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FEEDING ECOLOGY OF THE SCHOOLMASTER SNAPPER,
LUTJANUS APODUS (WALBAUM), FROM

SOUTHWESTERN PUERTO RICO

Jay R. Rooker

ABSTRACT
Stomach contents from 449 schoolmaster snapper, Lutjanus apodus, from southwestern

Puerto Rico were examined. Hierarchical cluster analysis identified two primary trophic
groups: ::;70 mm FL and >70 mm FL. Small L. apodus (::;70 mm) fed almost exclusive]y
on crustaceans (89% by weight; 95% by numbcr; 98% frequency of occurrence), particularly
amphipods and crabs, By contrast, L. apodus greater than 70 mm preferred piscine prey (57%
by weight; 37% by number; 63% frequency of occurrence) and supplemented their diets with
crabs, shrimp, and stomatopods, Ontogenetic patterns in diet were related to changes in jaw
morphology (i.e., gape dimensions). Moreover, spatial and temporal variations were size-
related and appeared to play some role in structuring the diet of L. apodus. Small L. apodus
(::;70 mm) were found only in mangrove prop-root habitats and showed peak fecding at
midday, Larger L. apodus (>70 mm) were present in both mangrove and coral reef habitats
and showed ]ittle variation in diurnal feeding periodicity. Prey selection patterns of L. apodus
were influenced by habitat and season.

The schoolmaster snapper, Lutjanus apodus (Lutjanidae), is the most commonly
encountered lutjanid on coral reefs in the Caribbean (Randall, 1983) and Bahamas
(Bohlke and Chaplin, 1968). L. apodus appears confined to reefs more than other
snappers (Randall, 1967); however, it has also been reported as the predominant
lutjanid in areas adjacent to or inside mangrove prop-root habitats (Austin, 1971;
Austin and Austin, 1971; Kimmel, 1985; Rooker and Dennis, 1991). L. apodus
is a highly esteemed food fish and an integral part of the commercial and sport
fisheries in the West Indies and other areas of its geographic range which extends
from northern Brazil to Massachusetts (Allen, 1985).

Although L. apodus plays an important trophic role in tropical marine com-
munities, little is known regarding its feeding ecology in such ecosystems. In-
vestigations of the food habits of L. apodus are limited to large-scale ichthyofaun-
al studies in which diet information is presented in qualitative terms and drawn
from small sample sizes (Beebe and Tee-Van, 1928; Longley and Hi ldebrand,
1941; Randall, 1967; Austin and Austin, 1971; Starck, 1971). Detailed quantita-
tive assessment of the food habits of L. apodus, including the effect of ontogeny,
is lacking. The objectives of this study were to describe the diet of L. apodus
quantitatively, determine ontogenetic patterns in diet, and determine the relevance
of diel feeding periodicity, habitat, and season to these patterns.

MATERIALS AND METHODS

Study Area.-Mangrove and coral reef habitats located off La Parguera, Puerto Rico were selected as
sampling sites for this study (Fig. ]). Habitat determination was based on random selection of sites
from each of five habitat types. Mangrove collections were limited to two types: shoreline mangroves
and mangrove keys. Mangrove sites were dominated by the red mangrove (Rhizophora mangle) and
characterized by shallow « 1.0 m) water. Three different coral reef habitats were distinguished and
sampled: a) Inshore, shallow water (Ahogado, Collado), b) Inshore, moderate depth (Enrique, Mar-
garita, Media Luna), and c) Offshore, moderate (Turrumote) to shelf edge depth. Inshore shallow water
reefs were characterized by large stands of elkhorn coral (Acropora pa/mata) ncar the surface, with
fire coral (Millepora alcicornis) dominant at the base of the reef (ca. 4 m), Inshore, moderate depth
reefs ranged in depth from 5 to 10 m. Coral composition was similar to shallow water reefs with the
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Figure I. Localion of colleclion sites and inshore habitats Found off La Parguera, Puerto Rico (SM
= shoreline mangroves, MK = mangrove key, C = coral reeF).

addition of more massive-type corals (Dip/aria and Mantas/rea) at depth. Offshore coral reefs ranged
in depth from 15 to 30 m and were characterized by both massive (Dip/oria and Monlas/rea) and
foliose (Agaricia) hermatypic coral species.

