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Fish diet composition in permanent and semi-permanent pools in tropical

wetlands of the Yucatan Peninsula

Demian Hinojosa-Garro', Joselito Arceo-Gomez', Luis Zambrano? and
Luis H. Escalera-Vazquez?

We compared fish diet composition between permanent (P) and semi-permanent (SP) pools in Petenes Biosphere Reserve
(PBR), Campeche. A total of 445 gut contents were examined to determine stomach relative fullness (RF), fish diet as
index of niche breadth (INB) and diet overlap. In SP pools, species showed a RF of 1.66 (57.20 % empty stomachs)
whereas in P pools, the RF was 2.91 (31.16%). We classified fish diet into six trophic groups: detritivorous, herbivorous-
detritivorous, insectivorous, piscivorous, omnivorous and malacophagous. Species in P pools were found to be specialist.
Conversely, species present in both habitats shifted to generalist patterns. There was a 54.0% dissimilarity in fish diet
composition between pools. From all items identified, detritus (21.33% of the total dissimilarity), aquatic and terrestrial
invertebrates (12.31%), fish remains (10.29%), plant remains (7.37%), and crustaceans (2.74%) distinguished diets between
pools. Significant diet overlaps (>0.6) and low INB values (<0.3) were observed in P pools, whereas in SP pools,
intermediate-low diet overlaps (<0.4) and higher INB values (>0.5) were observed. In SP pools seasonality had a strong
effect on fish diet, increasing the frequency of food items such as terrestrial insects, amphipods and arachnids, during
the rainy season while P pools showed lower variation. Thus, fish trophic habits appear to be regulated by pools
hydrology.

Se analizaron y compararon los contenidos estomacales de la ictiofauna en cuerpos de agua permanentes (P) y semi-
permanente (SP) de la reserva de la Biosfera Los Petenes, Campeche. Se analizaron un total de 445 estomagos en los cuales
se determino la diversidad de dieta (como Indice de amplitud de nicho = INB), plenitud relativa de estomagos (PRE) y
traslape de dietas. En las pozas SP 57.20 % de los estomagos se encontraron vacios y los estomagos con alimento
presentaron un PRE de 1.66. En las pozas P solo el 31.16 % de los estobmagos se encontraron vacios y un PRE de 2.91. Los
peces se clasificaron en seis grupos tréficos: detritivoros, herbivoros-detritivoros, insectivoros, piscivoros, omnivoros y
malacofagos. Los individuos en la pozas P tendieron a presentar dietas especializadas mientras que en las pozas SP
patrones generalistas. Se observo una disimilitud de dietas entre pozas del 54.0 % asociada a los items: detritus (21.33%),
invertebrados acuaticos y terrestres (12.31%), fragmentos de peces (10.29%), fragmentos de vegetacion (7.37%) y crustaceos
(2.74%). Los mayores traslapes de dietas (> 0.6) y menores INB (< 0.3) se observaron en especies presentes en las pozas P
mientras que en las pozas SP se observaron valores de traslape intermedios-bajos (<0.4) e INB mayores (> 0.5) en especies
que utilizaron mayores fuentes de alimento. En las pozas SP la estacionalidad tuvo una marcada influencia en la proporcion
de los items: insectos acuaticos, anfipodos y ardcnidos, los cuales presentaron mayores frecuencias, sobre todo en la
¢época de lluvias, mientras que las pozas P no presentaron cambios significativos. Los resultados sugieren que los peces en
pozas de la RBP modifican su dieta en funcion de la hidrologia de los cuerpos de agua, con un patron trofico particular a
escala regional comparado con otros cuerpos de agua estacionales en Centro y América del Sur.
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Introduction

