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assemblages at both sides of the Isthmus of Panama
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ABSTRACT.—Fishes are important components of marine
coastal ecosystems, often represented in food webs as second
* Corresponding author email: and third order consumers. Fish trophic positions (TP) in
<lara-stuthmann@web.de> these food webs can vary across ontogeny and accurate
estimation can provide insights into the functioning of these
ecosystems. Mangrove ecosystem function can also vary
depending on local and regional environmental conditions.
Panamanian mangroves in the Caribbean Sea and the Pacific
Ocean occur under strikingly different environmental
conditions after the closure of the Panama Isthmus over 3
mya and likely function differently. Here, we use 6N and
62C and Bayesian models to calculate the TP and the Convex
Hull Area (TA) of the most common fish species inhabiting
mangroves of the Gulf of Montijo and Bocas del Toro on
the Pacific and Caribbean coasts of Panama, respectively.
Thirteen dominant fishes were used for the estimation of
TP, eight in the Pacific and five in the Caribbean. Mean TP
of the communities was similar but with significantly larger
variations in the Caribbean than in the Pacific. Similarly,
the TA was larger for the Caribbean fish assemblage than
for the Pacific. Both results indicate that trophic modes in
the Caribbean fish assemblages are more varied than in
the Pacific. With some exceptions, FishBase TP estimates
correlated positively with TP stable isotope estimates. Our
results suggest that TP and TA are good proxies for mangrove
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In the tropics and subtropics, mangrove ecosystems are a common seascape
thought to be important for many organisms and coastal ecological processes (Lee et
al. 2014). Fishes inside mangroves find refuge and shelter from predators and can also
feed from a wide variety of prey items available in these ecosystems (Laegdsgaard and
Johnson 2001). As mobile organisms, fishes inhabiting mangroves are important in
the exchange of energy between other connected coastal ecosystems like seagrasses,
coral reefs, and subtidal soft bottoms, ultimately influencing the tropho-dynamics in
these areas (Nagelkerken et al. 2015).
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Mangrove ecosystems function differently depending on the local and regional en-
vironmental settings (Ewel et al. 1998). The connectivity to other seascapes, the tidal
regime, the coastal morphology, and the productivity of the mangrove system are
all factors that can affect the way mangrove ecosystems function (Igulu et al. 2014,
Castellanos-Galindo and Krumme 2015, Twilley et al. 2018). For example, variability
in mangrove flooding patterns, which are related to coastal morphology and tidal
regimes, may affect the functional value of mangrove ecosystems for aquatic fauna
by regulating the occupation patterns of organisms inside these habitats (Baker et
al. 2015).

A strong difference in the type of mangrove settings that can be found in the world
is observed in Panama, Central America. The formation of the Central American
Isthmus in Panama dramatically changed the environmental conditions of the previ-
ously connected Atlantic (Caribbean Sea) and Pacific oceans and consequently de-
termined the type of ecosystems that can be observed in these two marine regions
(Leigh et al. 2014). On one side, the mangroves in the Pacific are located in estuarine
macrotidal areas with high productivity and no coral reefs in close proximity. On
the other side, many Caribbean mangroves occur in carbonate environments sur-
rounded by seagrasses and coral reefs with small tides (<50 cm). These differences in
the type of mangrove settings provide the opportunity for interoceanic comparisons
on the functioning of mangrove ecosystems, using, for example, stable isotopes to
investigate differences in trophic positions of mangrove-associated fauna that are
phylogenetically related.

Trophic position (TP) is a useful descriptor of the ecological role of organisms
within terrestrial and marine food webs (Vander Zanden and Rasmussen 1999, Post
2002). Its calculation has traditionally relied on the examination of stomach contents
(Hyslop 1980). The information on fish TPs has been incorporated in databases like
FishBase (Froese and Pauly 2018) where researchers can use TPs in a wide range of
analyses intended to uncover ecological patterns. In the last twenty years, the use of
stable isotopes, principally §'°N, has become popular providing a more integrated
view of an organism’s TP in an ecosystem (Layman et al. 2012). The more recent
approaches to calculate fish TP with stable isotopes are improving our understand-
ing of organisms’ ecological roles within ecosystems (Bradley et al. 2015, Quezada-
Romegialli et al. 2018).

Another indicator that can be useful in describing a species’ ecological character-
istics using stable isotopes is the isotopic niche. Newsome et al. (2007), defined this
indicator as an area in §-space with isotopic values as coordinates (typically §"*C and
0"N). Layman et al. (2007) extended the isotopic niche concept by adding additional
measures to describe niche structures from individuals to communities, including
the total area of Convex Hull (TA). TA describes the niche width of an organism or a
community (Layman et al. 2007). When TA is used to describe the isotopic niche of a
community, the mean of isotopic values for each group within the community is cal-
culated and used as a point estimate for generating the TA of the community. More
recently, Jackson et al. (2011) developed a Bayesian method to propagate uncertainty
in the calculated mean of TA, allowing for more robust comparisons between sys-
tems. Trophic relationships in mangrove ecosystems are often difficult to reveal, due
to the presence of multiple basal resources and different trophic pathways (Lee et al.
2014). Therefore, TP and measures of trophic niche width, like TA, are complemen-
tary tools to investigate fish communities in mangrove habitats by using information
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about the primary resources (3'*C) as well as the position in the food web (§”°N; e.g.,
Abrantes et al. 2014, Sepulveda-Lozada et al. 2015, Lépez-Rasgado et al. 2016).

