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INTRODUCTION

Dietary items from a seabird colony are being used to help estimate the annual relative abundance
of small juvenile bluefin tuna spawned in the Gulf of Mexico. Beginning in 1992, visits were made 1o the Dry
Tortugas to explore development of a bluefin tuna index based on the food of Sooty Terns (Sterna fuscata).
Since 1993, food samples have been collected from the terns for an approximate 10 day period each year that
includes the first week in June. In two previous reports, we briefly described the taxonomic composition of
the Sooty Tern catch during our visits and presented annual values of two potential indices: (1) number of
bluefin per bird and (2) bluefin per scombrid (Miller et al. 1994, Browder et al. 1995). This year we report
on a pattern analysis of taxonomic composition. The purpose of this analysis was 1o examine the data for
ecological and behavioral information needed 1o evaluate the use of the data as an abundance index. The need
for evaluation in the context of ecology and behavior was expressed at the 1995 SCRS meeting.

Sooty Terns form the main component of a complex of pelagic seabirds nesting in the Dry Tortugas,
a small archipelago of seven islands 105 km (65 miles) west of Key West, Florida (latitude 24°40°N, 82°52'W)
(Roberison 1964). The diet of the Tortugas Sooty Tern colony has been described qualitatively several times
over the past 70 years. An ongoing longterm population study of the colony (Robertson 1964, Roberison
1969, Robertson 1978, Robertson and Robertsonr 1996) led to the accumulation of prior data and provided
the opportunity to acquire food items from the birds.

Dry Tortugas National Park is located on the northern edge of the Florida Straits. The islands are
formed of sand on a shallow, submerged limestone platform. Bush Key, a narrow, elongated island of roughly
9.2 hectares (when last measured, 1946), has been the site of nesting by Sooty Terns and Brown Noddies
(Anous stolidus) since 1933 (Robertson 1964). The terns nest in areas of low, coastal strand vegetation that
covers the island immediately inland from the beach. Sooty Terns lay their eggs on the ground on bare
patches of sand or under the canopy of higher shrubs. Brown Noddies build nests in shrubs in the same areas.
The last population census, made in the 1980s, indicated from 60,000 to 100,000 adult Sooty Terns and about
3000 adult Brown Noddies migrated annually to the Dry Tortugas.

Sooty Tern nesting on Bush Key starts about the third week in February and extends to about mid
July, a period of about 5 months (Robertson and Robertson 1996). Nesting activity is in different stages at
different sites (Robertson and Robertson 1996). Radio tracking by Robertson and Stoneburner (1979)
suggested that Tortugas Sooty Terns forage mainly within 80 km of Bush Key. The nearby Florida Straits are
a probable feeding site.

Bluefin tuna spawn in the Gulf of Mexico (Richards 1976, 1977, McGowan and Richards 1989), and
. early juveniles are carried into the Florida Straits by the Loop Current. The annual spawning period is
roughly centered around mid May (Richards, pers. comm.). Scombrids were reported in the Sooty Tern diet
as early as the 1930s. Potthoff and Richards (1970) reported that scombrid fishes, including bluefin tuna, were
a component of the diet of the Tortugas Sooty Terns in the 1960s. Hensley and Hensley (1995) found bluefin
in the diet of Tortugas Sooty Terns in the 1970s.

METHODS
Field Collections

Trips were scheduled 10 coincide with the time of year of previous sampling and the time of year when
scombrids were found in the samples (Miller et al. 1995). Collections were made during the following periods:
3-6 June, 1992; 2-11 June, 1993; 31 May-8 June, 1994; 30 May-10 June, 1995, and 27 May-6 June, 1996. One
day of sampling was skipped in 1995 (June 4) because of the passage of Tropical Storm Allison. Collections
were made primarily during the evening from about 18:00 to 20:00. Food was acquired from birds that
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regurgitated afier being caught in mist nests or a hand net. Only data from years 1993 and 1994 are used in
this analysis. The number of days’ covered by the 1992 was too small to be used in this type of analysis. The
1995 and 1996 samples are still being processed.

