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ABSTRACT 

The methods of resource partitioning along two niche 

dimensions, food and space, were examined in two sympatric 

blennioid fishes, Labrisomus xanti and Malacoctenus gigas 

(Family: Clinidae). Although there is a 95% overlap in prey 

species eaten, there is a significant difference between the 

size of prey consumed by each species. Mouth size of preda

tor is directly correlated to prey size. L. xanti utilizes 

larger prey (Brachyuran crabs); M. gigas utilizes smaller, 

more abundant prey (amphipods). Experimentally, predator 

hunger increases prey overlap. In aquaria, both species 

show a preference for the larger of two prey items and 

movement of prey enhances its acceptability by both fish. 

L. xanti feeds by ambush; M. gigas by forage and pursuit. 

Spatial partitioning in nature was achieved by the 

more territorial L. xanti inhabiting rocky crevices and 

spaces between boulders. ~· gigas ranges openly over the 

reef platform. In aquaria containing both species increasing 

cover decreases the frequency·of harmfully aggressive 

intra- and interspecific conflicts by ~- xanti. ~- gigas, 

on the contrary, seems to require less cover and displays 

little or no harmful aggressive behavior. 

viii 



CHAPTER 1 

INTRODUCTION 

The successful utilization of energy resources is a 

key to survival for any organism. The sharing of these 

resources by more than one organism immediately complicates 

the situation. How will the resources be divided? In most 

cases an intricate network of resource partitioning adapta

tions evolves, maximizing utilization and minimizing 

conflict. The defining of the mechanisms by which species 

diversify and establish niches has been the focal point of 

a continuing stream of data and semantic arguments (Volterra, 

1926; Latka, 1932; Gause, 1934; Lack, 1946; Fryer, 1959; 

Cole, 1960; Miller, 1967; Park, 1968). 

Investigations of possible overlap among several 

species' niches for common resources usually include exami

nation of three main niche dimensions: food, space and time. 

Each of these parameters has been investigated separately 

as well as in combinations (for extensive bibliography see 

Schoener, 1974). Ashmole (1968) found that terns partition 

food and space by bill form and by establishing differing 

feeding zones. Cody (1968) analysed grassland birds that 

partition space vertically and horizontally, and food by 

type. Schoener (1970) and Andrews (1971) found Anolis 
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lizards partitioning space by body size and available cover, 

thus maximizing differences between sympatric species and 

minimizing overlap. Hillman (1969) found three sympatric 

lizards partitioning their food by varying body size, prey 

handling ability and space by available cover and tempera

ture. Gibson (1972) found littoral fishes partitioning 

space and food by utilizing different tidal zones. 

Weatherly (1959), Keast and Webb (1966) and Keast (1970) 

showed that fresh\vater fishes' prey was directly proportional 

to mouth size. Stephens et al. (1970) showed behavioral 

differences in food gathering and habitat utilization as the 

partitioning methods of three sympatric blennioid fish. 

Newman (1956) and MacPhee (1961) found agonistic behavior as 

a method for partitioillng amount and size of prey. Critchlow 

(1972) showed partitioning of space and food in eight species 

of Gulf of California shore fishes by habitat complexity, 

wave action, feeding methods and prey type. 

In this study I am investigating the utilization of 

common resources and requirements by two intertidal 

blennioid fishes, Labrisomus xanti (Fig. 1) and Malacoctenus 

gigas (Fig. 2). Both are members of the subtribe Labrisomini 

(Hubbs, 1952) and as such belong to the most widely distrib

uted genera of the family Clinidae (Springer, 1958). 

Convergent evolution within the subtribe Labrisomini (Hubbs, 

1952) has resulted in both genera being extremely closely 
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related in their morphology. The stem species of Labrisomini 

is believed to have arisen in the tropical American waters 

and split into the primitive genus Labrisomus and the more 

specialized genus Malacoctenus. Specialization in clinids 

means a lack of typical clinid characteristics such as small 

teeth behind main jaw teeth, scales on dorsal and anal 

fins, and closer spacing of nuchal cirri. In fact, the only 

obvious morphological difference between the two genera is 

in jaw size and dentition (Hubbs, 1953). Because of similar 

body shape and coloration, the untrained eye could easily 

mistake L. xanti forM. gigas, especially if they ar e 'of 

similar size. L. xanti , considered the largest Pacific 

species of Labrisomus, grows to a maximum size of 200 mm. 

~- gigas, also considered the largest species of its genus 

and an endemic to the Gulf of California, grows to approxi

mately 120 mm. L. xanti is characterized by its heavy,wide 

jaws and body; ~· gigas by its narrow jaws and body. Color

ation of the two species is quite similar and varies 

according to habitat and behavioral state. L. xanti has 

sexually dimorphic characteristics in jaw size (smaller in 

females) and color, (darker in females and red in males 

during breeding). M. gigas shows no strong sexual dimorph

ism other than slight color pattern variations. 

Resource partitioning for food and space between 

these species will be analysed by 1) field observations at 

high and low tide, 2) stomach contents, 3) range of edible 
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available prey and effects of hunger on this range, 4) pref

erence for size and movement in natural and artificial prey, 

and 5) social behavior and spatial utilization in aquaria. 

I will compare and contrast the two predators by their basic 

predatory traits, the search, selection and seizure of prey, 

answering the question "Do .!:_. xanti and M. gigas partition 

common resources and if so, how?" 



CHAPTER 2 

.. 
METHODS AND MATERIALS 

This section will be subdivided into field observa-

tions, natural prey utilization (stomach contents) and 

laboratory experiments. All field work was done on Station 

Beach Reef, Puerto Penasco, Sonora, Mexico. Laboratory 

experiments were done where indicated. 

Field Observations 

The field study area was located 100-200 meters 

west of the Puerto Penasco Marine Station, Sonora, Mexico. 

It consisted of a coquina limestone reef with patches of 

basaltic boulders. A spring tidal range of 23 ft and numer-

ous tide pools offer extensive variation in habitat 

available for study. Four 9 m2 quadrats were laid out, one 

in each of four different shelter types. These quadrats 

(Figs. 3-6) are 1) open flat coquina reef at the 0 to +0.5 

ft tidal level; cover limited to very small burrows with 

the reef and the basalt boulders at the corners, 2) dense 

basaltic boulder field at the 0 to +0.5 ft tidal level; 

cover plentiful in boulder interspaces, 3) a portion of 

large, sandy bottom tide pool at the 0 to +0.5 ft tidal 

level, 60 em deep;cover provided by overhangs, crevices 

7 
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and floral/faunal growth and 4) a section of deeply cracked 

sublittoral coquina reef at the -8 to -10 ft tidal level; 

cover provided by cracks, overhang and floral/faunal growth. 
I 

My observations were made using snorkel and SCUBA 

diving techniques. High tide observations (SCUBA) were 

15-30 minutes at quadrats 3 and 4. I counted all L. xanti 

and ~· gigas and observed their social and feeding behavior, 

habitat utilization and availability of prey items. 

Natural Prey Utilization 

I examined the stomach contents of L. xanti and 

M. gigas from freshly caught or preserved specimens from the 

University of Arizona Fish Collections. Data recorded 

included standard length and mouth size of predator; and 

species, size and relative volume/total stomach content of 

prey. All collections were from Station Beach Reef, Puerto 

Penasco. 

Laboratory Experiments 

Prey utilization and preference, spatial utilization 

and social behavior of L. xanti and M. gigas were examined 

in laboratory situations in two locations: the Biological 

Sciences East Building, University of Arizona, Tucson, 

Arizona, and the wet lab of the Puerto Penasco Marine Sta-

tion, Sonora, Mexico. In Tucson the experiments were 

conducted in two 45 gal plexiglass aquaria, 30 x 120 x 35 em 
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and several 5 gal glass aquaria. Compressed air was supplied 

through the building's air system and synthetic sea salts 

0 (Rila) were mixed with tap water to a salinity of 35 /oo. 

Each aquarium utilized subsand filtration with additional 

airstones and charcoal filters. Temperature was maintained 

0 by room thermostat at 20-22 C and light was regulated by a 

timer to a 16 hr light, 8 hr dark cycle. 

