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INTRODUCTION 

The Progress Report consists of five sections, the format of each 

depending upon the degree to which each research effort has been completed. 

The sections are as follows: 

A- Environmental Stress and Behavior: Response Capabilities of 

Marine Fishes. 

This completed paper, currently in press, was presented in 

Honolulu, in October 1975 at a conference entitled: "U.S./U.S.S.R. 

Joint Program for Cooperation in the Field of Environmental 

Protection." It synthesizes and discusses our findings on 

comparative aspects of thermal perturbations on marine fish 

species and the significance of the results as they may be 

applied to the habitat within which each species resides. 

B. The effects of temperature on activity, feeding and social 

behavior of adult tautog, Tautoga onitis. 

Results which are presented are from two long-term studies 

performed on separate groups'of adult tautog. The findings 

are not in final form but, nevertheless, represent the bulk 

of what will be included in a paper currently being prepared 

for publication. 

C. Courtship and spawning behavior of adult tautog, Tautoga onitis. 

The findings presented here also represent the major portion of 

a manuscript currently in preparation for publication. Photo-

graphs and drawings as well as a discussion integrating and 

comparing the behavior of other species have not been included 

since they were not completed by the time this report was 

prepared. This paper should be ready for publication within 

the next two months. 



o. The effect of temperature on the behavior of marine invertebrates. 

The work presented on the behavior of the blue crab, Callinectes 

sapidus, represents approximately six months of actual observa­

tions, with the preceding months spent in setting up the research 

laboratory facilities including various observation aquaria and 

temperature control systems. 

E. A short synopsis of field study results on shelter-dependence 

in young tautog, and horne range and shelter orientation in juven­

ile cunner, . Tautogolabrus adspersus, is included, although the 

research is still at least one year from comletion. 



A. 

Environmental Stress and Behavior: 

Response Capabilities of Marine Fishes !! 

Bori L. Olla and Anne L. Studholme 

In press in: Proceedings of the Symposium on the Comprehensive Analysi's 
of the Environment: US/USSR Joint Program for Cooperation 
in the Field of Environmental Protection, Honolulu, Hawaii, 
Octo~er 22-26, 1975. 



The search for sensitive and ecologically pertinent measures 

of pollutant effects on aquatic organisms has stimulated research 

in a variety of disciplines including animal behavior. Recentwork 

has shown that knowledge of the life habits and requirements of an 

organism may be used in a variety of ways to assess and predict the 

effects of contaminants in marine and estuarine ecosystems (for exarnples( 

see Olla, 1974). Prior to any contaminant experiments in the laboratory, 

understanding of the organism's normal behavioral repertoire, including 

its scope of response to natural stresses, may form a sound basis for 

speculation on its survival potential to man-induced stress. While the 

organism itself may be able to survive or remain unaffected by a specific 

-contaminant, disruption of components within the ecosystem on which it 

is dependent (e.g., shelter, food resources) may indirectly reduce its 

survival c.apabili ty. 

For. laboratory studies, baselines may be established using selected 

behaviors which play an identifiable role in the life habits of the 

animal. However, the·· efficacy of the experimental design will depend 

on the degree to which these behaviors transcend field and laboratory, 

and are separate and distinct from those induced by the laboratory 

environment. Departures from these norms will indicate contaminant 

effects with the results of these studies often directly related to 

the survival capabilities of the individual or population in the 

natural environment. However, the confidence with which such extra­

polations can be ~ade, ~ill depend on the knowledge of normal and the 

careful integration of laboratory and field results. 
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Studies to define normal behavior in situ may be carried out either 

by direct observations with the use of mask and snorkel, SCUBA, viewing 

boxes and submersibles (mobile and fixed units) or indirectly with remote 

. sensing devices such as underwater television, sonar and 

acoustic tags (Olla, 1974). Habits can also be inferred indirectly from 

commercial and sport catches, stomach contents and various sampling 

techniques, primarily used for scientific assessment of populations. 

All of these procedures contribute information on spatial distributions, 

activity patterns, daily and seasonal shifts in abundance, feeding and 

food habits, reproduction, territoriality and other habits and requirements 

which can be used in the formulation and design of laboratory experiments 

that are ecologically relevant. 

Our philosophy and method of approach of using changes in behavior 

to measure stress on aquatic organisms'can best be illustrated by ex-

amples taken from our previously published work. The studies were aimed 

at furthering,our understanding of the comparative aspects of the be-

havioral response to temperature in selected marine fishes. In this 

paper, we will limit our discussion to two pelagic species, bluefish, 

pomatomus' saltatrix, and Atlantic mackerel, Scomber scombrus, and one 

demersal species, tautog, Tautoga onitis. 

We chose temperature as the stress stimlus for our initial studies 

for two main reasons: 1) it represented a current as well as a future 

problem for a small but significant number of marine ecosystems being 

subjected to heat~d effluents from electrical generating plants, 

and 2) the design of almost any study on contaminant effects requires 



consideration of temperature as a primary experimental variable because 

of the obvious short and long term fluctuations of this parameter in 

estuarine and inshore marine zones. 

Although both pelagic species are quite different taxonomically 

as well as in the specifics of their life habits, there are, nevertheless, 

similarities in the way in which they are related to the environment. 

Both species occupy the upper pelagic zone, travel in schools, and are 

seasonal migrants. Seasonal movements of these fish appear to be related 

to changing photoperiod, while their location at a particular time is 

closely correlated with t·~mperature. 

We conducted laboratory studies on each species separately, using 

small groups of adult fish held under controlled conditions in a 121-

kiloliter aquarium (Olla, Marchioni & Katz, 1967). Water quality was 

maintained primarily by recirculating the \vaterthrough a filtrant of 

sand, gravel and crushed oyster shell. Water temperature.was controlled 

indirectly by room temperature and by the addition of water from a 

well-point located in Sandy Hook Bay. A specialized lighting system 

simulated diurnal changes in light intensity and duplicated natural 

seasonal changes in photoperiod. 

Both the bluefish and Atlantic mackerel possessed a clearly defined 

diurnal rhytl~ of activity although they swam continuously day and night 

(Olla & Studholme, 1972; ella, Studholme, Bejda, Samet & Martin, 1975). 

Continuous swimming in Atlantic mackerel was not so surprising since 

they lack ~ny hydrostatic organ, making swimming obligatory to maintain 



their position in the water column. The bluefish, although possessing 

such an organ, also swam continuously, but at much lower speeds and 

with a higher degree of variability, especially at night. Both species 

gener.ally swam around the tank in a school, although the blue fish were 

more variable in this activity especially at night. 

The introduction of live food (small bait fish of various species 

for bluefish; grass shrimp for Atlantic mackerel) caused an almost im-

mediate breakdown of schooling with the fish feeding more or less as 

individuals (for bluefish, see Olla, Katz & Studholme, 1970; for Atlantic 

mackerel, Olla, pers. obs.). As would be expected for schooling animals 

inhabiting the upper pelagic zone where light levels are relatively high, 

the fish were highly visually oriented, using vision as a primary modality 

for feeding. 

While the introduction of food would cause a breakdown in the 

integrity of the school, the introduction of a "fright" stimulus had 

the opposite effect. Stimuli such as a sudden flash of light, especially 

at night,' a splash at the surface, or the sudden appearance of an observer 

above the aquarium would cause an increase in cohesion and speed. At 

times, the initial response to a startle stimulus would be for the 

animals to separate, followed within several seconds by regrouping, 

~ with the fish significantly closer than before the introduction of the 

startle stimulus. The fish "rere highly responsive to any altering 

stimulus both day and night with avoidance being manifested by increased 

speed and reduced interfish distance. 

Initial acclimation levels for both species (adult bluefish, 19.9°C, 

juvenile bluefish, 20.0°C and Atlantic mackerel, 13.3°C) were based on 



correlations between temperature and distribution. For bluefish, peak 

abundance off the eastern coast of North America appears to be about 

18-20°C (Walford, unpublished) with inshore appearances in the spring 

along- the fUddle Atlantic and New England'regions occurring as tem­

peratures reached l2-l5°C and departures in the fall at l3~15°C (Lund 

& Maltezos, 1970). Limits for distribution of Atlantic mackerel along 

this coast are from about 7-8°C (Sette,1950) up to approximately l8-20°C 

(R~cksiek & McCleave, 1973) with 12-l4°C cited by Dannevig (1955) as 

the optimal range for scomber scombrus in the eastern North Atlantic. 

The response of. both species to gradual increases in temperature 

(O.02°C/h) from these acclimation levels was an increase in speed 

(Figs. la, b, 2) and a decrease in fish-to-fish distance (Olla & 

Studholme, 1971; Olla, Studholme, Bejda, Samet & Martin, 1975). As 

temperatures reached stress levels, the ·daily rhythmic pattern was 

no longer evident as the fish schooled at high speed both day and 

night. Juvenile bluefish, in separate experiments, responsed similarly 

(Figs. 2, 3; alIa, studholme, Bejda,Samet & Martin, 1975) even though 

the rate of rise was more rapid (mean rate 1.38°C/h). Maximum. cruising 

speeds were reached by juvenile bluefish at 32-33°C and by Atlantic 

mackerel at 20-22°C, several degrees below lethal levels. 

The resp0!lse of these two species to increasing temperatul" "-' 1 

based on even the most rudimentary physiological interpretation, was 

not surprising. However, the responses of the adult fish to decreases 

in temperature from similar acclimation levels, 19.5°C for bluefish, 

7.9°C for Atlantic mackerel, (Olla & Studholme, 1971; alIa, Studholme, 

Bejda, Samet & Nartin, 1975), were most interesting, if not surprising. 
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A decrease in temperature (mean rate O.013-0.03°C/h) resulted in an 

increase in speed similar to that observed in response to a temperature 

increase (Figs. la, b, 2). As they had at high stressful temperatures, 

adult Atlantic mackerel reached maximal cruising speeds before temperature 

reached lower lethal levels (Fig. lb). 

Although the response to low temperature might be opposite to 

what would normally be expected, the distribution of these animals 

in nature is so obviously correlated with temperature that our laboratory 

find'ings simply confirmed that temperature is an important I?arameter 

influencing their distribution. These pelagic species (it remains to 

be investigated in other marine pelagics) have the capability of actively 

avoiding or selecting certain thermal regimes. The data indicate that 

the temperatures avoided or "preferred" were not specific, but rather 

fell within a range dependent on the specific environmental requirements 

of each s·pecies. 

The similarity in response to both increasing and decreasing 

temper~tures by species with similar normal patterns of behavior re-

flects what has been termed behavioral thermoregulation (see Fry, 1971; 

Stevens, 1973, for examples and discussion of directed movements in 

response to temperature). It has been shown in situ in fresh water 

(Neill & Magnuson, 1974) and demonstrated under controlled laboratory 

conditions (Rozin & Mayer, 1961; Neill, Magnuson & Chipman, 1972; Neill 

& Magnuson, 1974) that certain fishes have the ability to regulate body 

temperature behaviorally by selecting water temperatures. 

