaner 
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B. rnriosus G. ccta 

0. chlqulta 

Clrclo(l) 

Hod{l) _ 

G. n. op. 

0. punetlculr.tum 

Head shake{l) 
Uncolling(l) 

Mouthlock(3) 
0. dlfiuetl 

K1gs(1) 
Jump(l) 

Check shove(l) 

T-stanco(2) 

Head dcun('l) 
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Pectoral twitchtS)*^ 
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Frontal threat(8) 

Charge(tf; 
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Figure 12. Comparative ethology of agonistic "behavior in ten species 
of Gobiidae from the Gulf of California 

Symbols: + unit occurs; ? probable, though not seen; 
0 anatomically exaggerated; (n) number of 
species having the unit. 
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species but apparently a solitary one, had two unique agonistic be

haviors—head shaking and uncoiling. Four other solitary species had 

one unit which appeared, at least initially, to be unique. These are 

G. sagittula, lift,; Q. guaymasiae, shove; G. chiquita, circle; and -

Gobiosoma n. sp.; nod. 

My ethological observations suggest that some revision in the 

genus Gobiosoma may be expected. On the basis of the limited data col

lected, the three species, G. chlquita, Gobiosoma n. sp. and G. punc- • 

ticulatura, appear to be closely related. Similar agonistic and • 

courtship behavior is observed in all three species. The latter two 

species do emphasize head movements more than does G. chiquita in which 

no nodding or head shaking was observed. However, the components of 

the lateral threat display, the method of combat and the type and se

quence of movements in courtship bear a close similarity in these 

species. 

G. digueti is strikingly unlike the above species group in the 

behaviors observed. It differs in its social organization in the 

aquarium and in its strong propensity to clean other fish. In its 

ethology there are also clear differences particularly in the type and 

frequency of contact behaviors. There is also a tendency to pairing, 

probably male-female partnerships, unlike anything seen in other forms 

studied. As a cleaner, G. digueti may find advantage in socializing 

at favorable sites as do closely related Atlantic species which are . 

cleaners (Bohlke and McCosker, 1973)* A number of individuals may 

clean a single visiting fish at one time at these stations (Ted. Hobson, 
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personal comm., 1966), an example of Increased efficiency through 

group activity which may heighten their attractiveness to fish desir

ing to "be cleaned. It is possible that success of grouped fish as 

cleaners would then act as a selective feedback mechanism increasing 

the social aspect of the behavior in this species. 

Major differences in behavior between the soft and rocky shore 

species may be the result of adaptations of agonistic behavior to habi

tat. The sand/mud shore species are burrow dwellers. The exaggerated 

frontal displays and combat of the muddy bottom species G. mirabilis t 

described by Weisel (19^7)* is likely an adaptation to burrow defense. 

Display from a burrow entrance or push-fighting within a burrow would 

be facilitated by accentuation of behaviors with a frontal orientation. 

Gaping occurring during frontal display is exaggerated in this species 

by an unusual caudal prolongation of the maxillaries which appears to 

increase the width of the open mouth. The same burrowing habits and 

anatomical adaptation of the jaw structure occur in <£. guayroasiae. 

Both species frequently make jaw movements, e.g., yawning and jaw-

breaking, in social contexts which may be incipient displays. A simi

lar enlargement of the jaw,'together with a gaping, frontal display, 

frontal combat and burrow-dwelling habits has been described for the 

California Fringe-fin Blenny, Neoclinus uninotatus, by Lindquist 

(1971). The mouth of G. sagittula is small and protrusible, showing 

more apparent adaptation to substrate feeding than to its agonistic 

behavior which is relatively unspecialized. 

In contrast to the soft bottom forms, the rocky shore gobiids 

emphasize the lateral display. Only G. seta, an apparent recent 
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derivative of a sandy bottom species, among the rocky shore species 

did not show some form of the lateral display. While frontal displays 

did occur in rocky shore species, none had any trace of the specializa

tion in the jaw of species of Gxllichthys, Quietula, and Neoclinus. 

It may be theorized that the lateral display is an exaggerated 

adaptation of the type postulated by Lorenz (19^1)• The lateral posi

tion has an effect of blocking a wider area from intrusion than a 

frontal one. The lateral position would also produce a relative in

crease in the area occupied by the resident in the visual field of the 

opponent and would present more potential visual signal elements in 

the view of the opponent for communication of fighting mood. In the 

frontal display only the mouth and jaws, pectoral fins and perhaps the 

erect dorsal may be visible to the opponent, while in a lateral display 

the gaping jaws, raised head, pectoral fins and, in addition, the lat

eral surface of all erect median fins and the body would be visible. 