In shallow coastal freshwater wetlands of the Yucatan
peninsula, small water bodies such as permanent (P) and
semi-permanent (SP) pools are common elements of the
landscape (Contreras-Espinosa & Warner, 2004; Zambrano
et al., 2006). On a regional scale, these shallow aquatic
systems promote ecotones, which support a unique
freshwater fish diversity in southern Mexico and Central
America (Miller, 2009; Cochran-Biederman & Winemiller,
2010). Tropical wetlands are characterized by drying and
flooding regimes in which the water level decrease
considerably and remains low for more than six months of
the year (Hinojosa-Garro et al., 2009; Escalera-Vazquez &
Zambrano, 2010). This represents harsh conditions in dry
seasons for the fish community, particularly in those SP
habitats that exhibit significant changes in water quality,
food sources and sites for reproduction (Escalera-Vazquez
& Zambrano, 2010). Hence, fish assemblages and diets are
expected to differ between pools based on habitat
heterogeneity, hydrological conditions and connectivity
between systems (Taylor, 1997). Seasonality has been
suggested to cause significant changes in food sources
and to modify fish diets (Hahn ef al., 2004; Yamamoto,
2004; Silva et al., 2012). As a result, fish respond by either
sharing food sources (niche overlap) or shifting their
feeding habits by using more and different food sources
(Hahn et al., 2004; Mérona & Mérona 2004; Pouilly et al.,
2006; Silva et al., 2012). However, it is not clear whether
this occurs in fish species of P and SP pools in the Yucatan
peninsula. Studies have described fish diets in P water
bodies of Quintana Roo and Yucatan (Navarro-Mendoza,
1988; Martinez-Palacios & Ross, 1994; Valtierra-Vega &
Schmitter-Soto, 2000), but none in karstic water bodies of
Campeche. Petenes Biosphere Reserve (PBR), Campeche,
is located in southern Mexico and comprises shallow
freshwater coastal P and SP pools in wetlands. The region
experiences high seasonal rainfall, but precipitation varies
within the reserve, promoting P and SP pools. Previous
studies by Torres-Castro et al. (2008) and Hinojosa-Garro
et al. (2009) in these pools have described clustering of
fish species based on pool hydrology. A reduction in prey
abundance has also been observed in SP pools during the
dry season, particularly for aquatic insect and gastropod
diversity (Hinojosa-Garro et al., 2009). Conversely, most P
pools receive spring water from phreatic karstic systems
that support a higher richness of fish and aquatic insect
communities than in SP pools (Hinojosa-Garro et al., 2009).
Considering these features, we can address some basic
questions: i) Do fish feeding habits and diets differ in P
pools compared to SP pools in the PBR? i) Which prey are
the most frequent food sources for fish in P and SP pools
in the PBR? iii) Is there any diet overlap between fish
species in the pools of PBR? We addressed these questions
in a year-long study in P and SP pools in the PBR during
2010. The present study provides information about fish
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ecology in tropical wetlands; results are discussed in
relation to the management and conservation knowledge
of differences in fish diets in wetlands of the PBR,
Campeche, in the Yucatan peninsula.

Material and Methods

Study site

Sampling took place during 2010 in the PBR (20°51°30”N,
19°49°00”W). The PBR is comprised of 100,939 ha terrestrial
ecosystem and 181,919 ha marine-coastal ecosystem (total
area of 282,857 ha; Fig. 1). The PBR is a freshwater wetland
located along the northeastern part of the State of Campeche
(CONANP, 20006). These wetlands have a strong seasonal
rainfall pattern, receiving most precipitation from May to
October, with the driest period in April (Garcia, 1973; CONANP,
2006). There is a precipitation gradient across the reserve and
the northern area is drier (725.5 mm/year) than the southern
area (1,049.7 mm/year) (Garcia, 1973). During the study, most
of the wetland reached its maximum water level at the end of
September. This freshwater wetland consists of a series of
sandy-muddy bottomed eutrophic P pools <20 m in diameter
and <2 m deep, associated with riparian species such as saw
grass (Cladium jamaicense), cattail (Iypha dominguensis)
and water lily (Nymphaea ampla) (Hinojosa-Garro et al., 2009).
These systems constantly receive water from phreatic karstic
systems, which interconnect pools through a wide variety of
small streams and channels. In contrast, SP pools (<10 m in
diameter and <0.5 m deep) are muddy-bottomed mesotrophic
pools, found in association with mats of musk grass (Chara
sp.) and spike rush (Eleocharis cellulosa) (Hinojosa-Garro et
al.,2009). These systems reached their lowest water level (2
cm) during April/May and some dried out for up to a month.
In a previous study, Hinojosa-Garro et al. (2009) reported 17
continental freshwater fish species from the PBR; the
Cichlidae, Poeciliidae, Characidae and Rivulidae were the most
representative fish families in this area.