Most mangrove-associated fishes are small-bodied individuals in part for the
obvious limitation of space (water) that these shallow coastal habitats present
(Laegdsgaard and Johnson 2001). Nonresident fishes in mangroves are often juve-
niles of species that are later found in deeper habitats as adults (Aburto-Oropeza et
al. 2009). This observation has helped reinforce the now widely recognized nursery
function of mangroves for fishes (Sheaves 2017). Fish ontogenetic habitat shifts are
also accompanied by changes in diet and therefore changes in fish TPs (Cocheret de
la Moriniere et al. 2003, Hammerschlag-Peyer et al. 2011). TP has been recognized
to scale with body size (e.g., Romanuk et al. 2011), indicating that juvenile fishes in-
habiting mangroves might have lower TPs than those of the same species inhabiting
deeper habitats as adults. However, in diverse tropical aquatic food webs, differences
in this relationship between guilds and species have been found (Layman et al. 2005,
Ou et al. 2017).

Here we evaluate whether TP and TA differ in fish assemblages inhabiting man-
grove ecosystems with different environmental settings in Panama (Caribbean Sea
vs eastern Pacific mangroves). We also compared our estimates of TP against those
commonly used in FishBase to identify potential biases when using this database
in studies of functional and food web ecology. We hypothesized that mangrove fish
communities in the Caribbean would have larger TAs compared to the fish commu-
nities in the Pacific, given the close proximity that the former fish communities may
have to food sources from adjacent ecosystems such as coral reefs and seagrass beds
(ecosystems that are generally lacking in the eastern Pacific). Since our samples con-
sisted of mostly juvenile fishes, we also hypothesized that our TP estimates would be
generally lower than those in FishBase, which normally uses information from adult
and larger fishes, believed to have higher TPs.

MATERIALS AND METHODS

SAMPLING AREA.—The sampling took place along the eastern Pacificand Caribbean
coasts of Panama in Central America (Fig. 1). The rise of the Isthmus of Panama be-
tween the Miocene and Pliocene (Montes et al. 2015, O’Dea et al. 2016) produced
two environmentally distinct coasts where previously related marine biota started to
follow different evolutionary trajectories (Lessios 2008). Mangrove ecosystems along
both Panamanian coasts were the experimental grounds for the present study. In the
Pacific, fish samplings took place at the Gulf of Montijo (7°46°N, 81°7"W) whereas in
the Caribbean Sea, fish samplings took place in Almirante Bay at Isla Colén and Isla
San Cristébal in the Archipelago de Bocas del Toro (9°21°N, 82°15"W; Fig. 1).

More than 90% of the approximately 170,000 ha of mangroves in Panama are lo-
cated along the Pacific coast. The Gulf of Montijo is an estuarine mangrove system
that contains 12.7% of the country’s mangrove forest in the Pacific (Recio et al. 2016),
which is dominated by Rhizophora mangle (Gross et al. 2014). This system is shaped
by a semidiurnal tidal regime with amplitudes of approximately 4 m. Salinities fluc-
tuate due to heavy rainfalls and the freshwater discharge of various rivers from about
8.2 in the wet season to up to 33.8 in the dry season (Gross et al. 2014). On the other
Panamanian coast in the Caribbean Sea, mangroves of the Bocas del Toro province
account for >30% of the Caribbean mangroves in Panama (ONU-REDD 2015). The
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Figure 1. Map of (A) Panama with indicated sampling areas in (B) the Caribbean Sea (Bocas
del Toro) and (C) the eastern Pacific coast (Gulf of Montijo). Black dots in (B) and (C) indicate
sampling locations.
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mangroves are mostly fringing mangroves with R. mangle as the dominant species
(Guzman et al. 2005). Coral reefs and seagrass beds occur at the edge of these man-
groves, which are mostly permanently inundated in a microtidal regime with maxi-
mum amplitudes of 40 cm.