At the wet lab in Puerto Penasco (Fig. 7 ) the water 

supply was running seawater, pumped from a shallow well. 

Because of this, the water temperature was fairly constant 

(26°C : 1°) and temperature regulation was not required. 

Large screened windows provided adequate natural light. 

Incandescent light was used occasionally for short periods. 

The five main aquaria were rectangular, fiberglass-covered 

plywood boxes with a rectangular, plate-glass window in one 

side and containing 40 gal of water. Tank A (120 x 57.5 x 

35 em) was a holding tank for L. xanti and M. gigas. It 

contained two concrete blocks 40 x 15 x 15 em each with two 

15 x 10 em oval holes in each (Fig.s ). Tank B (58 x 31 x 

38 em) and C (58.5 x 43.5 x 38 em) were test tanks in which 

preference experiments were run. Tank B contained a screen 

partition made of 1/2" x 3/4" pine molding frame and green 

nylon screen. It was easily moved in and out of the aquar-

ium and served to partition off six inches at one end 

(Fig. 9). Tanks D (77 X 46 X 38 em) and E (69 X 43.5 X 

38 em) were holding tanks for M. gigas and Gobiosoma 



Fig. 7. Marine Station, Wet Lab, Puerto Penasco, 
Mexico 
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Fig. 8. Tank A: Holding tank and site for 
Experiment 6 

Fig. 9. Tank B: Site for Experiments 1, 3 and 5 
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chiquita. All aquaria were seasoned with invertebrates for 

several weeks prior to fish inhabitation. Algal scum was 

allowed to form, masking the varied colors of the painted 

aquarium walls. 

Capture 

L. xanti and ~.gigas were obtained from tidepools 

approximately 100 to 200 m west of the wet lab in Puerto 

Penasco. Pronoxfish, an emulsified rotenone ichthyocide, was 

used to stun the fish which were then quickly netted and 

transferred to clean seawater. This commonly used technique 

for live fish capture has proven to be very effective yet 

not permanently injurious to fish. Specimens were taken to 

the wet lab immediately after capture. 

Acclimation to laboratory surroundings was determined 

by readiness to accept food. L. xanti took from 24 hrs to 

five days for acclimation. ~- gigas acclimated in five 

minutes to 24 hours. Variation in times was correlated to 

size, smaller individuals acclimating more quickly. 

Maintenance 

I held all captured animals for two weeks prior to 

testing and experimental animals were selected on the basis 

of willingness to accept food and general physical condition. 

Inactive fish were removed. I fed the fish between 0800 -

0830 and 1500 - 1530. Food other than natural prey was 

either frozen fresh shrimp, Tetramin Basic Fish Food, or 
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Purina Fish Chow. Shrimp was used most often. Each shrimp 

was thawed to aquarium water temperature and cut into vari

ous sized chunks ranging from 5 to 30 mm. The food 

introduction site was continually varied and care was taken 

to avoid detection of the experimenter by the fish. Food 

was dropped into the aquaria from the back side. 

Fish being transferred to Tucson were sealed . in 

plastic bags filled with oxygenated sea water and trans

ported in an insulated cooler. The fish were reacclimated 

in Tucson. I fed the fish once a day between 1100 and 1900. 

Food, other than natural prey, consisted of frozen adult 

brine shrimp, live adult brine shrimp, frozen pink shrimp 

and frozen flounder. Frozen brine shrimp was used most 

often and in varying size chunks. I did not attempt to 

conceal myself when introducing food. The design of the 

aquaria and size of room made such concealment difficult. 

Experimental Design 

1. Acceptance of Naturally Occurririg Prey. A series 

experiments was conducted to determine the palatability of 

available natural prey. I collected live specimens of 

known prey species based on stomach content analysis as well 

as what seemed possible prey species from the immediate area 

of predator capture. These specimens (Table 1) were then 

presented to individual ~- xanti (110-125 mm S.L.) and 

M. gigas (80-95 mm S.L.) in two ways. The first method 
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Table 1. Naturally occurring prey used in laboratory tests 
-- prey listed by experiment number 

Prey Species Tested 

Alpheus sp. (pistol shrimp) 

Amphipoda 

Clibanarius digueti (hermit crab) 

Columbella fuscata (snail) 

Experiment Number 

1 2 3 

X 

X X 

X X X 

X X X 

Epialtoides paradigmus (majid crab) x 

Eurythoe complanata (fire wDrm) 

Gobiosoma chiquita (goby) 

Leptodius occidentalis (crab) 

Lysmata californica (shrimp) 

Ophioderma panamense (brittle star) 

Palaemon sp. (glass shrimp) 

Paraclinus sini (flap scale blenny) 

Petrolisthes armatus (porcelain crab) 

Stenoplax conspicua sonorana (chiton) 

Tylos sp. (isopod) 

Several sp. of flatworms 

X X 

X X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X X 

X 
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(Trials 1, 2) involved direct introduction by dropping the 

item into the aquarium and observing for 30 minutes. The 

second method (Trials 3, 4) involved partitioning off one 

end of the aquarium (B), introducing a prey item into one 

side and a predator into the other side, removing the 

partition and observing behavior for one hour. The objec

tives were to determine acceptance and edibility of prey, 

predator feeding techniques . and prey defense mechanisms~· 

Values were assigned to the three basic reactions demon

strated by the predators toward prospective food items. 

Acceptance was rated 1.0, approach/reject (attempted but 

unsuccessful ingestion) was rated 0.5, and reject was rated 

0.0. By averaging these values, a relative value could be 

obtained which would represent the acceptability of a prey 

item and aid in evaluating these prey as potential food 

items. 

2. Effects of Selective Food Deprivation ort Ac~ep

tance of Prey. A series of tests similar to those run in the 

previous section were performed with L. xanti and M. gigas 

that had been deprived of food for one and two feeding 

periods. Food items preferred in previous control experi

ments were eliminated as possible choices. These tests 

would show a broader range of prey acceptance by the preda

tor accounting for variation in predator hunger states and 

available prey abundance. Table 1 lists prey items offered. 
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3. Preference for Naturally Occurring Prey. A 

series of experiments designed to test predator preference 

for certain species of natural prey was performed in the wet 

lab at Puerto Penasco. The partitioned aquarium B was used 

with prey organisms in one end and predator in the other. 

After an acclimation period of 17 hours, the partition was 

removed at 1000 hours (Mountain Standard Time) and fifteen 

minute observations performed on the hour until 1600 hours 

(MST). After this time, the remaining organisms were 

counted. Variations of this technique involved continuation 

of observations for 12 and 24 hour periods. Untested preda

tor and prey were used for each trial except in Trials 

3-12, 3-24. Table 1 indicates species presented. 

4. Preference for Movement in Prey. Several tests 

of predator preference for varying prey movement were 

performed in Tucson and Puerto Penasco. They were divided 

into three categories: 

A. Acceptance of live and altered natural prey: live, 

chilled (cooled to immobility but revivable) and 

dead (frozen then thawed) natural prey items were 

offered to L. xanti and M. gigas. Introduction was 

similar to methods outlined under Experiment 1. 

Variations in acceptance (acceptance values) were 

calculated as in Experiment 1. The experiments 

were done in Tucson. 
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B. Preference for active vs inactive prey: Accep

tance by the predators of live, moving crabs versus 

chilled, inactive crabs (the same species and size) 

was tested. Introduction of prey involved suspen

sion of prey with monofilament line. The line was 

passed through a hole in a non-vital body area and 

the end melted by heating. The resulting nylon 

globule would then not pass back thro~gh the hole in 

the body. Organisms were suspended at equal depth 

and separated by 10 em. Two introductions for each 

trial were made with exchange of position of items 

in the second introduction. The predator was 

changed every four introductions. Acclimation time 

was 1/2 hour. The e~perimental run, 24 introduc

tions, began at 1000 hrs and ended at 1345 hrs. The 

experiments were done in Puerto Penasco. 