Dala Collec/ian.-Sample collections of L. apodus were taken by diving, using various spear types
depending on fish size (micro-spear, pole-spear, and spear gun). Collections were concentrated in
quarterly periods throughout the year: July-September 1988, October-December 1988, January-March
]989, and April-July 1989. Approximately 25 fish per 50-mm size grouping (51-100,10]-150,151-
200, and 201-250 mm fork length) were collected during each quarterly sampling period. An annual
total of 20 specimens per lO-mm size class was targeted. Fish less than 50 mm or greater than 250
mm were infrequently encountered and therefore collected whenever possible. Did feeding periodicity
was examined by col.lecting specimens at 0800, ]200, 1600 and 2000 (± I hour). Stomach fullness
(SF == prey weight/predator weight· I ,000) and general condition of prey were evaluatcd. A series of
50 specimens, spanning the complete size range sampled, was examined for ontogenetic changes in
jaw morphology, Gape height and width were measured to the nearest 0.1 mm using a vernier caliper.

Specimens were placed in ice-filled coolers in the field and later into the lab freezcr to minimizc
post-capture digestive activity. Dissected stomach contents were placed in vials and prescrved with
10% formalin. All food items were identified to lowest possible taxonomic level. Number, weight
(blotted wet weight) and maximum dimension of each prey item were recorded. Rclative importance
of prey items was determined using three dietary coefficients: percent composition by weight, percent
composition by number, and percent frequency of occurrence.

Dietary coefficients were combined to assess overall prey importance for L. apodus using the "Index
of Relative Importance" (IRI) developed by Pinkas et al. (1971). This method combines separate prey
measures into a single index, allowing prey items to be ranked. The IRI is defined as: IRI = (%
composition by weight + % composition by number)(% frequency of occurrence), For statistical
tcsting, percent composition by weight estimates were used as the preferred prey measure since such
values most closely approximatc the relative importance of prey items as indicated by IRI estimations
from this study.
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Figure 2. Length frequency distribution of Lutjanus apodus collected from mangrove and coral reef
habitats off La Parguera, Puerto Rico from July 1988 through July 1989 (N = 449).

Statistical Treatments.-Hierarchical cluster analysis was used in this study to examine ontogenetic
patterns in the diet of L. apodus (Hartigan, 1975) and to divide the set of 22 size classes into natural
trophic groups. Euclidean distance was the selected similarity measure and average linkage (amalga-
mation) was used for clustering. Data were grouped into lO-mm size classes from 50-250 mm, plus
groups for fish <50 mm and >250 mm. Clustering was based on weight percentage of major prey-
species taxa. Other similarity measures (Pearson), linkage methods (single, median), and clustering
algorithms (divisive clustering) were employed but produced similar results to the chosen cluster
design. Therefore, only hierarchical clustering is presented. The statistical software package SYSTAT
was used for cluster analyses (Wilkinson, 1989).

Analysis of variance (ANOVA) was used to examine spatial and temporal variability in feeding
habits. To satisfy ANOVA assumptions, an angular transformation (arcsine) was IIsed on proportional
(percent weight) prey data. Significant (ex = 0.05) ANOVA results were examined further with Tukey's
HSD test to determine which main effect was significant.

RESULTS

Quantitative assessments of feeding habits were made from 449 specimens of
L. apodus. Three hundred and twelve (69%) specimens contained full or partially
full stomachs, Specimens ranged in size from 39 mm (1.2 g) to 345 mm (824 g)
(Fig. 2),

Habitat type and locality had considerable influence on the size of specimen
collected. L. apodus less than 90 mm were all taken from mangrove habitats while
larger fish (>90 mm) were collected from both coral reef and mangrove habitats.
The largest specimen taken from the mangrove keys measured 255 mm, while
that from shoreline mangroves measured 180 mm. The smallest specimen taken
from a shallow water reef locality was 98 mm. A gradual transition from man-
grove to reef habitats occurred over a restricted size range of 100-190 mm. Upon
reaching 150 mm L. apodus was well established on coral reef habitats.
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Figure 3. Ontogenetic changes in diet of Lutjanus apodus from mangrove and coral reef habitats.
Histogram for each ,;ize class shows relative proportions (percent weight) of food items. Number
collected per size class is given as Nand (+) indicates number with partial or full stomachs.