Laboratory Processing

Total weights were obtained from samples from each bird. Specimens were separated, reweighed, and
fish were identified to family in cases where sufficient distinguishing characteristics remained. Some were

identified to species. Methods of identification were given in Browder et al. (1996).

Data Analysis

Cluster analysis was used to determine whether there were patterns of association in the data. The
existence of patterns might indicate a need 1o refine our sampling procedure or analytical strategy to prevent
bias in the bluefin tuna indices being calculated. In addition, the presence of patterns might provide insight
into the feeding behavior of the birds and the ecology of surrounding waters.

Collections from each day provided our analytical units (AU’s). Our classification variables were the
fish families (number of specimens in each family or presence-absence of each family) in the combined catch
of sampled birds each day. Once clusters were formed by the analysis, we compared days within clusters for
commonalities in each of five factors that could potentially influence catch composition: (1) collecting year,
(2) general location in the colony, (3) average wind speed for the 7 hr period of the day that might have
influenced foraging conditions (12:00-19:00), (4) average wind speed for the same 7-hr period the day before,
(5) prevailing wind direction during the same period of the same day, (6) prevailing wind direction during the
same period the day before, and (7) height (ft. MSL) of the lowest tide predicted 1o occur within the same
time period (12:00-19:00) on the day of sampling. The wind data was obtained from the NOAA fixed buoy
in the Dry Tortugas. The tide data were obtained from commercial tide prediction software. Location and
environmental data pertaining to each sampling date are shown in Table 1.

The rationale for examining the above factors is as follows. If cluster analysis based on taxonomic
composition places days from each of the two years into separate groups, this might suggest differences in
feeding conditions or food availability between the two years. Associations among days in which collections
came from the same area of the colony might supgest some tendency for birds in the same part of the colony
to feed in the same general locations. Associations among days having the same wind conditions, either on
the same day or the day before, might suggest effects of antecedent or current foraging conditions on food
selection. Association with lowest water stages might suggest effects of tide on foraging conditions and food
selection.

The cluster program, SIMCLUST, by Nicholas A. Wolfe (Wolfe and Chester 1950), was used to
perform the analysis. This program provides nine alternative methods (six appropriate for quantiative data
and three that can be used only on presence-absence data) and several strategies (including flexible shoriest
path), which can be used with any method, for performing cluster analysis. Descriptions and discussions of
the various methods and the flexible strategy are provided by Sokal and Sneath (1963), Clifford and
Stephensen (1975), Pielou (1984), Ludwig and Reynolds (1988), and Bradfield and Kenkel (1987). The various
strategies are briefly described by Ludwig and Reynolds (1988). We examined our data using several of the
methods. Since the flexible strategy consistently provided more distinct clusters, we used it with all methods.
Based on Ludwig and Reynolds (1988), we set beta at -0.25 for using the flexible strategy.

Five cluster analysis methods were used in the final analysis: Canberra-Metric, Bray-Curtis, Ruzicki,
City Block, and Ochiai. The latter is a method that considers presence and absence only. We ran the
Canberra-Metric analysis with no transformation or standardizatjon because the algorithm, itself, standardizes
not only for each pair of entities being compared but also for each pair of attributes (Clifford and Stephensen




1975). On the other hand, characteristics of the Bray Curtis and Percent Simularity algorithms require that
data sets with large differences between variables be either transformed or standardized. This also appears
to be true with the Ruzicki and City Block methods. We used the log(x+1) transformation in one set of
analyses and the simultaneous double standardization (SDS) in another. Throughout our tests, a percent
similarity method consistently gave results identical to Bray-Curtis, which is a dissimilarity measure.