Bluefish and Atlantic mackerel, which are not associated with 

a specific place but rather to specific thermal rangES (as well as with 

other environmental parameters), have the capability to move in response 

to changing temperature, thereby avoiding potentially stressful con-

ditions and maximizing their presence in ~oncs which are selectively· 



advantageous. 

We suggest that animals such as these possess the capability of 

generally avoiding stresses including other contaminants. Whether 

avoidance actually occurs will depend on a host of variables including 

their motivation to be in a particular area, the characteristics of 

the contaminant, the ability of the animal to detect it and whether 

or not it represents, within the context of the animal's scope of 

responsiveness, a noxious or "danger" stimulus. 

In contrast to these pelagic fishes are species which are more 

restricted both i~ activ~ty and movements. The tautog, one of two 

members of the Labrid family found in inshore temperate waters of the 

western Atlantic, is found on or near the bottom, in association with 

objects which provide shelter, such as rocks, pilings, jetties, and 

various forms of vegetation. Our knowledge of the natural habits and 

requirements of this demersal fish was gained from field studies on 

populations located in Great South Bay, New York, specifically within 

the Fire Island Inlet (Olla, Bejda & Hartin, 1974; 1975). In our 

studies, we employed various techniques including direct observation 

with SCUBA, remote sensing with ultrasonic tracking, as well as ex­

amination of digestive tracts of captured specimens. 

From our direct underwater observations we found distinct dif­

derences in the behavior of the tau tog from day to night (Olla, 

Bejda & Martin, 1974). During the day they were active and highly 

responsive, swimming in the water column and feeding along the pilings 

and rubble in the basin. During evening' t\",ilight, the number of fish 

in proximity to the basin increased'. By nighttime, the fish were 



settled in or on almost any object that afforded cover# lying quiescent 

and unresponsive throughout the night to the extent that they could 

be touched or captured with a net. The tau tog resumed activity during 

morni~g twilight. 

Thus, as is the case with the pelagic species, these fish have 

a diurnal rhythm of activity, but with the important difference that 

at night they are completely quiescent with significantly reduced ability 

to respond to altering stimuli • 

. Results from sonically tracking adult fish (39-50 cm) from July 

to October showed that these large tautog would move away from the 

homesite each morning (some travelling as far as 500 meters) and re­

turn each night. In contrast with these adults, young tautog (~25 em) 

remained in proximity to the basin throughout the day, close to objects 

affording shelter. 

Underwater observations of the areas where the adults spent sig­

nificant amounts of time showed large quantities of blue mussels, 

My til u·s edulis. It seemed probable that the daily dispersal of these 

large fish \vas related ·'to feeding. 

Analysis of the digestive tract contents supported this view, 

indicating that blue mussels, averaging about 12 nun in length, comprised 

the major food item. The size of mussels ingested, by even the largest 

tautog, was limited by the pharyngeal mill at the opening of the esophagus. 

Since tautog of all sizes are restricted in the size o~ mussels they 

can ingest, mussels less than three years old would be the largest 

I( 
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potential food resource for which this population would compete. The 

daily dispersal of the adults from the homesite was probably related 

to more effective utilization of available resources, reserving mussels 

at the homesite as a food for the young fi·sh. 

These patterns of activity and feeding were typical for this tautog 

population from July through October. However, as temperatures dropped 

from the l6-24°C range of summer and early fall to about 10°C in November, 

we no longer saw tautog larger than 30 cm. This corresponds· to the 

results of Cooper (1966) who found that fish of similar size moved out 

of Narragansett Bay, Rhode. Island, to winter offshore in a relatively 

dormant state. In contrast, our results showed that young fish remained 

in proximity to the homesite, wintering over in a torpid, non-feeding 

state. It was appar~nt that for the first 3-4 and possibly 5 years, 

young fish. are highly restricted in their movements, associating closely 

with the shelter throughout the year regardless of temperature. 

There are a number of possible reasons for shelter dependence, 

but one of the most obvious and important for young and adult tautog 

is protection from predation, especially c·:r:i tical during the periods 

of lowered responsiveness. It seemed probable that this high degree 

of dependence on shelter might well limit or preclude any ability to 

avoid or escape potentially lethal environmental stress, and we hy-

pothesized that tautog, particularly the young fish, might have different 

b~av~oral capabilities for response than we had observed with pelagic 

fishes. 

-
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Based on this premise, we tested the response capabilities of 

young tautog in the laboratory to high, stressful temperature. Two 

experimental aquaria (1,400 and 1,500 1) isolated in temperature­

controlled rooms and equipped with lighting systems which simulated 

day-night cycles, were used for testing (Olla & Studho1me, 1975). 

One to two clay drainage tiles were placed on the sand bottom of each 

tank to provide shelter. Temperature was regulated by thermostatically 

controlled units. In each of four tests, two fish of nearly similar 

size were acclimated at 19.8-2l.loC while observations of behavior 

patterns were recorded. 

After an initial period of adjustment to the laboratory, the 

fish would be active during the light period, s\'limming about, searching 

for food and engaging in aggressive behavior. The larger of the two 

fish was always dominant, occupying the shelter, and aggressively de­

fending it against the subordinate. The subordinate would dig a 

depression in the sand adjacent to the aquarium wall, which would 

serve as a shelter site. When small clumps of mussels were placed on 

the sand, the dominant fish, if not satiated, would defend this area, 

chasing and nipping at the subordinate if it tried to feed. At night, 

both fish would remain generally inactive and quiescent. 

The agreement between behaviors observed in both field and laboratory 

again indicated that these patterns transcended both situations and could 

be used as baselines in evaluating thermal stress. 

As temperature increased from acclimation levels of 19.8-21.1°C 

(mean rate 1.26°C/h), at about 28°C (absolute levels varying among fish) 

1 



activity decreased as association with shelter increased. As the 

temperature was held at about 30°C (the level varying within a 2°C 

range between tests), the activity of the fish diminished still further 

(Figs. 2, 4) and they became generally unresponsive, showing little or 

no motivation to feed (Table I). Aggression decreased to the extent 

that the subordinate fish, now highly motivated to enter and share the 

shelter tile, could do so without being attacked by the dominant (Table I). 

Preliminary findings on the effects of high but sublethal temperatures 

on adults, indicated that activity as well as aggression was significantly 

reduced (Fig. 2). 

The decrease in activity and responsiveness and the accompanying 

increase in association with shelter at high temperature resembled 

typical nighttime behavior of tautog. Since we had observed tautog 

in the natural environment seeking shelter when pursued by predators 

or \<lhen startled by divers, it seemed clear that closer association 

with shelter would serve as protection during periods of lowered re­

sponsiveness, whether .~he stimulus was the onset of nighttime or a 

stress such as temperature. 

When exposure to sublethal temperatures was of short duration, 

and the temperature returned to 20°C, several of the fish were able 

to survive, resuming feeding and normal activity within a few days. 

In the natural environment, they could apparently withstand thermal 

1ncreases of a transient nature, but if exposure were to be prolonged 

(dependent also on .the rate of increase and temperature attained), 

survival would be impaired since it does not appear that these fish 



have the behavioral capability to regulate body temperature by moving 

to more optimal thermal regions. 

Other species, with similar dependence on shelter (e.g., many of 

the coral reef species) may also be restricted in the capacity to move 

from a given locale under stressful conditions (Sale, 1971; Stevenson, 

pers. comm.) 

Reduced capability for respon~e may also depend on when the stress 

is imposed. It is apparent that the capability of tautog to respond 

to or escape altering stimuli at night, when_ responsiveness is low, 

would be significantly less than during the day. This is in direct 

contrast with the pelagic fishes which were highly responsive both 

day and night. 

The contrasting responses of the pelagic species and tau tog to 

thermal stress support our contention that it is important to define, 

species by-species, the normal behavioral capabilities of each as re­

lated to their specific environmental requirements before attempting 

to predict the effects of potentially lethal stresses. While certain 

physiological and biochemical responses to temperature (and even other 

contaminants) may be common to a number of species, how an animal may 

act when subjected to stress is based on its normal scope of behavior. 

Generalizations cannot be postulated until more is known about species 

for'which only the most meagre information now exists. 
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Fig. 1. Activity recorded during low and high temperature experiments 

for: A) adult bluefish, and B) adult Atlantic mackerel. 

Points represent the high and low mean swimming speeds for 4 

or 5-day periods at the mean temperature for each period. 

Relation bet~ .. leen activity and temperature is indicated by a 

median curve (after Olla, Studholme, Bejda, Samet & r.1artin, 

1975). 



Fig. 2. Comparison of activity at normal and stress temperatures for 

adult Atlantic mackerel; adult and juvenile bluefish; adult 

and young tautog (after a11a, Studholme, Bejda, Samet & 

Martin, 1975). 



Fig. 3. Mean swimming speeds of four groups of juvenile bluefish during 

temperature rise (after Olla, Studholme, Bejda, Samet & Martin, 

1975). 



Fig. 4. Mean daytime activity of young tautog expressed as % total day 

observation time during acclimation (19.8-2l.l 0 C) and during 

tests at elevated temperatures (26.9-32.0 0 C) for four experiments 

(after alIa & Studholme, 1975). 
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B. 

The Effect of Temperature on Activity, 

Feeding and Social Behavior of 

Adult Tautog, Tautoga onitis 

........ ==------------------------_._-----



INTRODUCTION 

A study on the effects of elevated temperatures on young tautog, 

Tautoga onitis, showed that at high, but sublethal levels, activity 

decreased while shelter occupancy increased (Olla and Studholme, 1975). 

Accompanying these changes, aggression was inhibited with the result 

that the fish tended to occupy the same area. The effects of tempera­

ture on young tautog were compared with those on two pelagic species, 

Atlantic mackerel, Scornber scornbrus, and bluefish, Pomatomus saltatrix, 

and the responses related to the life habits and selective advantage 

for each species, (Olla et al., 1975b Olla and Studholme, 1976; see 

Report) . 

Since it was shown under natural conditions that adult tau tog 

possessed different life habits than young fish (Olla et al., 1974) a 

natural extension of "the research was to examine the effects of elevated 

temperatur-e on adults. Our large l2l-kl experimental aquarium provided 

an ideal facility in which to measure and quantify the movements and 

social interactions - among these adult fish which had not been possible 

in the small experimental systems in which the young were studied. 

The study on adult tautog was performed over a 2 -year period with 

two different groups of fish studied each year. Two males and a female 

were acclimated to captivity over a several month period while baseline 

measures were made of their feeding, activity and social interactions, 

including aggression and dominance. Following the establishment of stable 

patterns of these activities, temperature was raised and the effects 

measured. 
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MATERIALS AND METHODS 

Two experiments were conducted over a 2-year period on two separate 

groups of adult tautog, Tautoga onitis, with two males and one female 

comprising each group. These fish were trapped during the late swnrner 

and early falloff the coast of Fire Island, New York, at temperatures 

ranging from 19° to 24°C and at photoperiods ranging from 13.0 to 14.17 h. 