BioroaGicaL SAMPLING.—The biological material for the study was collected from
November 2016 to February 2017 during monthly samplings at the two locations in
the Pacific and Caribbean coasts of Panama. Each sampling took place over three
days during daytime. On the Pacific coast, block nets (15 mm stretched mesh size)
were set in small intertidal mangrove creeks in a way that fishes migrating with the
tide into the mangroves were captured on their way out of the creek at ebb-low tide
(see detailed methodology in Castellanos-Galindo and Krumme 2014). Clove oil, an
effective fish anesthetic (see Robertson and Smith-Vaniz 2010), was used to facilitate
fish collection in case creeks were not fully drained at low tide. On the Caribbean
coast, mangrove stands located approximately 1 m from the main mangrove fringe
areas were encircled with a net (15 mm stretched mesh size) to capture the fishes as-
sociated with these mangrove stands. To facilitate fish collection, clove oil was also
used inside the sampled area. On both coasts, clove oil was administered from the
nozzle of a plastic bottle that contained a mixture of clove oil and alcohol in a 1:9
ratio.

The selection of baseline organisms for the calculation of TP followed Post (2002).
Due to their low metabolic rate, long-living snails and mussels were used. In order
to keep consistency across the two study areas, we used closely related species of
the genus Littoraria [Pacific: Littoraria zebra (Donovan, 1825), Caribbean: Littoraria
angulifera (Lamarck, 1822)] as a benthic baseline and filter-feeding oysters of the
genus Crassostrea [Pacific: Crassostrea columbiensis (Hanley, 1846), Caribbean:
Crassostrea rhizophorae (Guilding, 1828)] as a pelagic baseline. All baseline
organisms were collected in February 2017 from mangrove trees at the fish sampling
points or in close proximity to them.

SAMPLE PrOCESSING.—All samples were stored on ice and frozen prior to further
processing. For the stable isotope analysis, we used the species most representative in
biomass and abundance in each studied system. Sample processing took place at the
Smithsonian Tropical Research Station in Bocas del Toro, Panama. The fishes were
identified and standard length (SL, cm) and weight (g) were recorded. Based on the
species contribution to the total weight of the community, eight species in the Pacific
and five in the Caribbean were selected as the dominant species for the stable isotope
analyses (see Data Analyses below). When possible, 10 individuals with similar sizes
from each species were used for the analysis. For isotope analysis, fish meat from
under the dorsal fin was removed and for individuals <5 cm SL, the whole organism
was used. This process followed the assumption that muscle samples of larger fishes
(approximately >9 cm) give a good estimation of the isotopic value by introducing
only some variability in 8§*C. However, smaller fishes should be ground whole, as
the use of only small plugs biases in this case the nitrogen isotopic values of the
whole fish (Schielke and Post 2010). The samples were dried for at least 48 hrs at 60
°C, ground to a fine powder with mortar and pestle, and stored at room temperature
until further analysis. Samples taken from the whole organisms were treated with
acid to remove inorganic carbon. Stable isotope ratios of (*C/**C) and (*’N/*N) were
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measured at the Leibniz Centre for Tropical Marine Research (ZMT) in Bremen,
Germany with a mass spectrometer (Delta Plus Analyser) coupled with an elementar
analyser (Flash EA 1112, Thermo Finnigan). The standards for carbon and nitrogen
were Pee Dee Belemnite (PDB) and atmospheric nitrogen. Stable isotope ratios were
expressed in delta (8) notation in units per mil (%o0) based on the following formula
(where R was *C/12C or N/*N):

O"®Nor d2C = [(R )] — 1 x 1000

sample/Rstandard

DaTta ANALYSES.—The relative biomass of each fish species within the commu-
nities was calculated based on the total catch mass (biomass) from all fish sam-
plings. As biomass measurements of the very abundant small pelagic species Anchoa
walkeri (Baldwin and Chang, 1970) in the Pacific and Jenkinsia stolifera (Jordan and
Gilbert, 1884) in the Caribbean were not taken, small pelagic biomass estimations
from previous field studies in neighboring mangrove locations were used to derive a
rough estimate of their relative abundance in our study areas (see Vaslet et al. 2010,
Castellanos-Galindo and Krumme 2013). The feeding guilds of the captured fishes
were obtained from FishBase (Froese and Pauly 2018).

Based on the obtained isotopic values, the TP of the mangrove fish communities
was calculated using the Bayesian framework-based R package tRophicPosition ver-
sion 0.7.5 (Quezada-Romegialli et al. 2018). The model “twoBaselinesFull” was used
because it recognizes the heterogeneity of ecosystems by including two different
baselines (e.g., pelagic and benthic). A mixing model calculates the importance of
the two 6N sources for the consumer by incorporating the §*C values of consum-
ers and baselines. The contribution of §"°N sources is weighted accordingly for the
different consumers in the calculation of TP. The model was run with 2000 iterations
and 5 chains and as a prior a normal distribution with mean 4 (SD 0,1) [dnorm(4,0.1)]
and trophic level of baselines (lambda) of 2 was chosen. Littoraria zebra (Pacific)
and L. angulifera (Caribbean) were selected as benthic baselines for the Pacific and
Caribbean, respectively, and C. columbiensis (Pacific) and C. rhizophorae (Caribbean)
were chosen as pelagic baselines. The trophic enrichment factors (TEF) calculated by
Post (2002), namely for §'3C 0.4 %o (SD 1.3) and for 8"*N 3.4 %o (SD 1.0), were used in
the model. Carbon and nitrogen observations of baselines, consumers, and TEFs are
modeled in tRophicPosition as random variables having prior normal distributions
on their means and uniform prior distribution on their standard deviations. TP is
also modeled as having a uniform prior distribution. In order to check statistically
for differences between the consumer TPs, the function “PairwiseComparison” in
the package tRophicPosition was used. The posterior TP of a consumer was checked
for a higher or equal TP against all other consumers. A probability for each pair and
rank was given. Even though the function was provided in tRophicPosition, this pair-
wise comparison was based on Bayesian statistics and the method was run in the R
package SIAR (Stable Isotope Analysis in R; Parnell and Jackson 2013). The variance
of the species TPs within each consumer community was tested for significant dif-
ferences with an F test for equality of variances in R (R Core Team 2018).