Our final cluster analyses were conducted on reduced data sets consisting only of adults and including
only those days for which there were at least a threshold number of birds. We examined cluster analysis
results from two reduced data sets: (1) days with at least 15 birds and (2) days with at least 10 birds. Data
wet 1 consisted of 10 days, six in 1993 and four in 1994, Data set 2 consisted of 12 days, six in 1993 and six
in 1994. Input variables were numbers (or presence or absence) of 17 taxa (16 fish families and squid) fo.r data
set 2 and 16 taxa (15 fish and squid) for data set 1. Eliminating days with less than 15 birds resulted in the
loss of the family Dactylopteridae from the analysis. Counts for each day were adjusted to an equivalent basis
by dividing by the number of contributing birds. Number per bird was multiplied by 10 to retain significant
digits for smaller counts.

ANOVA comparisons of number and weight of regurgitated material were conducted using the SAS
GILM Procedure. Analyses were as follows: (1) Age-Year-Age x Year, (2) Year-Day-Year x Day, (3) Year-
Area-Year x Area, and (4) Day.

In all of the above analyses, we examined only the samples from the evening collections because there
were 100 few morning collecting efforts, too few birds sampled, and too few specimens 10 include in the
analyses.

RESULTS
Families

A total of 17 fish families and squid (not yet identified 10 family) occurred in the evening samples
from the years 1993 and 1994 (Table 2). Fourteen fish families and squid were identified in 1993 samples, and
13 fish families and squid were identified in 1994 samples. Three fish families were unique to 1993 and two
were unique to 1994, Nine fish families and squid were common to both years.

Daily frequency of occurrence was greatest for clupeids, followed closely by carangids and scombrids
(Figure 1). Exocoetids and squids were moderately frequent, followed by holocentrids, monocanthids,
gempylids, and engraulids. Although engraulids were found on the majority of days in 1993, none were found
in 1994, suggesting they may have been misclassified in 1993 or some might have been overlooked, probably
classified as clupeids, in 1994. In cluster analyses, we combined the trichiurids with gempylids on the
assumption that all 1993 specimens identified as trichiurids could be considered gempylids. Robins et al.
(1986), which does not recognize gempylids as a separate family, was closely followed in 1993 but not in 1994.
We used Gempylidae as a family in 1994 because it provides greater distinction, and those identified 10 species
were all Neolatus tripes.

A plot of number of families versus number of birds (Figure 2) showed that fewer families were
collected when a smaller number of birds was sampled. This factor, therefore, accounted for some of the
difference in taxonomic composition among days in the total data set. To reduce the influence of this effect,
we prepared Data Sets 1 and 2, each excluding days in which the number of birds was below a threshold. We
used the thresholds 10 birds (Data Set 2) and 15 birds (Data Set 1) because the best threshold to use to reduce
the effect without excluding valuable data is not clear from the graphed relationship where to cut off the data.
We standardized the data by expressing the catch of the day, by family, on an average-per-bird basis (X =
10NP/NB), where NP is number of prey specimens and NB is number of birds.
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The various methods of cluster analysis became more convergent when the data sets were reduced as
described above. All clustering approaches (i.e., methods, transformations, and standardizations) that we
applied to the reduced data sets formed two clusters.

Two principal results were seen with Data Set 1. With Ochiai and Canberra Metric methods, which
used unstandardized data, and with the other methods using log(x+1), one cluster contained all of the 1993
days of the reduced data set except the last one (June 11), and the other cluster contained June 11, 1993, and
all four days of 1994. In cases in which SDS was applied 10 Date Set 1, the clusters completely separated the
two years.

Clusters formed by analyses of Data Set 2 without SDS maintained the same separation of days as the
analyses without SDS of Data Set 1 (e.g., one cluster formed of all days of 1993 in the data set except June
11, but the various methods handled the two added days, June 1 and June 5, 1994, differently. June 1, 1994,
was consistently placed in the cluster of mainly 1993 days, but June 5, 1994, was placed in the 1993 cluster by
some methods and in the 1994 cluster by others. The two clusters formed by the various analyses with SDS
were the least consistent among methods. Clusters produced by applying the Canberra-Metric method to Data
Sets 1 and 2 are shown in Figure 3.

Taken together, the cluster analyses suggest distinctions in taxonomic composition between groups,
each group comprised mainly of days from one year. The main obvious difference between the two clusters
was that the proportion of carangids to clupeids was much lower in Cluster 1 days than in Cluster 2 days
(Tabie 3).