The fish were held in an elliptical 12l-kl seawater aquarium 

(10.6 x 4.5 x 3.0 m) located in a temperature-controlled room (Olla et al., 

1967). To simulate a natural bottom substrate, the floor of the aquarium 

was covered with layers of gravel and an upper layer of 0.6 to 0.8 mm sand. 

A network of pipes under the gravel transported the seawater to a series of 

sand and gravel filters, providing continual circulation and filtration. 

Normally operated as a semi-closed system, the addition of new seawater 

also contributed to maintaining water quality. For both experiments, 

salinity ranged from 24.0 to 25.2 0/00, oxygen from 5.6 to 8.0 ppm and pH 

from 7 .. 0 to 7.5. 

Water temperature was controlled primarily by room temperature and 

by the addition of incoming water. However, in Experiment 2, a thermal 

exchanger and associated heating unit were used during the temperature 

increase. Water temperature was remotely monitored at bottom, mid-water 

and surface in the aquarium with the mean used as the experimental temp­

erature. During each experiment, the mean of the hourly temperature from 

0100 to 2400 was considered the mean daily temperature. 

-----------------
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Diurnal changes in light intensity from morning-to evening civil 

twilight were simulated by banks of fluorescent bulbs mounted on the 

walls above the aquarium and controlled by a series of timers (Olla 

et al., 1967). Incandescent bulbs, programmed to come on before the 

last row of fluorescents was extinguished, maintained a low level 

night illumination of 0.07 ft-c. At the beginning of each experiment, 

the photoperiod was set to match the natural day-length under which the 

fish were captured. As it decreased to approximately 12 h, day-length 

was held constant and remained fixed throughout each test. 

Clumps of blue mussels, Mytilus edulis, 5-15 kg were placed on 

the bottom of the tank to allow ad libitum feeding on a natural food 

source (Olla et al.,1974). New clumps were added periodically as needed. 

Based on field observations of the normal requirements of these 

fish COlla et al., 1~74} a shelter was constructed and placed on the 

bottom, approximately 3 m from one end of the aquarium. It consisted 

of three clay drainage tiles (30.5 x 60.9 cm), cemented in a triangular 

shape, and was positioned to allow the observer to see within. 

To facilitate me-asurements such as interfish distance, relation to 

food and shelter, and access to all regions of the aquarium, the floor 

of the tank was mapped into 15 zones, with the shelter comprising the 

16th. Based on preliminary observations of the fish's behavior, zones 

were mapped according to "use" patterns and consequently were of unequal 

size with the mean area av-eraging 2.84 m2 • Visual demarcation of zone 

boundaries was accomplished by using features already present in the 
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tank; i.e., window edges, drains, etc. so that no additional indicators 

were necessary. All distances used in subsequent data analysis were 

estimated from midpoint to midpoint of each zone. 

During the light period, observations were made for 15 min each hour 

for 12 h (0700-1800) recording for each fish in sequence for 50 counts: 

1) activity (min swimming in the water column or moving about on the 

sand); 2) number of feeding ingestions; 3) aggressive interactions between 

fish including number of attacks and identity of fish; 4) zone locations. 

Periodically, motion pictures were taken to supplement these observations. 

From these data we computed specific indicators which were used for 

subsequent statistical analysis of both tests. These included: 

1) Activity. The mean activity for each hourly observation of 

the three fish was used to compute a daily mean which was con­

verted into percent of time active. 

2) Feeding. The total number of ingestions by all three fish was 

used as the daily measure of feeding. 

3) Aggression. The total number of interactions among the three 

fish was used as the daily measure of aggression. 

4) Interfish distance. Every fifth ·count of our 50-count observations, 

we computed a straight-line distance from midpoint to midpoint of 

zones occupied by each of the fish and used the mean as the hourly 

measure of interfish distance. If two fish were in the same zone, 

the distance was considered O. The daily mean interfish distance 

was then used for analysis. 
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5) Shared Zones. When more than one fish occupied a zone during a 

count, this was termed a shared zone. The total number of shared 

zones per day was used as the daily measure and converted to 

percent of total daily observations. 

6) Mobility Index. An ordered frequency count was computed daily of 

occupancy of each fish in each of the 16 zones. A mobility index, 

M = median zone occupancy x 103 , was derived to indicate access of 
maximum zone occupancy 

each fish to all areas of the aquarium. The daily mean index was 

computed for the three fish and used as the daily indicator of 

mobility. 

Observations were made in 4-day periods with intervals up to 3 days 

between periods during which no measurements were made~ 

Experiment 1 

One male (51 cm) and one female (50 cm) were introduced into the 

aquarium on 9/20/74, with a second male (56 cm) added 7 days later. The 

three fish were held at a mean temperature of 19.1oC for 50 days during 

which the photoperiod was reduced to 12.25 h and held constant. Observa-

tions to establish normal baselines were begun on Day 25 with mean tempera-

ture for the observation period averaging lS.SoC. Beginning at light onset 

on Day 51, the water temperature was gradually increased over a 9-day period 

(mean rate 0.04°C/h) and held at a mean temperature of 2S.7°C for 11 days. 

Then the temperature was gradually decreased over an S-day period (mean rate 

O.05°C /h) and held at a mean level of lS.6°C for 33 days. 

Experiment 2 

Two males (50. and 53 cm) and one female (44 cm) were introduced into the 

aquarium on S/2S/75. The fish were held at a mean temperature of 2l.3°C for 

80 days while photoperiod was reduced and held at 12.32 h. Observations to 
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establish normal baselines began 54 days after the fish were introduced 

(mean temperature for observation period was 20.8°C). Beginning at light 

onset on Day 81, the water temperature was gradually increased over a 9-day 

period (mean rate O.03°C/h) and held at a mean temperature of 28.7°C for 

11 days. The temperature was gradually decreased over an a-day period 

(mean rate O.04°C/h) and held at a mean temperature of 20.6°C for 33 days. 
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RESULTS 

AGGRESSION 

Once the fish had acclimated to captivity, 'it was apparent that a 

dominance hierarchy was present. Dominance, as had been previously 

described for young fish in the laboratory (Olla and Studholme, 1975) 

was based primarily on size with the largest fish dominant over the 

other fish. In turn, the next larger was dominant over the smallest. 

A fish occupying a dominant position was identified as such by being 

the prime initiator of an aggressive act which would result in a sub­

missive response by another animal. 

There was, however, one notable exception to the size-dominance 

hierarchy. In Experiment 1, the largest fish (a male) was introduced 

into the aquarium 7 days ,after another male (the dominant animal) and a 

smaller female, had been established. This newly introduced animal was 

subordinate to the other two fish, with the hierarchy evidently deter­

mined by prior occupancy ··rather than by size. After 34 days of the 

largest fish being subordinate, it assumed dominance over the female. 

Then 59 days after its introduction, under elevated temperature (see 

below), the largest fish finally established dominance over the smaller 

male. This hierarchy remained unchanged until the dominant died (unknown 

causes) 185 days later. 

Aggressive behavior, while occurring primarily within the context of 

space occupancy conflicts, still could not be considered territorial in 

the classical sense. The territory or space occupied by the dominant was, 
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in a general sense, the total area of the tank. Subordinates could be 

displaced from any location with the dominant animal moving about the 

aquarium completely unrestricted. The amount of area that the fish swam 

through or rested in each day was expressed as an index of mobility and 

was to a certain extent reflective of the dominance hierarchy, with the 

most subordinate fish always the least mobile. 

While the entire tank was under the control of the dominant, there 

were two areas at which dominance was particularly focused, the feeding 

area and the shelter. The control of the feeding area, the location most 

occupied by the dominant, was clearly exemplified by the fact that the 

subordinate fish, particularly the most subordinate, rarely approached 

the area or attempted to feed when the dominant was present. In Experi­

ment 2, although the percent of time spent by the subordinate male in the 

feeding area was high, this fish was continually chased and displaced by 

the dominant (see below). In addition, when subordinates did feed, they 

frequently did not ingest the food within the feeding area, but picked up 

a clump of mussels and carried them to another locale to complete ingestion. 

The control of the shelter was such that even in the absence of the 

dominant, subordinates rarely entered. The dominant would rest in or on 

top of the shelter, or swim through one of the tiles, from time to time, 

during the day. Where observations were made during the hour preceding 

or following the light period, the dominant was found within the shelter, 

presumably spending the night quiescent period. The relation of a dominant 

animal to shelter agreed with the results of a previous laboratory study on 
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young tau tog (Olla and Studholme, 1975) which showed the dominant fish 

defending and occupying shelter. 

Aggressive acts were manifested at varying levels of intensity, the 

most intense involving actual physical contact in the form of nipping or 

biting by the dominant. In these cases, the dominant animal would swim 

rapidly towards a subordinate (75 to 100 cm/sec) and nip the flanks or 

tail. Flight of the subordinate would result as the dominant pursued and 

chased for as long as 30-45 sec, covering 1-2 circuits of the tank during 

the most intensive bouts. 

A~ the other extreme, the most subtle action of the dominant animal 

might elicit a displacement and submissive posture by a subordinate. 
I 

The subtlety of the dominant I s behavior often made it difficult to deter-

mine what elici,ted a response from a subordinate. The dominant, lying on 

the sand, oriented towards a subordinate, might elicit a submissive 

response, while at other times, no response was discernible. Between overt, 

intense aggression and subtle aggressive intention movements, there was a 

continuum of levels of varying intensities. 

Following an aggressive act by the dominant animal, if a subordinate 

were not displaced, the submissive posture of a subordinate consisted of 

tilting the dorsal surface towards the dominant at an angle ranging from a 

few degrees to a complete 90°, the animal completely on its side. A sub-

ordinate could also assume this posture as it 'swam in a wide circuit of the 

area in which the dominant was resting, an action we considered an avoidance 

response. 
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During acclimation, aggressive encounters among all fish occurred 

significantly more often in Experiment 1 (x/day = 191.5) than in Experi-

ment 2 (x/day = 108.8; P<O.Ol, t-Test; Table II, Fig. 1). While in 

Experiment 2, the largest number of aggressions was always between the 

dominant and subordinate males (P<O.Ol,Sign Test), in Experiment 1 

there was no significant difference in the number of attacks initiated 

by the dominant fish towards either of the two subordinates (P> 0.05, 

Sign Test). This may have been due- to the instability in the dominance 

hierarchy in Experiment 1. Not only were the number-of attacks more 

frequent in this experiment, but other differences in the interfish 

interactions between the two groups reflected the more stable hierarchy 

which existed initially in Experiment 2. For example, in Experiment 1, 

mobility was equated with rank, with the dominant male having the greatest 

access to all areas of the tank, followed by the other fish in order of 

rank (P~O.Ol, Sign Test). During the periqd that the largest male was 

subordinate to the other fish, it was generally restricted about 86% of 

the time to one end of the aquarium. Following the shift in dominance 

between the two subordinate fish, 34 days after the three fish had been 

introduced, the female (now lowest ranking) was similarly restricted to 

the other end of the aquarium about 53% of the time. 

