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ABSTRACT: Trophic organization of the mangrove macrobenthos communities is poorly
known. Using nitrogen (8'°N) and carbon (3"3C) stable isotope analysis, and Bayesian
models, this paper assesses the isotopic niche size and overlap between the trophic guilds
of the macrobenthos in the Atrato River Delta estuary (Colombia). A total of 10 species
encompassed four trophic guilds. A compact food web supports the macrobenthos, where
the isotopic niche size of the community was 3.3%o>. The isotopic niche size was larger for
deposit feeders (4.3%0%) than omnivores (3.3%0?), followed by herbivores (1.9%0?) and
carnivores (1.3%0%). Considerable overlap of isotopic niche space was found between
herbivores (crabs of the Sesarmidae family) and deposit feeders (crabs of the Ocypodidae
family). Both former trophic guilds constituted the first consumers within the trophic
structure of the system. There also was considerable overlap between the highest trophic
levels (omnivores and carnivores). These results can potentially be useful to understanding
and monitoring changes in this community.
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PE3IOME: ccnenoBana Tpodudeckasi opraHu3ais cooOIiecTs MakpoOeHToca MaHTPO-
BBIX JiecoB acTyapus peku Atpato (KomymoOus). Mcnosb3ys anann3 crabumiibHbIX H30TOIIOB
azora (6"°N) u yriepona (6"°C), a tarxke OaliecoBckue MOJIENH, ObUTA OLEHEHBI Pa3MEPhI
M30TOIMHBIX HUII ¥ UX MEPEKPBIBAHUE MEXKIY TPOPHUSCKUMH THIBAUIMHE 10 MaccoBBIX
BUIOB MakpoOeHToca. Beero BbiieneHo deThipe Tpoduueckue Tuiibanu. Pazmep u30ToN-
HO#{ HUIIK COOOIIECTBA COCTABILUT 3,3%0?, YTO yKa3bIBACT HA OTHOCHTEIBFHO KOMIAKTHYIO
NUIIEBYIO CeTh. PasMep M30TONMHOM HUIIK ObLT 6oJIbIIe y eTpuTodaros (4,3%e%), uem y
BeesHbIX (3,3%07), 32 KoTOphIMU crieoBain (utodaru (1,9%0%) u xumuuku (1,3%0?).
3HAYUTETHHOE MIEPEKPHITHE POCTPAHCTBA M30TOIHBIX HUII 00HAPYKEHO MEKIY hUTO(a-
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ramu (kpaObr cem. Sesarmidae) u merputodaramu (kpaber cem. Ocypodidae), a Taxxke
MEK/1y THIIBANSIMU BBICIIUX TPO(YUUECKUX YPOBHEH — BCESITHBIMH U XUIITHUKaMU. B Toxe
BpEMsl, CYLIECTBYET OTHOCHTEIbHASI CErperausi HUII MEXIY TPOQUUSCKUMH THIIbIUSIMH
Hu3Koro (purodaru u gerputodaru) U BHICOKOTO (BCESAHBIC M XUITHUKN) TPOPHIECKUX
ypoBHeii. [Tony4eHHbIe pe3yIbTaThl BaXKHBI ISl HOHUMaHHs H3MCHEHHUH, TIPOHCXOISIINX
Ha OOMIMPHBIX TEPPHUTOPHSIX MAHTPOBBIX coobmiecTB fora Kapubckoro OacceitHa n ux
MOHHUTOpPUHTIA.

Kak nutupoBars a1y crarbto: Sandoval L.A. 2023. The isotopic niche of the macrobenthos
in a major mangrove area of the southern Caribbean Sea // Invert. Zool. Vol.20. No.4.
P.433-442. doi: 10.15298/invertzool.20.4.08

KIJIFOUEBBIE CJIOBA: crabmibHbIE M30TOTBI, MaHTPHI, MakpoOeHToc, baiiecoBa mo-

Jenb, 3a1uB Ypaba, nenbra pexu Atpato, Komymous.