A suggestion of differences in environmental factors between the two clusters appears in analyses of
Data Set 1. Predicted lowest water was lower in the days included in Cluster 1 (the first five days of 1993 in
the reduced data set) than in the days included in Cluster 2. In fact, the one day of 1993 included in Cluster
2 had the highest predicted lowest water in the reduced data set. In addition, average wind speeds were
generally higher on the current and previous days of Cluster 2 than Cluster 1. The 1993 day included in
Cluster 2 conformed to this generality as well.

Possible differences in taxonomic composition related to environmental conditions are obscured by
adding two more days, June 1 and June S, 1994. Except for the Ochai method, most methods without SDS
place June 1 (Day 7) in the cluster with low predicted tidal stages, and the predicted stage was high (lowest
stage 0.6) between 12:00 and 19:00 on June 1, 1994. The wind factor is betier separated between clusters
produced from Data Set 2 by all methods.

Two adjacent days of 1993 (days 4 and 5 of the reduced data set) in which birds were sampled from
the East Spit location in the colony were paired together by three of the approaches. No other days with the
same colony location were coupled in any of the analyses. The other parts of the colony that we sampled were
less geographically separated from each other than East Spit was from the rest, and mixing of birds from the
other areas in our samples probably occurred to a much greater extent, which would confound the attempt
to distinguish patterns. On the other hand, the third East Spit day of 1993 was not closely grouped 1o the
other two by any of the approaches.

Comparisons of Number and Weight

There were no significant differences (alpha>.05) in the number of prey regurgitated by year or day
or area. On the other hand, the total weight of regurgitated specimens per bird was significantly lower in 1994
(alpha<.0001) than in 1993. This implies that the birds sampled in 1994 may have been catching smaller prey,
but no more prey, than in 1993, Mean number per bird was 6.98 (n = 177, sd = 6.30) in 1993 and 7.04 (n
= 121, 5d = 6.45) in 1994. Mean weight per bird was 5.85 grams (n = 121, sd = 4.73) in 1993 and 2.35 grams
(n = 177, sd = 2.56) in 1994,



The total number and total weight of regurgitated specimens per bird was significantly (alpha < .001,
alpha < .01, respectively) lower for juveniles than adults.. Juveniles regurgitated an average of 3.69 (n=49,
sd=2.95) specimens in 1993 and 4.78 (n=18, sd=4.83) specimens in 1994. Average total weights of
regurgitated material by juveniles were 3.50 g (n=49, sd=2.63) in 1993 and 1.48 g (n=18, sd=1.34) in 1994,
Probably much of the food regurgitated by juveniles was obtained from parents. Fledgling young are
commonly seen accepting food from adults (Robertson and Robertson 1996).

DISCUSSION

N In our reduced data set, which expresses the data in terms of number per bird (Figure 2), the
predominant families were clupeids (43%), carangids (26%), and scombrids (11%). By contrast, Brown (1973)
observed that fish from the families Exocoetidae, Holocentridae, Carangidae, and Mullidae made up 99.5%
of the identifiable fish diet of Sooty Terns on Manana or Rabbit Island, Oahu, Hawaii. In the Northwest
Hawaiian islands, the principle prey of Sooty Terns were ommasrephid mollusks (26% by number), mullid and
exocoetid fish (21% and 12%, respectively), and squid (7%) (Harrison et al. 1983). Exocoetidae made up 31%
of the diet of identified fish in Christmas Island Sooty Terns, followed by scombrids (26%) and gempylids
(16%) (Ashmole an Ashmole 1967). The principal carangid genus in Hawaii was Decapterus (Brown 1973,
Harrison et al. 1983), as was the case in the Tortugas. The proportion of squid in the diet of Tortugas Sooty
Terns (4%) was even less than that of Northwest Hawaiian Island Sooty Terns (7%) and much smaller than
that of Christmas Island Sooty Terns (40%) (Ashmole and Ashmole 1967).