We classified the reserve into two main areas (north and
south) and selected a total of six P and five SP pools (n=11)
throughout the reserve, considering pools that did not dry
out completely (Fig. 1). Pools were selected along the terrestrial
ecotone on the inland part of the reserve to avoid salt-water
intrusion. Salinity concentrations above 5%o were present 2
km from the seashore. Most pools were placed from 5 to 8 km
inland, reaching salinities of 1.5 to 2.5%o.

Fish sampling

Fish were sampled every two months from April 2010 to
February 2011 during daylight. A cast net (2 m in diameter, 1.5
cm mesh size) was deployed five times in each pool near the
shoreline. Care was taken to avoid interference by macrophytes,
stones or wood remains present in each pool. An electro-fisher
(Smith and Root LR-24, backpack electrofishers) was used in
areas with macrophytes, stones and/or plant remains in which
cast net sampling efficiency was limited. In all pools, three
bouts along 10 seconds each shot were performed at 400 volts,
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Fig. 1. Geographic location of studied pools, permanent and semi-permanent in PBR, Campeche, Mexico during 2010.

dual cycle 30 Hz cycle frequency and 500 Hz pulses. Following
sampling, fish were anesthetized with benzocaine (250 mg/L)
(Silvaet al.,2012). Fish were identified according to Schmitter-
Soto (1998) and Miller (2009). Fish samples catalog numbers:
UAC-LVSCS-PP2010-#1-445.

Fish diet determination

Collected fish were immediately preserved in 5% formalin
for 48 h in 20 L buckets to allow fixation of tissues. In the
laboratory, fish were counted, weighed and the standard length
(SL) was measured. Fish stomachs were then dissected and
transferred to 90% ethanol for storage in 50 ml flasks. Stomach
contents were dissected onto a glass dish and observed under
amicroscope at 2x and 4x magnification (Nikon, SMZ645). Each
item was sorted carefully and excess alcohol was removed with
a dry paper towel. Items were then weighed using an analytical
balance (Acculab, VICON-303) to obtain their proportion by
wet weight (%W = gravimetric) in the diet (Hyslop, 1980). This
method allowed the proportion of the items to be analyzed
independently of the degree of stomach fullness and volume
uniformity (Lima-Junior & Goitein, 2001). The percentage of
empty stomachs was determined for each species, whereas the
relative stomach fullness was assessed as 1 =empty, 2 =<50%
filled, 3 =>50% filled and 4 = bursting. Diet diversity (based on
identified items) was estimated by an index of the niche breadth
(INB; Levins, 1968) that was calculated by:
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where B, = the index for species i, pij = the proportion of
diet of species i that is made up of food item j and n = the
number of prey categories. Values were set at the following
levels: high (>0.6), intermediate (0.4—0.6) and low (<0.4)
(Levins, 1968). Low values indicate a specialized diet (S) while
intermediate and high values indicate a generalist diet (G)
(Levins, 1968). Dictary overlap between species was
calculated from Pianka’s index (1974):