The TPs from all 13 fish species analyzed were also taken from FishBase (Froese
and Pauly 2018) and compared to the TPs obtained using the stable isotope analysis.
The data were tested for normal distribution with a Shapiro—Wilk normality test
and the correlation coefficient was calculated using a Pearson correlation test in R (R
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Core Team 2018). The difference in values was calculated in percentage based on the
FishBase TP values in reference to the isotopic TP values.

To compare the TA of both mangrove fish communities, a SIBER (Stable Isotope
Ellipses in R; Jackson et al. 2011) routine of STAR (Parnell and Jackson 2013) was
used. The package SIBER provides a model to compare entire communities using
the Layman metrics (Layman et al. 2007). It recognizes that convex hulls based on
the centroids of each species are subject to uncertainty in the place of the centroid.
The model calculates the distribution of the convex hull areas based on the posterior
distribution of the means of each species. As an initial step, the Bayesian multivariate
normal distributions are fitted to each group in the data set using the JAGS software
run. This model was run with 10,000 iterations and 2 chains. The posterior means
were extracted and the distribution was plotted in box plots to visualize the credible
intervals (Jackson et al. 2011, Jackson 2019).

RESULTS

ComrosITION OF THE FisH CoMMUNITIES.—All fishes caught were comparatively
small and most were juveniles (Table 1). The dominant mangrove fish community in
the Caribbean was composed of five species which accounted for 68% of the biomass
of the community. In the Pacific, eight species accounted for 94% of the community
biomass. The fish communities had only one family in common (Haemulidae), but
encompassed fishes with similar feeding guilds, namely zoobenthivores, planktivores,
and piscivores. Only one herbivore was found in the Caribbean [Scarus iseri (Bloch,
1789)]. More than half of the relative biomass in the Pacific was represented by the
armed snook, Centropomus armatus (Gill, 1863). All other species represented
12% or less of the total biomass. The biomass in the Caribbean community was
more evenly distributed with Lutjanus apodus (Walbaum, 1792) and Haemulon
flavolineatum (Desmarest, 1823) being the most abundant species (45% and 29% in
biomass, respectively).

MEASURED 6C AND 0*N VALUES.—The 8C values of the consumers in the
Pacific were lower (-17.87%o to —21.54%o0) and had less variation (range = 3.7%o) com-
pared to the community in the Caribbean (-13.05%o to —18.27%o; range = 5.2%o). The
0N values however were higher in the Pacific (9.83%o to 12.3%o), but with less varia-
tion (range = 2.5%o) than in the Caribbean (6.13%o to 9.46%o; range = 3.3%o; Table
1). The baseline organisms from the Pacific had around 2%o0—3%o higher 6"*N values
than their Caribbean counterparts [C. columbiensis 8N = 6.97%o (SD 0.55) vs C.
rhizophorae 8N = 4.5%o (SD 0.37); L. zebra 8"°N = 4.67%o (SD 0.78) vs L. angulifera
0N = 1.66%o (SD 0.71)], but similar 8**C values [C. columbiensis 52C = —18.89%o (SD
0.67) vs C. rhizophorae 8"*C = -18.04%o (SD 0.96); L. zebra §"C = -23.09%o (SD 0.24)
vs L. angulifera §3C = -23.13%o (SD 0.79)].

TroprHIC PosiTION AND IsoToric NicHE OF FisH CoMmMUNITIES.—The TP of the
species in the Pacific community ranged from 3.1 to 3.6 with C. armatus (3.6) and A.
walkeri (3.6) showing the highest TP, followed by Bairdiella armata (Gill, 1863) (3.5),
Ariopsis seemanni (Gunther, 1864) (3.5), Pomadasys macracanthus (Gunther, 1864)
(3.3), Diapterus peruvianus (Cuvier, 1830) (3.3), Oxyzygonectes dovii (Guinther, 1866)
(3.2), and Sphoeroides rosenblatti Bussing, 1996 (3.1; Fig. 2, Table 2). The species in
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Figure 2. Trophic positions of the mangrove fish assemblage from (A) the Caribbean (Bocas del
Toro) and (B) the Pacific (Gulf of Montijo) calculated with the R package tRophicPosition and
expressed as posterior trophic position for each species. The dotted line marks the mean trophic
position of the community independent from biomass. The grey bars show the 95% credibility
interval of each posterior trophic position.

the Caribbean assemblage had TPs ranging from 2.5 to 3.5. The snapper L. apodus
(3.5) and the grunt H. flavolineatum (3.5) had the highest TP in the community,
followed by Haemulon plumierii (Lacépéde, 1801) (3.3) and the schooling herring
J. stolifera (3.0). All species had higher TPs (probability > 0.7) than the parrotfish S.
iseri (2.5) based on the probability of similar or higher TPs, indicated in Table 1 as
pairwise comparison between the species.

