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Trophic and temporal partitioning studies were conducted on

Centropristis striata, Pareques umbrosus, Stenotomus aculeatus, and

Haemulon aurolineatum inhabiting a near-shore rock outcrop in Onslow

Bay, N. C. C_. striata was found to be an opportunistic daytime feeder

with Crustacea comprising the bulk of the diet followed in order of

abundance by fish, echinoderms, tunicates, molluscs, and polychaetes.

Larger individuals preferred crabs, fish, and tunicates while shrimp,

crabs, and amphipods were more abundant in the smaller fish. Stenotomus

aculeatus also showed an opportunistic daylight feeding regimen with a

fairly equal utilization of echinoderms, polychaetes, and Crustacea as

food items. Molluscs and tunicates made up the remainder of the diet.

Both aculeatus and C^. striata showed some evidence of a crepuscular

habit. Pareques umbrosus was a fairly selective nocturnal feeder with

Crustacea making up the majority of the diet while feeding to a lesser

extent on polychaetes, molluscs, and echinoderms. Haemulon aurolineatum

also demonstrated nocturnal feeding and although the overall diet study

for this species was inconclusive, Crustacea appear to be a main component

of this diet.

Centropristis striata and Pareques umbrosus seem to minimize

intraspecific trophic competition through changes in diet with changes

in predator size. Direct interspecific trophic and temporal competition

among the four species is lessened by adopting different activity periods

and to some extent feeding habits.
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INTRODUCTION

Reef habitats provide a striking contrast to the stark, sandy

plains which usually surround them. The diverse structure and added

relief of these areas allows them to serve as an "oasis" for various

marine organisms including large assemblages of m.arine fishes. In

order to understand the energy dynamics of these hard substrate areas

it is necessary to determine the way in which these sites are utilized

by the fishes inhabiting them.

Fish community ecologists generally consider three aspects of

resource utilization and allocation when examining resource partitioning

in a system, these being trophic, temporal and spatial patterns (Helfman

1978). Studies of this nature have been conducted to some extent on

tropical reef communities (Alevizon and Brooks 1975; Davis and Birdsong

1973; Hobson 1974, 1975; Parrish and Zimmerman 1977; Sale and Dybdahl

1975; Smith and Tyler 1973) and temperate marine assemblages (Bray and

Ebeling 1975; Ebeling and Bray 1976; Hobson 1965; Hobson and Chess 1976).

However the temperature marine reef communities in near-shore waters of

the eastern United States appear to have been neglected in regards to

studies of thin type. This may be due in part to the relatively poor

visibility and cooler winter temperatures prevalent in this region as

well as logistical problems. Many of the extensive outcrop systems are

located far offshore where access by small boat is difficult.

Investigations on an offshore reef near Wrightsville Beach, N. C.

by Lindquist and Harris (1979) showed four species of fishes comprising

approximately 90% of the abundance by density of ten conspicuous species
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examined. Two of these species, Centropristis striata (black sea bass)

and Stenotomus aculeatus (southern porgy) are temperate fishes and

present on the study site most of the year. Pareques umbrosus (cubbyu)

and Haemulon aurolineatum (tomtate) are more tropical in nature and

appear during the summer months as water temperature rises.

There appear to be no resource utilization studies to date on the

southern porgy although several closely related species have been

examined (Kenwood ^ 1978; Morse 1-978). The habits of the cubbyu

have also been neglected although Hobson (1965) reported on diurnal-

nocturnal activity in Pareques viola from the Gulf of California.

Longley and Hildebrand (1941) and Randall (1967) conducted similar

studies on Equetus acuminatus, a closely related species in the Atlantic.

Davis (1967) reported on the feeding habits and activity patterns of

tomtate from a tropical reef habitat in the Florida Keys. Hobson (1965)

has also observed the activity patterns of Haemulon sexfasciatum, a

closely related West Coast species. Numerous aspects in the life

history of the black sea bass have been examined (Briggs 1978; Cupka

et aJ._. 1973; Lavenda 1949; Miller 1959; Musick and Mercer 1977) but

only Cupka e_t al. deals to any extent with resource utilization,

specifically, the diet of specimens from the coastal waters of South

Carolina. In this case hov^ever samples were taken from a large geo-

graphical area and possibly represent a wide variety of bottom, habitats

which could result in greater feeding diversity.