n
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where 0,= the diet overlap coefficient between species j and
k, P, and P, = the proportion of food item i in the diet of
species j and k. The values of this index ranged as follows:
high (>0.6), intermediate (0.4-0.6) or low (<0.4) (Grossman,
1986; Dias & Fialho, 2011). This index assumes prey to be
equally available to all predators (Reinthal, 1990). Values > 0.6
were considered to represent a biologically significant overlap
(Langton, 1982). Fish trophic classification was performed
based on a modification of Schlosser (1982) and Karr et al.
(1986). Omnivorous (O) species mainly consume plant and
animal remains (> 25%); Herbivore-detritivores (HD) species
diet was almost entirely conformed by detritus and algae
(diatoms and macroalgae); insectivorous (I) species diet
consist of animal and plant materials, including terrestrial
aquatic invertebrates (> 25 %); piscivorous (P) species diet
mainly consist of small fish and some times aquatic insects;
malacophagous (M) species diet mainly consist of gastropod
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(>25%) and some aquatic insects. Fish diet similarity analysis
between pools was carried out using one-way analysis of
similarities (ANOSIM) using the Primer 6 Statistical Package
6.1.6 (Clarke & Gorley, 2006). SIMPER was conducted to
evaluate items contribution to fish diet dissimilarity between
pools and between seasons (dry and rainy). Student-7 test
was used to compare variations in aquatic and terrestrial
invertebrates frequencies between pools and seasons (Systat
11.0, Systat Software, 2010).

Results

Captured fish consisting of 13 species and four families, 12
species were recorded in P pools, compared with six species in
SP pools. Garmanella pulchra was found in SP pools for the
first time in PBR water bodies. The richest family was the
Cichlidae, with seven species, followed by the Poeciliidae with
four species, whereas the Characidae and Cyprinodontidae had
a single species each. A total of 445 stomachs were examined;
on average 57.20% of fish stomachs were empty in SP pools
with a relative fullness of 1.66, whereas in P pools, these values
were 31.16% and 2.91, respectively (Table 1).

Eight main trophic resources comprised the fish diet:
Detritus, plant remains, macroalgae (mainly Chara sp.),
aquatic insects (Diptera, Heteroptera, Odonata, and
Coleoptera), terrestrial invertebrates (Hymenoptera,
Orthoptera, Myriapoda, and Arachnida), Crustaceans
(Amphipoda), Gastropoda (mainly Hydrobiids such as
Pyrgophorus sp.) and fish remains (Table 2). Detritus
represented 58.6% on average of the fish diet in P pools,
compared with 44.7% in SP pools. Aquatic and terrestrial
invertebrates comprised on average 27% and 16.6%,
respectively, of the fish diet in SP pools, whereas fish and
plant remains accounted for 12.7% and 8.9%, respectively, of
the diet in P pools (Table 2).

Fish exhibited six trophic habits: Detritivorous (D) were
highly represented in both types of habitats, followed by

Fish diet composition in permanent and semi-permanent pools

herbivorous-detritivorous (HD), insectivorous (I), piscivorous
(P), omnivorous (O), and malacophagous (M) (Table 3).
Notably, there was a clear shift in habits in those species
present in both habitats. Astyanax aeneus showed I/HD and
/O habits respectively in P pools and SP pools; Gambusia
yucatana O and I habits; Rocio octofasciata D and O habits,
including a higher proportion of terrestrial insects and
arachnids in its diet in SP pools (Table 3; Fig 2).