Introduction

The ecological niche is originally defined as
the multidimensional space comprising the re-
sources used by an organism (Hutchinson, 1957);
it is fundamental in ecology, but difficult to
measure in practice (Leibold, 1995). However,
the ecological niche can be analyzed using dif-
ferentapproaches, including stable isotope anal-
yses (SIA), which is known as the isotopic
niche. (Newsome et al., 2007; Jackson et al.,
2011). The isotopic niche is defined as the
hypervolume of the isotopic space (n-dimen-
sional), where the axes are the isotopic compo-
sitions that represent the bionomic and scenop-
oetic components of the niche (Newsome et al.,
2007; Marques et al., 2017).

Mangroves are important habitats for fish
and invertebrates (Lee, 1995; Sheaves, Molony,
2000). Several studies using SIA have described
the trophic structure and habitat use of organ-
isms in mangrove ecosystems (e.g. Abrantes,
Sheaves, 2009; Medina-Contreras et al., 2020;
Sandoval et al., 2022b). For instance, the isoto-
pic niche has been used as a tool to describe the
structure and trophic dynamics of mangrove
macrobenthos communities (Medina-Contreras
et al., 2023). In addition, isotopic niches have
been useful to compare the trophic structure of
fish communities across habitats and seasons
(Shahraki et al., 2014; Sepulveda-Lozada et al.,
2017; Stuthmann, Castellanos-Galindo, 2020),
and to assess ontogenetic shifts of fish predators
(e.g. Sandoval et al., 2020b; Jiao et al., 2022).
Recently, Medina-Contreras and Arenas (2022)
have highlighted that the isotopic niche is also
useful for tracking the effect of anthropogenic
activities in mangrove ecosystems, where the

largest isotopic niches would be related to sys-
tems with greater anthropogenic intervention.

Benthic macrofaunal communities are eco-
logically important components of mangrove
ecosystems, shaping the structure and function
of mangrove forests through activities such as
bioturbation, organic matter processing, and
propagule predation (Werry, Lee, 2005; Lee,
2008; Cannicci et al., 2021). However, their
trophic organization is relatively poorly known
compared to fish communities. Mangrove sys-
tems in the Gulf of Urab4a, Colombia, are under
threat due to illegal logging (Blanco et al.,
2012) and urban development, such as for
building three mega-ports (Sandoval, 2019).
Recent research in the Gulf using SIA has
revealed aspects of the trophic pathways of
mangrove systems, which is useful to protect
extensive mangrove areas (Sandoval et al.,
2022b). In the present brief communication,
the objective was to assess the isotopic niche
size and overlap between trophic guilds of the
most abundant species of the macrobenthos
community in the Atrato River Delta estuary
(ARD).

Material and methods

The Uraba Gulf, located near the western border
of northern Colombia next to Panama, has extensive
mangrove forests (ca. 5690 ha). About 78% of the
total mangrove extent in the Gulf is in the ARD
(Blanco-Libreros, 2016). Macrobenthos were col-
lected from La Paila Bay in the ARD during the rainy
season (September—October) of 2016 (Fig. 1). Each
biological sample consisted of a pool of several
specimens of the same species of about the same size.
Epibenthos was collected manually from inside the
mangroves. Carnivorous shrimp and swimming crab
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Fig. 1. Study area at La Paila Bay in the Atrato River Delta of the Gulf Uraba, Caribbean Sea. The projected
coordinate system is MAGNA-SIR-GAS Colombia Oeste.
Puc. 1. Paifon uccnenoBanmii: Oyxrta Jla [laitna B nenbre peku Atparo 3anmuBa Ypabda KapuOekoro mopsi.

species were collected using a gill net close to the
mangroves.