In Experiment 2, day-to-day comparison showed there was no significant 

. 
difference in mobility between the dominant and subordinate males (p>0.05, 

Sign Test), although the female was significantly less mobile than either 

(P<O.Ol, Sign Test). During acclimation in this test, the subordinate 

male had acces~ to all areas of the tank except the shelter, and in fact, 
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spent more time in the feeding area (29.4%) than did the dominant 

(17.7%) although this was the preferred area for both. Similar to 

Experiment 1, the female spent about 53% of the time at the end of the 

aquarium .. 

The higher level of aggression in the first experiment resulted in 

generally greater distances maintained between these fish (x = 4.76 m) 

than between the three fish in Experiment 2 (x = 3.69 m, Table II, 

- '!!fI' . .. ~g. 2) • Correspondingly, the occurrence of two or three fish in the 

same zone at the same time also differed between the two tests. Shared 

zones between any two fish in Experiment 1 occurred 4.4% of the time; 

in Experiment 2, 23%. Shared zones between all three fish occurred 0.05% 

in Experiment 1; 2% in Experiment 2. 

-ACTIVITY 

Based. on our field observations of adult tautog in their natural 

habitat (Olla et al., 1974), as well as on laboratory studies of young 

tautog (Olla and Studholme, 1975) we had determined that these fish were 

diurnally active remaining quiescent and generally unresponsive at night. 

In the field, activity would begin anywhere from 0.17 h before to 1.15 h 

after the onset of morning twilight COlla et al., 1974), while in the 

aquarium, the fish would become active and begin feeding usually within 

1-2 min of light onset. During this first hour of the light period, 

activity was generally high but towards mid-morning swimming activity 

tended to decrease as the fish, although alert and responsive, rested on 



the bottom or, in the case of the dominant, within shelter. By afternoon 

swimming 'activity again increased, dropping once more about 0.5 h before 

light offset. Based on our observations in Experiment 1, the fish 

appeared to have settled in and become almost completely inactive about 

5-10 min after light offsetc In the field, cessation of activity was 

variable ranging from 3.7 h before tol.IS h after civil twilight (Olla 

et al., 1974). 

When active, a fish would swim' in the water column at speeds normally 

averaging 20-30 cm/sec. Occasionally, a fish would be oriented perpendicular 

to the bottom, head up, with ventral surface parallel to the wall, maintain­

ing this position by sculling with the pectoral fins. A fish could either 

swim or remain inactive for the entire IS-min observation period, but 

more typically would alternate between bouts of activity and rest. When 

inactive, the dominant fish could settle anywhere, resting in the shelter, 

lying next to the mussel clump or settling i,n one of the depressions in the 

sand bottom (made by the animals) adjacent to the aquarium wall. These 

depressions may have served as alternate shelter sites for the subordinate 

fish. 

During acclimation in Experiment 1, oyerall activity levels were 

generally high for all three fish (xDM 

with no significant difference between them when compared on a day-to-day 

basis (P> 0.05, Sign Test). In Experiment 2, day-to-day comparison of mean 

daily activity among the three fish showed that the subordipate male was 

significantly more active (xSM = 64.8%) than the dominant male (xDM = 37.6%), 
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which in turn, was more active than the female (xSF = 18.4%; P( 0.01, 

Sign Test). 

FEEDING 

From our field studies, we had determined that blue mussels Mytilus 

edulis, comprised the major component in the diet of adult tautog, at 

least in the region where these fish were studied (Olla et al., 1974). 

To supply a natural diet for the fish, a clump of mussels {up to 15 kg} 

was provided in one specific area of the tank, allowing ad libitum feeding. 

Feeding began almost immediately after light onset and continued 

intermittently throughout the day_ Although we have no data on nighttime 

feeding during the two experiments (except for the hour preceding light 

onset and following light offset in Experiment 1 in which no feeding was 

observed), based on digestive tract samples taken in the field (Olla et al., 

1974), feeding begins around morning twilight and continues until evening, 

with little or no feeding at night. 

Generally, if not prevented from 'approaching the feeding area by the 

dominant animal, a fish could feed at anytime. To feed, the fish would 

visually scan the mussel clump, select a particular item, and seize it with 

the canine teeth, pulling and tearing small clusters or single mussels free. 

If the mussels were too large to ingest and crush, the fish would repeatedly 

expel and re-ingest them, each time reducing the size of the clump until it 

could be crushed by the pharyngeal teeth. This was similar to feeding 

behavior of young tautog previously observed in the laboratory (Olla et al., 

1974; Olla andStudholme, 1975). 
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Feeding patterns appeared to be associated with dominance, not only 

in terms of access to the feeding area, but also in amounts ingested by 

each fish. In each experiment during acclimation, the feeding area was 

the preferred region of the dominant fish. It would lie adjacent to or 

even on top of the mussels, frequently rubbing its flank and ventral sur­

face across the shells. If a subordinate approached, the dominant would 

often displace or chase it from the feeding area. In Experiment 2, for 

example, the highest percentage of -aggressions initiated during acclimation 

towards the subordinate male occurred when the dominant was in the feeding 

zone (22.9%). The motivation for the subordinate male to enter the feed­

ing area was high as reflected in the amount of time spent there even 

though this elicited a heightened level of aggression by the dominant male. 

Thus, the highest percentage of aggressive attacks received by the sub­

ordinate male occurred when it was in the feeding zone (31.1%). If the 

., dominant was:-- in proximity to the mussels, subordinate animals would 

usually swim wide of the feeding area, picking up small clumps of mussels 

that lay on the perimeter, grasping them in it jaws, and swimming to 

another area of the t~nk to complete ingestion. 

Dominance also appeared to affect amounts ingested. In Experiment 1, 

day-to-day comparison between fish indicated that the dominant male 

ingested the greatest amount, followed by the fish in order of rank (P <. O. 01, 

Sign Test). This was true even after the shift in the dominance hierarchy 

(described above). In Experiment 2, although there was no significant 

difference between the dominant and subordinate males, the female ingested 
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significantly less (P < o. as, Sign Test). In Experiment: 1, ingestions per 

day for the three fish averaged 28; in Experiment 2, 15 (Table I). 

As the temperature began to increase above acclimation levels, changes 

in established behaviors began to occur. While there were differences 

between the two tests as to when effects began to be manifested, in general, 

disruption of normal social patterns, decreases in activity and feeding, 

and changes in interfish distance occurred under elevated temperatur~ 

continuing for varying lengths of time even after the temperature returned 

to acclimation levels (Tables I and II). 

EXPERIMENT 1. 

Temperature Rise 

During the gradual increase in temperature (O.04°C/h), although 

activity levels did not increase significantly (x3 fish = 83.3%, Table I) 

there was a significant increase in the mobility of both subordinate fish 

to the extent that the dominant animal was not always the most mobile 

(P(O.OS, Sign Test). 

The fish continued to feed normally until the last 2 days of the rise 

(27.6 0 28.4°C) when the number of ingestions began to decrease (Table I). 

Throughout the rise, the dominant fish still selected the feeding area as 

the preferred zone. 

As the temperature continued to rise, spacing normally maintained 

between the animals began to change (Fig. 2). Beginning on the 5th day of 

the increase (25.l 0 C) distances between the subordinate male and the other 

fish began to decrease. As the temperature continued to rise during the 

B-15 

---- -------- -- - - --- ----------



B-16 

next 4 days (25.8-28.4°C), mean distance maintained between all three 

co 

fish decreased to 3.78 m, a drop of 20.5% from normal (Table II). As 

the temperature reached 28.4°C, there was an increase in the frequency 

of shared zones to 22%, another indication of disruption of normal 

interfish spacing (Table II). 

While levels of aggression remained substantially unchanged between 

the dominant male and the two subordinate fish for the first 8 days of the 

rise (20.9-27.6°C) there was an increase in the number of aggressions by 

the subordinate male toward the female (PL,.O.OI, End Count Test). However, 

about 0.5 h after. light onset on the final day of the increase (28.4°C) 

there was a series of intense aggressive interactions between the dominant 

and subordinate males. At the outset, both fish swam in a small tight 

circle in the middle of the aquarium, with the dominant continually chasing 

and nipping the subordinate. Gradually the fish moved.up in the water 

column and the encounter ended in a mouth-to-mouth attack lasting approxi-

mately 3 min and culminating in both fish breaking the water surface. 

As a result, the larger of the two, the former subordinate, became the 

dominant animal, while the smaller male was second in rank. This dominance 

hierarchy, now based on size, remained stable for the duration of the test. 

The shift'in dominance was also reflected in shelter occupancy. Until 

this point, the larger male had been excluded from the shelter. NOW, 

assuming the dominant position, this animal had unrestricted access with 

the smaller male excluded. 



Temperature Hold 

As the temperature remained at 28.7°C, there was a further breakdown 

in the normal social interactions among the fish. Observations during 8 

of the 11 days of exposure to high, sublethal temperature indicated that 

mean interfish distance now averaged only 3.35 m, 29.6% less than normally 

maintained (Fig. 2) with the fish residing in the same zone 28.8% of the 

time (Table II). As the same time, the level of aggression continually 

decreased (Table II, Fig. 1), until on the 10th day under 28.7°C, only 4 

interactions were observed (this as compared with the daily total of 185 

under acclimation) and on the 11th day, only 5. Not only were there no 

attacks by the dominant towards the subordinate male on this last day, 

but the two fish frequently rested together in the feeding zone. Shared 

zones for the two males in all areas of the aquarium reached 33%, higher 

than on any previous day. 
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As compared with levels recorded during the temperature increase, 

activity decreased significantly (P£O.Ol, End Count Test) for the dominant 

male (57.1%) and female (67.3%) with mean 'levels for the three fish 

averaging 66.8% (Table ,~). Mobility continued to remain generally high 

(Table I), but with no correlation between rank and mobility as had existed 

during acclimation. Shelter access by the subordinates was still restricted, 

possibly because of conditioning under normal temperature conditions. The 

subordinate male now occupied the feeding zone 25.6% of the time, seldom 

attacked or chased by the dominant. 



Although the subordinate male continued to feed, ingestion levels 

of the female and dominant male dropped significantly during the first 4 

days of the temperature hold (P < 0.05, End Count Test) ~ Amounts ingested 

during the II-day exposure to 28.7°C decreased by 52.7% as compared with 

normal {Table 1)0 

Temperature Decrease and Recovery 

Continued disruption in nqrmal behavior patterns indicated that the 

fish were still stressed during the 8-day decrease in temperature from 

o 
2S.6°C to 18.8°C {mean rate O.O~ c/hl. 

Measures of feeding, activity, mobility, spacing and aggression made 

during the last four days of the drop (24.2°C to 2l.6°C) indicated that 

not only were the fish not returning to normal levels, but in several 

instances were more affected than during exposure to high temperature 

(Tables I and II). 
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There were, however, differences among the three fish as to the extent 

to which each was affected, with the dominant male apparently the most 

severely stressed. While combined activity levels were depressed 61.4% 

below acclimation levels (Table I), the dominant male was active only 9.8% 

of the time, a decrease of almost 87% from normal .. Correspondingly, mobility 

was also significantly reduced, particularly so for the dominant which spent 

28% of the time resting in the shelter and 40% in a bottom depression adjacent 

to the aquari~ wall, seldom feeding or showing aggression towards the sub-

ordinat;es. Distance between the three fish continued to decrease (Fig. 2) 

and by the time the temperature reached 22.2 to 2l.6°C, interfish spacing 



averaged only 2.79 m, 41.7% below normal (Table II). This was partly 

due to the continued high frequency of shared zones (Table II), with 

the largest percentage (17.5%) between the dominant male and female. 