The mean community TP was slightly higher in the Pacific [3.4 (SD 0.2)] than in
the Caribbean [3.2 (SD 0.4)], but no significant differences were found. However, the
variation (SD) in the Caribbean community was significantly higher than the varia-
tion in the Pacific community (F,,= 5.009, P = 0.03). Similarly, the mangrove fish
community of the Caribbean occupied a larger (9.8%0*) TA than the community in
the Pacific (3.4 %o? Fig. 3).

ComPARISON WITH FISHBASE TroPHIC PosiTioNs.—TP estimates from FishBase
and those obtained with the stable isotope data showed a significant (P > 0.05) posi-
tive relationship (correlation coefficient = 0.759; Fig. 4). The mean TP was higher in
FishBase than the stable isotope data in the Caribbean mangrove fish assemblage
[3.4 (SD 0.9) and 3.2 (SD 0.4), respectively], whereas the overall TP for the mangrove
fish community in the Pacific was the same for FishBase and the stable isotope data
[3.4 (SD 0.4) and 3.4 (SD 0.2), respectively]. However, the estimates of the individual
species differed in most cases: FishBase TPs were higher for 8 of the 13 species. For
L. apodus, the calculated TP was 18% higher than the value in FishBase (Table 2). In
4 out of 13 species, the TP was lower when using FishBase, especially the TPs of the
omnivore O. dovii from the Pacific and the Caribbean herbivore S. iseri (26.5% and
27.1% higher, respectively, than the values provided in FishBase).



Bulletin of Marine Science. Vol 96, No 3. 2020

458

(8L°0) L9 (tT0)60°€T— S DGz DLIDAOJIT QEpIULIONI [—our[oseq
(Ss0)L69  (L90)68'81— G SISUDIqUINIOD DAUSOSSDAD) oepronsQ—out|aseq
I'e 6L 0)3 (2L 0) P mamm.wvow q 9¢ S¢ 60 Thor (9D Iv1T— 01 wupw22s sisdoly oepIuy
8Y (29L0)3 (508°0)2:8 3 S¢ (9 (S0 L1 11 (€9°0)T881— 6  Snyjuvop.opu SAsvppuiod oepIjnweey
$9T— -3 ST e (F¥'0) £8°6 (z8°0) 6S0c— 8 1140p $2122U03AzAX0) sepidojqeuy
(¥6°0) ¥
9L {(298°0) 3 :(958°0) P (TS60) 02 2 6'¢ 9'¢ (690 L901 (€60 ¥S'1T— 01T smppuLtd snutodoua) sepruwodonua)
9°01 (8€L°0)F (8L 0)op P L€ €¢ (6000 TI1  (80°0) IS81— ¢ snuplanod sniaydoiq oeproian
1'C -0 [ I'e Lyo)ccor (L0 SY6I- 9 HIv]quasoL sapiod20yds oepruOpoLNI],
(¢sL°0) 8
vs—  (s68°0)FBFLO)PUFIC0)01q q €e S'¢ (¥6'0)89° 1T (TTT)SS8T— 0T DIDULID D]AIPIDG QBPIUSRIS
O1L0)7(1£6'0) 3 (5L6°0) F
89—  (£06°0)P(6L6°0) 2 (LELD) Qe B v'e 9¢ (9z0) g1 (Sg0)L8LI- 0T LIYIDA DOYIUY seprnersuy
OMUOIN JO JIND—OYIoe ] UIdISE
(12°0) 991 (6L°0) €T €T— S DA2fiin3up pLIDOIIT SepPIULIONIT—oul[osed
(Lgo) s¥ (96'0) ¥0'8T— ¢ an.10ydoziy.L DaLJSOSSDID) sepronsQ—ourfoseq
I'LT- ° 0T ST (170) €19 WDi1osi— o1 L1281 SIS aepLIeds
081 (DoiLL60)2(TL80)ap P €y S'¢ (15°0) 916 (98'1) TT91- 01 snpodp snuvlin sepruefiny
011 (SL60)om o v 0¢ (85°0) LS'L (1°0) LT8I- ¢ .42fi]01s DISULyUIL sepradni)
124! (866°0)21(8€8°0)2:9 q 8¢ € (Ton 158 LenI18yI— 01 121unjd UOINUdDE]
00 (Do%9L60)2(zL80)q® @ S¢ S¢ (rr'0) ¥'6 (I¥' 1) So€1— 01 wnpauijoavyf uojnudvpy oepInuoEH
010], [9p SeO0g—BaS urdqqLIR)
(%) SdL (Xiqeqoxd) (Gsegust)  (sS) @as) @as
Q0URIYI uostieduwioo asimited dL dL (°%) NgiQ (0%) De1Q u soroadg Apue