For shrimp, a sample of abdomen muscle tissue
was taken after exoskeleton and digestive tract re-
moval. For crabs and mollusks, the chelae and foot
muscles, respectively, were removed to form indi-
vidual or composite samples according to the size of
the specimens. At least 3 individuals of each species
were analyzed. All samples were dried at 60 °C for at
least 48 h in Petri dishes. Dried samples were ground
to a fine powder with a mortar and pestle and stored
in clean glass vials. Between 0.7 and 1 mg of the
sample was weighed on a micro-scale and deposited

in a tin capsule for isotopic analysis. Analyses were
carried out in Laboratorio de Biogeoquimica de
Isotopos Estables at Instituto Andaluz de Ciencias
de la Tierra (Granada, Spain). Laboratory isotopic
analysis details are described in Sandoval et al.
(2022b). Because the variation of lipid content in
tissues affects 8'°C values and ecological interpreta-
tions, a mathematical normalization method was
used to standardize lipid content for samples (Post et
al., 2007), as described by Sandoval ez al. (2022b).

The trophic guilds of the most abundant macrob-
enthos species were assessed based on cluster anal-
ysis using the trophic level values and the percent of
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primary producers’ contribution estimated by San-
doval et al. (2022b) (Table 1). Former authors used
the mathematical formula proposed by Post (2002)
to calculate trophic level and MixSIAR (Bayesian
stable isotope mixing models) to estimate the pro-
portional contribution of different primary produc-
ers to macrobenthos consumers (Stock, Semmens,
2016). For cluster analysis, each variable was log-
transformed to reduce skewness of data, and it used
the Bray-Curtis index and the Unweighted Pair Group
Mean Average algorithm. The trophic guilds were
assigned following the separation of trophic groups
and the species’ trophic level. Results were corrob-
orated according to literature information (Palomar-
es et al., 2022).

To compare the isotopic niche size and overlap
between trophic guilds a Stable Isotope Bayesian
Ellipses (SIBER) routine was used (Jackson et al.,
2011)in R (R Core Team, 2022). The total area (TA)
was used to describe the isotopic niche of the com-
munity. The standard ellipse area corrected for small
sample sizes (SEAc, containing approximately 40%
of data) was used as the measure of isotopic niche.
The SEAc based on the maximum likelihood was
used to calculate the overlap between groups. The
Bayesian standard ellipse area (SEA ) was used to
compare the probability that distributions are small-
er between trophic guilds. The Bayesian approxima-
tion model was generated through 10,000 Monte
Carlo simulations and Markov chains. The distribu-
tion values were plotted in box plots to visualize the
credible intervals (Jackson et al., 2011).

Results and discussion

A total of 10 the most abundant species that
could be found in all seasons of the year were
caught and analyzed (Table 1). Mangrove hab-
itats have generally lower species richness of
macrobenthos (e.g. 17 species) than adjoining
habitats such as seagrass meadows and open
sand/mudflat, but they are dominated by large
populations of few species (Lee, 2008). Salinity
has been identified as influencing assemblage
structure and abundance of macrobenthic com-
munities (Lui ez al.,2002; Lee, 2008). Macroin-
vertebrates’ richness in the Uraba Gulf man-
groves is lower than in other Caribbean systems,
this could be due to the large freshwater dis-
charge of the Atrato River (Blanco-Libreros,
Ortiz-Acevedo, 2016). Despite the lower spe-
cies richness, the abundance of brachyuran crab
species of the Sesarmidae and Ocypodidae fam-
ilies is relatively high in the region (personal
observations), as in other mangrove ecosystems
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(Lee, 2008). Here, it is studied the trophic
organization of the most abundant benthonic
species in the ARD, which would be crucial to
understanding and monitoring changes in this
community. However, the composition and abun-
dance of mangrove macrobenthos should also
be scrutinized.