C. Preference for movement in shrimp and meat chunks. 

I presented shrimp meat cubes, two at a time, in the 

manner discussed in category B, to L. xanti and 

~- gigas. L. xanti received 10 mm cubes, ~- gigas 

5 mm cubes. Movement consisted of a 1 em vertical 

jerk at the following rates: 0 = no movement after 

introduction, 1 = one jerk after introduction, 2 = 

jerk every 2 sec, 3 = jerk every sec, 4 = jerk every 

0.5 sec. The movement was continued until an attack 

was made. A series of 32 introductions was started 



at 1000 hrs and lasted until 1500-1600 hrs. The 

experiments were done in Puerto Penasco. 
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5. ?reference for Size in Prey. Size preference of 

two food types, chilled Leptodius occidentalis (crab) and 

shrimp meat chunks, were tested. L. occidentalis was 

selected because it is a preferred food item in both species 

and was readily available. Size of prey presented varied 

with predator species being tested. Crab sizes for L. xanti 

were 6, 10 and 20 mm; for ~· gigas, 3, 6 and 10 mm. Shrimp 

meat chunk sizes were L. xanti: 5, 10 and 20 mm cubes, 5 x 

10, 5 x 20 and 10 x 20; ~· gigas: 3, 5 and 10 mm cubes, 

5 x 10, 5 x 20 and 10 x 20 mm rectangles. 

Test aquaria were Tanks B and C at the Puerto 

Penasco wet lab. Introduction technique was as outlined in 

Category B of Experiment 4. Results for Experiments 4 and 

5 were analysed using binomial distribution probabilities, 

assuming each introduction has a balanced 0.5 probability 

per item. 

6. Aquaria Behavior. Aquaria in Tucson and Puerto 

Penasco were stocked with acclimated (14 days) ~· xanti and 

~· gigas in various proportions. Concrete blocks were used 

for cover and oriented either horizontally or vertically. 

Duration of trials was determined by visible serious injury 

(skin removal) and an effort was made to remove and revive 

the injured individual(s). 



Observations included spatial utilization and 

feeding and agonistic behavior and lasted for 30 minutes 

preceding and following feeding. 
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CHAPTER 3 

RESULTS 

Natural Prey Utilization 

The stomachs of L. xanti and M. gigas are very simi

lar in construction and relative size. They are both very 

muscular and fairly short. They are well-designed for 

digesting tough, shell covered organisms. Their rates of 

digestion were not determined but were assumed to be rela

tively similar for like items. Comparable digestion/ 

activity ratios were indicated as both ate continually 

during the day with a slight increase in the morning after 

the nocturnal inactivity. 

Food items present in sampled predators' stomachs 

(Table 2) indicate a prey item overlap in 19 of 21 (95%) 

prey species (Table 3). Variations in the frequency of 

occurrence of these prey species in the stomach contents 

(Tabie 3, Fig.lO) indicate several mutually chosen as well 

as several highly differentiated categories. Common crabs, 

shrimp, worms and snails are closely overlapped categories; 

amphipods and isopods are eaten more frequently by ~· gigas 

whereas fish and Majid crabs are taken more frequently by 

L. xanti. The total diet volume of each food item category 

(Table 3, Fig. 11) helps determine the importance of each 

24 
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Table 2. Collections and numbers of fish from each 
collection used in analysis of stomach contents. 

Collection No. Date L. xanti M. gigas 

DAT 730929 9/29/73 2 17 
GBH 730828 8/28/73 2 2 
GBH 730728 7/28/73 0 2 
GBH 730716 7/16/73 3 0 
GBH 730603 ·6/3/73 6 1 
GBH 730602 6/2/73 2 3 
GBH 721104 (2) 4/11/72 5 10 
GBH 721104 (1) 4/11/72 0 6 
GBH 721022 10/22/72 2 2 
GBH 720924 9/24/72 1 2 

UA 72-39 / 9/10/72 0 5 
UA 71-106 10/3/71 14 4 
UA 71-3 1/9/71 0 5 
UA 69-59 4/4/69 4 0 
UA 69-55 4/1/69 0 7 
UA 69-27 6/29/69 0 6 
UA 69-2 3/1/69 0 2 
UA 68-41 1/24/68 "4 0 
UA 67-6 2/24/67 5 0 
UA 66-41 6/5/66 5 2 
UA 66-15 3/26/66 8 0 
UA 65-33 6/27/65 5 0 

Total examined 68 76 

Number with identifiable 
stomach contents 41 38 
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Table 3. Prey species from stomach contents including per 
cent volume and occurrence, where significant, for 
prey items -- + (presence) or - (absence) in 
total sample 

Prey Species L. xanti 
% % 

M. gigas 
% % 

vol. occ. vol. occ. 

Arthropoda 
Amphipoda 

Amphitoe Leach 
Leucothoe Leach 
Hyale Rathke 

Isopoda 
Erichsonella Benedict 
Tylos Latreille 

Natantia 
Lysmata californica Stimpson 
Palaemon ritteri Holmes 

Paguroidae · 
Pachycheles setimanus Lockington 
Clibanar1us diguet1 Bouvier 

Porcellanidae 
Petrolisthes armatus Gibbes 
Petrol1sthes crenulatus Lockington 
Petrolisthes hirtipes Lockington 
other Petrolisthes sp 

Brachyura 
Leptodius occidentalis Stimpson 
Ep1altoides paradigmus Garth 

Mollusca 
Gastropoda 

43 72 
+ 
+ 
+ 

9 16 
+ 
+ 

3 8 

25 
1 

+ 
+ 

+ 

+ 
+ 
+ 
+ 

47 
2 

Columbella fuscata Sowerby 4 11 
Margarat1es sp. + 

Polyplacophora 
Chiton virgulatus Sowerby 
Stenopax consp1cua sonorana Berry 

Annelida 
Polychaeta 

Eunicidae sp 

Vertebrata 
Perciformes 

Gobiosoma chiquita 

5 

1 

9 

5 

7 33 
+ 
+ 
+ 

5 7 
+ 
+ 

8 13 
+ 
+ 

+ 
5 9 

37 
11 

+ 
+ 
+ 
+ 

54 
20 

7 13 

2 

13 

+ 

+ 
+ 

7 

24 
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food item as a food source. A comparison of both volume and 

frequency indicates the degree of pressure one fish's feeding 

habits have on another. Amphipods have a 72% frequency and 

a 43% total diet volume in ~- gigas while L. xanti eats 

amphipods 33% of the time with a 6% total volume. Although 

eaten quite often by ~- xanti, amphipods are predominately 

~- gigas food. Common crabs have a 47% frequency and a 25% 

volume in~- gigas, a 54% frequency and a 37% volume in 

L. xanti. Crabs are a shared prey. Fish occur in 4.6% of 

the~- gigas stomachs with 1.5% volume, in 24% of the 

L. xanti stomachs with 13% of the total volume. 

A comparison of prey size/prey numbers in each 

species' diet for amphipods and Brachyuran crabs (Figs.l2,13) 

indicates a .1889 overlap index for crabs and a .9013 over

lap index for amphipods (Morisita, 1959; Horn, 1966). This 

index is an empirical value indicating probable occurrence 

of a particular size prey item in the diets of two poten

tially overlapping species and can be compared to %1 

occurrence (Fig.lO). 

A comparison of M. gigas and L. xanti mouth size 

(Fig. 14) indicates a mouth size increase with body size 

increase for both species. However,in similar size ranges, 

L. xanti (59-95 mm) had a 7.09 mm average mouth width while 

M. gigas (58-95 mm) had a 5.68 mm average mouth width. The 

larger mouth size of ~- xanti coupled with its aggressive 

feeding behavior would indicate the possibility of prey item 
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Fig. 14. Mouth width/standard length comparison for 
L. xanti and H. gigas -- Regression analysis 

32 

r value: L. xant1 = .947 (significant to .01%); 
M. gigas= .888 (significant to .01%). 
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size increase with mouth size as well as prey being generally 

larger than those of M. gigas. This is indicated in Fig. 15 

Also indicated in Fig. 15 is the range of food size. 