“(IS) d.L 03 paredwod sanjea asedqysi] .1, JOo uonewns? (dAnegou) 1opun 10 (9A1R1Sod) I0A0 Y3 9)BIIPUL (%) S, QOUAIPI "UMOYS I8 /() < seni[iqeqoid A[uQ "pajedsipur
S9109ds 10130 AU} JO J I 9y} < ST Sa10ads pajesrpur ay) Jo J I, Joudysod oy jey) Arjiqeqoid moys sosaypuared ‘(1S) Sd.L so10ads yoed uoamiaq < 10 1593 uostredwod asimared Jo synsoy
(810 Aned pue 2s2014) aseqyst,{ ur payiodar sanjea pue (1S) sadojosi 9[qe)s Suisn paje[nofed a1am sd [, ‘pAauasaid are (¢) saroads 10d sajeordar Jo roquuny ‘saurjaseq d1dojost se pasn
SWISIURSIO PUB SONIUNUILIOD [[SY 9A0ISUBW UBAIQQLIE)) PUBR OUIoR] JO dAneIuasaIdor saroads ysy Jo (sd1) suonisod orydon pue (N;,Q pue Dg,Q) sonjea odojost 9[qels uedy g d[qeL,



Stuthmann and Castellanos-Galindo: Trophic position of Panamanian mangrove fish assemblages 459

(A)

144

-25 -20 -15 -10

n
g

(B)

B
i

-
o
L

¥

o
L

1 T
Gulf of Montijo (eastern Pacific) Bocas del Toro (Caribbean Sea)

Convex Hull area (TA)

Figure 3. (A) TA of the communities in the Pacific (left polygon, circles) and the Caribbean (right
polygon, triangles) in the isotopic biplot; each color represents individuals from a different spe-
cies. (B) TA (black dots) of Pacific and Caribbean community with credible intervals in different
grey shades (50%, 75%, and 95% from dark to light).

35

3.0

TP FishBase

25

20

250 275 3.00 3.25 3.50
TP Calculated

Figure 4. Correlation of the FishBase TPs (y-axis) vs the isotope-based TPs (x-axis) with a re-
gression curve (black line) and a 95% confidence interval (grey area).



460 Bulletin of Marine Science. Vol 96, No 3. 2020
DiscussioN

We found the mean TP values of mangrove fish communities to be similar be-
tween the Caribbean and Pacific coasts of Panama. However, the variation in TPs
and TAs was greater in the Caribbean mangrove fish community than in the Pacific
mangrove fish community, indicating differences in the trophic structure of both
communities.

COMMUNITY STRUCTURE.—The species composition caught in the mangrove sys-
tems in the Caribbean Sea and the eastern Pacific of Panama are characteristic for
tropical mangrove habitats in these regions [eastern Pacific: Castellanos-Galindo
and Krumme 2013 (Colombia); Caribbean Sea: Vaslet et al. 2010 (Guadeloupe),
Nagelkerken et al. 2000 (Curagao)], having different trophic guilds, with zoobenthi-
vory being the dominant feeding mode in both regions. Based on the size of the cap-
tured fishes, the communities consisted mostly of juveniles of species that are found
later in their ontogeny in deeper habitats.

MEASURED 8"C AND 8N VaLuEes.—The isotopic §"*C and 8§"°N values of baseline
organisms and consumers were in the range found in other studies in nearby areas of
both Caribbean and Pacific regions [eastern Pacific: Viana et al. 2015 (Sona Peninsula
in Pacific Panama); Caribbean Sea: Vaslet et al. 2012 (Belize and Florida), Cocheret
de la Moriniere et al. 2003 (Curagao)]. The choice of baseline organisms in this study
followed the experience that primary consumers, like filter feeders and scrapers, pro-
vide the best isotopic baseline not only in freshwater (Cabana and Rasmussen 1996),
but also in marine systems (Mancinelli et al. 2013). We used filter feeders as a pelagic
baseline (oysters) and scrapers as a benthic baseline (periwinkles) in both mangrove
systems in order to provide a valid comparison (Table 2). The 8'°N values were higher
by 2%0—3%o in the organisms from the mangrove system in the eastern Pacific. This
might be due to differences in global marine nitrogen fixation and denitrification
patterns (Gruber and Sarmiento 1997) and the different fractionation of 8°N in these
processes (Sigman et al. 2009).