The higher taxa represented by our Tortugas samples are listed in Table 2. Species that have been
identified in each fish family are shown (only a small portion of the samples have been identified to species).
Also shown is the general habitat of the family, predominant species, or species group. Based on a broad
review, Hensley and Hensley (1995) noted that many prey species of the Tortugas Sooty Terns are components
of the sargassum community. Others are open ocean, deep water species not usually associated with
sargassum. Still others inhabit tropical shores and coastal areas where there is clear ocean water. A few are
bottom dwellers.

The importance of clupeids and engraulids in the diet of Sooty Terns in the Tortugas is unusual.
Although Harrison et al. (1983) listed one clupeid species in the diet of Northwest Hawaiian Island Sooty
Terns, it was not an important dietary component. Engraulids were not present in the diet of Northwest
Hawaiian Island Sooty Terns. Christmas Island Sooty Terns have not been noted to feed on either clupeids
or engraulids (Ashmole and Ashmole 1967).

Not only was Clupeidae the most important prey taxa overall, but the proportion of clupeids in the
diet of the Tortugas birds differed substantially from one year to another. A second taxonomic difference was
that the 1993 samples contained engraulids and the 1994 samples did not. Furthermore, on most days when
the number of clupeids per bird was high, the number of carangids was low.

The low concordance of clupeids and carangids among days might be due to differences in the relative
abundance of the two species in the two years. Alternatively, it might mean different emphasis in use of two
habitats between the two years since the principal carangid species identified in Sooty Tern diets are closely
associated with sargassum (Dooley 1972), whereas the principal clupeid species identified in the samples,
Sardinella aunita, is found abundantly in the shallow waters surrounding the Dry Tortugas (Longley and
Hildebrand 1942). [Although Hensley and Hensley (1995), citing Dooley (1972), listed Sardinella aurita (=
anchovia) as part of the sargassum community, Dooley (1972) listed this species as "coincidental®, or "rarely
occurring” in sargassum.] The presence, in both years, of scombrids, typical open ocean species, in relatively
the same number per bird suggests that Sooty Terns use open ocean habitat consistently.

The grouping of days by the cluster analysis suggested that either mean wind speed or low tidal stages
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might influence Sooty Tern feeding, Lower water levels may facilitate feeding near shoals and islands in the
shallow waters within the Dry Tortugas where clupeids are found. Predatory fish are known to herd schools
of prey fish into intertidal areas of islands to trap them for easy capture, and terns in the Bahamas have been
seen taking advantage of this feeding opportunity (A. Sprunt, IV, pers. comm.). Feeding conditions for Sooty
Terns, as well as predatory fish, might be improved by extreme low tides, which may expose shoals as wel] as
island intertidals. It is difficult to see why the generally higher mean wind speeds associated primarily with
1994 (Cluster 2) would facilitate feeding in sargassum.

A principal outcome of this analysis is the generation of two sets of alternate hypotheses: (1A)

¢« Clupeids and Carangids differ markedly in relative abundance in a common habitat from year to year or,

alternatively, (1B) Tortugas Sooty Terns feed within the island archepelago and use this habitat more

extensively under some circomstances than others; and (2A) low tidal stages influence the taxonomic

composition of food acquired by Sooty Terns or, alternatively, (2B) high mean wind speeds influence the

taxonomic composition of food acquired by Sooty Terns. Examination of other years of data, soon 10 be
available, may help to determine which of these hypotheses are more tenable.

Factors responsible for patterns in the data thus far suggested by analyses appear to have little
influence on the catching of scombrids. Scombrids were the only taxa caught on every day of the reduced data
sets.  Moreover, the average number of scombrids per bird differed little between the two clusters
distinguished consistently by most cluster analysis approaches applied to the data. Location in the colony did
not appear to be responsible for day-to-day differences in the amount of scombrids caught.