Eleven major taxonomic groups were identified in the stomachs of L. apodus:
amphipods, copepods, crabs, fishes, isopods, insects, lobsters, polychaetes, shrimp,
sipunculids, and stomatopods. Diets changed with fish size (Fig. 3). Amphipods
and crabs dominated the diet of small L. apodus (:::::70 mm). As fish size increased
to 100 mm, crab, shrimp, and fish selection increased. Fish greater than 100 mm
fed most heavily on fishes and supplemented their diets with crabs, shrimp, and
stomatopods.

Cluster Analysis.--Cluster analysis was performed on the five major taxonomic
food groups: amphipods, crabs, fishes, shrimp, and stomatopods. IRI estimates
for these five prey items represent over 99% of the overall IRI value, so the
importance of other food items was minimal. Cluster analysis using all food items
was also performed. However, results were less distinct and showed more vari-
ability. Thus, limiting further discussion to the restricted data set will simplify the
analysis without sacrificing significant detail.

Hierarchical cluster analysis identified two distinct trophic groups for L. apo-
dus: :::::70mm and >70 mm (Fig. 4). Discontinuity of the size spectrum within
clusters was used as the objective criterion for identifying trophic groupings.
Within each primary trophic group, there was evidence for further separation.
Size class 1 «50 mm) and size classes 4-5 (71-90 mm) could each be separated
from all larger size classes within their respective primary groups to form four
trophic groups with similar levels of dissimilarity (Fig. 4). However, dietary in-
formation in smaller trophic groups was limited and may have biased ontogenetic
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Figure 4. Dendrogram for hierarchical cluster analysis of diet similarity among 22 size-classes of
Lurjanus apodus. Clustering was based on percent weight of top prey items. Average linkage clustering
and euclidean distance were used.

groupings. For example, cluster group 1 was comprised of size class 1 «50 mm),
which contained only 4 specimens with food. For this reason, further analyses
and quantitative descriptions of the diet of L. apodus will concentrate on the two
primary trophic groups, ::5.70mm and >70 mm.

Quantitative Description of Diet (by Weight).-L. apodus less than 70 mm fed
primarily on crabs (46.2%) and amphipods (34.1 %). Grapsid crabs, particularly
Pachygrapsus transversus, comprised 12.7% of the diet. Xanthid and majid crabs
were present but in much lower quantities (2.1 and 0.4%, respectively). Although
these figures appear low, the majority of crabs examined in the stomachs of ju-
venile fish were unidentifiable to family. In fact, 31.0% of the diet was composed
of unidentifiable crab taxa. Five different amphipod taxa were observed, and over-·
all this prey represented 34.1 % of the diet. Less abundant prey items identified
included sipunculids (4.7%), shrimp (4.5%), and insects (1.7%).

With increasing size the diet of L. apodus shifted. Piscivory first appears in
size class 4 (71-80 mm), with fishes comprising 14.6% of food items consumed.
The importance of fishes as prey continues to increase with size through size
classes 5 (81-90 mm) and 6 (91-100 mm), accounting for 22.2% and 34.7% of
the diet, respectively. By size class 7 (101-110 mm) piscivory was well estab-
lished with fishes representing 82.6% of all food items taken. The remaining size
classes, 8 (lll-l20 mm) through 22 (>250 mm), were primarily piscivorous.
Composition of diet by weight in size groups 8 through 22 were: fishes (53.7%),
crabs (20.6%), stomatopods (10.7%), and shrimp (8.5%).
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Ontogenetic changes in piscine prey were also identified for L. apodus greater
than 70 mm and possibly indicated additional trophic separation. All identifiable
fishes from the stomachs of 70-160 mm L. apodus were c1upeoids: Clupeidae
(Jenkinsia spp.) and Engraulidae (Anchoa spp.). Within this group, L. apodus
between 71-120 mm selected mainly c1upeids, while larger fish (121-160 mm)
consumed mostly engraulids. Both groups supplemented their diet with the other
baitfish taxa. In contrast, L. apodus greater than 160 mm fed mostly on demersal
fishes. Juvenile acanthurids (Acanthurus spp.) and scarids (Sparisoma spp. and
Scarus spp.) were the primary prey species consumed by this group, together
accounting for 7:1.5% of the diet. Scarids alone accounted for approximately three
quarters of all dt:mersalfish taken by L. apodus. Additional fishes consumed by
L. apodus in order of dominance by weight included: Priacanthidae (7.2%), La-
bridae (4.2%), Muraenidae (4.1 %), and Clinidae (1.5%).