The cluster analysis indicated the separation
of four major trophic groups at a 0.94 similarity
level, specifically deposit feeders (Uca spp.),
herbivores (Aratus pisonii (H. Milne Edwards,
1837) and Pachygrapsus transversus (Gibbes,
1850)), carnivores (Panopeus rugosus A. Mil-
ne-Edwards, 1880 and Thaisella trinitatensis
(Guppy, 1869)) and omnivores (Litopenaes
schmitii (Burkenroad, 1936), Eurytium limo-
sum (Say, 1818), Callinectes bocourti A. Mil-
ne-Edwards, 1879, and Neritina virginea (Lin-
naeus, 1758)) (Fig. 2). In contrast, Medina-
Contreras et al. (2020) (Tropical Eastern Pacif-
ic system) and Medina-Contreras et al. (2023)
(Subtropical Eastern Pacific system) identified
six trophic guilds, finding filter-feeder bivalves
and filter feeders, which were not found in this
study. The lower number of trophic guilds in the
ARD would be related to the low macroinverte-
brate richness in the region caused by the large
freshwater discharge. For instance, filter-feeder
bivalves in the Uraba Gulf, such as the man-
grove cupped oyster (Crassostrea rhizophorae
(Guilding, 1828)), are related to estuarine hab-
itats with relatively higher salinity, such as Ri-
onegro Cove on the northeastern coast of the
Gulf (Blanco-Libreros, Ortiz-Acevedo, 2016).

Mean 6'°C values ranged between —27.8%o
(Uca spp.) and—23.7%o (L. schmitii). Mean 6"°N
values oscillated between 3.6%o (Uca spp.) and
8%o (T. trinitatensis) (Table 1). The isotopic
niche size of the community (TA) was 3.3%0’
suggesting a relatively compact food web. Me-
dina-Contreras et al. (2023) found a larger TA
(14.1%0?) in a semi-arid mangrove system (Gulf
of California, Mexico), where there was a larger
species number (18) and a diversity of food
sources (mangrove, microphytobenthos, mac-
roalgae, sedimentary organic carbon, and plank-
ton), which had a large separation along the §'*C
axis (~14%o). The relative lower TA in ARD
would be explained because mangrove and
macroalgae (8"3C depleted sources: —31 + 1.5%o
and —30.8 + 0.0, respectively) are the main
sources supporting macroinvertebrates consum-
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Neritina virginea

| —— Callinectes bocourti
Eurytium limosum

Litopenaesu schmitii

Thaisella coronata trinitatensis
Panopeus rugosus
Pachygrapsus transversus

Aratus pisonii

Uca spp.

ig. 2. Hierarchical clustering of macrobenthos’ feeding guilds based on trophic level values and the
percentage of primary producer contributions. Deposit feeders (Uca spp.), herbivores (4Aratus pisonii and
Pachygrapsus transversus), carnivores (Panopeus rugosus and Thaisella trinitatensis) and omnivores
(Litopenaesu schmitii, Eurytium limosum, Callinectes bocourti, and Neritina virginea).

Puc. 2. Uepapxudeckast kiactepu3anust TPOYUUECKUX TWIBANI MakpoOEHTOCa HAa OCHOBE 3HAUCHMI
TPOPHUYECKOTO YPOBHS M JIOJH BKJIaIa IMEepBHYHBIX mpoxyneHToB. [derpurodaru (Uca spp.), purodaru
(Aratus pisonii n Pachygrapsus transversus), XuliHUKU (Panopeus rugosus w Thaisella trinitatensis) n
Beesiubie (Litopenaesu schmitii, Eurytium limosum, Callinectes bocourti u Neritina virginea).

ers (Sandoval et al., 2022b), and because there
isastrong stratification in ARD (Montoya et al.,
2017), which would not allow macroinverte-
brate’s access to other sources, such as plank-
tonic sources, as have been showed in macrotid-
al and mesotidal mangrove systems (Medina-
Contreras et al., 2020; Medina-Contreras et al.,
2023).