CONCLUSIONS

It is important to ensure that data collected in the Dry Tortugas is unbiased with respect to its use
for calculation of an annual index of abundance of juvenile bluefin tuna. Underlying causes of bias could be
related to the ecology or bebavior of Sooty Terns or their prey. It might be possible to reduce the effect of
some such biases, if they are recognized and taken into account in the design of sampling protocol and
analysis. This analysis suggests some promising avenues to pursue in learning more about potentially relevant
ecological and behavioral factors. Our analysis of 1993 and 1994 data has revealed no ciear reasons to alter
sampling procedure or methods of calculating an index.
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Figure 2. Number of identified items
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.Figure 1. Number of taxonomic groups (each fish family as a group and all squid as one group) per day
in food acquired from Sooty Terns in the Dry Tortugas versus number of birds contributing to the day’s
sample. (Each data point represents one sampling day in 1993 or 1994.)
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per bird, by major taxa, averaged over the sampling days of 1993 and 1994 in which at least 15 birds contributed



330

Data file : AP163394.DAT Rows = DAYS Columns = FAMILIEB -
Transform : None -
Standardization t: Nones

8imilarity ¢ Canberra Metric by Rows . Zarc values converted to 0.10000

AYR DAY XOC PWSP WBP PW W TID TITIM A CI“gterxng ? Flexible Bota = -0.230 Q.70
! 1 & i 1 1 1 L 1 L ' 1 1 TR

83 611 88 6.24 5.23 E B 0.8 19:00 & A ]

94 606 BEB 13.43 5.61 B R 0.0 15:58 8 A 8

94 604 E8 5.78 2.15 K NW 0.2 14:33 7 A 7 [

94 607 BB 5.80 4.39 E BE 8.0 16:36 L] A 9

94 608 MSB 4.39 3.63 BE 8B -0.1 17:12 10 A 10

931 608 ES 2.01 3.49 BR B -~0.2 19:00 4 A 4

53 607 ES8 3.49 4.05 B B 0.0 19:00 5 A 5 :——————]———‘

93 604 SEBR 3.31 1.98 NE BE -0.4 17129 2 A 2

83 603 MBB 0,93 3.31 N NB -0.4 16:44 1 A 1

93 605 E8 1,98 2.01 SE BE -0.3 18:16 3 A 3

Data file : AP129394.DAT Rows = DAYS Columns = FAMILIES

Transtorm : None .

Btandardization : None

Bimilarity 1 Canberra Metric by Rows . Zoro values converted to 0,10000

Clustering : Flexible Bata = -0.250
YR DAY 1LOC PWSP WSP PW W TID TITIM g8.00 0.54
L i L L 1 1 1 1 1 i 1 1 1 1 1 h
83 611 8B 6.24 5.23 ® R 0.8 19:00 & & '
94 606 BEB 3.43 5.81 B E 0.0 15:58 10 10 l
94 504 ES8 5.76 2.15 N NW 0.2 14133 8 8
94 607 8B .80 4.33 B 8B 0.0 16:356 11 11

94 6508 M3B -39 3.63 8E BE -0.1 17112 12

: -
:—j—
:!—j___.

Figure 3. Cluster diagrams produced by Canberra Metric method, flexible strategy, and untransformed, unstandardized data from Data Set 1 {top} and Data
Set 2 {bottom) Column headings are: [year of sample (YR), month and day of sample (DA}, location of sample (LOC), previcus day’s average wind speed, hours
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time window) in each 45° sector, predicted lowest stage of tide
(MSL) within time window, and time of lowest stage within time
window.