The purpose of this study was to determine, via an examination of

feeding habits and activity patterns, the manner in which the previously

described species utilize and partition the resource axes cf time and

prey.



MATERIALS AND METHODS

Specimens of Centroprlstls striata, Pareques umbrosus, Stenotomus

aculeatus, and Haemulon aurolineatum were collected from the study site

(Fig. 1) with the aid of SCUBA from July 1976 to October 1978. The

study area is located 5 km east of Wrightsville Beach, N. C. in 15 m

of water. It occurs as a low overhanging ledge of Eocene limestone

(Riggs, personal communication) 80 m in length and with a maximum

relief of 1 m. Collection methods included hand nets, spearguns,

fish traps, quinaldine, and ichthyocides. Ichthyocide collections were

held to a minimum with only three 5 m^ collections being made during

the entire course of the study. Most collecting was carried out during

late summer and early fall as previous observations by Lindquist and

Harris (1979) had shown species density to be greatest during this

period. All collections were made during daylight hours. Captured

specimens were preserved in 10% formilin or packed in ice for later

freezing. The time of each collection was recorded. Specimens preserved

in formilin were slit open allowing preservative into the gut cavity.

After two v/eeks these fish were transferred to 40% isopropanol. Upon

thawing or removing from preservative, fish were blotted with absorbant

paper, weighed to the nearest 0.1 gm. , and the standard length measured

to the nearest 1.0 mn.

The stomach and intestine of each specimen was removed and examined

for the presence of food. Intestines were subjectively divided into

three sections with the region nearer the stomach being the foregut

followed by the midgut and bindgut (Bray and Ebeling, 1975). The

presence or absence of food in each section was noted. The total food
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Fig. 1. Location of study area; 34° 10.6' N, 77° 44.4' V/.



5

present in each stomach was removed and weighed to the nearest 0.001

gm. All miscellaneous food items in each stomach were then separated

from the total stomach content and collectively weighed to the nearest

0.001 gm..

The occurrence and number methods of food assessment were used in

order to determine the importance of food items for each predator

species (Ross 1977, Windell 1971, Hynes 1950). The occurrence method

determines the percent of total stomachs examined in which a particular

food item occurs. In the number method the total number of individuals

of each food type is expressed as a percentage of the total number of

organisms found in all stomachs examined. Hynes (1950) and Windell (1971)

have discussed the shortcomings inherent in each of these methods.

In determining if a food item was a single countable item as

opposed to a miscellaneous item the following criteria were used. Only

Crustacea and fish items with anterior body regions present were counted

with the exception of crabs which were counted if the majority of the

carapace was intact. Polychaete body parts bearing an anterior region

were counted. Echinoderms and octopods were counted if a central body

section was present while tunicates were considered countable items

only if an entire organism was present. Gastropods and bivalves v/ere

counted if an intact shell and remnants of the enclosed organism were

present. Gastropod shells containing Pagurus sp. were listed under

that genus. A food item not considered countable but for which a taxon

was known was placed in a miscellaneous category under that particular

taxon. Unidentifiable material was listed under miscellaneous uni¬

dentified. Algae, hydrozoans, gravel, shell hash, and sand were listed
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under a major miscellaneous category due to their relative unimportance

as a food source, their non-biological nature, or both. All food items

were identified to the lowest possible taxon. A comparison of dietary

changes between size groups within each predator species was made if

a sufficient number of countable food items were found (Ross 1978,

Hobson and Chess 1976, Griffiths 1975, Hobson 1974, Randall 1967, Keast

1966, Hiatt and Strasburg 1960).

Periods of feeding activity for the four species examined were

determined by several methods. The percent of gut regions containing

food for each collection time was examined (Ross 1977). Changes in

the ratio of total food weight to body weight were examined for each

fish species at each collection time as an indication of stomach

"fullness" at various times during the day. Changes in the ratio of

miscellaneous food weight to total food weight were examined for each

species at each collecting time as an indication of food "freshness"

at various times. This assumes that periods of active feeding will be

marked by a higher occurrence of identifiable organisms in the stomach

while periods of little or no feeding will show an increase in more

digested or miscellaneous food items.



RESULTS

Diet

An examination of 101 Centropristis striata, 50 Pareques umbrosus,

28 Stenotomus aculeatus, and 18 Haemulon aurolineatum stomachs showed

79, 26, 23, and 7 respectively to contain food. The total countable

food items present in each species is shown in Table 1.