Ontogenetic variation within crab prey taxa was also observed. L. apodus less
than 100 mm fed heavily on grapsid craps (69.1 %), particularly Percon gibbesi.
Hermit and xantihid crab consumption was much lower and accounted for only
11.1% and 16.1%, respectively. Crab consumption by 100-200 mm fishes was
highly variable with grapsid, majid, and xanthid crabs accounting for most of the
weight. Large L. apodus (>200 mm) were more selective than smaller fish. Majid
crabs, particularly Mithrax sculptus, were the main crab prey item and made up
43.0% of all identifiable crabs. Grapsid, portunid, and xanthid crabs each ac-
counted for approximately 18-20% of the total crab component of the diet.

Quantitative Description of Diet (by Number and Frequency of Occurrence).-
The relative importance of different prey taxa was also examined using alternative
quantitative measures: % composition by number and % frequency of occurrence
(Fig. 5). For small L. apodus (:570 mm), alternative prey indices amplify the
importance of amphipods as prey. Percent composition by number and percent
frequency of occurrence measures for amphipods were 78.4 and 73.0, respectively.
The same prey measures for crabs were 9.1 and 35.2%, respectively. IRI values
for primary prey taxa consumed by small L. apodus (:570 mm) are as follows:
amphipods (8,206), crabs (1,934), shrimp (176), insects (89), and polychaetes (1).
Estimates of percent composition by number and percent frequency of occurrence
for larger L. apodus (>70 mm) were very similar to percent composition by
weight. The five primary food items by percent number include: fishes (36.5%),
crab (28.9%), shrimp (12.6%), stomatopods (4.3%), and polychaetes (0.7%). Per-
cent frequency of occurrence estimates were also very similar: fishes (63.6%),
crabs (53.8%), shrimp (16.5%), stomatopods (9.3%), and polychaetes (0.9%). The
relative importance of fishes (5,913) as prey items based on IRI calculations is
approximately twice that of crabs (2,706). IRI values given for the remaining
primary prey items are as follows: shrimp (333), stomatopods (112), and poly-
chaetes (2).

Jaw Morphology and Prey Size.-Ontogenetic shifts in the diet of L. apodus
appear to be correlated with changes in jaw morphology. Functional regression
analyses compared fish size (mm FL) with gape dimensions (N = 50). Results
showed progressive increases in gape height and width with increasing fish size.
Equations for gape height and width are y = 1.5603 + 0.0910·FL (R2 0.961) and
y = 0.7514 + 0.0659·FL (R2 0.981), respectively. To facilitate comparisons to
systematic work, the conversion equation from fork to standard length (SL) is:
FL = 3.3199 + 1.1748·SL (R2 0.990; N = 200).

Linear regression analysis was then used to determine if increasing jaw dimen-
sions influenced the size of prey taken by L. apodus. Maximum dimensions of
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Figure 5. Diagram displaying measures of prey importance (percent weight. number, and frequency
of occurrence) used to derive five IRI values for Lutjanus apodus ::;70 mm and >70 mm. Top five
prey items for each size group were used.

crab and amphipod/shrimp prey were positively correlated with predator size (Fig.
6). As L. apodus increased in size, they became capable of taking larger prey
taxa. Maximum dimension of fish prey taken was highly variable and poorly
correlated with predator size (R2 0.058; P > 0.05); however, a slight positive trend
was evident.