------------ Wind Tide —wee-
45° Sector Lowest Time of

. Date Area Ave Sp NE EN ES SE SW WS WN NW Stage Stage

930601 3.9250 ¢ ¢ 0 O 0 O 1 7 -0.2 15:03
930602 MSB 0.9325 4 0 0 0 0 O O 4 -0.3 15:55
930603 MSB 3.3063 3 5 0 0 0 0O O O -0.4 16:44
930604 SEB 1.9750 0 4 3 1 0 0 0 O -0.4 17:29
930605 ES 2.0087 0 3 5 0 0 0 0 O -0.3 18:16
930606 ES 3.4862 0 7 1 0 0 0 O O -0.2 19:00
930607 ES 4.0538 0 7 1 0 0 0 O O 0.0 19:00
930608 WB 4.717 0 3 5 0 0 0 0 O 0.1 19:00
930603 WB 6.8400 0 2 6 0 O 0 0 O 0.4 19:00
930610 SBW 6.2412 0 3 5 0 0 0 O O 0.7 19:00
930611 SB 5.225¢0 0 8 0 0 0 0O O O 0.8 19:00
940530 3.6750 0 3 5 0 0 0 0 O 0.6 19:00
940531 ES 3.2437 0 2 6 0 O O O O 0.9 19:00
940601 MSB 3.4488 0 8 0 0 0 ©O G O 0.6 12:00
940602 SBW 1.5371 1 4 1 0 0 1 0 O 0.5 12:34
940603 WB 5.7787 8 0 0 0 0 O O O 0.4 13:40
940604 ES 2.1450 1 60 0 0 0 2 2 3 0.2 14:33
940605 ES 3.4288 0 1 7 0 0 0 O O 0.1 15:18
940606 SEB 5.8037 0 0 8 0 0 ¢ O O 0.0 15:58
940607 SB 4.3925 0 0 6 2 0 0 O O 0.0 16:36
940608 MSB 3.6288 0 0 2 6 0 0 0 O -0.1 17:12
Areas Sectors

ES East Spit NE 0 < < 46
MSB Middle South Beach EN 45 < < 91
SB South Beach ES 90 < < 136
SBW South Beach West SE 135 < < 181
SEB Scutheast Beach SW 180 < < 226
WB West Beach WS 225 < < 271

WN 270 < < 316

NW 315 < < 361



Table 2. Pray taxa collected from

Booty Terns in Dry Tortugas in late May to sarly June 1993 and 19

Family Common name Principal species identified Habitat
1 Carangidae Jacks Decapterus punctatus; Caranx crysos; First three ars closely asscciated
Caranx ruber; Elegatis bipinnulata; with sargassum (1)
Uraspis secunda
2 Clupeidas Herrings 8Sardinella aurita Bhallow water over continantal shelf
and in bays and lagoons; coastal
areas with clear ocean water (2)
3 Coryphaenidae Dolphin Coryphaena sp. Oceanic, young commonly near shore in

sargassum and flotsum (2}

4 Dacytlopteridae

Flying gunards

Dactylopterus volitans

Palagic young of coastal bottom-
dwelling fiah (2)

Cypselurus furcatus

5 Echeneiidae Remoras Attach to sharks {2}

& Engraulidae Anchovias Tropical coastal waters, most prafar
shallow bays and sounds {2)

7 Exocoatidae Flyingfishes Parexocoetus brachypterus; Tropical coastal and bay watersm and

open sea, near surface; sscond
apscies is common on high seas, but
comes close to shore in clear
tropical waters (2)

8 Gempylidae

Bnake Mackerael

Neolatus tripes

Pelagic midwater, surface at night
over deep water {2)

g Gobiidas Gobies Gobionallus ap. Bottom dwelling {2}
10 Holocentridaas 8quirrelfishes Holocentrus bullisi; H. rufus Pelagic young of noctural fish of
reef and rocky areas, lives in
crevaces by day {2)
11 Monocanthidae Filefighes Monocantus hispidus) Pelagic young drifting with floating
Aleuterus scriptus bits of seagrass and sargassum,
coastal habitat, from inshore to
coral reefs and rocky slopa (1, 2)
12 Bcombridaa Mackarels Muxis sp.; Euthynnus alletteratus; Most species arse oceanic pelagic (2)
Thunnus atlanticue; Katsuwanis
pelamis, T. albacares, T. thynnus
13 Berranidae Bea basses Tropical coastal waters from shors to
outer adge of continental shelf (2)
14 8quid
15 Stromateidae Butterfishea Peenas sp. Cosstal and ocaanic; associates with
jellyfish (2)
16 Byngnathidae Pipefishes Tropical shore waters, some pelagic,
asgociated with sargassum (2, 1)
17 Tetracdontidas Pufters L lus 1 lus Family generally inhabits tropical

shore watars; this mpeciss iz
pelagic, usually far from land {2)