The coloration and posture of the body, e.g., coiled in G. chiquita, or 

the stiffness of Barbus species seen by Kortmulder (1972), might better 
v 

serve signal functions in the lateral orientation. One instance of 

signal adaptation to fighting position was seen in G. chiquita. The 

dark face of G. chiquita which may occur during mouthlock appears to 

serve the same signal function for the opponent in the frontal posi

tion as the dark body of this species which occurs during intense 

laterally-oriented carouseling. The increased freedom of movement made 

possible by display or combat activity in front of a crevice or within 

its relatively unrestricted opening would give the lateral display 
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full utilization of any enhanced signal effects. In the rocky shore 

species studied, however, there are no apparent anatomical specializa

tions which would serve to accentuate the lateral display. Some 

chaenopsid blennies from rocky shores do have extremely high dorsal 

fins which appear to accentuate the lateral displays. While these 

species are tube-dwelling, their fighting is performed primarily out

side the tube and in the lateral orientation (David Lindquist, pers. 

comm., 197^)• 

Two different trends in the adaptation of the jaw apparatus of 

the gobiid fishes of depositing shore habitats were found in this study. 

A small mouth, with protrusible jaws, occurred in the detrital feeding 

Gobionellus sagittula. This specialization was not explained by the agon

istic behavior observed but is an adaptation for detrital feeding of the 

species to the finer substrates of estuarine habitats where the species 

occurs. A large mouth, with extended maxillary bones, was characteris

tic of Gillichthys mirabilis and Quietula guaymasiae and to a lesser 

extent, of Gillichthys seta. These species are all feeders on the 

larger invertebrate fauna of their respective habitats. The gaping 

frontal display and open-mouthed, push fighting of G. mirabilis appears 

to be characteristic for this group and may be associated with burrow 

defense. Reduction of these behaviors was noted in G. seta and may be 

the result of a decrease in positive selection pressures on frontally 

oriented behavior in the rocky shore habitat. A balanced repertoire 

of agonistic displays which included both frontal and lateral displays 

together .with an unspecialized jaw was characteristic of the other 

rocky shore species studied. 
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Adults of Gillichthys seta apparently live in the open over 

sand "bottoms in tidepools of rocky shores. Individuals shelter beneath 

large rocks and overhands. This species is not known to burrow. The 

taxonomic similarity of G. seta to G. mirabilis suggests that the for

mer is a recent derivative species endemic to the northern gulf which 

may be newly adapted to a rocky shore habitat (Barlow, 1961). The re

duced jaw size of G. seta suggests that the frontal gaping display has 

been deemphasized in seta. Non-combative behavior may be sufficient 

to maintain the territories of the adults between breeding periods. 

In Cr. seta, biting at the sand substrate often occurred when 

confronted by an opponent and appeared to be a probable displacement 

action. This re-direction of a consummatory act may be the result of 

a inhibition which prevents biting of the opponent. Biting of opponent 

males by G. mirabilis has been reported (Weisel, 19^7) "but was not ob

served in this study. Similarity of nest digging to biting in G. seta 

may allow the functionally similar digging motor act to replace the 

agonistic one. In this way a displacement movement could develop sig

nal value for aggressive mood and become ritualized in the agonistic 

context (cf. Herligeriburg, 1963). 

Push fighting in G.nrirabilis could be the result of an inhibi

tion on biting in the frontal position. The inhibition could be en

hanced in an opponent by increase in the width of the gape. This would 

provide a selective mechanism for exaggeration of the gaping display ̂ >y 

anatomical increase in the size of the mouth. Open-mouthed, pushing 

combat could then replace the mouthlock-wrestling seen in rocky shore 
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species. Increase In the threshold for conflict behavior would reduce 

the occurrence of lateral combat. 

A moderate reduction of jaw size in G. seta from that seen in 

j£* mirabills could be the result of a relaxation of the selective ad

vantage of frontal display and frontal push fighting. In the rocky 

shore habitat crevice-dwelling replaces burrow-dwelling of the estua-

rine habitat. Adaptations of j3. seta to rocky shores appears then to 

support the hypothesis of a difference in the adaptation of gobiid 

agonistic behavior which results from ecological differences between 

habitats. 

Motivation and Agonistic Behavior 

Composite motor actions are frequently observed in agonistic 

behavior among vertebrates. In general, such actions combine in vari

ous ways differing functions and are therefore considered to result 

from, the simultaneous activation ctf different drives (Tiribergen, 1951* 

1952a; Morris, 1958)• Such actions are usually referred to as conflict 

behaviors. 