~- xanti, when of similar mouth size to M. gigas, 5-7 mm, 

ate food of quite similar size, 1-5 mm. However, the 

majority of L. xanti caught had mouth sizes of more than 

twice the size of M. gigas, 10-16 mm, and ate food up to 

slightly more than twice as large, 5-11 mm, as the largest 

M. gigas prey, 5 mm. 

Predator Behavior - Field 

Labrisomus xanti 

Very few L. xanti were observed in the study areas 

(Table 4). All eight sightings were in quadrats 3 

(Fig. 5) and 4 (Fig. 6) and all but one fish were well con-

cealed in cracks and crevices. The one fish swimming about 

was in quadrat 3 and was observed feeding on Q. chiquita, a 

gobioid fish. It did this by darting out from cover to 

seize and swallow the goby, along with some sand which it 

later regurgitated. No inter- or intraspecific conflicts 

were observed. 

Malacoctenus gigas 

A total of 102 sightings of M. gigas were made 

(Table 4) with most sightings taking place in quadrat 3 



10 

r-.. 

§ 
'-..J 

(l) 
N 

ir-l 5 
!/) 

>.... 
(l) 

H 
p.. 

0 

~ 

0 

A .---- L. xanti A 
- AAA 

•-- M. gigas • 
A AA A 

A A A 
A A 

A 
£ A .a.~---~---~ 

07 

~---~-~ 
A • r " . :, ~~-_ ...... ~~~~ 

.. ~-~~~~-- A 

------- a. ~----- - A ~ ----~----- A • -

A A 

A 
A 

AA 
A 

4 AA 

A 

Mouth width · (mm) 

A 

Fig. 15. Mouth width/prey size comparison for L. xa·n ti and M. ·gi ~as 
Regression analysis r values: L. xant1 = .307 (sign1 1cant 

to .05%); M. gigas= .154 (not si'gnif1cant} 

tM 
~ 



35 

Table 4. Time, tidal height, surf height and numbers of 
fish observed in each quadrat during a one month 
period from July 28, 1973 to August 28, 1973 --
Q1 to Q4 refer to individual quadrats; - indicates 
no observations attempted. 

L. xanti M. gigas 

No. Date Time Tide Surf Ql Q2 Q3 Q4 Ql Q2 Q3 Q4 
(£t) (ft) 

1 7/28 0930- +16 1 0 0 0 1 3 8 4 6 1230 

2 7/29 0815- -4 1-2 0 0 6 2 
0930 

3 7/30 
0830- -4.5 1-2 0 6 
1000 

4 7/31 
0800-

-4 2-3 0 6 
0900 

5 8/1 
0900-

-2 2 0 0 4 2 
1000 

6 8/2 1000- 0 4+ 1 3 
1100 ' 

7 8/26 0730- -3 1-2 0 1 5 3 
0830 

8 8/27 0800- -4 1-2 0 1 4 3 
0930 

9 8/27 1300- +16 2 0 
1500 

0 0 1 4 3 2 2 

10 8/28 0730- -4 
1000 

0 0 1 4 3 

11 8/28 1230-
1400 

+16 0-1 0 0 0 2 4 9 1 5 

Total fish/quadrat 0 0 1 7 11 20 45 26 

Total observed 8 102 
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(Fig. 5 ). This may - be misleading, however. I had few 

high tide observations (3) in comparison to low tide (11) 

and M. gigas ranges quite freely over the reef at high tide, 

as can be seen by the large numbers observed at high tide. 

Observed individuals moved about continually with 

smaller fish moving more than larger ones. I repeatedly 

observed large individuals returning to a certain well

concealed crevice, forage out from that area, and return 

again. Intraspecific chasing was the only agonistic behav

ior observed. On several occasions I observed M. gigas 

sharing a certain shelter with Hypsoblennius gentilis 

(Bay blenny) and Paralabrax maculatofasciatus (spotted sand 

bass). Feeding activity included nipping at floating 

particles and foraging on the reef surface and sargassum 

cover. 

A definite reaction to the flood tide entering 

quadrat 3 was observed with all M. gigas present becoming 

agitated and moving to positions protected from direct wave 

action. They would wait there, relatively immobile, until 

the heavy wave action of the incoming tide had passed. 

Laboratory Experiments 

1. Acceptance of Naturally Occurring Prey 

Labrisomus xanti (Table 5). Acceptance values for 

L. xanti indicate preferences for large prey items 



Table 5. Acceptance of naturally occurring prey in Labrisomus xanti, Laboratory 
Experiments 1 and 2 -- T

1
, T

2
, etc. indicate tr1als. Acceptance (A) = 

1.0, Approach/Reject (r) = 0.5, Reject (R) = 0.0. No maintenance feedings 
for one (-1) and two (-2 prior feedings) previous periods . 

Prey Species 

Alpheus sp. 
Amphipoda 
Clibanarius digueti 
Columbella fuscata 
Epialtoides 

p a r a d 1 gmus 
Eury thoe complanata 
Gobiosoma chiquita 
Leptodius 

occidental is 
Lysm a ta californica 
Oph1oderma panamense 
Palaemon ritteri 
Paraclinus s1ni 
Petrolisthes sp. 
Stenoplax conspicua 

sonorana 
Tylos sp. 
Polycladida 

Control -1 Prior 
Feedings 

.... 2 Prior 
Feedings 

Tl T2 T3 T4 Tl T2 T3 T4 Tl T2 T3 T4 

A 
A 
R 
R 

A 
r 
A 

A 
A 
R 
r 
R 
A 

R 
A 
A 

A 
A 
R 
r 

A 
r 
A 

A 
r 
R 
r 
R 
R 

R 
R 
A 

A 
A 
R 
r 

A 
R 
A 

A 
A 
R 
A 
R 
R 

R 
R 
R 

A 
A 
R 
A 

A 
R 
A 

A 
A 
R 
r 
R 
R 

R 
R 
R 

R 
A 

r 

R 
r 
r 
A 

R 
R 

r 
A 

r 

R 
r 
r 
A 

R 
A 

r 
A 

r 

R 
A 
R 
R 

R 
A 

r 
A 

r 

R 
A 
R 
R 

R 
A 

r 
A 

r 

R 
r 
r 
A 

R 
A 

r 
A 

r 

R 
r 
r 
A 

R 
A 

A 
A 

r 

R 
A 
A 
A 

R 
A 

A 
A 

r 

R 
A 
R 
R 

R 
A 

Acceptance Values 

c 

1.00 
1.00 

-1 -2 

.000 .375 .750 

.500 1.00 1.00 

1.00 
.250 

1.00 

1.00 
.875 
.000 
.625 
.000 
.250 

.500 

.000 

.750 

.250 

.500 

.500 

.000 

.750 

.500 

.750 

.000 .000 .000 

.250 .750 1.00 

.· 5 00 

x% 

100 
100 

37.5 
83.3 

100 
41.2 

100 

100 
87.5 
00.0 
70.8 
25.0 
50.0 

00.0 
66.7 
50.0 

(.M 
-...] 
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(Q. chiquita, Alpheus sp., ~· occidentalis, E. paradigmus) 

in 4 of 5 cases of complete acceptability. Other preferred 

prey (Amphipoda, ~· californica, ~· ritteri) benefitted from 

speed and smaller size but were still conspicuous and easily 

eaten. The remaining,less acceptable, prey items possessed 

defense mechanisms in the form of shells or spines (~. sini). 

Malacoctenus gigas (Table 6). In two cases of com

plete prey acceptance ~· gigas preferred small to medium 

sized prey (Amphipoda, ~· ritteri) which were fast moving 

but conspicuous and soft-bodied. Other preferred prey 

(~. paradigmus, ~· occidentalis, ~· californica, Petrolis

thes sp) were of medium size. Three of these species were 

crabs and acceptance often meant removal of legs or claws 

but not complete ingestions. 

2. Effects of Selective Food Deprivation on Acceptance of 

Prey 

Labrisomus xanti (Table 5). Elimination of one 

prior feeding period or bout caused an increase in accep~ 

tance values in 7 of 9 prey items tested. The value of 

f. fuscata (snail) jumped .500 points, as did Tylos sp 

(isopod), indicating these species as potentially preferable 

during times of nutritional stress. With the elimination of 

feeding for an entire day, -2 prior feedings, 4 of 8 prey 

species acceptance values increased. Tylos sp. rose to 1.0 

and C. digueti (hermit crab) incrased .375 points. 