The dominant prey group of C^. striata, based on percent occurrence

in the gut and percent number of individual food items, was crustácea

which occurred in 75% of stomachs with food and comprised 69% of the

total number of food items (Table 1). Crustacean items of greatest

abundance for C^. striata were penaeids, alpheids, callianassids,

pagurids, xanthids, and majids; each of which occurred in at least 7.6%

of stomachs containing food and accounted for 4.3% or more of countable

prey items present. The family Xanthidae had the largest number of

representative genera (six). Crustacea were followed in order of

decreasing abundance by fish, echinoderms, tunicates, molluscs, and

polychaetes.

Pareques umbrosus shovjcd a high preference for crustácea with

100% of the stomachs with food containing crustacean items and 93% of

all countable food items falling into this prey group. Representatives

of the families Xanthidae and Majidae were the most abundant at 23%

and 19%, respectively, for percent occurrence while collectively

comprising 17% of the countable prey items present. Amphipods, isopods,

and stomatopods were found to occur in 19%, 12%, and 8% respectivel.y of

stomachs with food while collectively these items accounted for 42% of



Table 1. Percent occurrence in gut and percent total number of individual food items (in parentheses)of major prey consumed by four species of fish collected from a near-shore rock outcrop inOnslow Bay, N. C. The numbers included under each predator name refer to total number ofstomachs with food and total food items present, respectively

Major Prey
Taxa

C.
striata

79, 164

P.
umbrosus
26, 101

aculeatus
23, 18

H.

aurolineatum
7, *

POLYCHAETES 6.3( 3.0) 7.7( 3.0) 17.4(27.8)Sabellidae 3.8( 2.4) 3.8( 2.0)
Serpulidae 1.3( 0.6) 3.8( 1.0) 4.3(22.2)Hydroides dlanthus 4.3(22.2)

Unidentified Polychaetes 4.3( 5.6)Miscellaneous Polychaete Parts 1.3( * ) 8.7( * )

MOLLUSCS 7.6( 3.6) 7.7( 3.0) ’8.7(11.1)
Gastropods 3.8( 2.4) 7.7( 3.0)

Mitrella lunata 3.8( 2.0)
Crepidula aculeata 2.5( 1.2)

Bivalves 1.3( 0.6) 4.3( 5.6)
Chione sp. 4.3( 5.6)

Octopods 1.3( 0.6)

CRUSTACEA 74.7(68.9) 100.0(93.0) 47.8(22.2) 14.3( * )
Stomatapods 7.8( 2.0)
Isopods 11.5( 3.0)
Amphipods 2.5( 1.2) 19.2(36.6)

Caprella sp. 7.8(23.8)
Colomastix sp. 7.8( 8.9)

Decapods 74.7(63.4) 76.9(50.5) 13.0(22.2)
Natantia 24.7(22.0) 38.5(17.8) 4.3( 5.6)
Penaeidae 8.9( 4.9) 3.8( 1.0)



Table 1. (continued)

Major Prey
Taxa

C.

striata

79, 164

Penaeus sp. 1.3( 0.6)
Trachypeneus constrictus 1.3( 0.6)
Sicyonia sp. 3.8( 2.4)
Sicyonia laevigata 2.5( 1.8)

Pasiphaeidae 1.3( 0.6)
Leptochela serratorbita 1.3( 0.6)

Palaemonidae 2.5( 1.2)
Periclimenes americanus 2.5( 1.2)

Alpheidae 8.9( 6.1)
Alpheus armillatus 2.5( 1.2)
Synalpheus fritzmuellerl 2.5( 1.8)

Hippolytidae 2.5( 1.8)
Hippolysmata wurdemanni 2.5( 1.8)

Reptantia 44.3(34.1)
Scyllaridae 1.3( 0.6)
Callianassidae 8.9( 4.9)

Upogebia affinis 8.9( 4.9)
Porcellanidae 2.5( 1.2)

Petrolisthes galathinus 1.3( 0.6)
Euceramus praelongus 1.3( 0.6)

Paguridae 8.9( 6.1)
Pagurus sp. 3.8( 1.8)
Pagurus longicarpus 1.3( 0.6)

Portunidae

Ovalipes sp.
Cancridae 2.5( 1.2)

Cancer sp. 2.5( 1.2)
Xanthidae 10.1( 4.9)

Pilumnus dasypodus 1.3( 0.6)

P S. H.
umbrosus aculeatus aurolineatum

26, 101 23, 18 7. *

3.8( 1.0)

3.8( 2.0) 4.3( 5.6)

42.3(20.8) 4.3(11.1)

3.8( 1.0)
3.8( 1.0)
3.8( 1.0)

4.3( 5.6)
4.3( 5.6)

VO

23.1( 8.9)



Table. 1. (continued)

arc-

Major Prey
Taxa

Ç.
striata

79, 164

Pilumnus sayi 1.3( 0.6)
Menippe mercenaria 1.3( 0.6)
Hexapanopeus sp.