Conflict behavior is presumed to be a result of ambivalent mo

tivation. A lower degree of ambivalence may characterize aggressive 

and submissive behaviors. Conflict behavior in both agonistic oppo

nents appears to result eventually in a motivational polarization 

which may be recognized behaviorally as a status resolution. Follow-

ing status resolution the dominant fish performs exclusively aggressive 

acts while the subordinant performs only submissive ones. Combat may 

then be regarded as resulting from status conflict which is character

ized by motivational ambivalence. 
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Through experimental studies with electrical train stimulation 

in fowl, Van Hoist and St. Paul (1963) were able to show seven differ

ent types of responses to the simultaneous activation of different "be

haviors. These responses may simulate the effects of ambivalent drives 

in the production of conflict behaviors. In examining the agonistic 

behaviors seen in this study some instances of conflict appear to fit 

into their scheme. 

Compromise orientation such as is seen in the lateral threat 

display is the apparent result of averaging opposing drives. Some 

conflict actions such as nodding and head shaking result from alterna

tion in the dominance of opposing drives. Coiling may be partly super

imposed by a flight reaction on the threat display but this action may 

also Include head turning toward the opponent which would have a strong

er aggressive component. Combined coiling and uncoiling would then be 

partly alternative in nature. Cancellation, transformation, preventing 

and masking were not noted in the agonistic behaviors observed. 

Observational problems of motivational analyses are indicated 

for three of Van Hoist and St. Paul's categories. Cancellation of be

havior as a result of ambivalence may not be noted by an observer un

less he is aware of the complete stimulus situation, i.e., unless he 

knows what behavior to expect, he cannot note its absence. In pre

venting or transformation only one or none (respectively) of the ex

pected types of behavior appears in the conflict situation. In 

preventing, the activation of one of the opposing drives can only be 

inferred, since behavior of the opposing drive only occurs. In trans

formation, none of the normally expected acts appear and their place 
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is taken by a third action whose relation to the active drives may be 

unclear. 

Using orientation and the processes described by Van Hoist and 

St. Paul (1963), behavioral units observed during the agonistic behav

ior of gobiid fishes may be classified as resulting from primarily ag

gressive, submissive or conflicting motivation (Figure 13 and Table 29)* 

The displacement activities observed in G. seta in the agonis

tic context suggest that consurmnatory acts may not be subject to moti

vational control in the same way as appetitive ones. Agonistic 

consummatory acts do not readily fit into the biphasic diagram since 

they cannot always be related to the velocity-orientation parameters. 

Some of the acts noted do have a more or less well defined orientation 

toward the opponent fish but seme units do not have any inherent 

velocity component. Butting, a basic contact event in G. chiquita is 

simply the unaltered end of an approach sequence. Nudging, biting, 

and wrestling do require locomotor movements but may have no measure-

able forward velocity. Submissive freezing may be a non-oriented act 

but its aggressive opposite, riding, does require a more or less cross

wise orientation which might be considered lateral. 

It has long been the ethologist's goal in the study of agonistic 

activity to formulate a general theory which accounts for all the pos

sible responses in the encounter situation. The proposed motivational 

scheme suggests three types of appetitive responses which allow reduc

tion of the drives generated by an encounter. Submissive behaviors 

should produce a greater spatial separation between the opponents, 

thereby reducing the drives. Submissive behavior is a withdrawal 
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Figure 13. Motivational classification of appetitive behaviors 
in the biphasic' diagram of agonistic behavior of 
Gobiosoma chiquita 
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Table 29* Motivational classification of motor actions in the 
agonistic "behavior of gobiid fishes 

Locomotor 
Group Aggressive Submissive Conflict 

Intention Movements 

Rest Erect fins Lower fins Finflickera 

Gape Close mouth Jaw breaking 

Raise head Lower head Nod 

Turn head toward Turn head away Head shake 

- Appetitive Behaviors 

Paddle Orient toward Orient away Orient lateral 

Paddle^ Approach Avoid Carousel 

Paddle^ Chase Flee^ Circleg 

Swira3jIf Charge^ 1,. Flee3,lt Circle3,U 

Consumraatory Behaviors 

Rest Ride Freeze mm mm 

Paddle Butt — — 

Paddle, swim Bite, mouthlock _ _  mm — 

^ot seen in gobies. Fin flicker may be seen in certain tube-dwelling 
fishes (e.g., chaenopsids). 
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response to stimuli from the opponent fish which may be associated with 

potentially harmful or noxious events (Buss, 1961). Aggression as a 

drive appears to increase with closer spatial relations between the 

opponents. Aggressive behavior is the approach response to an oppo

nent who is potentially or actually frustrating the current activities 

of the resident individual (Yatesf 1962). Conflict behaviors may con

tain appetitive and intention movements of both aggressive and submis

sive responses. They typically result in no change of distance between 

the opponents. 