The isotopic niche size was larger for de-
posit feeders (SEAc 4.3%¢*) and omnivores
(SEAc 3.3%0?), followed by herbivores (SEAc
1.9%0?) and carnivores (SEAc 1.3%0%) (Fig. 3).
As a result, the probability that the SEA  of
deposit feeders is greater than those of the
herbivore and carnivores was 98%, while the
probability that the SEA , of omnivores is great-
er than those of the herbivore and carnivores
was 94-95% (Fig. 4). Deposit feeders’ largest
isotopic niche size would be explained because
they feed mainly on mangroves and macro-
phytes, sources that have a relatively large sep-
aration along the 6"*C axis (-31 + 1.5%o and —
27.3 + 0.1%o, respectively) (Sandoval et al.,

2022b). While the small isotopic niche of herbi-
vores and carnivores would be due to their
dependency on mangrove leaves and omnivores
invertebrates, respectively (Sandoval et al.,
2022b). Omnivores’ large isotopic niche size
would be explained because they can feed on
primary producers such as microphytobenthos
and macroalgae, but also on micro and macro-
zoobenthos (Sandoval et al., 2022b). Which
showed a relatively larger width in the "N axis
for these consumers, since the §'*°N of micro and
macrozoobenthos would be enriched by 3—4%o
relative to their diet primary producers (Post et
al., 2002) (Fig. 3).

Considerable overlap of isotopic niche space
was found between herbivores and deposit feed-
ers (Fig 3), the isotopic niche space of herbi-
vores overlapped 40% of the niche space of
deposit feeders, while the isotopic niche space
of deposit feeders overlapped 91% of the niche
space of herbivores. Both trophic guilds were
closer to 6'*C depleted sources (mangroves: —31
+ 1.5%o) since herbivores feed mainly on man-
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Fig. 3. 8"3C and 8"°N values of macrobenthos belonging to different trophic guilds. Thick lines enclose the
standard ellipses area (SEAc), containing c. 40% of the data, showing the isotopic niche of the trophic guilds.
Thin lines are the convex hull areas of each trophic guild, corresponding to the area including all individuals

of that group.

Puc. 3. 3nagenus 613C u 815N makpoOeHTOCA, OTHOCAIIETOCS K Pa3sHBIM TPO(PHUIESCKUM THIIBJIHSIM.
Tonctele nBeTHbIe MuHMN (3maunckl — SEAc) orpaHuunBaioT obiacTh, cojepikanryio mpumepHo 40%
JIAHHBIX, TIOKA3bIBAIOIINX N30TOMHYIO HUIITY TPOQUUECKHUX THIIbIUH.

groves, while deposit feeders feed on man-
groves and macrophytes (Sandoval et al.,
2022b). The importance of mangrove leafin the
herbivores’ dietin the ARD has also been exhib-
ited experimentally (Sandoval et al., 2022a).
Thus, herbivores (crabs of the Sesarmidae and
Grapsidae families) and deposit feeders (crabs
of the Ocypodidae family) constituted the first
consumers within the trophic structure of the
system (Fig. 3a), evidencing their importance
on trophic dynamics, where they would mediate
the transfer of mangrove primary production to
other consumers (e.g. Kristensen et al., 2017,
Cannicci et al., 2021).

The isotopic niche of omnivores overlapped
the niche space of deposit feeders by 26%, the

niche of herbivores by 50%, and the niche of
predators by 80%. In this way, there was also a
considerable overlap in the space of isotopic
niches between the highest trophic levels (omni-
vores and carnivores) (Fig. 3). This functional
redundancy at higher trophic levels has been
found in other mangrove systems (Abrantes,
Sheaves, 2009; Medina-Contreras et al., 2023).
This would explain because some omnivores
species (such as E. limosum and C. bocourti)
feed on a variety of invertebrates (as carni-
vores), but they also feed on detritus (Palomares
et al., 2022).

Overall, a compact food web supports the
macroinvertebrates community in the ARD
where herbivores and deposit feeders are the
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Fig. 4. Density plot of the Bayesian standard ellipse areas (SEA ). Black points: modes; Boxes: 50, 75, and
95% BCI (Bayesian credible interval) from dark gray to light gray for every trophic guild.