Table 6. Acceptance of naturally occurring prey in Malacoctenus gigas, Laboratory 
Experiments 1 and 2 -- T , T , etc. indicate tr1als. Acceptance (A) = 1.0, 
Approach/Reject (r) = O.S, R~ject (R) = 0.0. No maintenance feedings for 
one (-1) and two (-2 prior feedings) previous periods. 

Prey Species Control -1 Prior -2 Prior Acceptance Values 
Feedings Feedings 

Tl T2 T3 T4 Tl T2 T3 T4 Tl T2 T3 T4 c -1 -2 x% 

Alpheus sp. R R R R 0.00 
Amphipoda A A A A 1.00 
Clibanarius digueti R R R R R r R R r r R R 0.00 .125 .250 12.5 
Columbella fuscata R r A r R R A A A A A A .375 .500 1.00 62.5 
Epialtoides 

paradigmus r A A A .875 
Eurythoe complanata R R R R R R R R r R R R 0.00 0.00 .125 4.2 
Gobiosoma chiquita R R R R R R R A R A A A 0.00 .250 .750 33.3 
Leptodius 

occioentalis r r A A .750 
Lysmata californica A A R A .750 
Ophioderma panamense R R R R R R R R R R R R 0.00 0.00 0.00 00.0 
Palaemon ritteri A A A A A A A A A A A A 1.00 1.00 1.00 100.0 
Paraclinus sini R R R R R R R R R R R R 0.00 0.00 0.00 0 0 .. 0 
J?etroiistlles sp. A A A R A A A A A A A A .750 1.00 1.00 
Stenoplax conspicua 

sonorana R R R R R R R R R R R R 0.00 0.00 0.00 00.0 
Tylos sp. A r A R A A A A A A A A .625 1.00 1.00 87.5 
Polycladida A A R R .500 

(.M 

\.0 

'( 
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However, attacks on f· digueti do not necessarily result in 

the animal being eaten. They often mean repeated ingestion 

and regurgitation. This also holds true for E. complanata 

(fireworm). 

Malacoctenus gigas (Table 6). Depriving M. gigas 

of food for 1 prior feeding increased acceptance values for 

6 of 9 prey items. A .250-.350 point increase by 

Q. chiquita, Petrolisthes sp. and Tylos sp. indicated them as 

possible alternate prey. -2 prior feedings increased 

acceptance values in 4 of 7 possible prey items. C. fuscata 

and Q. chiquita recorded quite large .500 point increases. 

This seems to indicate G. chiquita as highly acceptable 

during stress situations. 

3. Preference for Naturally Occurring Prey 

Labrisomus xanti (Table 7). When presented with 14 

prey items, two each of 7 species shown previously to be 

acceptable, L. xanti ate two G. chiquita (gobioid fish) and 

ignored the other prey. Only one trial (1) was run, but 

based on previous data, it was quite representative of the 

preferences of L. xanti~ A second trial (2) without 

Q. chiquita indicated preference for ~- occidentalis (crab) 

and~- californica (shrimp). A third trial (3-6) duplicat-

ing the second, produced similar results. The extension of 

the third trial by six hours (3-12) produced results inter-

preted as satiation in the predator with no prey acceptance 



Table 7. Preference for naturally occurring prey, Laboratory Experiment 3 --
S = number of prey at start of test, F = number of prey at finish, 
S-F = number of prey eaten during test. 

Duration of trial at time 
of readings (hrs) 6 6 6 12 

Predator Prey Trial 1 Trial 2 Trial 3 Trial 3 
(S.L. mm) s F S-F s F S-F s F S-F s F S-F 

L. xanti Amphipoda 2 2 0 2 2 0 2 2 0 2 2 0 
TlOS-120) Clibanarius digueti 2 2 0 2 2 0 2 2 0 2 2 0 

Columbella fuscata 2 2 0 2 2 0 2 2 0 2 2 0 
Gobiosoma chiguita 2 0 2 
Leptodius occ1dentalis 2 2 0 2 1 1· 2 1 1 1 1 0 
Lysmata californica 2 2 0 2 1 1 2 1 1 1 1 0 
Tylos sp. 2 2 0 2 2 0 2 2 0 2 2 0 

M.~ Amphipoda 2 0 2 
""[75- Clibanarius digueti 2 2 0 2 2 0 2 2 0 2 2 0 

Columbella fuscata 2 2 0 2 2 0 2 2 0 2 2 0 
Gobiosoma chiquita 2 2 0 2 2 0 2 2 0 2 2 0 
LeptOdlUS OCCldentalis 2 2 0 2 2 0 2 0 2 
Ltsmata cal1fornica 2 1 1 2 1 1 2 1 1 1 0 1 
Tylos sp. 2 2 0 2 2 0 2 2 0 2 2 0 

s 

2 
2 
2 

1 
1 
2 

2 
2 
2 

2 

24 

Trial 3 
F S-F 

2 0 
2 0 
1 1 

0 1 
0 1 
2 0 

2 0 
0 2 
2 0 

1 1 

~ 
~ 
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during that time. The further extension of trial 3 to 24 

hours (3-24) indicated continued preference for L. 6ccidenta

lis and L. califortii~a with the addition of C. £uscata 

(snail). 

Malacoctenus ~igas (Table 7). In tests similar to 

those outlined previously for ~· xanti, M. gigas ate Amphi

poda and ~· californica during Trial 1. Amphipods were 

subsequently eliminated for reasons similar to those for 

Q. chiquita removal in~- xanti tests. The second trial (2) 

produced results similar to T1 , less amphipods. A third 

trial (3-6) indicated preference for L. occidentalis and 

~· californica again. The extension of this trial (3-12) 

resulted in ingestion of the second L. californica. Further 

continuation of Trial 3 (3-24) resulted in the ingestion of 

two ~· fuscata and one Tylos sp. These three prey were 

closely grouped when eaten and indicate the typical rapid 

nipping feeding behavior of M. gigas. 

4. Food Preference - Movement of Prey 

A. Acceptance of live, chilled and dead prey 

items. 

Labrisomus xanti (Table 8). In two cases, 

G. chiquita and~- occidentalis, complete acceptance of live 

prey was recorded. In these cases live to chilled values 

·decreased .33 and .50 points and live to dead value declines 

were .66 and ~58 points respectively. A third prey item, 



Table 8. Acceptance of live (L), chilled (C) and dead (D) prey in Labrisomus 
xanti -- Acceptance (A) = 1.0, Approach/Reject (r) = 0.5, Reject (R) = 
0.0, Cond: Condition. 

Prey Species 

Gobiosoma chiquita 

Lysmata californica 

Cond. Series 
I 

Trials 
A B C D 

L A A A A 
c A R R A 
D r A r R 

L r r r A 
c A A A A 
D A A A A 

Leptodius occidentalis L A A A A 
c R R A R 
D R R r A 

Petrolisthes sp. D A R A R 
c R R A R 
D R R A R 

Series 
II 

Trials 
A B C D 

A A A A 
R R A A 
r A R R 

A r r A 
A A A A 
A A A A 

A A A A 
A A R A 
R r R A 

A A R R 
R A R A 
r R r A 

' 

Series 
III 

Trials 
A B C D 

A A A A 
A A A A 
R R R r 

A r r A 
A A A A 
A A A A 

A A A A 
A R R A 
R A R A 

A A R A. 
R R A A 
A r r r 

Acceptance values 

I II III x 

1.00 1.00 1.00 1.00 
0.50 0.50 1.00 0.66 
0.50 0.38 0.13 0.34 

0.63 0.75 0.75 0.71 
1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 
0.25 0.75 0.50 0.50 
0.38 0.38 0.50 0.42 

0.50 0.50 0.75 0.58 
0.25 0.25 0.50 0.33 
0.25 0.50 0.63 0.46 

% Variation 

from L 

-33% 
-64% 

+29% 
+29% 

,, -50% 
-58% 

-25% 
-12% 

+:
(.M 
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L. californica, proved more desirable dead or chilled than 

alive and a fourth, Pet~oli~thes sp. was marginally utilized 

and declined little in chilled and frozen states. No 

approach/reject responses were noted for chilled organisms 

indicating a willingness to accept cold food. 