Another indication that the fish continued to be stressed was 

evident by the degree of shelter occupancy. Although the female was 

still restricted in access, the subordinate male was less so, spending 

an average of 9.2% of the time in one of the tiles, the highest occupancy 

observered for either subordinate fish during the test. This fish 

appeared to be the least affected, continuing to be active 44.9% of the 

time, with the highest mobility and ingestion rate of the three fish. 

The subordinate male also continued to be aggressive towards the female 

with interactions increasing slightly as compared with the last four days 

of exposure to high temperature. 

Following the return to acclimation temperature, the fish gradually 

began to r~cover, showing increases in activity, aggressions (Fig. 1) 

and spacing (Fig. 2), with a correspon~ing decrease in shared zones as 

compared with levels observed under high temperature stress (TablesI and 

II) . 
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However, just as there had been variation in the degree to which each 

fish ,had been affected by high temperature, it was also evident that 

recovery, as measured in terms of return of normal behavior patterns was 

also variable~ 

For the first 2 to 5 days after return to acclimation temperature, the 

two subordinate fish continued to be more active than the dominant (xSM = 52.8%; 

X
SF

'= 41.4%; x
DM 

= 16.0%). Correspondingly, their mobility was also higher 
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as the dominant continued to rest {about 28% of the time} in the depression 

next to the wall of the aquarium, initiating few aggressions and frequently 

allowing the female to occupy the same zone. Feeding by the subordinates 

was also higher with these fish {particularly the male} able to approach 

and feed at will, without eliciting an aggressive response from the dominant •. 

Beginning about 12-15 days after the return to l8.6°C, there were 

shifts in these behaviors which indicated that, as the dominant fish began 

to recover, the normal social patterns, disrupted during stress, were 

becoming re-established. 

As the dominant resumed feeding, it once again chose the feeding area 

as the preferred zone, spending an average of 41.5% of the time in proximity 

to the mussels. As a result, access to the food by both subordinates, 

particularly the female, was restricted, the male averaging 3.4% of the time 

in the feeding zone, the female only 1.2%. This shift in access to the food 

was evidenced by a decrease in ingestions by subordinates, especially by the 

female. 

Another indication that the dominant fish was recovering was evidenced 

by the steadily rising" number of aggressions initiated by it towards both 

subordinates (Table II, Fig. 1). This resulted in continually increasing 

distances maintained between them (Table II) and a corresponding shift in 

shared zones, with the highest frequency now occurring between the two 

subordinates. 

By the 16th day of "the return to lS.6°c as had been typical during 

acclimation, the most subordinate fish (the female) was once again restricted 



to the end of the aquarium. For the remainder of the test, time in 

this area for this fish averaged 94.8% with the mobility index dropping 

to o. 

Although, with the exception of interfish distance, none of the 

combined quantitative measures indicated that the fish in this test 

had completely returned to those levels established during acclimation, 

the qualitative nature of the behaviors was such that it indicated 

that normal patterns of social interaction had been reestablished. 

Whether the establishment of a new norm could be attributed to the 

final stabilization in the dominance hierarchy or was an after-effect 

of exposure to sublethal thermal stress, we could not state unequivo­

cably. 

EXPERIMENT 2. 

Temperature Rise 

In this test, significant changes in activity and aggression began 

to occur at 24.4oC, only 3.6oC above mean acclimation temperature. Com­

bined activity of the three fish at this temperature increased 44% above 

normal levels and was the highest average recorded for the entire test. 

The female showed the greatest increase, spending 51% of the time swim­

ming about the aquarium, less restricted than usual. Coupled with in­

creased activity was a high index of mobility (higher than previously 

observed for the two subordinates) reflecting the movement and activity 

of the fish throughout all ~reas of the aquarium. This is similar to 

the increased mobility of subordinates observed during Experiment 1 as 
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the temperature began to rise (Table I). 

Aggression also increased at this temperature (Table II) primar-

ily between the dominant and subordinate males. When the temperature 

had reached 25.2oC, even though activity and aggression remained sub-

stantially unchanged, shared zones reached 72.2%, with 32.2% occurring 

between the two males as the subordinate male attempted to occupy the 

same area as the dominant, only to'be chased or displaced. 

For the next 4 days of the temperature increase (25.8 to 28.2oC), 

similar to the response observed in Experiment I, although aggressions 

remained high (Fig. 1) interfish distance steadily decreased (Table II, 

Fig. 2). At 28.2oC, mean distance between the three fish averaged 1.95 

m, 47% below that maintained at 20.8oC, with all fish selecting the area 

at the end of the aquarium as their preferred zone. Correspondingly 

the frequency of shared zones continued to remain significantly higher 

than during acclimation (P( 0.05~ End Count Test, Table II) ranging 

from 45.5 to 79.2% (this highest level reached at 28.2oCwhen the occur-

rence of three fish in the same zone rose to 31.5%, nearly 16 times 

higher than normal) • 

While the only fish showing a significant decrease in activity 

during the final 4 days of the rise was the female (P{ 0.05, End Count 

Test), it should be pointed out that mobility for all three animals 

had begun to decrease as the temperature rose above 28oC. 

Another indication that the fish were becoming stressed was evi-

dent in the decline in feeding. o At 28.2 C, only 10 ingestions were re-
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corded for all three animals, less than on any preceding day. 

Temperature Hold 

As the temperature was held at 28.7oC for the next 11 days, acti­

vity decreased significantly (P( 0.05, End Count Test) for each of the 

three fish, with the combined average 44.9% below acclimation levels 

(Table I). 

However, as had been evident in Experiment 1, there was consider-

able variation in the degree to which each animal was affected. When 

measured by changes in activity, mobility, feeding and aggression, the 

most severely stressed in each test appeared to be the dominant male. 

B-23 

In Experiment 2, it was the dominant male which showed the greatest de­

crease in' swimming time from normal (66%) as well as the lowest average 

activity (12.6%) during exposure to high temperature. In addition, while 

mobility was also reduced for all fish, the dominant was affected to 

the extent that the female often had a higher daily mobility index, less 

restricted than during acclimation. 

While there was also variation in feeding among the three fish, 

overall ingestions were reduced by 62.7% as compared with normal 

(p( 0.01, End Count Test, Table I). The dominant male was most severe­

ly affected with only 11 ingestions recorded for this' fish during the 

II-day period at 28.7oC. 

Similar to the response obse,rved in Experiment 1, as the tempera-



ture was held at 28.7
o

C, normal social interactions among the fish 

were disrupted. The level of aggression dropped significantly (P< 0.01, 

End Count Test, Table II, Fig. I) while interfish distance continued to 

be lower than normal averaging only 2.82 m, 24% below mean distance at 

20.8oC {Table II, Fig. 2}. In contrast with the intense aggression ob­

served during the temperature rise when the fish were in close proximity, 

they now frequently rested together in the same depression, with shared 

zones averaging 60.3% (Table II). When interactions did occur, they 

were seldom intense (i.e. chases) but consisted primarily of displace­

ments in which a subordinate responded by moving usually less than I m. 

The region at the end of the aquarium still served as the primary 

choice for all three fish, although the secondary area for the dominant 

was the shelter. During the last 3 days of exposure to high temperature, 

this anima.l spent 22. 7% of the time resting wi thin one of the tiles. An­

other indication of lowered aggression was reflected by the fact that at 

this time the subordinate male was allowed limited access to the shelter, 

spending 6.2% of the time within the structure. 

Temperature Decrease and Recovery 

During the 8-day decrease from 28.7oC to 20.SoC {mean rate 0.04oC/h} 

the levels of activity, feeding, aggression and interfish distance re­

mained comparable to those measured during the exposu~e to 28.7
o

C (Tables 

I and II). 

The fish continued to be generally inactive with combined levels 
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47.1% lower than normal (Table I). However, the subordinate male 

was significantly more active (36.9%) than either the subordinate fe­

male (12.6%) or the dominant male (14.3%) (P,O.Oli Sign Test), with 

the latter continuing to be the most severely affected. (Swimming 

time for this animal was 62% lower than during acclimation). In addi­

tion, the reduced distance between, the animals (2.98 m) and the contin­

ued high incidence of shared zones (58.0%) combined with continued low 

levels of aggression (38/day) reflected the continued effect of expos­

ure to high temperature (Table II). 

Mobility was generally low (Table I) as each of the three fish re­

mained in the area at the end of the aquarium more than 40% of the time, 

although the dominant male continued to select the shelter as a secon­

dary area (17.5%). 

As the temperature was held at 20.6oC, similar to the response of 

the fish in Experiment 1, there was considerable variation among the in­

dividual animals in both length of time and degree to which recovery 

was comparable with the behavioral norms established during acclima­

tion" 

One of the first indications that the fish were beginning to re­

cover was evident in the increase in feeding. Combined levels for 

the three fish began to rise as the temperature reached 20.6oC (Table I) 
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and remained comparable to normal levels for the remainder of the EXperiment. 

Also the pattern of feeding was reestablished; i.e., day-to-day com-

parison indicated there was no signiflicant difference between the 



aominant and subordinate males with the female ingesting significantly 

less (P < 0.05; Sign Test). It is interesting to note that throughout 

the decrease in temperature and, for the first 5 days during the re­

covery, the dominant male occupied the area in which the food was main­

tained, restricting access by the subordinates. As recovery continued, 

the normal pattern observed during acclimation also became reestablish­

ed, i.e., the subordinate male spent more time in the feeding area 

(18.6%) than the dominant (10.9%). However, with only three excep­

tions, it was no longer the preferred zone for these fish. Instead, 

all three anima1s- continued to spend more than 30% of the time swim­

ming or resting in the area at the end of the aquarium which had been 

their primary choice during high-temperature stress. 

Combined activity, measured 2 to 5 days after the temperature 

reached 20.6
oe was still reduced (Table I) with the dominant male 

continuing to be the least active of' the three (21.2%), and still 

apparently, the most affected. For the next 19 days, activity slowly 

increased but variability remained high with continued day-to-day 

stability evident only after about 24 days. By this time, not only 

had combined activity for the three animals reached near normal levels 

(38.3% as compared with 40.2% during acclimation) but the activity 

patterns of the individual fish were reestablished with the subordi­

nate male significantly more active (60.7%) than the dominant male 

(31.2%), and the female once again, the least active (23.0%). 
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Mobility of the three fish also shifted during the recovery per­

iod. Initially (for the first 8 days at 20.6oC) the subordinate had 

the highest mobility index with no difference evident between the dom­

inant male and female. However, as the dominant gradually resumed 

normal activity, the pattern of mobility that had existed during 

acclimation was reestablished, i.e., no significant difference bet­

ween the two males (P< 0.05; Sign Test) with the female the most re­

stricted. 