Puc. 4. I'padux mnotHOCTH 06NacTelt GaitecoBckoro crangapTHoro simmica (SEAB) st xaxoit Tpodu-
4yecKoi ruabaun. YepHble TOUKH — MOJIbI; AmuKH — 50, 75 u 95% (noBepuTeNnbHbIN HHTEPBAI) OT TEMHO-

CEPOTro A0 CBETIIO-CEPOTO.

first consumers. There is a considerable overlap
between herbivores and deposit feeders, and
between omnivores and carnivores. However,
there is relative niche segregation between
trophic guilds at the lowest (herbivores and
deposit feeders) and highest trophic levels (om-
nivores and carnivores). These results can po-
tentially be useful to monitoring changes in this
community in the extensive mangrove areas in
the southern Caribbean.

Compliance with ethical standards
CONFLICTS OF INTEREST: The author de-
clares that he has no conflicts of interest.

Acknowledgements. I thank the project
LOPEGU and funding by Sistema General de Re-

galias, Gobernacion de Antioquia, and Universidad
de Antioquia (agreement no. 4600000983). I thank
the Consejo Comunitario Mayor de Bocas del Atrato
y Leoncito for supporting fieldwork and sharing
traditional and local ecological knowledge. I thank
Dr. Antonio Delgado-Huertas from Instituto An-
daluz de Ciencias de la Tierra for the laboratorial
analysis. I also would like to acknowledge the com-
ments of anonymous reviewers.

References

Abrantes K., Sheaves M. 2009. Food web structure in a
near-pristine mangrove area of the Australian Wet
Tropics// Estuar. Coast. Shelf Sci. Vol.82.No.4. P.597—
607. https://doi.org/10.1016/j.ecss.2009.02.021

Blanco-Libreros J.F. 2016. Cambios globales en los mang-
lares del golfo de Uraba (Colombia): entre la cambi-



The isotopic niche of the macrobenthos in a major mangrove area

ante linea costera y la frontera agropecuaria en expan-
sion // Actual. Biol. Vol.38 No.104. P.53-70. https://
doi.org/10.17533/udea.acbi.v38n104a06

Blanco J.F., Estrada E.A., Ortiz L.F., Urrego L.E. 2012.
Ecosystem-wide impacts of deforestation in man-
groves: the Uraba Gulf (Colombian Caribbean) case
study // Int. Sch. Res. Notices. Vol.2012. Art.958709.
https://doi:10.5402/2012/958709

Blanco-Libreros J.F., Ortiz-Acevedo L.F. 2016. Moluscos
(gasteropodos y bivalvos) asociados a las raices sum-
ergidas en los manglares del golfo de Uraba // Blanco-
Libreros J.F., Londono-Mesa M.H. (ed). Expedicion
Caribe sur: Antioquia y Choco costeros. Bogota D.C.:
Secretaria Ejecutiva de la Comision Colombiana del
Océano. P.153-176.

Cannicci S., Lee S.Y., Bravo H., Cantera-Kintz J.R.,
Dahdouh-Guebas F., Fratini S., Fusi M., Jimenez P.J.,
Nordhaus I., Porri F., Diele K. 2021. A functional
analysis reveals extremely low redundancy in global
mangrove invertebrate fauna // Proc. Natl. Acad. Sci.
U.S.A. Vol.118. No.32. Art.e2016913118. https://
doi.org/10.1073/pnas.2016913118

Hutchinson G.E. 1957. Concluding remarks: Cold Spring
Harbor symposium // Quant. Biol. Vol.22. P.415-27.