TroPHIC PosiTiION.—The mangrove fish communities in the Pacific and the
Caribbean had similar mean TP, despite having different environmental settings and
different isotopic baselines. Both systems were dominated by fish species with TPs
between 3 and 4 (secondary to tertiary consumers). In both communities, the TP of
the zoobenthivores varied between 3.1 and 3.6, being, as expected, higher than those
of herbivores and planktivores. However, in the Pacific, the small pelagic A. walkeri
and C. armatus shared the same TP value (3.6), which was also the highest observed
in this community. The TP of A. walkeri was relatively high compared to other stable
isotope studies where TP of anchovies (e.g., Engraulis mordax) was smaller (Miller et
al. 2010). However, more recent studies indicate that TPs of anchovies (e.g., Engraulis
ringens in Peru) could be higher than normally assumed, reaching values of 3.5
(Espinoza et al. 2017, Pizarro et al. 2019). We assume that the high TP could be due
to underestimated isotopic baseline values for A. walkeri in the presented model.
High 8N values are typical for areas influenced by upwelling. Newly upwelled ni-
trogen tends to be heavier than recycled nitrogen from excretions of consumers (e.g.,
O'Reilly et al. 2002). Therefore, in upwelling areas, organisms at the base of the food
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web tend to show higher 6"°N values (Reddin et al. 2015). Upwelling occurs season-
ally on the Pacific coast of Panama (O’Dea et al. 2004). Even though the upwelling
effects are stronger in the Bay of Panama than in the more western basin of the coun-
try (O’Dea et al. 2004), Valiela et al. (2014) found higher ammonia followed by newly
nitrified nitrate in the southern estuaries of the Sona Peninsula, close to our study
sites, which indicates that upwelling can eventually reach this area of the Pacific
coast of Panama. Small pelagics like A. walkeri may regularly migrate from estuarine
mangrove areas like the Gulf of Montijo to offshore areas and feed on plankton with
higher 8N values in areas influenced by upwelling. The consumption of plankton
with relatively higher §"°N values from upwelling areas may lead to a high TP of A.
walkeri in the presented model. The baseline organisms used in the present model
represent the studied system in the Gulf of Montijo, but do not account for baselines
in other adjacent areas where anchovies could migrate.

In a study on mangrove food webs on the Pacific coast of Colombia using stable
isotope analyses, the nitrogen baseline value calculated for the oyster C. columbiensis
was approximately 1%o higher than our calculated value in the Panamanian Pacific,
whereas the value for the periwinkle L. zebra was similar between the two studies.
Higher consumers showed slightly higher nitrogen values in the Colombian system
(Medina Contreras et al. 2018), compared to the Panamanian system examined in
the Pacific coast. The carbon values of the consumers were in the same range in both
the Colombian and Panamanian Pacific systems, which suggests the use of similar
primary producers. Calculated TPs of fish species were higher in Medina Contreras
et al. (2018) with a mean community TL of 3.6. Similarly, the same fish species in the
Colombian Pacific had higher TPs compared to the TPs found in the Pacific coast of
Panama, i.e., S. rosenblatti (3.9), A. seemanni (4.2), and Bairdiella ensifera (Jordan
and Gilbert, 1882) (4.1). Differences in TPs between studies may be due to differences
in the TP calculation techniques. Even though the same fractionation values were
used (Post 2002), Medina Contreras et al. (2018) based their calculation on primary
producers, namely R. mangle as baseline, which can be inaccurate due to higher
interspecific variabilities of §"°N values of primary producers compared to primary
consumers (Mancinelli et al. 2013). Additionally, we used a new Bayesian estimation
of TPs using stable isotopes for the TP calculations, which has several advantages
over previous methods. tRophicPosition (Quezada-Romegialli et al. 2018) recognizes
the heterogeneity of ecosystems. Two baselines and 8"C values of consumers and
baseline organisms are considered and a mixing model calculates the importance of
the two sources for the consumers and adjusts the §°N baseline accordingly. Another
advantage of this method is the inclusion of variance for TEF and isotopic baselines
based on Bayesian frequency. In contrast, traditional methods (i.e., Post 2002) are
based on only one baseline and use point estimates for TEF and isotope values.