The intruding individual thus disturbs the drive state of the 

resident. The appearance of the intruder frustrates the ongoing ac

tivity of the resident producing an increase in his aggression drive. 

Charging as a replacement of the normal low Intensity approach expected 

in a typical encounter may represent a release of excess activity gen

erated by frustration. The intruder also experiences similar influ

ences on his drive state. The relative movement and orientation of the 

opponents must result in a fluctuating motivational status in each par

ticipant. Changes in the spatial interrelations of the opponents in an 

encounter are thereby associated /ith expected changes in drives which 

may mediate and direct their behavior. 

Functions of Agonistic Behavior 

Agonistic behavior is an important social behavior whose effect 

at the population level is to organize the use of space and resources 

by individuals of a species (Klopfer, 1969). By avoiding dominant fish, 

subordinate individuals allowed exclusive use of an area and its 
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biological and physical resources to the dominant or resident. It is 

via these effects in limiting the distribution of resources to domi

nant individuals that agonistic behaviors have been credited with sig

nificance in regulating population size (Wynne-Edwards, 1967)* 

Dominance based on differences in physical characteristics 

results in a hierarchy determined by age and growth rates (Magnuson, 

1967)- Dominance appears to assure the older and larger individuals 

in a population of G. chiquita of priority in the access to resources 

such as space and shelter. Dominance may also give exclusive mating 

priority to the largest male, the super-dominant. In addition, the 

hierarchy may determine the location of territories by excluding sub-

ordinants from the most favorable, dominant-controlled areas. 

If each individual tends to settle in the most favorable avail

able location and shelter type, dominant individuals will be sited 

eventually in core areas with the best resources for survival. Subor-

dinants will tend to be found in ecologically marginal areas. The 

resultant success of dominant individuals appears to be the favorable 

result of exploratory and aggressive behaviors which result in location 

and defense of favorable sites. Improved likelihood of survival and 

better fitness at these sites must assure a considerable selective ad

vantage to agonistic behavior. 

The frequency of agonistic behavior observed among the indi

viduals of a population will be determined by their hierarchial rela

tions, and by the location and use of territories. The dominance factor 

determines the distribution of attacks among all of the individuals. 

The hierarchy is the agonistic structure of the population. Interaction 
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of territory upon the dominance relationships appears to determine.the 

frequency of interaction. For example, neighbors will have a higher 

number of agonistic interactions. This effect might be termed the ad

jacency sub-factor. 

Another territorial sub-factor controlling the frequency of 

agonistic interactions involves the vagility of nonterritorial individ

uals. In the experimental environment these individuals are reflected 

by the artificial walls of the aquarium back into the population and 

therefore interact at a high rate with the territorial individuals. 

During tidal changes when individuals are migrating, transients may be 

more commonly encountered by territorial members of the population. 

Field observations on G. chiquita indicate that the frequency of ago

nistic encounters does increase at such times. 

The frequency of agonistic interactions also increased overall 

when populations were more dense. More interactions occurred in the 

denser summer population than in the winter populations studied. The 

effect of density appears to be uniform among the individuals. 

The type of agonistic behaviors observed in a population may 

be a result of the degree of organization, i.e., hierarchial develop

ment, which it exhibits. Agonistic behavior of low intensity was ob

served in the typical field population and in established laboratory 

populations. This behavior consisted of approach, frontal threat, 

charging and chasing. Lateral threat was rare and combat was not seen 

during field studies. When new individuals were introduced into these 

populations agonistic behavior of higher intensity appeared. These 

behaviors resulted in physical c6ntacts, butting, riding, etc., and 



Ih6 

often in combat. High intensity behaviors also occurred between peer 

individuals meeting for the first time in the laboratory. Lateral 

threat and combat, including carouselling, inouthlock and biting, were 

the characteristic behavior of peer fishes. Familiar peer fishes did 

not fight and their behavior was comparable to that seen in individuals 

of the field population. 

The higher intensity of agonistic interactions among strange 

fishes would be expected to discourage dispersal among the territorial 

individuals of a population, acting as a centripetal factor which would 

tend to maintain the sedentariness of the territory holders. 