Neopanope texana 2.5( 1.2)
Panopeus sp. 2.5( 1.2)
Panopeus herbstii 2.5( 1.2)

Pinnotheridae 1.3( .6)
Grapsidae 1.3( 1.2)

Pachygrapsus transversas 1.3( 1.2)
Majidae 7.6( 4.3)

Podochela sidneyi 1.3( 0.6)
Pelia mutica 1.3( 0.6)

Unidentified Crustacea 7.6( 4.3)
Miscellaneous Crustacea 49.4( * )

ECHINODERMS 10.1( 4.9)
Ecbinoidea
Holothuroidea 5.1( 2.4)
Ophiuroidea 5.1( 2.4)

Ophiothrix angulata

Miscellaneous Echinodena Parts 1.3( * )

TUNICATES 8.9( 4.3)

Miscellaneous Tunicate Parts 2.5( * )

FISH 26.6(15.8)

P.
umbrosas aculeatus

H.
aurolineatum

26, 101 23, 18 7, *

3.8( 2.0)
3.8( 1.0)

3.8( 1.0)

19.2( 7.9) 4.3( 5.6)

7.7( 3.0)

92.3( * ) 43.5( * ) 14.3( * )

3.8( 1.0) 30.4(33.3) 14.3( * )
4.3( 5.6)
4.3( 5.6)

3.8( 1.0) 8.7(22.2)
3.8( 1.0)

17.4( * ) 14.3( * )

4.3( 5.6)

o



Table 1. (continued)

Major Prey
Taxa

Ç.
striata
29, 16A

P.
umbrosus

26, 101

S.

aculeatus

23, 18

H.

aurollneatum
7, *

Congrldae 1.3( 0.6)
Serranidae 6.3( A.9)

Serranus subllgarlus 3.8( 3.0)
Centroprlstls striata 3.8( 1.8)

Pomadasyidae 2.5( 1.2)
Orthopristis chrysoptera 2.5( 1.2)

Blenniidae 5.1( 3.0)
Hypleurochilus geminatus 5.1( 3.0)

Unidentified Fish 8.9( 6.1)
Miscellaneous Fish Parts 6.3( * )

MISCELLANEOUS 25.3 ( 0.6) 3.8( * ) 47.8( * ) 85.7( * )
Algae 1.3( * )
Polypoid Hydrozoan 1.3( 0.6)
Gravel, Shell Hash, Sand 8.9( * ) 3.8( * ) 17.4( * )

Miscellaneous Unidentified 17.7( * ) 30.4( * ) 85.7( * )

* = Only non-countable miscellaneous food material was present.
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of the identifiable food items in umbrosus specimens examined.

Calculations for major food groups of aculeatus showed Crustacea

to be the greatest in percent occurrence at 48% and echinoderms the most

abundant in percent number with 33%. Crustacea were followed in order

of percent occurrence by echinoderms, polychaetes, molluscs, and

tunicates; while echinoderms were followed in order of percent number

by polychaetes, Crustacea, molluscs, and tunicates.

Haemulon aurolineatum stomachs examined showed only miscellaneous

Crustacea parts and miscellaneous unidentifiable material present.

These were present in 14% and 86%, respectively, of stomachs containing

food.

Figure 2 compares relative differences in diet for the three species

which contained countable food items. C^. striata exhibited a varied

diet with a high occurrence of Crustacea and fish. The diet of

umbrosus was almost exclusively Crustacea and less varied than the other

two species. Stenotomus aculeatus, like C^. striata, showed a highly

variable feeding habit with a fairly equal utilization of crustácea,

polychaetes, and echinoderms.