Another indication of the recovery of the animals was the in­

crease in interfish distance. Within 3 days after reaching 20.6oC, 

distance between the fish began to rise significantly (P~ 0.01; End 

Count Test). Although there was some day-to-day variation, mean level 

for the recovery period averaged 3.35 m (Table'II, Fig. 2), with no 

significant difference as compared with acclimation (P(0.05; End 

Count, Test) . 

Although distance had begun to increase almost immediately, the 

first indication of changes in aggression did not occur until 10 

days after the temperature reached 20.6oC. This may have been due 

in large measure to the slow recovery of the dominant animal, which 

even allowed the subordinate male to have limited access to the shel­

ter during this period. However, as the dominant once again became 

active, the frequency of chases and displacements was increased with 

the subordinate again completely restricted from the shelter. For 
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~he remainder of the test, although the interactions were signifi-

cantly higher than during exposure to 28.7oC (P( 0.01; End Count 

Test) they averaged 52.9% below acclimation (Table II). 

Also decreasing significantly (P'-.. 0.01; End Count Test) as the 

o temperature was held at 20.8 C was the frequency of zones shared, 

although remaining significantly higher than during acclimation 

(Table II) 6 There was, however, a shift in the pairing. For example, 

as compared with acclimation, shared zones between the dominant 

male and female increased by 96%; between the subordinate male and fe-

male by 104%; and by 275% for all three fish. The only decrease in 

she.red zones occurred between the dominant and subordinate males (33%). 

In this Experiment, with the exception of quantitative levels of 

aggression and zone. sharing, activity, feeding and interfish distance 

eventually returned to levels established during acclimation and re-

fleeted the recovery of the fish. Perhaps more importantly, the re-

establishment of the majority of the behavioral patterns characteris-

tic of this group of. animals, which had also been disrupted during ex-

posure to sublethal temperature, was a significant indicator of re-

turn to normality. 



DISCUSSION 

Similar to the responses observed in young tau tog (Olla and 

Studholme 1975) adult fish also decrease their level of activity 

when subjected to elevated temperature. This reduction is obvious­

ly an adaptive behavior, with the animals expending energy towards 

physiological acclimation rather than towards seeking more optimal 

temperatures. Although there are undoubtedly differences between 

the young and adult fish as to their capability for withstanding 

sublethal temperatures, apparently if the exposure is of short dura­

tion, both groups possess a high recovery potential. This is in con­

trast to what we had found with young bluefish, Pomatomus saltatrix, 

and Atlantic mackerel, Scomber scombrus (Olla et ale 1975b). 

While young tau tog sought shelter under thermal stress, the adults 

did not show the same degree of shelter-dependence, even though the 

temperature appeared to be equally debilitating. This is not sur­

prising when the normal habits and behavioral repertoire of young and 

adults are considered. Results of our previous field studies (Olla 

et ale 1974) have indicated that the young fish remain in proximity 

to a specific homesite throughout the year, restricted in their move-

ments and always found in close association with shelter.,' When pur-

sued by predators, or during periods of lowered responsiveness (as 

during night or winter) these young fish seek cover. In contrast, 
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adults move from shelter by day to feed and, in addition, migrate 

offshore in the late fall, returning inshore in late spring, indi­

cative of less dependence on shelter. The large fish are of a size 

where predation is not as critical as it is for young animals. 

Although the natural. habits of the adults seemed to imply a 

capability for moving away from stress, the behavior in the aqua-

·rium indicated that, while there was a short period of increased 

activity and mobility as the temperature began to rise (particular­

ly evident in the sec~nd experiment), the response was not compar­

able to that observed in pelagic species studied previously (Olla 

and Studholme 1971, 1976; Olla et ale 1975b). Whereas with tautog 

the level of activity decreases as the temperature remains elevated, 

the pelagic species not only increase activity but maintain high 

swimming speed as the temperature departs from their optimal or 

"preferred" range. These pelagic species evidently have the capabil­

ity to move in response to changing temperature, thereby avoiding un­

favorable thermal regimes and maximizing their presence in areas 

where temperature is optimal. 

Aggression was also significantly inhibited in poth young and 

adult tau tog with the fish showing an increased tendency for group­

ing and a corresponding reduction in normal spacing. In the young 

fish, the animals occupied the shelter together while the adults oc­

cupied the same zone. Indications from preliminary studies on an-
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other labrid species, the cunner, Tautogolabrus adspersus, have 

shown that these fish also increase grcuping under high tempera­

ture. 

The reason for such a response is not readily apparent, but 

may suggest some sim1ilarity with pelagic species which also in­

crease grouping tendency under s~ress, with the response transcend­

ing even widely separated taxonomic groups. 
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C. 

Courtship and Spawning Behavior 

of Adult Tautog, Tautoga onitis. 



ItITRODUCTION 

The description of reproductive behavior in the tau tog should 

be considered still within the draft stage. Drawings from cine and 

still photographs are being prepared as are some photographs that 

will be used for publication. The reason for including this des­

cription in the Yearly Progress Report is that we are now engaged in 

evaluating the effects:" of temperature stress on this behavior. The 

integration and comparison of the reproductive behavior with other 

species, which will be in a discussion in the published manuscript, 

will not be included in this Report. 

The general method of holding and observing the two sets of ani­

mals in each study is described in the Report on' the effect of tempera­

ture on adult tautog. In addition to IS-min hourly observations on 

the animals, we began 60-min observations prior to each spawning. In 

Experiment 1 these began on April 21, 1975, and in Experiment 2, on 

March 19, 1976. The behaviors which were measured during this 60-min 

period included aggressions, interactions between the dominant male 

and the female, habitat utilization and the final courtship behaviors 

preceding and including spawning. Observations were then continued 

for at least another 45 min or less when it appeared a second spawning 

was going to occur. 
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RESULTS 

'The most obvious manifestation of the approaching reproductive phase 

was the change in aggression between the dominant male and the female. 

Certain components of behaviors, which were formerly aggressive, were 

no longe:r"so, and eventually became part of the courtship repertoire. 

Prior to this change, there was a clear dominance hierarchy based on size, 

with the largest fish of each group, a male, being dominant over a smaller 

male and still smaller female. In turn, the smaller male was dominant over 

the female$ 

Aggressive acts were manifested at varying levels of intensity with 

the most intense involving actual physical contact in the form of nipping 

or biting by a dominant. In these cases, a dominant animal would swim 

rapidly towards a subordinate (75 to 100 em/sec) and nip the flanks or 

tail. Displacement would occur and at times continued as the dominant 

pursued a subordinate. The duration of the chase varied from bout to bout, 

as well as. the swimming speeds and the distances covered. In the case of 

the dominant male, chases could last as long as 30-45 sec, with escape 

speeds reaching 100 to 200 em/sec, and the fish swimming the length of 

the tank. 

At the other extreme, subtle actions of a dominant animal could 

elici t displacement of a subordinc.te. The subtlety of ·this was such that 

the dominant, simply facing towards a subordinate, as much as a full tank 

length away (9.3 m), could elicit a displacement. Then there were in-

stances in which an action similar to this did not elicit any response by 
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a subordinate. This variation in response by the subordinate was due to 

our not being able to assign an observable cause as regards to the ac­

tions of the dominant 0 It was only through the subordinate!s behavior that 

we could, in fact, detect the generation of an aggressive intention sig­

nal by the dominant male. 

Aggressions by the dominant, besides eliciting displacement, also 

caused a subordinate to assume what we interpreted to be a submissive 

posturee This involved the animal tilting its dorsal surface towards the 

dominant, at an angle ranging from about 5 to 90
0

, occurring either in 

the water column or in contact with the Bottom. Frequently when a sub­

ordinate was swimming about the tank and approaching an area in which the 

dominant was present, .it would show the submissive posture as it bypassed 

and clearly avoided the dominant. The distance at which this would occur 

varied, ranging from 1.0 to 3.0 m. 

Beginning in early April, 1975 (Experiment 1) and in late January, 

1976 (Experiment 2), we noted marked changes in the aggressive relation­

ship between the dominant male and the female of each group. The major 

change and the one we first observed was that a rapid approach of the dom­

inant, which in the.past had represented the initiation of an aggressive 

act, neither caused the female to be displaced or show submission. She 

simply remained in place no matter how closely or swiftly the male ap­

proached. Typically, the male,beginning several meters away, would swim 

rapidly towards the. female, but then veered off when approaching as close 

as 5-10 em. At times, as the male veered off, the magnitude of the water 
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displacement from the force of the caudal thrusts was great enough to 

stir the adjacent sand and cause the female to be moved several em. We 

termed these approaches "rushes" to distinguish them from those which were 

formerly aggressive in origin and to which the female had accordingly re­

spondede From what we could ascertain, rushes were initiated approximately 

3 weeks prior to, and 7 weeks prior to the first spawning in Experiments 

1 and 2, respectively. 

Another change we observed was:. that the female frequently swam to­

wards or rested in areas adjacent to the dominant, which had never occurred 

prior to this period. In Experiment 1 this behavior was often focussed 

C-4 . 

around the habitat where the male was resting, with the female swimming .... -.; 

close,:to-'(within 0.5 m) or settling at the base of the structure .. At other 

times, as the male rested in the habitat, the female actually entered the 

structure and came to rest either within the same tube or in one at a dif­

ferent level. In cases where the female was just outside the shelter, as 

the male exited he frequently rushed her, after which she might follow af­

ter him at distances of approximately·0.5-1.5 m; her following him after 

a rush occurred in other areas of the tank as well. We also observed in­

stances in which the female rested in the shelter while the male was out­

side, swimming 2-3 times around the shelter followed by his rushing her 

in the shelter or as she emerged. These all appeared to be early mani­

festations of the courtship behavioral repertoire. 

In contrast to the termination of aggressive interactions between the 

dominant male and female during this period, the aggressions of the dominant 



towards the subordinate male became progressively more vigorous with 

respect to the intensity, such that a bout of chasing which had prev­

iously lasted 5-10 sec, now could last from 20-35 sec, with the two 

fish covering anywhere from 1-3 circuits around the perimeter of the tank. 

Also reflective of this heightened intensity was the fact that the dominant 

began to nip and bite the subordinate. Whereas biting had rarely been 

observed prior to reproduction, now it frequently occurred. The most 

obvious manifestation of this was that as many as 30-40 wounds appeared 

over all the areas of the subordinate's body_ Comparable wounding of 

the subordinate took place in both Experiments 1 and 2, during the repro­

duct~ve periods. One further piece of evidence of this increased aggres­

sion was the fact that the subordinate male spent the majority of its 

time at either end of the aquarium, sculling at the wall between mid-depth 

and the surface. This position appeared to be one which least stimulated 

aggressions by the dominant male. The subordinate males of each study 

also ceased being aggressive towards the female. 