The low intensity of agonistic activity observed is indicative 

of a hlerarchial social order. In such an order, activities can be 

predominantly non-agonistic, e.g., exploratory, homing, sheltering, 

and foraging. The hazards and disadvantages of agonistic interactions 

of high intensity are minimized by this agonistic structure. These 

favorable effects of agonistic structure may then act as a selective 

force which tends to maintain the hierarchy and its associated ago

nistic behavior. 



APPENDIX A 

ACTIVITY OF SOME GOBIID FISHES IN 

FIELD AND LABORATORY POPULATIONS 

1^7 
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Table Al. Activity in aquarium papulations of Gobiosoma digueti, 
Gobiosoma puncticulatum and Lythrypnus dalli 

(Data in behavioral units per minute) 

G. digueti 
"(n = 3) 

G* puncticulatum L. dalli 
( n  :  3 )  I n  =  2 )  

Shelter 0.2 0.3 0.6 

Forage 0.0 0.1 0.0 

Explore 8.9 25.0 10.9 

Agonistic 
« /-a 
0.6 o.6b o.6c 

Miscellaneous 

Orient 0.4 Orient 4.7 Orient 2.7 

Attach 0.3 Attach 0.7 Attach 1.6 

Yawn 0.2 Yawn 0.1 -

Dig 0.1 Side rub 0.1 -

Total 11.6 31.6 16.4 

aIncludes: pectoral twitch—-0.1, head shake—0.1, brush—0.1, 
head up—0.3 

Includes; chase—0.1, flee—0.4, nod—0.1 

cIncludes: flee—0.6 
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Table A2. Activity during combat in Gobiosoma chiquita, 
Gobiosoma puncticulatum and Lythrypnug dalli 

(Data in behavioral units per minute) 

Activity G. chiquita 
(n = i) 

G. puncticulatum 
( n  =  2 )  

L. dalli 
Tn = 2 )  

Shelter 0.4 0 . 7  0.4 

Forage 0.1 0.1 0.0 

Explore 3.4 0.5a 3.2 

Agonistic 2.9 1.2*5 1.6° 

Frontal threat 0.6 0.1 0.0 

Charge 0.9 0.0 0.4 

Flee 0.1 0.2 • 0.2 

Lateral threat 
and carousel 1.4 0.7 0.2 

Total 6.8 3*2 5.2 

aExploring index s crossing midline between territories 

Includes: approach--0.2, side roll--0«7 

°Includes: pectoral twitch—O.U, tail wiggle--0.1t 



Table A3. Activity in tidepool populations of Gcfoiosoma chiquita and Gillichthys seta 
on Station Beach Reef 

(Data in average number of behavioral units per minute rates * standard error) 

Species G. chiquita G. chiquita G. chiquita G. chiquita G. seta 
Date 11/20/71 1/16/72 2/26/72 7/13-14/72 7/13-14/72 
Time 1400-1600 1730-1800 PM 1000-1200 1200-1400 
Site Boulder zone Pool 6 Pool 6 Pool 6 Pool 2 
Pool temperature T = 12.0°C. T = 10.2°C. T r 13.3°C. T = 31.0°C. T = 31.0°C. 
Sample size (n) n s 6 n = 8 n = 15 n = 5 n = 3 
Density (no.n?) est. 4.0 5.6 3.9 6.7 est. 2.5 

Activity a 
Shelter 0.30 ± 0.15 0.23 ± 0.09 0.00 0.00 O.36 * 0.23 

Forage 2.38 ± 0.23 0.85 * 0.21 1.63 * 0.22 1.32 * 0.45 1.15 * 0.17 

Explore 8.03 ± 0.90 3-35 * 0.31 3.30*. 0.45 6.91 * 1.10 6.55 * 0.26 

Agonistic Activity 0.15 * 0.09 O.38 * 0.25 0.23 * 0.19 0.62 * 0.24 O.63 * 0.22 
Approach 0.00 0.10 * 0.07 0.06 "K 0.06 o.i4 + 0.09 0.36 + 0.26b 

Avoid 0.07 * 0.07 0.00 0.03 +• 0.03 0.10 + 0.10 0.00 

Frontal threat 0.00 0.25 * 0.25 0.00 0.00 0.00 

Chase 0.08 * 0.08 0.00 0.11 ± 0.09 0.39 * 0.13 0.28 * 0.28 

Flee 0.00 o.o4 - o.o4 0.03 * 0.03 0.00 0.00 

Lateral threat 0.00 0.00 0.00 0.00 0.00 

Total Activity 10.88 ± 0.86 4.81 * 0.44 5.15 * 0.53 8.79 * 1.35 8.80 + 0.41 

aAverage plus or minus standard error 

^Contacts: 0.10 "t 0.03 
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