Tables 2 and 3 compare the diets for selected size groups of C^.

striata and umbrosus. In C^. striata, if one considers only those

size groups for which a substantial number of food items were obtained

(more than 10), there was an increase in feeding diversity from the

51-70 mm range to the 131-150 mm range. This was followed by decreased

feeding diversity in the largest size range examined (171-190 mm). An

examination of crustacean food groups showed that natantia (shrimp)

occurred only in specimens below the 151-170 mm range with the highest
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Figure 2. A diet comparison between three species of reef fishes
from a near-shore rock outcrop in Onslow Bay, N. C. Size
of segments represents percent, by number, of each prey
group as shown in Table 1. N = number of fish examined.
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Table 2. Percentage of prey occurrence for size groups (millimeters standard length) of
Centropristis
group.

striata. Calculations are based upon
«

the number of food items in each

Size Groups 51-70 71-90 91-110 111-130 131-150 151-170 .171-190

Number of Fish Examined 15 3 6 17 5 6 5

Number of Food Items 28 6 19 43 17 9 16

Prey Category

Natantia 28.6 16.7 52.6 37.2 5.9

Reptantia 50.0 50.0 21.1 32.6 35.3 22.2 56.3

Amphipods 3.6 5.3

Fish 3.6 33.3 5.3 11.6 23.5 55.6 25.0

Polychaetes 3.6 5.3 2.3 11.8

Molluscs 5.3 2.3 17.7 6.3

Echinoderms 10.7 5.3 2.3 22.2

Tunicates 9.3 5.9 12.5

Equitability Index
(Shannon 1948)

.626 .487 .693 .706 .770 .478 .530
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Table 3. Percentage of prey occurrence for size groups (millimeters
standard length) of Pareques umbrosus. Calculations are
based on the number of food items in each group.

Size Group 40-59 60-79 80-99

Number of Fish Examined 6 3 13

Number of Food Items 36 10 42

Prey Category

Natantia 8.3 40.0 28.6

Reptantia 5.6 30.0 35.7

Amphipods 86.1 10.0 11.9

Isopods 7.1

Stomatopods 10.0 2.4

Polychaetes 10.0 4.8

Molluscs 7.1

Echinoderms 2.4

Equitability Index .239 .682 .706

(Shannon 1948)
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utilization being in the 91-110 mm size range. Amphipoda did not occur

above the 91-110 mm group while reptantia (crabs) were present in all

size ranges sampled. Fish were also present in all size ranges examined

but were in greatest abundance in individuals of the 131-150 mm size

range and above. The percent number of polychaetes was highest in fish

belonging to the 131-150 mm range. This food group was absent in fish

above the 131-150 mm size range. Molluscs were restricted to groups

above the 71-90 mm range. Echinoderms, while occurring in only four

of seven size groups examined, showed a broad distribution throughout

the size ranges sampled. Tunicates were only found in size groups

above 91-110 mm with the greatest percent by number occurring in the

171-190 mm range. A switch from smaller prey items (natantians and

amphipods) to larger items (fish, tunicates, and molluscs) occurred

as predator size increased.

The three size ranges of umbrosus examined showed an increase

in feeding diversity as predator size increased (Table 3). Natantia

and reptantia occurred in all three size groups but showed a much

higher percent number in the two larger groups. Am.phipods v/ere much

more abundant in the smallest size group (40-59 mm) and isopods only

occurred in the 80-99 mm individuals. Stomatopods and polychaetes were

present in the two larger size classes but were more abundant in terms

of percent by number in the 60-79 mm individuals. Molluscs and

echinoderms were only present in members of the 80-99 mm size group. As

with C^. striata, jP. umbrosus also shovjed a trend toward a utilization

of larger prey items with increased fish size. Relative differences

in prey groups between various size ranges of umbrosus and 0^* striata

as shown in Figures 3 and 4.
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Figure 3. Differences in diet for three size ranges of Pareques
umbrosus from a near-shore rock outcrop in Onslow Bay,
N. C. Size of segments represents percent number of
each prey group as shown in Table 3. Size ranges are
given in mm standard length.
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Figure 4. Differences in diet for five size ranges (iran standard length) of Centropristlj3 striata
from a near-shore rock outcrop in Onslow Day, N. C. Size of segments represents the
percent number of each prey group front Table 2. Size ranges for which less than ten
food items were, available are not included.
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Feeding Periods

Centropristis striata showed a high percentage of stomachs and gut

locations containing food during hours for which samples were available

(Figure 5) . All hours sampled showed greater than 65% of the stomachs

examined to contain food with the exception of the 1400-1459 time

period. Seventy percent or more of the foregut and midgut samples

contained food material at all sampling periods. The percent of hindgut

samples with food increased from 38% to 100% in samples taken between

0900 and 1359, dropped to 18% from 1300 to 1359, then increased again

for samples between 1400 and 1859.