Besides changes in the aggressive interactions of the fish, exter­

nal changes in the appearance of the female were also occurring, suggest­

ing the approach of the reproductive season. Enlargement of the gonads 

increased the girth of the female, resulting in a more rotund appearance. 

At the same time, we also noted changes in the female~s pigmentation. 

While prior to this period she was generf-lly a solid dark gray (Figure 

in preparation), now there was a thin, mottled white, vertical bar or 

stripe down the middle of each side of the body, which we termed a 
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"saddle". At this time, the saddle was in an early stage of develop­

ment (Figure in preparation) of what was to be a progresion of signifi­

cant shading changes taking place prior to and during each spawning (see 

below for further explanation). Along with this, a pale, grayish-white 

patch developed in the inter- and supraorbital areas of the female, giv­

ing the appearance of "eyebrows". 

Unlike the female, the male's appearance prior to and during spawn­

ing was altered very little. The only discernible shading change!; were 

the development of a light gray shade covering the entire head and the 

opercula, and the transient appearance of faint white rays (approximate­

ly 2-4 em long) extending outwards from the orbits of the eyes (Figure 

in preparation). Otherwise, the male's shading was unchanged, with the 

trunk of his body being a dark gray, the ventral portion of the maxilla 

and the entire mandible being a light, almost white shade of gray, with 

the except~on of the dark pores of the mandibular lateral line canals. 

The first spawning between the dominant male and the female occurred 

on April 21, 1975, in Experiment 1. From that point 37 spawnings were ob­

served over 21 days of-observations within a 6-week period. During this 

time the fish spawned at least once and as many as three times per day. 

During Experiment 2, the dominant male and the female first spawned on 

March 30, 1976e These fish completed 16 spawnings during 10 days of obser­

vations. In the latter group, spawnings were observed prior to an experi­

ment in which we studied the effects of temperature on reproductive behav­

ior, which will be reported elsewhere (Olla,unpublished). Eggs were 

collected on two occasions in Experiment I and on five occasions in Experi-
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ment 2. Exarnination of these samples and comparison with previous work 

on the embryology of this species (Kuntz and Radcliffe 1917) indicated 

that spawnings were successful and the normal development of the fertil­

ized eggs was proceeding. 

Throughout a typical day when spawning was to occur, the dominant 

male was generally active, swinuning about the tank, feeding and intermit­

tently rushing the female. Aggression towards the subordinate male fre­

quently occurred right up until and after each spawning. In both Exper­

iments_I. ~aild_ 2, the subordinate males continued to be rE-:stricted in their 

movements by the he~ghtened aggression directed toward them and remained 

almost exclusively at either end of the tank, sculling in mid-water. 
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The female, besides showing changes in pigmentation as well as 

courtship behaviors pr.eliminary to spawning, also engaged in activities 

which appeared not to be directly related to spawning, such as feeding, 

swinuning (with no apparent interactions with the other animals) and 

resting. 

While the female exhibited little response to the rushes of the 

dominant prior to this period, now at times, she responded with progres-

sive shading changes of varying magnitude. For ,example, within several sec­

onds after a particularly vigorous rush by the dominant male, the saddle oft­

times increased in depth and width. The anterior area of the dorsal fin 

became a mottled white, ending posteriorly at the same placesas:::the'"whi te 

saddlee In addition, faint white vertical stripes became evident on the 

body, originating at the posterior edge of the saddle and extending just 



past the caudal peduncle. The shading at this point could' vary, with 

these stripes at times modified into a kind of checkerboard pattern 

(Figure in preparation). 

Generally, unless spawning was imminent, i.e., would occur within 

15-30 min, these shading changes were retrogressive. A particular pat­

tern, once achieved in the morning, might not persist for more than 

10-20 sec or several minutes, followed by a fading with only a thin 

saddle present. 

As the day progressed and the time of spawning approached (30-45 min 

prior to spawning), the male was more responsive to the female as evidenced 

by the increased intensity of the rushes. In the IS-min period prior to 

a spawning, the number of rushes signnificantly increased. The highly 

developed shading pattern of the female, once achieved, now persisted. 

The saddle was almost maximally developed, appearing whiter and extending 

fully down to the abdomen. The checkerboard or caudal stripe pattern was 

now much more clearly defined (Figure in preparation). 

As the rushes continued, the female's dorsal fin remained in an erect 

position during the s~IO min period prior to spawning. Swimming only with 

the pectorals she also intermittently began to flex the caudal fin upward. 

Beginning anywhere from 2-5 min before spawning, the female began 

swimming back and forth along the length of the tank at mid-depth in a 

series of activities which we term II runs ll. These runs were accompanied by 

the final shading development in which all of the white areas on her body 

(ie., the saddle, caudal stripes or white portions of the checkerboard 
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pattern, the "eyebrows" and the anterior half of the aorsal fin) were 

almost totally blanched. Then, either as a run was beginning or was in 

progress, her caudal fin was rigidly flexed upward, exposing the dilated 

vent, while at the same time the head was tilted downward (Figure in 

preparation). The female's swimming in this position seemed awkward 

resulting in her moving with a characteristic wobble or wiggle. These 

runs served to heighten the attraction of the dominant male, for he 

would break off other activities to follow her. 

The male swam just slightly behind with his head close to the 

caudal peduncle (within 30 to 40 cm). Then suddenly, while increasing 

her speed by changing from pectoral swimming to caudal thrusts,the 

female swam toward the surface, with the male immediately accelerating 

in a similar manner to keep apace with her (Figure in preparation). 

The angle of their ascent was about 40 to 70°0 When the fish were less 

than a meter from the surface and while still swimmin~ rapidly, they 

turned their bodies so that their ventral areas faced toward each other 

(Figure in preparation). On occasions when the fishes' movements were 

perfectly coordinated; the pectorals of the male appeared to be circling 

the female. With the animals in contact and their bodies arched into 

U-shapes, they released the gametes either before reaching the surface 

or as they broke the surface. The pair then separated and swam downwards 

(Figure in preparation) with the female coming to rest on the sand where 

the male usually. rushed her 2-3 times within 5-15 sec following spawning. 

The spawning as we have described it appeared to comprise the prevalent 

mode of gamete rel"ease. However, there occurred slight variations in the 
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behavior which still resulted in gamete release. For example, as the 

female was rushing to the surface, rather than orienting the ventral area 

of her body toward the male, she bent her body into the U-shape with the 

result that her dorsal side faced the ventral side of the male. Gamete 

release still occurred as the fish flexed their bodies into U-shapes. 

The origin of this variation was usually due to the fact that on the 

upward rushing, the female was moving too rapidly to be in the proper 

alignment for the ventral-to-ventral release with the male. 

While runs were always performed prior to spawning, there were some 

day-to-day variations in the total number as well as in the time span in 

which they occurred. For example, on some days there were as few as 2 

runs prior to a spawning, while on other days there were as many as 

eleven. Similarly, the duration of a series of runs varied from 30 sec 

to 3.0 min. 

One n~teworthy aspect of the run sequence was that the runs were 

usually not performed in succession, but rather were interspersed with 

other behaviors which appeared to comprise additional courtship activities. 

For example, many times after completing one run, the pair began circling 

around each other in mid-water. In some cases they followed each other, 

head to tail, along the perimeter of an imaginary circle. In other cases 

as the male swam around the female, she either remained sculling in a 

fixed position or pivoting about her vertical axis, obviously orienting 
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to the moving male. The total number of separate circling bouts during a 

run sequence ranged from 2to 10 with the duration ranging from 2 to 40 sec. 



Another behavior interspersed with the run sequence was a rush up 

to the surface which did not culminate in gamete release. Typically at 

the onset of these "false" spawning rushes, the female began the transi­

tion from pectoral swimming to caudal thrusts. Then moving rapidly up­

wards with the male alongside, the female broke away from him short of 

the surface and swam downwards. These incomplete spawning rushes were 

variable in number, sometimes occurring not at all, while in other cases 

occurring as many as six tirnesG 

It was apparent that for the release of gametes to occur, the 

continuity of the run sequence had to be maintained by both the male 

and the female. In instances when it was not maintained, the female 

turned away from the male and often carne to rest on the sand. Of the 

37 spawnings observed in Experiment 1, breakoffs occurred prior to 15 of 

them. While breakoffs did not occur during spawnings in Experiment 2 

we have not completed tabulating the data. 

One of the main causes in Experiments 1 and 2 for these breakoffs 

was due to the fact that the dominant male, instead of maintaining his 

attention toward the female, chased or displaced the subordinate male 

which had either (actively) moved too close to the pair or (passively) 

happened to be in areas where the courtship behavior was being carried out. 

Another reason in Experiment 1 for the breakoffs which were initiated 

by the female appeared to be premature contact of the female by the male. 

The male's contacting her during a run or as she rapidly ascended (rather 

than at the apex of the pathway) would usually result in her breaking off the 
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entire pre-spawning sequence. The inappropriateness of the premature 

contact· stimulus was substantiated by a retrogression in the female's 

shading pattern. One final causative factor for the breakoffs may have 

been related to the fact that there was a questionable release of gametes 

by one of the pair. This may have indicated that the non-spawning 

animal was not mutually interacting with its mate to sustain the continuous 

sequence in the final courtship repertoire. 

Each time we observed the courtship behaviors, it became more and more 

apparent that the final release of gametes was not a haphazard event, but 

rather the culmination of a precisely coordinated and synchronized build-up 

of social and physiological factors. 



D. 

The Effect of Temperature on the 

Behavior of Marine Invertebrates 



INTRODUCTION 

Our investigations on the effects of temperature on the 

t behavior of marine invertebrates have begun with the blue crab, 

Callinectes sapidus. ' The summer and part of the fall of 1975 

were spent in the design and construction of aquarium systems 

in which to hold and observe blue crabs. 

With the arrival of an invertebrate behaviorist in mid-Oct­

ober, observations of blue crab behavior began with efforts con­

centrated initially on describing the repertoire of the species 

under laboratory conditions~ As certain components of the re­

pertoire became known, the amount of time crabs spent engaged in 

these behaviors was measured in order to establish activities 

budgets for various thermal conditions and the relation between 

the budgets and laboratory conditions, e.g. aquarium shape, sub­

strate, shelter,- diet. 

As water temperature fell during the winte~i. we examined 

the influence of the naturally occurring lower range of tempera­

ture on the crabs' activities. In particular we wished to see 

at what specific temperatures crabs would enter and emerge from 

dormancy as well as to characterize the dormant state. 
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MATERIALS AND METHODS 

Observations were made on crabs held mainly in two systems. 

The first 350-1 aquarium was cube-shaped and had one side as a 

window. The second aquarium was an elliptic cylinder of 1200 1 

with four windows initially. Four more windows were added later to 

improve visibility and make the. aquarium symmetrical. Both tanks 

contained seawater at a salinity of 20-25 0/00 and were maintained 

on a natural seasonal photoperiod by fluorescent light and a l5-w 

night light diffused through white translucent plastic. Live mus­

sels in the aquaria provided food ad libitum. The sand was approx­

imately 15 em deep. Black drapes and cardboard were arranged about 

the aquaria to provide observation blinds. 