Jackson A.L., Inger R., Parnell A.C., Bearhop S. 2011.
Comparing isotopic niche widths among and within
communities: SIBER - Stable Isotope Bayesian El-
lipses in R // J. Anim. Ecol. Vol.80. No.3. P.595-602.
https://doi.org/10.1111/j.1365-2656.2011.01806.x

Jiao Q., Fengming L., Schmidt B.V., Zhuoxin S., Lingwei
K. Yunrong Y. 2022. Interpopulation trophic niches
and ontogenetic shifts of a mangrove fish predator //
J. Fish Biol. https://doi.org/10.1111/jfb.15219

Kristensen E., Lee S.Y., Mangion P., Quintana C.O. Val-
demarsen T. 2017. Trophic discrimination of stable
isotopes and potential food source partitioning by leaf
eating crabs in mangrove environments // Limnol.
Oceanogr. Vol.62.No.5.P.2097-2112. https://doi.org/
10.1002/In0.10553

Lee S.Y. 1995. Mangrove outwelling: a review // Hydrobi-
ologia. Vol.295. P.203-212. https://doi.org/10.1007/
BF00029127

Lee, S.Y. 2008. Mangrove macrobenthos: assemblages,
services, and linkages // J. Sea Res. Vol.59. No. 1-2.
P.16-29. https://doi.org/10.1016/j.seares.2007.05.002

Leibold M.A. 1995. The niche concept revisited: mecha-
nistic models and community context // Ecology.
Vol.76. No.5. P.1371-1382. https://doi.org/10.2307/
1938141

Lui T.H., Lee S.Y., Sadovy Y. 2002. Macrobenthos of a
tidal impoundment at the Mai Po marshes nature
reserve, Hong Kong // Hydrobiologia. Vol.468.P.193—
211. https://doi.org/10.1023/A:1015281114542

Marques T.S., Brito E.S., Lara N.R., Beloto L.M., Valadao
R.M., Camargo P.B., Verdade L.M. 2017. The trophic
niche of Mesoclemmys vanderhaegei (Testudines:
Chelidae): evidence from stable isotopes //Zoologia
(Curitiba). Vol.34. https://doi.org/10.3897/zoologia.
34.e19985

Medina-Contreras D, Arenas F. 2022. Are stable isotopes
an efficient tool for tracking the effect of anthropo-
genic activities on mangrove food web structure and
function? // Hydrobiologia. P.1-13. https://doi.org/
10.1007/s10750-022-05086-2

441

Medina-Contreras D., Arenas-Gonzalez F., Cantera-Kintz
J., Sanchez-Gonzalez A., Giraldo A. 2020. Food web
structure and isotopic niche in a fringe macro-tidal
mangrove system, Tropical Eastern Pacific // Hydro-
biologia. Vol.847. P.3185-3199. https://doi.org/10.
1007/s10750-020-04295-x

Medina-Contreras D., Sanchez A. Arenas F. 2023. Macro-
invertebrates food web and trophic relations of a peri
urban mangrove system in a semi-arid region, Gulf of
California, México // J. Mar. Syst. Vol.240. 103864.
https://doi.org/10.1016/j.jmarsys.2023.103864

Montoya L.J., Toro-Botero F.M., Gomez-Giraldo A. 2017.
Study of Atrato river plume in a tropical estuary:
effects of the wind and tidal regime on the Gulf of
Urabéd, Colombia. Dyna Rev. Fac. Nac. Minas. Vol.84.
No0.200. P.367-375. https://doi.org/10.15446/dyna.
v84n200.55040

Newsome S.D., Martinez del Rio C., Bearhop S., Phillips
D.L.2007. A Niche for Isotope Ecology // Front. Ecol.
Environ. Vol.5 No.8. P.429-436. https://doi.org/10.
1890/060150.01

Palomares M.L.D., Pauly D. (eds.). 2022. SeaLifeBase.
World Wide Web electronic publication. www.
sealifebase.org, version (12/2022).