With the exception of samples taken from 1200 to 1359 P. umbrosas

showed a trend toward decreasing percentages of stomach and intestine

areas with food from 0900 to 1659. Morning samples showed that 70% or

more of the stomachs exam.ined contained food. This figure dropped to

20% or less in specimens collected between 1500 and 1659. Foregut and

midgut samples with food also declined from morning to afternoon with

the drop in midgut food occurrence lagging slightly behind that of the

foregut. Hindgut samples with food remained belov<r 30% during the day

with the exception of the 1300-1359 sample which was 50%.

Specimens of aculeatus were available for four time periods

betw’een 1000 and 1359. Seventy-five percent or more of the stomachs

for each of these time periods contained food as did more than 90% of

the foreguts and midguts examined except for midguts from the 1300-1359

sample in w’hlch only 75% contained food. Food occurrence in hindguts

declined from 71% to 0% between the 1000-1059 and 1200-1259 sample

periods after w^hich it increased to 100% for the 1300-1359 collection.
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Figure 5. Daylight feeding periodicity in four species of reef fishes from a near-shore rock outcrop
in Onslow Bay, N. C. Numbers above gut locations indicate number of specimens examined.
S = stomach, F = foregut, M = midgut, H = hindgut.
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Haemulon aurolineatum showed the lowest occurrence of stomachs

with food of the four species examined. Food occurred in 33% or less

of all stomachs checked with the exception of the 1600-1659 sample.

The single stomach from that time period was the only stomach collected

after 1159 v/hich contained food. Foreguts and midguts showed an 80%

or greater occurrence of food for all collection periods other than

1200-1259 in which each of these sections were empty for the single

specimen examined. Food occurrence in hindguts was above 65% for all

collection periods except 1300-1359 when it was zero.

Except for a decline between 1500 and 1559 Figure 6 shows a high

degree of stomach "fullness" (weight of stomach contents relative to

total body weight) for C. striata throughout the time periods examined.

Stomach "fullness" in umbrosus rose sharply during mid-morning

followed by a steady decline between 1200 and 1559. Stenotomus

aculeatus showed a very low amount of food relative to body weight for

time periods sampled with the greatest amount occurring during the

1000-1059 sample followed by a gradual decrease into early afternoon.

Single specimens of H. aurolineatum examined at each of three time

periods showed an extremely low degree of "fulness" compared to the

other three species.

The degree of food "freshness" or digestion (all items in miscel-

laneous categories were considered digested material) present during

daylight hours (40% or less) com.pared to the other species. One-hundred

percent of the food present in H. aurolineatum for the time periods

sampled was miscellaneous material. Except for two collections of

umbrosus made between 0900 and 1059 the proportion of digested food
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Time

Figure 6. Degree of stomach "fullness" in four species of reef fishes
from Onslow Bay, N. C. Numbers associated with each graph
plot indicate stomachs containing food which were examined.
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Time

Figure 7. Percent of digested food material in four species of reef
fishes from Onslow Bay, N. C. Numbers associated with each
graph plot indicate the number of stomachs containing food
which were examined. All miscellaneous material (items
other than intact organisms i.e. claws, pieces of carapace,
scales, etc.) veas considered digested.
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material was greater than 60% and showed a steady increase from

0900 until early afternoon when it began to decline. Stenotomus

aculeatus also showed a relatively high occurrence of digested food

for time periods sampled. The percent of miscellaneous material

increased from approximately 65% to 100% between 1000 and noon. This

was followed by a return to 65% once again in the 1300-1359 sample.



DISCUSSION

Diet

The results of the diet study are probably more complete for C^.

striata than for the other species studied. More C^. striata specimens

were examined resulting in a larger number of representative food items.

The kind and order of abundance of major food groups were in general

agreement with Cupka et_ al. (1973), with the exception of molluscs

which were ranked second in that study as opposed to being the fifth

most abundant food group in this study. This difference may be due to

the fact that collections used in the Cupka e^ al^. study were made by

trawl over a large area (possibly covering a variety of bottom habitats)

while this study used collections from only one habitat.