Malacoctenus gigas (Table 9). No prey item was 

completely accepted although ~· californica and Petrolisthes 

sp. rated 0.88 and 0.75 respectively. In these two species, 

live to chilled values dropped 0.46 and 0.33 respectively 

while live to dead values were 0.34 and 0.35. G. chiquita 

was preferred chilled, not dead. L. occidentalis was almost 

equally preferred in live and chilled tests but decreased 

0.29 points when dead. The presence of approach/reject is 

seemingly scattered throughout, being quite frequent in the 

dead categories of~· californica, L. occidentalis and 

Petrolisthes sp. and the chilled category of ~· chiquita. 

B. Preference for active vs. inactive prey. 

(Table 10). A definite preference for live, common crabs was 

shown by~· xanti and M. gigas in all tests. Live, moving 

crabs were attacked 20 of 24 possible times (83%) by both 

predators. The variable induced by chilling was judged 

negligible. 

C. Preference for movement of shrimp meat ~hunks. 

(Table 11). A definite preference for moving, shrimp cubes 

was shown for both L. xanti and M. gigas. This preference 

continued for the first two series. In the third series 



Table 9. Acceptance of live (L), chilled (C) and dead (D) prey in Malacoctenus 
gigas -- Acceptance (A) = 1.0, Approach/Reject (r) = 0.5, Reject (R) = 
0.0, Cond: Condition. 

Prey Species Cond. Series Series Series Acceptance values % Variation 
I II III 

Trials - Trials Trials from L 
A B C D A B C D A B C D I II III -

X 

Gobiosoma chiquita L R R r R R R R R R R R R 0.13 0.00 0.00 0.04 
c R r r R R r r R R R r R 0.25 0.25 0.13 0.21 +17% 
D R r R r r R R R R R R R 0.25 0.13 0.00 0.13 + 9% 

Lysmata californica L A A R A A r A A A A A A 0.75 0.88 1.00 0.88 
c R A A R R A R R A A R R 0.50 0.25 0.50 0.42 -46% 
D r A A r r r r R A r r R 0 . 7 5 0 . 3 8 0 . 5 0 . 0 -. 5 4 -34% 

< 

Leptodius occidentalis L r A r A A A r A R R r A 0.75 0.88 0.38 0.67 
c R A R R A A A r R A A A 0.25 0.88 0.75 0.63 - 4% 
D r R r r r r R R A R r r 0.38 0.25 0.50 0.38 -29% 

Petrolisthes sp. L A A A R A A A A A r A r 0.75 1.0 0.75 0.84 
c R R A R R A A R A R A R o~25 o.5o o.5o o.42 -42% 
D R R r r r r A A R A r r 0.25 0.75 0.50 0.50 -34% 

+:>
U1 
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Table 10. Preference for active vs. inactive naturally 
occurring prey, Laboratory Experiment 4B -
Orientation of food to predator: A = L (live 
crab) on right, C (chilled crab on left); B = L 
(live crab) on left, C (chilled crab) on right; 
x refers to positive response. 

Series Trial Orientation L. xanti 
(S.L. 105-120 mm) 

M. gigas 
(S.L. 75-90 mm) 

Prey Status L C L C L C L C L C L C 

1 

I 

2 

1 

II 

2 

Total 

A 
B 

A 
B 

A 
B 

A 
B 

X 

X 

X X 
X X 

X X X 
X X X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

7 1 6 2 7 1 

X X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X X 
X X 

X 

X 

X 

7 1 6 2 7 1 

Percent 88 12 75 25 88 12 88 12 75 25 88 12 

Probability of acceptance of 
inactive prey .0352 .1445 .0352 .0352 .1445 .0352 
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Table 11. Preference for motion in shrimp cubes, Laboratory 
Experiment 4B -- 0 = no movement, 1 = one jerk 
upon introduction, 2 = one jerk every 2 sec, 
3 = one jerk every second, 4 = one jerk every 
0.5 sec. Orientation of food to predator; A = 
slower rate on left, faster rate on right; B = 
faster rate on left, slower rate on right. 

Series Trial Orientation 

L. xanti M. gig·as 
Movement rate 0 1 r 2 2 3 3 4 0 1 r 2 2 · 3 3 4 

1 A X X X X X X X X 

B X X X X X X X X 

I 

2 A X X X X X X X X 

B X X X X X X X X 

1 A X X X X X X X X 

B X X X X X X X X 

II 

2 A X X X X X X X X 

B X X X X X X X X 

Total 2 6 0 8 5 3 5 3 2 6 0 8 4 4 5 3 

Percent 25 00 63 63 25 00 50 63 
75 100 36 36 75 100 50 36 

Probability of choice of slower 
moving cube .1445 .8555 .1445 .6367 

.0039 .8555 .0039 .8555 
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a reversal of preference toward the lesser moving of the two 

cubes showed up in L. xa·nti and aga1n was indicated in the 

fourth series for L. xanti. M. gigas had an evenly divided 

third series and a preference for lesser of the two move

ments in the fourth series, indicating a higher rate of 

movement acceptability. 

5. Preference for Size in Prey 

Labrisomus xanti. Experiments using crabs (Table 12) 

indicated a marked preference for the larger of two crabs 

in the 6 mm vs 10 mm and 6 mm vs 20 mm categories. Pref

erence in the 10 mm vs 20 mm category was not determined. 

Using shrimp cubes (Table 13) produced quite similar 

results with preferences shown in the 5 mm vs 10 mm and 

5 mm vs 20 mm categories. Again preference disappeared in 

the 10 mm vs 20 mm category. 

Rectangular shrimp meat chunks produced some inter

esting results (Tablel3) by the indication of preference for 

the longer, narrower chunks rather than the more square 

chunks. 

Malacoctenus gigas. Presentation of various sizes 

of crabs (Table 12) produced a clear preference in only one 

size category, 3 mm vs 10 mm. This category was also the 

case of greatest size difference. The other two categories, 

3 mm vs 6 mm and 6 mm vs 10 mm showed no preference. Shrimp 
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Table 12. Preference for size of prey (crab), Laboratory 
Experiment SA -- Presentation A = smaller size on 
left, larger size on right; B = smaller size on 
right, larger size on left. 

Series Trial Orientation 
L. xanti H. gigas 

Size of crab (mm) 6 10 o 20 10 20 3 b 3 IO 6 10 

1 A X X X X X X 

B X X X X X X 
I 

2 A X X X X X X 

B X X X X X X 

1 A X X X X X X 

B X X X X X X 
II 

2 A X X X X X X 

B X X X X X X 

1 A X X X X X X 

B X X X X X X 
III 

2 A X X X X X X 

B X X X X X X 

Total 2 10 0 12 6 6 6 6 4 8 5 7 

Percent 17 0 so so 25 42 
83 100 so so 75 58 

Probability of choice of 
smaller crab .0193 .0002 .6128 .6128 .1938 .3872 



Table 13. Preference for size in prey (shrimp meat), Laboratory Experiment SB --
Orientation A = smaller size on left, larger size on right; B = smaller 
size on right, larger size on left. Rectangular chunks were introduced 
in either a horizontal or vertical position. 

Cfl r""'"i ~ 
Q) C'd 0 L. xanti M. gigas L. xanti •r-i •r-i •r-i 
~ ~ ~ 
Q) ~ C'd 

Cube (mm) Rectangle (mm) CJ) ~ 
~ Horizontal (l) 

•r-i s & 10 s & 20 10 & 20 3 & s 3 & 10 s & 10 s-& s- s-&10- s-&10-
~ 

0 10 20 20 20 10 20 

1 A X X X X X X X X X 

I B X X X X X X X X X 

2 A X X X X X X X X X 

B X X X X X X X X X 

Vertical 
1 A X X X X X X X X X 

II B X X X X X X X ' X 

2 A X X X X X X X X X 

B X X X X X X X X X 

1 A X X X X X X 

III B X X X X X X 

2 A X X X X X X 

B X X X X X X 

Total 1 11 4 8 6 6 6 6 6 6 6 6 3 s 7 1 7 1 

Percent 8 92 2S 7S so so so so so so so so 38 62 88 12 88 12 

Probability of choice of smaller 
cube .0032 .1938 .6128 .6128 .6128 .6128 .3633 . 9961 . 9961 . 

tn 
0 
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cube presentation (Table 13) showed no preference for any 

size. Exact figures for preference in rectangular chunk 

preference were lost but they were similar to other results, 

indicating no preference. 