Gape dimensions of sma)) L. apodus (:570 mm) appear to influence ontogenetic
changes by limiting their ability to consume piscine prey. On average, the smallest
piscine taxa (i.e., clupeoids) taken ranged from 5 to 8 mm in body depth. Gape



...•

10
o 50 100 150 200 250 300 350 400

Fork length (mm)

30

10

20

40

Figure 6. Linear regression of prey item size (maximum dimension) consumed as a function of
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width and height of L. apodus at 70 mm (from regression equations) were esti-
mated as 5.3 and 7.8 mm, respectively. Consequently, gape sizes of L. apodus
less than 70 mm were close to or below the prey size (body depth) of the smallest
piscine prey taxa. With increasing size, L. apodus was capable of taking larger
prey; however, it often consumed fishes (i.e., baitfishes) much smaller in size (i.e.,
body depth) than gape constraints allowed.

Habitat Effect.-In an attempt to separate the influences of fish size and habitat
on the diet of L. apodus. hierarchical cluster analyses were performed on man-
grove and coral reef fish separately using weight percentages of the five primary
prey taxa. Results were consistent with cluster analysis performed on all fishes
(habitats combined). Two primary trophic groups identified for mangrove col-
lected fish were ::;70 mm and >70 mm. For the coral reef fish, which were all
greater than 90 mm, cluster analysis could not distinguish additional trophic group
separations, that is, no continuity existed in the size groupings.

Habitat-related feeding variability was further investigated by comparing data
from the five habitats sampled: shoreline mangroves, mangrove key and three
coral reef habitats (inner, middle and outer). Amphipod, fish, shrimp, and sto-
matopod consumption each varied significantly (ANOV A, P < 0.05) among the
different habitats sampled. Tukey's HSD test results showed that piscivory by L.
apodus from shoreline mangroves was significantly lower than from mangrove
key and coral reef habitats. Moreover, no significant difference (ANOVA, P >
0.05) in piscivory was detected among coral reef habitats when analyzed sepa-
rately. Habitat-related trends in shrimp consumption were less evident than other
prey taxa. Results from Tukey's HSD test indicated shrimp consumption by L.
apodus occupying shallow-water coral reef habitats was significantly higher than
mangrove key habitats. Multiple comparisons on amphipod and stomatopod con-
sumption could not be tested since such taxa were completely absent from certain
habitats (no variance). Amphipods were only found in the stomachs of L. apodus
collected from shoreline and mangrove key habitats. Stomatopods were part of
the diet of L. apodus from all habitats except shoreline mangroves.

Diurnal Feeding Periodicity.-Although nocturnal collections were attempted at
2000, small sample sizes precluded any diel comparisons. Hence, results will only
address diurnal feeding periodicity. Fish size and habitat had considerable impact
on diurnal feeding activity of L. apodus (Fig. 7). Stomach fullness of small L.
apodus (::;70 mm; mangroves) varied significantly among three time periods with
peak intensity between 1100-1300 (SF = 13.7; ANOVA, P < 0.05). Prey items
found in the stomachs of L. apodus less than 70 mm collected from 1100-1300
were relatively undigested and intact. Feeding intensity was reduced at 0700-
0900 and 1500-1700 with fullness values of 4.7 and 8.7, respectively. Condition
of prey items from these sampling periods was poor with most food being well
digested. Larger L. apodus (>70 mm) showed constant prey consumption
throughout the day with no significant peaks in stomach fullness (A NOV A, P >
0.05). This lack of strong diurnal feeding periodicity was present for both man-
grove and coral reef collected specimens. Stomach fullness indices for interme-
diate- to adult-sized L. apodus inhabiting mangrove habitats were approximately
twice those of their coral reef counterparts. Fullness values for fish collected from
mangrove habitats ranged from 9.2 to 11.9 during diurnal periods, while coral
reef fish ranged from 5.0 to 5.9 (Fig. 7).