The preference for crustácea by umbrosus, although in agreement

with the findings of Randall (1967) on a closely related species

(Equetus acuminatus), is probably not as great as percentages suggest.

It appears, based on the temporal study (see discussion section on

feeding periods), that some collections were not made during periods of

high feeding activity. This may have resulted in slightly higher

percentages of hard-bodied organisms (crustácea) and lov;er percentages

of softer bodied organisms (polychaetes) because the latter would tend

to digest more quickly once feeding ceased.

Differing results were obtained for food group preference in S^.

aculeatus when comparing the order of percent occurrence and percent

number of various food groups. This difference was probably due to

the low number of food items available for this species. Although
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Crustacea ranked highest in percent occurrence and echinoderms were

first in terms of percent number the top three food groups in both

rankings were the same even though their order of ranking changed.

These findings agree with studies by Kenwood e^ al. (1978) for Stenotomus

caprinus, a Gulf Coast species, in which polychaetes and Crustacea

were found to be the primary food groups. Maurer and Bowman (1978)

also found polychaetes to be the dominant prey by percent weight in

Stenotomus chrysops, a closely related North Atlantic species, with

Crustacea ranked third behind coelenterates.

Data on the diet of H. aurolineatum were inconclusive because of

the small number of stomachs containing food and the poor condition of

those food items. Davis (1967) reported on the diet of this species

from Alligator Reef, Florida and found, based on percent occurrence

and listed in order of abundance, that Crustacea, polychaetes, fish,

and molluscs were the preferred prey groups.

In dealing with diet changes for various size ranges of each species

aculeatus and H. aurolineatum were excluded due to the lack of or

small number of food items found. The changes in diet for C^. striata

when comparing smaller individuals to larger ones as well as the

occurrence of fish and tunicates in larger individuals is in agreement

with Cupka aT. (1973). They theorized that the utilization of

tunicates (sessile organisms) by larger individuals was indicative of

a grazing type of feeding habit. The gravel, shell hash, and sand

prevalent in the stomachs of £. striata in the present study was found

to be restricted to the larger fish (117 mm and above) but the occur-

rence of grazing in this case is doubtful. The nature of this study
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allowed for many hours of observation on this species and at no time

was grazing observed. The uptake of sediment, shell, and sessile

organisms probably occurred indirectly as the larger fish foraged

for crabs and some of the smaller, more reclusive fishes that make

up a large part of their diet.

The trends in both feeding diversity and types of food items seen

V7lth different size classes of C^. striata and umbrosus may be

explained in terms of studies by Ross (1978) in which mouth morphology

in sea robins was found to limit the size of the prey ltem.s that they

were able to ingest. This would explain the high utilization of small

prey items by the smaller size classes of C^. striata and umbrosus.

As mouth size increased with growth so would the range of food items

available to those individuals and the results would be an increase

in feeding diversity. This would lessen intraspecific competition

since a predator species could feed on different size classes of the same

prey type. Based on numerous theories of optimal diet (Emlen 1966;

MacAuthur and Pianka 1966; Pulliam 1974; Schoener 1969, 1971) the decreased

feeding diversity and increased utilization of fish seen in larger C^.

striata is probably the result of larger individuals reaching a size where

it is no longer energy efficient to randomly feed on a large number of

smaller organisms and therefore switch to feeding on fewer but larger

prey items.
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Feeding Periods

In determining feeding periods for C^. striata all indices support

the existence of active feeding throughout the daylight hours. The

absence of food in the 1400-1459 sample (Figure 5) and the relatively

low amount of food present in the 1500-1559 sample (Figure 6) may

indicate a slowing of feeding activity in the early afternoon and the

possibility of a crepuscular feeding habit. Helfman (1978) in discussing

the general temporal habits of other members of the family Serranidae,

indicated that most species studied have been crepuscular. If this is

the case with C^. striata then one would expect, depending on the rate

at which digestion takes place, an increase in the percent of digested

food material present for afternoon samples in Figure 7. However just

the opposite w’as true and without information on digestion rate in this

species the question of a definite crepuscular habit cannot be answered

at this time.

Pareques umbrosus appear to be actively feeding during mid-morning

hours with feeding ending around 1000 as indicated by the decline in

stomachs containing food (Figure 5) and stomach "fullness" (Figure 6)

along with an increase in the percent of digested food present (Figure 7).