6. Predator Behavior - Aquaria 

Labrisomus xanti (70-145 mm S.L.). Social behavior 

in both large and small specimens consisted of solitude and 

inactivity with occasional bursts of highly aggressive 

activity. Initial interspecific establishment of alpha-beta

gamma social hierarchies was soon followed by killing of the 

gamma fish by the alpha fish, if there was lack of sufficient 

cover. An increase in available cover increased the carrying 

capacity of aquarium A (Table 14). One concrete block would 

increase capacity from one to three L. xanti (Trial 3). Two 

concrete blocks would increase the capacity to five L. xanti 

(Trial SA). Subsequent removal of one block from a two 

block (five ~· xanti) aquarium would result in two severely 

damaged fish in three days (Trial Sb). In addition, block 

orientation proved important. The effect of two vertically 

positioned blocks was equal to that of one horizontally 

positioned block (Trials 11, 12). L. xanti showed a strong 

reluctance to use the upper hole in a vertical block. 

Feeding consisted of rapid ( ~2 sec ) rushes from 

cover to food, and return to cover. Small food items were 

swallowed whole, whereas larger items were broken down by 
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Table 14. Fish injury resulting from inter~ and intraspecif
ic agonistic behavior as affected by population 
density and available cover -- cover (concrete 
block) orientation: H = horizontal, V = vertical; 
-1, -2 = number of injured fish removed from tank; 
L.x. = L. xanti, M.g. = M. gigas. 

Trial Tank L. xanti M. gigas Cover Duration Result 
(days) 

1 A 2 0 0 14 -1 L.x. 

2 A 3 0 0 3 -1 L.x. 

3 A 3 0 1 H 7 0 

4 A 5 0 1 H 4 -2 L.x. 

Sa A 5 0 2 H 14 0 

Sb A 5 0 1 H 3 -2 L.x. 

6 A 5 5 2 H 14 0 

7 D 2 1 0 10 -1 M.g. 

8 D 2 5 0 7 -1 M.g. 

9 A 5 5 1 H 3 -1 L.x. 

10 A 5 5 1 H 7 -2 L.x. 

lla A 3 0 1 v 4 -1 L.x. 

llb . A 3 0 1 H 14 0 

12 A 3 0 2 v 7 0 

13 A 5 0 2 v 3 -2 L.x. 

14 D 0 35 0 42 0 

15 D 0 15 1 v 7 0 

16 D 0 15 1 H 7 0 



jaws and pharyngeal t~eth and violent rubbing against the 

aquarium substrate to remove legs and claws. Nocturnal 

activity was limited to resting. 
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Malacoctenus gigas (60-100 mm S.L.). Social behavior 

involved a spectrum from aggregation to solitude. Larger 

fish tended to be more solitary than smaller fish which 

moved in swarms. Larger specimens (85-100 mm) sought less 

crowded corners of the aquarium. Aggressive behavior 

seemed unrelated to size. Aquarium D was filled with 35 

~· gigas of all sizes for 42 days with no fatalities 

(Trial 14). 

Shelter block orientation had little effect on 

social behavior (Trial 15, 16). M. gigas ranged freely and 

in fairly uniform density over both horizontal and vertical 

concrete blocks. They also made full use of available open 

space for swimming. 

to feed 

food. 

Feeding behavior entailed either darting from cover 

or hovering in open water and seizing presented 

Crabs and other large prey were often nipped repeat-

edly with legs and claws being removed rather than being 

eaten whole. No activity was observed at night with the 

fish resting on the aquarium bottom in a nocturnal color 

state of pale grey. 

Labrisomus xanti/Malacoctenus gigas. In ratios of 

two L. xanti to one or more M. gigas, strong aggressive 

response by L. xanti toward M. gigas was noted although it 
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less violent thart L. ~anti intraspecific aggression 

(Trial 7, 8). M. gigas fatalities occurred after seven to 

ten days in ratios of two or more L. xanti to one or more 

~- gigas, intraspecific aggression was much more prevalent 

with L. xanti fatalities in three to four days and no 

M. gigas fatalities. In all cases of interspecific aggres

sion, L. xanti was at least 20 mm longer than M. gigas. 



CHAPTER 4 

DISCUSSION 

Under natural conditions sampled Labrisomus xanti 

and Malacoctenus gigas have a 95% overlap in prey species 

(Table 3). However, actual utilization of prey indicates 

an intertwined yet compatable division of prey (Table 3, 

Figs. 10 through 13). The factors involved in this rela-

tionship are based on the combined predator characteristics 

of search, selection and seizure as ·well as prey abundance, 

habitat and defense. I will discuss the results of my 

experiments as related to these basic predator-prey charac-

teristics and compare L. xanti and M. gigas as possible 

competing predators. 

Searching 

In the field observations, searching (Laing, 1938; 

Salt, 1967) was observed repeatedly in ~· gigas but to a 

much lesser degree in~· xanti. In each instance (102 

observed individuals), M. gigas was moving over and/or 

searching the reef substrate. ~· xanti (eight observed 

individuals) was observed actively searching only once. The 

other seven observations were of sedentary, well-concealed 

fish. ~· gigas occupied primarily open areas in Q 1,2,3 

while L. xanti occupied primarily heavy cover areas in Q 3,4. 

55 
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In aquaria spatial utlization remained quite compar-

able to field behavior in both predators. M. gigas ranged 

freely over the substrate while L ~ xanti remained sedentary 

and as concealed as possible. 

Laing (1938) and Holling (1966) proposed equations 

for success of predator searching (probable number of con

tacts/time) using total searching area, speed of movement 

and size of predator, number, speed and size of prey. In 

using relative motion as observed in M. gigas and ~· xanti, 

~· gigas would possibly have a greater number of contacts 

per unit time. Its primary prey (amphipods) are small but 

extremely abundant (Barnard, personal communication) and its 

mean speed of movement is much higher than L. xanti. 

However, L. xanti has the advantage in larger diameter as 

wel~ as feeding on larger prey which could offset numbers of 

prey and speed of movement. It is quite possible that by 

waiting for the prey to come to it and by having a larger 

diameter (mouth) capable of taking larger prey, ~- xanti 

is just as "successful" at contacts/unit time as M. gigas. 

The habitat partitioning observed in nature by both 

predators would add weight to this. L. xanti would prefer 

to be most concealed and is. ~· gigas would prefer large 

areas of easily searched substrate and is found there. 

Sale (1969) found that damselfish preferred substrate-cover-

food, in that order. L. xanti sould seemingly fit this 
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model. M. gigas, however, lacking a need for extensive 

cover, seems to have a substrate-food-cover order of prefer-

ence. 

Spatial partitioning as indicated for lizards 

(Hillman, 1969; Andrews, 1971) and birds (Ashmole, 1968; 

Cody, 1968) appears to some degree in both fish. Vertical 

and horizontal spacing seems to be present with the most 

noticeable being vertical spacing in aquaria, ~- xanti 

using the bottom of the aquarium with little if any usage of 

cover six to eight inches above the bottom. On the other 

hand, M. gigas utilized all available space. 

Selection 

A predator's "decision" to select a certain prey 

reflects not only the predator's preference but the preda

tor's physiological state as well as the abundance and 

defense mechanisms of the prey. 

Experiments 1 and 3 (Tables 5,7 acceptance of 

and preference for naturally available prey) indicate that 

~- xanti utiliz~large,easily caught, highly conspicuous 

prey (Alpheus sp., G. chiquita, ~- occidentalis, £.para

digmus). ~- gigas (Tables 6,7) utilizes small to medium 

size prey (Amphipoda, ~- ritteri, L. californica) which are 

soft bodied, conspicuous and having high mobility in compar

ison to other prey items (~. occidentalis, E. paradigmus). 

Both predators showed undoubtedly highly distorted but 
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equally opportunistic utilization of conspicuous, vulnerable 

prey. This has been previously demonstrated in fish by 

Lewis et al (1961) and Macan (196S) and in other animals by 

Mueller (1968) and Popham (1940). Size and movement prefer-

ence were indicated for both species but will be discussed 

later. 