Table 3. Per-bird average daily number ({x10} of identified food items in each taxa,

N

. Dooley (1372}

. Robins et al. {1986)

regurgitated by éooty Terns in the Dry
Tortugas on days when at least a threshold number of birds provided samples {Sample unit numbers for Data Sets 1 and 2 are

threshold number of birds = 15,

indicated in the first two columns. Data Set 1: threshold number of birds = 10, Date Set 2:
Setl Set2 Date Cara Clup Cory Dact Eche Engr Exoc Gemp Gobl Holo Mono Scom Serr Squl Stro Syng Tetr Total
1 1 93 603 6.07 33,21 0.00 0.00 ©0.00 21,07 1.79 0.71 0,00 0.00 0.00 23.93 ©.00 2.14 0.00 0.00 0.00 48.92
2 2 93 604 0.00 41.36 0.00 0.00 0.00 1.36 2.73 0.00 ©0.45 0.91 0.60 1.36 O©0.00 0.45 0.00 0.00 0.51 49.53
3 3 93 605 6.00 34,00 0.00 0.00 ©0.33 7.33 0.67 0.33 0.00 1.33 0.33 6.00 0.00 2.00 0.00 0.33 0.00 58.65
4 4 93 606 1.54 40.00 0.38 0,00 0.00 3,85 3.08 0.00 0.00 0.77 ©.00 4.62 0.00 1.15 0.00 0.00 0.00 55.39
5 S 93 607 1.74 23.04 0.00 0.00 0.00 0.00 5.22 0,00 0.00 1.30 0.00 15.65 0.00 §.87 0.00 0.00 ©0.00 47.82
6 6 93 611 10.77 20.00 0.00 0.00 ©0.00 0.00 3.08 1,92 0.00 0,38 0.77 10,00 ©.00 4.62 0.38 0.00 0.00 51.92
7 94 601 9.29 61.43 0.00 0.00 0,00 0.00 0.00 O0.71% 0.00 0.00 ©0.00 2.14 0.00 1.43 0.71 0.00 0,00 75.71
7 8 94 604 35.33 4.00 0.00 ©6.00 0.00 0.00 0.00 3.33 0.67 0.67 1.33 6.00 0.67 4.67 0.00 0.00 0.00 56.67
9 94 605 20.71 60.00 0.00 0.71 0,00 0.00 0.00 0.00 ©0.00 0.00 4.29 ©0.71 0.00 0.00 0.00 O0.00 ©0.00 B6.42
8 10 94 606 14.55 0.00 ©0.00 0.80 O0.00 ©0.00 3.18 1.82 0,00 0.45 20.00 7.27 0.45 5.00 0.00 0.00 1.B2 54.54
9 11 94 607 30.50 0.50 1.00 0.60 0.00 0.00 2.60 0.00 0.00 0.00 1.50 2.00 0.50 0.00 0.00 0.00 0.00 38.00
10 12 94 608 34.44 0.37 0.00 ©0.00 0,00 0.00 0©.00C 0,00 0.00 0,37 06.74 2.9 0.00 0.00 0.37 0.00 0.00 39.25
Setl Ave 14.09 19.65 0.14 0.03 1.3 2.17 0.81 0.11 ©0.62 2.47 65.98 0.i6 2.09 0.08 ©0.03 0.27 50.07
Setl Ave$ 28.15 39.24 0.28 0.07 2,72 4.34 1.62 0.22 1.23 4.93 11.94 0.32 4.17 0.15 0.07 0.55 100.00
Set2 Ave 14.24 26.49 0.12 0.06 0.03 1,13 1.81 0.73 0,09 O0.51 2.41 5,22 0.14 1.86 0.12 0.03 0.23 5§5.23
Set2 Avet 25.79 47.96 0.21 ©0.11 0.05 2.05 3.28 1.33 0.17 0.93 4.37 9.45 0.24 3.37 0.22 0.05 0.41 100.00
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