The crabs observed were juvenile and adult crabs of both sexes 

collected from the Navesink River, New Jersey, with baited traps. 

Trawled crabs proved to have high mortality and were not used for 

observations. 

In order to construct an activities budget, two adult female 

blue crabs were observed in the elliptic aquarium which was maintain­

ed at lSoe and under 11.5 h of daylight. The amount of time spent in 

various activities and zones was measured using a tape recording giv­

ing a timing mark every 4 s. A crab was watched and the observer 

upon hearing the 4-s mark noted in a shorthand code its activity 

and position. Over a block of 4 contiguous days, 9 observation ses­

sions were made each day at hourly intervals from OSOO. During each 
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session, each crab was observed for 100 intervals (about 7 min) and 

the distance between crabs estimated from interzone distances after 

noting the simultaneous positions of the crabs. Eleven zones of equal 

area had been marked in the aquarium. 

A variety of statistical techniques were used to treat the acti­

vities data. The Sign Test (Conover 1971) allowed comparison of the 

crabs in each activity. To examine the independence of the distribu­

tion of time among activities from the day observed arid from the individ­

ual observed, contingency tables were constructed and chi .... squares and 

Pearson's contingency coefficient (Conover 1971). calculated after some 

activities were dropped and grouped in order--to reduce the number of 

zero and near-zero calls. The contingency table thus contained the num­

ber of 4-s intervals spent in four activity groups: buried, standing in 

low posture, locomotion, and in the open. This type of analysis was re­

peated with the zone occupancy data. 

From the cold dormancy study two juvenile female crabs were ob­

served in the cubical aquarium, in which the temperature and photoperiod 

were made to follow seasonal ch~nges until 6 February, 1976 when the 

photoperiod was fixed at 11 h. On 17 February a recirculating cooling 

unit connected to the aquarium stabilized the water temperature at SoC. 

On 20 February we began dropping the water temperature lOC over S h 

and continued to observe the crabs over the 4 subsequent days while 

the lower temperature was held constant. The procedure of lowering 

the temperature lOC a day and observing for 4 more days continued until 
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both crabs remained dormant for 4 days. The tempe~ature then con­

tinued to be held constant below 3.SoC for 11 additional days after 

which time it was raised. Raising the temperature 1 day and observ-

ing the 4 subsequent days continued until both crabs emerged and showed 

sustained activity. 

Besides scan samples, which consisted of observing the crabs as 

simultaneously as possible, and noting position, activity, distances, 

and antennule flicking rate, activities timing primarily using the prev-

iously described method began on 21 February. Each day 35 observations, 

lasting 3 min per crab, were made at quarter hour intervals. The result-

ing time data led to an activities budget. 
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RESULTS AND DISCUSSION 

BEHAVIORAL REPERTOIRE 

Table I gives a hierarchical arrangement of the blue crab's 

repertoire. The terms are, for the most part, self-explanatory and 

some of these behaviors are described elsewhere (Teytaud 1971; Jachowski 

1974). Additions continue to be made as observation time increases and 

extends over the cycle of seasons. Consequently, the repertoire pre­

sented now is preliminary with the details and functional significance 

of the behaviors to be given later. 

ACTIVITIES BUDGET 

In the activities budgets in Table II one sees no difference 

between the two crabs except that the larger crab swims more but cleans 

less than the smaller. Day-to-day variation has greater influence on 

the budget than variation from individual to individual (compare the 

contingency coeffici_ents in Table IV). 

Originally we expected the crabs to budget portions of each 

day among several activities so that a number of activities would ap­

pear each and every day_ Instead the crabs remained buried for a 

whole day, or fed for a whole day, or simply moved about with little 

or no feeding. One implication of the fact that crabs budget the 

bulk of day to one activity or one set of related activities is that 

observations must be made over a number of contiguous days in order 

-------------------- -------~ ---------------
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to ascertain a realistic budget. 

The pattern of zone occupancy (Tables II and IV) reveals little 

or no evidence for territoriality in adult female crabs. Within any 

one day, one or two zones may dominate the budget, but the identity 

of the zones varies from day to day_ The contingency coefficient 

values in Table IV reflect this high dependence of zone occupancy 

on day-to-day variation. 

The next step is to obtain activities budgets over a range of 

temperatures and examine the budgets not only for change in the mean 

values but also for changes in the variability. 

COLD DORMANCY STUDY 

Because of Leffler's (1972) anecdotal observation that blue 

crabs below l30 C enter a dormant state~ which he termed "stupor", 

we gradually chilled two juvenile female blue crabs, not only to 

specify the temperature at which dormancy began, but also to attempt 

defining quantitative behavioral measures of its extent and conse­

quences. 

From the end of December 1975 until mid-February 1976, the 

water temperature in the cubical aquarium fell from lO.SoC to about 

SoC, as Sandy Hook Bay became colder. During this period half-hourly 

scan samples (Table V) showed that both crabs were still active but 

spent most, and sometimes all of the day, buried. No feeding was ob­

served during December, January and February. 
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When the temperature was lowered to GOe, dormant time increased 

sharply (Tables V and VI). On the day of sharply falling temperature 

a period of walking and digging occurred, but such periods became 

briefer with halting movements on the other days during which the 

temperature was lowered still further. Dormancy followed the burst 

of activity and continued for several days under constant temperature 

until broken intermittently by activity. 

The bursts of activity may represent escape behavior ordinar­

ily functioning to bring the crab to warmer water. During these 

bursts the digging motions appeared to .be incomplete, and incomplete 

digging may explain the shift at the lowest temperatures from being 

buried to being at rest in a huddled posture. 

When the temperature reached 3.aoe the crabs remained contin­

uously dormant for IS days. At the end of' this period the temperature 

was raised from 3.aoC in order to discover at what temperature dormancy 

would end. until the rising temperature reached lO.SoC, the crabs 

would become briefly active only to return to dormancy. At lO.SoC 

the crabs returned to sustained activity; and one even began to feed 

on mussels. 

Dormancy, as we observed it, was not simply inactivity or some 

sort of impaired mobility but rather a definite behavior in which the 

crab is actively adapting to its situation. Crabs may normally bury 

or remain motionless in a depression in the sand for long time periods. 

While motionl'ess they usually assume a huddled posture in which the 
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ventrum rests on the substrate and the chelae and legs are drawn 

up against the body_ Ordinarily while buried or huddled the crab 

is still alert with the antennae and eyestalks up and the antennules 

constantly flicking. As the temperature decreased, the crabs spent 

increasingly greater time buried or huddled with the antennules and 

eyestalks first partially, then completelYl withdrawn into their sock­

ets and the antennae folded flat. These preliminary observations 

now enable us to characterize cold dormancy as a behavior of indefin­

ite duration in which the crab remains buried or huddled with its eye­

stalks, antennules and antennae continuously retracted. 

During the experiment it became obvious that the sensory ability 

of the crab should be assessed in order to see,whether any diminished 

responsiveness near and during dormancy is derived from impairment of 

the crab's sensors or its effects or both. At the end of the 4-day 

block of observations, attempts were made to test the crab's response 

to a solution of freeze-dried clam extract, but the results were incon­

clusive because of the nature of water circulation in the aquarium. 

We suspect that the crab is not numbed senseless while dormant, but 

we still need to measure the degree of change in several dimensions 

of sensory ability. 
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TABLE IVo Results of Testing Independence. 

Hypothesis 

Distribution among activities 2 (1) 
is independent of days X df R2 

For Crab A 1st Block 1017.8* 9 0.448 
r. 
! ... 

2nd Block 2724.6* 9 0.647 

3rd Block 1912.2* 9 0.551 

All Blocks 1181.5* 6 0.297 

For Crab B 1st Block 3006.4* 9 0.693 

2nd Block 2363.8* 9 0.589 

3rd Block 1096.7* 9 0.528 

All -Blocks . 6386.4* 6 0.614 

Distribution among zones is 
independent of days 

For Crab A 1st Block 1485.0* 24 0.540 

2nd Block 51~8.5* 24 0.768 

.3rd Block 3969.9* 24 0.724 

For Crab B 1st Block 5216.1* 24 0.769 

2nd Block 4722.8* 24 0.753 

3rd Block 2287.8* 24 0.623 



D-14 

Distribution among activities is 
independent of individual crabs 

1st Block 2623.0* 3 0.514 

2nd Bloek 3410.6* 3 0.200 

3rd Block 1262.4* 3 0.385 

All Blocks 2057.2* 3 0.288 

* Reject at .01 significance level 

(1) Pearson's contingency coefficient 
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E. 

She.lter-Dependence of Young Tautog, Tautoga oni tis 

and the Home Range of Juvenile Cunner, Tautogolabrus 

aspersus, under Natural Conditions. 



cia1 shelter (40 x 40 x 120 em) on a barren sand bottom. Two groups 

of 10 tautog (12 to 20 em) each were released there and directly mon­

itored by an underwater observer. In contrast to all previous re­

leases, these animals, within 5 min, swam away from the structure. 

In one case in which a tau tog (22.5 em) was tracked ultrasonically, 

the animal upon release inunediately swam off in what appeared to be 

a random pattern. It continued this random swimming for 10 min, until 

locating a pile of bottom rubble overgrown with algae and supporting 

a small group of tau tog (7 to 10 fish) G The fish remained at this 

location during 24 h of monitoring. 

From these observations: it is obvious that the shelter-seeking 

response in young tau tog is mediated by a complex of factors rather 

than merely the presence of physical hiding places. If predictions 

as to the capability of the organism to deal with inimical events are 

to be made with any validity, the various components elliciting the 

shelter-seeking response must be defined. 

Additional observations made this past summer have shown that 

juvenile cunner, Tautogolabrus adspersus (0.8 to 1.5 em), after 

descending from the pelagic larval stage, occur in significant num­

bers in the macroalgae beds of Fire Island Inlet. Over 100 h of 

underwater observations have enabled us to define some normal pat­

terns of behavior for this life stage. 

Like the adults (Olla. et al. 1975a~, the juveniles are diur­

nally active and feed continuall¥ .. Also as in the adults, they 

E-2 



appear to be visual feeders, moving towards and ingesting food items, 

while orienting into the current. 

At this stage of maturity, these animals exhibit a home range 

of approximately 5 to 10 em square adjacent to the algae which is 

utilized as shelter in the presence of predators. This area is ag­

gressively defended against intrusion by conspecifics. 

Observations on these juveniles are continuing to be made with 

special emphasis on the changes in their home range as a function of 

maturation. If throughout their first year, these fish continue to 

exhibit a home range which is significantly smaller than the adults', 

which also is limited (Green. 1975; Olla· et al. 1975a), they would 

be highly susceptible. to contaminants. Payne (1976) found the in­

duction of benzopyrene hydroxylase in cunner when exposed to petro­

leum. This sublethal response in a fish- possessing a small and lim­

ited home range, as in the cunner, has application as an indicator 

of petroleum contamination. By defining the limits of the cunner's 

movements through .. all life stages, we hope to provide a baseline with 

which the effect of point sources of pollution can be assessed. 
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