Experiment 2 (Tables 5,6) the effects of selective 

food deprivation on acceptance of prey, indicated both 

predators have a much wider range of perspective prey items 

than normal acceptance tests showed and pointed up the 

increased prey overlap and potential for competition should 

abundance of normally available prey drop. These results 

coincide with previous work by Hathaway (1927), Baker (1955), 

Bare and Cicala (1960), Holling (1966), Beukema (1968) and 

Brett (1971). Switching, (Murdock, 1969) a phenomenon 

where prey preference changes with availability, could be 

present but was not determined. 

Experiment 4A (Table 8), acceptance of live, chilled 

and dead prey) indicates a definite reduction in L. xanti's 

acceptance of non-moving prey. In addition, L. xanti never 

recorded approach/reject for chilled items and had total 

acceptance of two live prey (G. chiquita, L. occidentalis). - ---- -

M. gigas (Table 9) indicated a reduction in acceptance of 

nonmoving prey but did not record complete acceptance for 

any prey and approach/reject responses were scattered 
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throughout the tests. This could be predicted from feeding 

behavior, 1.· X~titi rushing out to grab food while M. gigas 

hovered about and "investigated" food before attacking. 

~· gigas had a lower acceptance value for two chilled and 

dead prey (L. californica and Petrolisthes sp.), both of 

which are very rapid moving when alive. This could indicate 

an ability in~- gigas to utilize rapidly moving prey. 

Experiment 4B (Table 10), . preference for active 

vs inactive prey) showed both predators preferring live, 

moving prey (83% of attacks) and experiment 4C (Table 11) 

indicated this again for both species with a slight varia

tion. The ability of ~- gigas to handle moving prey more 

effectively than ~· xanti seemed again indicated as ~· gigas 

attacked the more rapidly moving of two shrimp chunks more 

often than L. xanti. 

Preference for a certain size of prey, experiment 

5 (Tables 12, 13) · indicated size preference present in both. 

L. xanti and~· gigas. L. xanti displayed marked preference 

for the larger of two prey in the first and second ~ze cate

gories with a decline in the third, largest size category. 

This could be due to the large size of the smaller item in 

the third category and the nearness of this smaller size to 

preferred natural prey. ~· gigas showed less marked size 

preference, indicating a preference in only one category, 

the one with the most size difference. No preference was 



60 

shown in any of the other trials of ~· gigas and could again 

be based on the different search and seizure techniques of 

the fish. ~· gigas nipped at prey and would not swallow it 

whole. This could have released more prey scent into the 

water and although water circulation in the aquarium was 

brish, left localized pockets of scent which could lead 

~· gigas to the same area regardless of prey size. There 

appears to be some basis for this idea as 16 of 18 (89%) 

attacks by M. gigas were at the same location as the previous 

attack. This compares with 9 of 18 (50%) attacks for 

L. xanti. 

These results, a preference for the larger available 

prey items, agree with previous studies by Weatherley (1959), 

Keast and Webb (1966), Hespenheide . (1966), Brooks (1968), 

Okada and Taniguchi (1971) and Parsons (1971). In addition, 

partitioning by variation of feeding habits agrees to a 

large extent with work done on birds by Orians and Horn 

(1969) and fish by Northcote (1954) and Stephens et al (1970). 

Seizure 

A predator's ability to catch and eat a prey item is 

one of the most important aspects of prey utilization (Kear, 

1962). This ability is most often a combination of prey 

capturing equipment (body form, mouth size, etc.) and the 

degree of agonistic behavior which is used in the pursuit of 

prey. 



L. xanti and M. gigas have a similar body shape, 

dentition and stomach size/body size ratio. However, 
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L. xanti has a mouth width 25% greater than~· gigas with 

comparable body length and almost three times wider at the 

extremes of size for mature adults of both species (Fig. 14). 

This larger mouth is utilized very effectively in the seizure 

of prey as can be seen in Fig.lS where most L. xanti prey are 

much larger than ~- gigas prey. Prey species and occurrence 

in stomach contents (Table 3, Figs. 10,11) again indicate 

an ability in ~· xanti to utilize medium to large (11 mm 

upper limit) and/or fairly well protected prey (crabs, fish, 

shrimp). 

M. gigas with its smaller body size and mouth cannot 

swallow whole large prey. It can, however, nip off claws, 

legs, etc. It can utilize small prey (amphipods, crabs, 

isopods, small shrimp) quite well as can be seen in both 

stomach contents and laboratory experiments. It is much 

faster than L. xanti when chasing prey as was observed in 

its catching of~· ritteri, and there are indications 

(Tables 9, 10, 11) it has an ability to ·utilize .rapidly 

moving prey. 

These results coincide with previous work indicating 

a direct ratio between body size and prey size (Weatherley, 

1959; Keast and Webb, 1966; Hillman, 1969) and the partition

ing of resources by size of food gathering equipment (Schoe~ 

ner, 1965; Ashmole, 1968; Grant, 1968; Hespenheide, 1971). 
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Social BehaVior 

Agonistic behavior is often the trademark of a preda

tor and lack of it often means the presence of some 

phenomenon such as superabundant food (Fryer, 1959; Ivlev, 

1961; MacPhee, 1961; Salt, 1967; Zaret and Rand; 1971). 

The conspicuous inactivity and secrecy of L. xanti in the 

field is a strong contrast to the hyperaggressiveness of the 

fish in aquaria (Table 14). It fits nicely with previous 

studies by Allee (1933), Fenderson et al (1968) and 

Salt (1967) which indicate the presence of other members of 

the same species as the trigger for aggression. The rapid 

structuring of alpha-beta-gamma hierarchies add the obvious 

effects of prior residence (Braddock, 1949; Phillips, 1971) 

as well as notably less interspecific aggression when other 

L. xanti are present indicate agreement with these previous 

studies. I would postulate that the extreme secrecy of 

L. xanti shown in the field is an extension of this and 

gives some indication of the intensity of L. xanti's agonis

tic behavior and its effect on feeding behavior. 

Its searching is reduced due to territoriality 

and need to display agonistic behavior if a competitor is 

met. It would waste much time and energy in competition 

that it could use for food gathering and reproduction 

(Emlen, 1966) if it searched extensively. 

Selection and seizure are aided by powerful aggres

sion (Newman, 1956; MacPhee, 1961) and, when coupled with 



a large mouth, present an effective method ·for utilizing 

a wide range of prey items. 
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Thus, by eating large available prey and being 

flexible enough to utilize other sizes and species of prey, 

L. xanti is quite successful in the rocky reef. 

~· gigas, with a complete lack of serious, possibly 

damaging intraspecific agonistic behavior, makes good use 

of its very abundant prey source, amphipods. It can search 

freely over the intertidal reef and is fast enough to 

select and small mouthed enough to deftly seize its prey. 

It can also feed quite voraciously if somewhat inefficiently 

on larger prey and make use of many other prey species as 

a supplement to its main amphipod diet. 



CHAPTER 5 

CONCLUSIONS 

1. Collected L. xanti and M. gigas share 95% of their 

prey species. 

2. Adult L. x~nti are approximately 50% longer and 

two to three times larger than~· gigas. 

3. L. xanti utilizes most effectively medium to large 

prey (crabs, fish and shrimp up to 20 mm carapace 

width or standard length). ~· gigas utlizes most 

effectively small to medium size prey (amphipods, 

crabs and shrimp up to 10 mm). 

4. Under laboratory conditions prey overlap increases 

with food deprivation. 

5. L. xanti and ~· gigas pr.efer moving prey. M. gigas 

appears to be able to utilize faster prey than 

L. xanti. 

6. L. xanti inhabits cracks, crevices and well protected 

shelters. ~· gigas ranges over all available cover 

and open space. 

7. L. xanti is a highly aggressive, sedentary and 

secretive fish. M. gigas is a ·· nonaggressive, active 

fish. 

8. Both fish partition common food and space resources. 

64 



65 

Food is partitioned by size and prey handling 

ability. Space is partitioned by available cover. 
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