This morning feeding may be the culmination of a nocturnal habit or the

first half of a crepuscular habit. There is some supportive evidence

which indicates that the former may be true. Helfman (1978) reported

that the majority of members of this family (Sciaenldae) studied so

far have been found to be nocturnal. Hobson (1965) reported nocturnal

feeding in Pareques viola in the Gulf of California. Longley and

and Hildebrand (1941) reported nocturnal habits in Equetus acuminatus.
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an Atlantic species closely related to umbrosas. If the individuals

in the present study had been feeding at night then one might expect

to see a high percentage of hindguts with food in morning samples

(Figure 5) which was not the case. However upon collection many of

the umbrosus were observed defecating freely and so the hindgut

data in Figure 5 may not be truly reflective of the state of that gut

section at the time of capture. It is suspected that this may also be

the case with the other three species of fish in the present study.

The high percentage of stomachs with food for aculeatus

(Figure 5) supports the possibility of daylight feeding. Henwood

(1978) conducted temporal studies on Stenotomus caprinus, a species

closely related to aculeatus, and found evidence of daylight feeding.

However the decline in stomach "fullness" (Figure 6) and the trend to-

ward an increase in the percent of digested food material (Figure 7)

shows a possible decline in feeding activity from morning to early

afternoon and may indicate a crepuscular habit. Late afternoon samples,

necessary to determine a definite diurnal or crepuscular habit, were

lacking for this species.

The low occurrence of stomachs with food (Figure 5) and the minimal

stomach "fullness" (Figure 6) seen during the day indicated little or no

daylight feeding for 11. aurolineatum. The fact that all food present

was considered digested (Figure 7) adds further support to this idea.

This agrees with the observations of Davis (1967) which showed nocturnal

feeding in this species from a tropical reef habitat. Hobson (1965)

and Longley and Hildebrand (1941) also reported nocturnal habits in

several closely related species from the Gulf of California and the
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Caribbean, respectively. Helfman (1978) indicated that most members

of the family Pomadasyidae, to which H. aurolineatum belongs, are

nocturnal.



CONCLUSIONS

Centroprístís striata examined in this study, as with the Cupka

e^ aJ^. study (1973), appear to be opportunistic feeders capable of

utilizing a wide variety of prey items. It may be that potential

prey groups are being eaten in order of their abundance on the reef.

However since extensive epifaunal collections were not made in con-

junction with fish samples this remains to be seen. Temporal data

showed this species to be an active daylight feeder with crepuscular

tendancies. They seem to minimize intraspecific trophic competition

by utilizing different size classes of prey depending on predator size.

Pareques umbrosus was found to be selective in its food preference,

feeding primarily on Crustacea. Night samples might yield more feeding

variety than was found in this study. Based upon this and other work

by previous investigators (Helfman 1978, Hobson 1965, Longley and

Hildebrand 1941) it seems safe to suggest a nocturnal feeding habit

for this species. As with C^. striata, umbrosus also minimizes

intraspecific trophic competition by eating different sized organisms

depending upon predator size and also increasing the diversity of its

diet with increasing size. Stenotomus aculeatus was found to be

actively feeding during daylight hours and showed possibilities of a

crepuscular habit. This species may also be categorized as an

opportunistic feeder due to the wide variety of food items and the

uniform occurrence of several food groups. Haemulon aurolineatum

proved to be a nocturnal feeder with Crustacea making up a portion of

the diet.
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There remains the question of whether or not these four species

are competing for available food. It is certainly true that many of

the same food groups are shared between them. However it can also be

seen that the order of preference for various food groups is different

for each species. There is a high utilization of crustácea by at

least three of the species studied which may indicate that this

particular food source is the most abundant one on the reef. The fact

that three of the most abundant fish species in the study area can

rely so heavily on this food group certainly suggests this. It has also

been pointed out that two of the species are nocturnal and two are

crepuscular in their feeding activity thus lessening interactions

between the four species during feeding. Based on these findings it

is concluded that these four species are avoiding direct competition

for available food by adopting various feeding times, utilizing available

food groups to a differing degree, and possibly feeding more heavily on

the most available food items. As previously mentioned extensive

bottom sampling for available prey is needed in order to more accurately

determine the abundance of various food items and thus better answer the

question of competition for these item.s.
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