Post D.M. 2002. Using stable isotopes to estimate trophic
position: Models, methods, and assumptions // Ecol-
ogy. Vol.83.No.3.P.703-718. https://doi.org/10.1890/
0012-9658(2002)083[0703:USITET]2.0.CO;2

Sandoval L.A. 2019. Una mirada a las areas protegidas del
Uraba-Darién: esquina de tesoros naturales de Colom-
bia // Gestion y Ambiente. Vol.22. No.2 P.291-302.
https://doi.org/10.15446/ga.v22n1.76047

Sandoval L.A., Leal-Florez J., Blanco-Libreros J.F. 2020a.
Linking mangroves and fish catch: a correlational
study in the southern Caribbean Sea (Colombia) //
Bull. Mar. Sci. Vol.96. No.3. P.1-16. https://doi.org/
10.5343/bms.2019.0022

Sandoval L.A., Leal-Florez J., Blanco-Libreros J.F.,
Mancera-Pineda J.E., Delgado-Huertas A., Polo-Sil-
va C.J. 2020b. Stable-isotope analysis reveals sources
of organic matter and ontogenic feeding shifts of a
mangrove-dependent predator species, New Granada
sea catfish, Ariopsis canteri // J. Fish. Biol. Vo0l.97.
P.499-507. https://doi.org/10.1111/jfb.14404

Sandoval L.A., Mancera-Pineda J.E., Delgado-Huertas
A., Blanco-Libreros J.F., Leal-Florez J. 2022a. Leaf
consumption and experimental discrimination of sta-
ble isotopes between mangrove leaves and the tree-
climbing crab (Brachyura: Sesarmidae: Aratus piso-
nii) // Estuar. Coast. Shelf. Sci. Vol.274. https://
doi.org/10.1016/j.ecss.2022.107906

Sandoval L.A., Mancera-Pineda J.E., Leal-Florez J., Blan-
co-Libreros J.F., Delgado-Huertas A. 2022b. Man-
grove carbon sustains artisanal fish and other estua-
rine consumers in a major mangrove area of the
southern Caribbean Sea // Mar. Ecol. Prog. Ser.
Vol.681.P.21-35. https://doi.org/10.3354/meps13910

Sepulveda A., Ulrich L., Paul S., Mendoza M., Wolff M.,
Yaifiez A. 2017. Flood pulse induced changes in isoto-
pic niche and resource utilization of consumers in a
Mexican floodplain system// Aquat. Sci. Vol.79. P.597—
616. https://doi.org/10.1007/s00027-017-0520-9

Shahraki M., Fry B., Krumme U. Rixen T., 2014. Micro-
phytobenthos sustain fish food webs in intertidal arid



442 L.A. Sandoval

habitats: a comparison between mangrove-lined and  Stuthmann L.E., Castellanos-Galindo G.A. 2016. Varia-

un-vegetated creeks in the Persian Gulf // Estuar. tion in isotopic trophic structure and fish diversity in

Coast. Shelf Sci. Vol.149. P.203-212. doi.org/10. mangrove systems subject to different levels of habitat

1016/j.ecss.2014.08.017 modification in the Gulf of California, Mexico // Bull.
Sheaves M., Molony B. 2000. Short-circuit in the man- Mar. Sci. Vol.92. No.4. P.399-422. https://doi.org/

grove food chain // Mar. Ecol. Prog. Ser. Vol.199. 10.5343/bms.2015.1100

P.97-109. https://doi:10.3354/meps199097 Werry J., Lee S.Y. 2005. Grapsid crabs mediate link
Stock B.C., Semmens B.X. 2016. MixSIAR GUI user between mangrove litter production and estuarine

manual. Version 3.1. doi:10.5281/zenodo.1209993 planktonic food chains // Mar. Ecol. Prog. Ser. Vol.293.
R Core Team. 2018. R: a language and environment for P.165-176. https://doi.org/10.3354/meps293165

statistical computing. R Foundation for Statistical
Computing, Vienna. https://www.R-project.org Responsible editors T.A. Britaev, E.N. Temereva