Isotoric NicHE.—The TA (Layman et al. 2007) gives an indication of the niche
widths of a community. Whereas the TA from Layman et al. (2007) was based on
mean isotopic values of each species within the community, Jackson et al. (2011)
developed a Bayesian method to include uncertainty in the mean, arising from
the natural sampling process when calculating TA. The TA of the mangrove fish
community in the Caribbean Sea was nearly three times (2.9) larger than the one
from the Pacific. These results support our hypothesis that the Caribbean commu-
nity occupies a larger isotopic niche than the Pacific community. The wider range
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of carbon and nitrogen values in the fish species of the Caribbean mangrove site
explains this difference. Stable isotopes, in this context, provide a measure of the
dietary resources; therefore, a larger TA of the community suggests a broader use of
different resources by fishes. The concept of the isotopic niche width can be used on
the community as well as on the species level. Vaslet et al. (2015) studied the niche
space of four fishes using standard ellipse areas, including the schoolmaster snap-
per, L. apodus and the French grunt, H. favolineatum, at offshore mangrove inlets
of the Caribbean Sea and found only a small to moderate overlap of their isotopic
niches. Thus, the higher differentiation of ecological niches of fish species inhabit-
ing mangroves in the Caribbean can explain the overall larger isotopic niche width
of this community when compared to mangrove fish communities in the eastern
Pacific. The shallow-water systems in the Caribbean Sea provide a higher variability
of primary carbon sources. Seagrasses, mangroves, and coral reefs are in close prox-
imity to each other and due to the small tidal regime, these habitats are accessible to
fishes all the time. The TA in the Pacific was smaller which suggests a higher trophic
redundancy in this mangrove fish community. In this system, the fishes feed on a
smaller range of food sources suggesting an overlap in their primary food sources. In
meso- and macrotidal areas, like the study area in the Pacific, fish migration patterns
across coastal habitats are associated with the tidal cycles (Krumme 2004). Fishes
access the mangroves at high tide for food and shelter (Krumme 2009) and recede at
low tide to adjacent subtidal areas. Contrary to the setting in many Caribbean Sea ar-
eas, mangroves in the eastern Pacific generally lack coral reefs and seagrass habitats
and are surrounded by mudflats, subtidal creeks, and sandflats. In summary, TAs
reflected that the trophic structure and functioning of mangrove fish communities
could significantly vary depending on the characteristics of the adjacent habitats and
the accessibility to the mangrove areas.

CoMPARISON WITH F1sHBASE TPs.—It is a common practice among the scientific
community to use species traits (i.e., TP from information platforms like FishBase)
in ecological studies when primary data is not available. FishBase values are mostly
based on stomach content analyses (Mancinelli et al. 2013), which generally give a
snapshot of a fish’s diet. The comparison of the isotope-based TPs with FishBase
values revealed a positive strong correlation. This was also found for fishes in a
Mediterranean lagoon (Mancinelli et al. 2013). Even though there were no signifi-
cant differences in the calculated mean TPs and the FishBase estimates, TPs of the
individual species diverged from the FishBase values. Zoobenthivorous species had
similar or higher TPs. The TP of the herbivorous parrotfish S. iseri and the omnivore
O. dovii were, however, lower. The correlation between fish size and TP in tropical
aquatic systems seems to be more complex with variations between different guilds
and species (Layman et al. 2005, Ou et al. 2017) than the predicted more straightfor-
ward positive correlation between size and TP (e.g., Romanuk et al. 2011). FishBase
estimates are normally calculated for adult fishes, whereas the mangrove fish com-
munities contain usually small-sized juveniles of species that later migrate to deeper
habitats as adults. Ontogenetic changes in fish feeding behavior over their ontogeny
are common. For example, Haemulidae as well as Lutjanidae species (Cocheret de la
Moriniére et al. 2003) shift their diet from small crustaceans to fishes and decapods
together with a change of habitats and life stage. This can explain the much higher
TPs of L. apodous and H. plumieri in FishBase. Scarus iseri was the only herbivorous
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fish analyzed, and the calculated TP is 26% higher in the present study compared
to the FishBase estimates. The ontogenetic diet shift, which is very common for
Haemulidae and Lutjanidae, is not reported for S. iseri (Cocheret de la Moriniére et
al. 2003). However, the evaluation of stomach contents of S. iseri is difficult (Cocheret
de la Moriniéere et al. 2003, Dromard et al. 2015) and only a few studies on the feed-
ing behavior of the juvenile stage of this parrotfish have been conducted (Dromard
et al. 2017). Therefore, an underrepresentation of juvenile stomach content data in
FishBase may be responsible for the observed differences between the two TP calcu-
lations. Species within the family Anablepidae feed on a variety of foods originating
from different sources showing an omnivore-feeding pattern (Table 1). Omnivores
can show high between-individual variances in their trophic position (Svanbéck et
al. 2015), depending on the available food items. Therefore, the diet of O. dovii varies
most likely between ecosystems and environmental settings and is hard to predict.

FishBase is a very useful platform and has many advantages in providing manifold
information for global comparisons and meta-analyses. However, TPs of fishes in
mangrove ecosystems differ from the FishBase estimates due to the characteristic
fish life-stages found in mangroves. Therefore, these values should be taken with care
and, when possible, directly calculated for the studied systems.

CONCLUSION

We found that fish communities inhabiting two strikingly different mangrove
systems had similar average trophic positions (TPs). However, the broader range of
available food sources in the Caribbean led to a higher differentiation in fish feeding
strategies, expressed in higher variations of TPs and TAs compared to the fish com-
munity in the eastern Pacific, which showed a higher redundancy in feeding strate-
gies. Our results support the idea that mangroves may provide different functions for
fishes depending on the environmental settings where they occur.
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