Seasonal Effect.-Seasonal analysis of the ontogenetic trophic groups identified
through cluster analysis (:570 mm and >70 mm) was examined with each prey
measure (Table 1). For small mangrove-dwelling L. apodus (:570 mm), amphipods
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Figure 7. Diurnal fe:eding periodicity based on mean stomach fullness (± 1 SE) for Lutjanus apodus
::;70 mm and >70 \TImfrom mangrove and coral reef habitats. Numbers above error bars represent
sample sizes.

accounted for approximately half of all prey consumed by weight during each
season. Percent composition by number estimates were also consistent among
seasons, but higher than percent weight estimates, ranging from approximately
70 to 80%. Frequency of occurrence for amphipod prey taxa ranged from ap-
proximately 50 to 80% with peak values occurring from July to December. Con-
sumption of crabs and shrimp was more variable than amphipods. In July to
December, crabs and shrimp each accounted for approximately 15-30% of the
diet by number and weight. From January to June, shrimp consumption was
reduced to less than 3% of the diet by number and weight, while crab consumption
increased to levels similar to amphipods. Larger L. apodus (>70 mm), taken from
mangrove habitats, showed strong seasonal differences in prey consumption. In
July through December, fishes accounted for approximately 75% of prey weight
consumed by L. apodus. Crabs, shrimp, and stomatopods contributed the remain-
der of the diet. During January to June, consumption of fishes declined precipi-
tously to less than 15% of the diet by weight. Decreased fish consumption was
matched by increasing selection for crustaceans, namely crabs and stomatopods.
Crabs comptised 65 and 42% of prey weight for L. apodus (>70 mm) in man-
grove habitats dUlring January-March and April-June, respectively. Similar sea-
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sonal trends were present for larger mangrove fish (>70 mm) using percent com-
position by number and percent frequency of occurrence measures.

Seasonal prey selection patterns were also present for reef dwelling L. apodus.
Fishes were the preferred prey during all quarterly sampling periods. Fishes ac-
counted for approximately 35-50% of the diet by weight between July and March,
rising above 75% in April-June. Similarly, percent composition by number esti-
mates for fishes was lowest during July and March (20-30%) and increased in
April-June (41 %). Crabs, and to a lesser degree shrimp and stomatopods, ac-
counted for the remaining prey taxa, which was minimal in terms of percent
weight (i.e., <10%). However, percent composition by number and percent fre-
quency of occurrence estimates were more substantial for such prey taxa. By
number, crabs and shrimp accounted for 25-39% and 6-24% of the diet during
all seasons, respectively. Moreover, percent frequency of occurrence of crab taxa
was over 40% during each season.

DISCUSSION

Lutjanus apodus from southwestern Puerto Rico undergo ontogenetic shifts in
habitat and diet. Small jUlveniles (:::;70 mm) inhabit shallow-water mangrove hab-
itats. Their dietary regime is fairly rigid, with crustaceans accounting for almost
the entire diet. As L. apodus matures, feeding and habitat shifts occur. Fish begin
to appear on coral reef habitats when they reach intermediate size (ca. 100 mm).
Although some intermediate- to adult-sized fish remain in the mangroves, the
majority emigrate to established coral reef populations. Feeding patterns become
more varied and fishes become the dominant prey taxa with increasing size.

Relative importance (i.e., percent composition) of primary prey chosen by L.
apodus indicates selective feeding is operating throughout ontogeny. Diminutive
prey, namely amphipods, were preferred by small fish (:::;70 mm) and taken in
large quantities, often numbering between 20 and 50 prey items per individual.
Evidently, small L. apodus (:::;70 mm) exploit amphipods and opportunistically
feed on larger prey (i.e., crabs). Similarly, L. apodus > 100 mm prefer to feed on
fishes. In contrast to small fish, prey selected by larger L. apodus (> 100 mm)
were generally large (ca. 25-50 mm maximum dimension) and present in smaller
quantities (ca. 2--3 per specimen). Similar to juveniles, prey selection by larger
L. apodus (> I00 mm) was essentially limited to one or two primary prey taxa
which accounted for most of the diet based on JRI estimates.

Ontogenetic slhifts in feeding habits often correspond with morphological
changes (Werner, 1974; Stoner and Livingston, 1984). Likewise, dietary shifts of
L. apodus appear to be related to changes in jaw morphology during ontogeny.
Changes in gape dimensions during ontogeny of L. apodus may have affected
prey size selectivity. Gape sizes of juvenile L. apodus less than 70 mm ranged
close to the prey size (body depth) of the smallest and most abundant piscine
prey taxa available (i.e., baitfishes). As a result, morphological gape limitations
may preclude small juveniles (:::;70 mm) from feeding on baitfishes which dom-
inate mangrove habitats in Puerto Rico (Kimmel, 1985; Rooker and Dennis,
1991). Chao and Musick (1977) suggest that morphological constraints are re-
sponsible for structuring the diets of fishes. Similarly, ontogenetic shifts in the
diet observed in this study (i.e., shift to piscivory) for L. apodus appear to display
morphological control.

While changes in morphology appear to influence the ontogenetic shift from
crustacean to piscine prey taxa, spatial distribution (i.e., habitat) also appears to
be important in structuring the diet of L. apodus. Variations in diet within locales



ROOKER: FEEDING ECOLOGY OF LUTJANUS APODUS 893

have been reported for a congener of L. apodus, the gray snapper (L. grise us)
(Longley et aI., 1925; Starck, 1971). In like manner, the diet of L. apodus differed
depending upon the habitat and area from which it was collected. In particular,
distinctly different prey selection patterns were observed for mangrove and coral
reef dwelling L. apodus. L. apodus (>100 mm) from mangrove habitats consumed
large quantities of mid-water baitfishes (i.e., c1upeids, engraulids) while their coral
reef counterparts focused on demersal fish taxa (i.e., scarids, acanthurids). This
piscine shift was also size-related with L. apodus less than 160 mm feeding almost
entirely on baitfishes, while larger specimens focused on scarids and acanthurids.
Such patterns are consistent with size-related habitat shifts observed in this study
for L. apodus and prey abundance patterns found in such habitats in southwestern
Puerto Rico (Kimmel, 1985; Rooker and Dennis, 1991).

Temporal variations in feeding activity and prey selection were also observed.
Evaluation of diel feeding activity indicates that a major ontogenetic change oc-
curs when fish are approximately 70 mm in length. Smaller, younger individuals
maintain a higher feeding intensity than larger individuals and with maturity shift
from midday feeding to more continuous feeding throughout the day. Starck and
Davis (1966) reported that feeding times of reef fishes are closely associated with
the activities of their predators and prey. Microcarnivores which browse and pick
at sessile organisms (e.g., amphipods) are generally active only during the day
and seek cover at night for protection against predators (Hobson, 1965; Ebeling
and Bray, 1976). By contrast, mesocarnivores, particularly piscivorous fishes, feed
opportunistically during the day, but maintain peak activity during crepuscular or
nocturnal periods (Collette and Talbot, 1972; Ebeling and Bray, 1976). Concen-
trated crepuscular or nocturnal feeding activity combined with opportunistic feed-
ing duri ng the day have been reported for other Lutjanus species (Hobson, 1965;
Starck, 1971). Although adult L. apodus were observed feeding at night, small
sample sizes precluded quantitative comparisons with diurnal collections neces-
sary to confirm increased nocturnal feeding intensity. However, results from this
study appear to support the general feeding strategy described above. Namely,
juvenile and adult-sized L. apodus displayed feeding patterns of micro- and me-
socarnivores, respectively.

Seasonal variation in prey selection patterns appeared to be related to fish size
and habitat. Small L. apodus (:570 mm) showed no marked changes in prey taxa
selected among seasons, while larger fish (>70 mm), particularly those from man-
grove habitats, showed strong seasonal differences in prey selection. Observed
temporal patterns are probably related to seasonal variations in piscine prey. In-
shore habitats often function as nursery areas for reef associated fishes, and re-
cruitment to and emigration from such habitats is often variable (Ogden and
Ehrlich, 1977; Lindeman, 1989). Consequently, seasonal fluctuations in species
numbers may occur. Seasonal variations have been reported for a variety of fishes
occupying Puerto Rican mangrove habitats (Rooker and Dennis, 1991), and some
of these species were prey taxa consumed by L. apodus in this study. Thus,
seasonal pulses, particularly in ichthyofaunal prey abundance, probably influence
prey available to L. apodus.
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