Cichlasoma urophthalmus showed D/O habits in P pools,
whereas Thorichthys meeki was the only species classified
as M/D which fed selectively on gastropod and detritus in P
pools. Belonesox belizanus and Petenia splendida were
strictly piscivorous species. When the INB was compared,
cichlids, poeciliids, and cyprinodontids showed low values
in both types of pools. Conversely, R. octofasciata and A.
aeneus in SP pools showed the highest INB from all species
analyzed (Table 2). Fish species showed specialist diets in P
pools and a tendency to generalist diets in SP pools (Table 3).
ANOSIM showed that the diets of B. belizanus, P. splendida,
Paraneetroplus melanurus, A. aeneus, and G yucatana were
significantly different from all other species analyzed
(ANOSIM Global R =0.28, p <0.05, in all cases). SIMPER
described 54% dissimilarity in fish diet composition between
pools. Detritus (21.33% of the total dissimilarity), aquatic
insects and terrestrial invertebrates (12.31%), fish remains
(10.29%), plant remains (7.37%) and crustaceans (2.74%), were
observed in different proportions between species, and thus
showed differential diets to exist between pools. Invertebrate
groups represented a large portion of the fish diet, showing
significant differences in invertebrate use by fish between
pools. Diptera, Amphipoda, Gastropoda, and Odonata had
significant higher frequencies in fish of P pools compared to
SP pools (z = 2.04, 1.98 and 1.78, 1.69, p < 0.05, n =13,
respectively) (Fig. 2). The most consumed invertebrates in P
pools were Diptera (Poecilia velifera, R. octofasciata and G.
pulchra), Gastropoda (I, meeki) and Odonata (Cichlasoma
salvini and C. urophthalmus). Orthoptera remains were

Table 1. Individual fish collected (N), the proportion with empty stomachs and the relative fullness (1 =empty, 2 =<50% filled,
3 =>50% filled and 4 bursting) of stomachs containing food items in pools of the PBR during 2010. P = permanent and SP =

semi-permanent pools. Mean values are showed in bold.

Empty Stomachs (%) Relative Fullness

Family Species

P SP P SP P SP
Cichlidae Rocio octofasciata 11 13 75 75 2 1
Cichlidae Cichlasoma salvini 31 - 67 - 2 -
Cichlidae Cichlasoma urophthalmus 16 - 0 0 4 -
Cichlidae Oreochromis niloticus 16 - 0 - 4
Cichlidae Petenia splendida 10 - 50 - 2 -
Cichlidae Thorichthys meeki 31 - 45 - 2 -
Cichlidae Paraneetroplus melanurus 25 - 25 - 3 -
Poecilidae Gambusia yucatana 37 10 35 83 3 2
Poecilidae Poecilia mexicana 15 12 0 33 4 2
Poecilidae Belonesox belizanus 22 - 67 - 2 -
Poecilidae Poecilia velifera 29 17 7 75 4 1
Characidae Astyanax aeneus 110 30 3 20 3 3
Cyprinodontidae Garmanella pulchra - 10 - 0 - 1
31.16 57.20 2.91 1.66
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Table 2. The proportion (by wet weight) of food resources in the diet of 13 fish species and Index of niche breadth (INB) in
Permanent (P) and semi-permanent (SP) pools of the PBR, during 2010. * Resources with < 10% wet weight in fish diet.
Resources with greater contribution to diet comprisal are in bold.

Items
Specics Plant Aquatic Terrestrial Fish INB
P TL (cm) N Detritus Remains  Algae Insect Crustacean Gastropod invertebrate ~ Remains
P SP PSP P SP P SP P SP P SP P SP P SPP SP P SP P SP
As;y:::;s 5.7-10.4 3.4-74110 30 31.61 44.89 3496 * 3028 - - £ -xoxox - 45.87 031 0.55
Cichlasoma 6-11.9 587 16 - 5509 - 2752 - * . =% - - . . - 1242 - 030 -
urophthalmus
Thorichthys 45-12 - 31 - 2929 - . . = - x . 5929 . x * - 020 -
meeki
Gambusia 1.4-73 1.3-3.937 10 3689 1052 * - * - 5440 8947 * - L - - 021023
yucatana
Poecilia 4510 43-7529 17 98.09 100  * - - - * - oo * - 001 0
velifera
Poecilia 6.7-13 7-8.1 15 12 4884 100 5115 - - - - - .o o . - 003 0
mexicana
Belones 113 - 2 - - - - - - - 100 - o -
oxbelizanus
Rocio
. 4-65 3569 11 13 7647 5714 - - - - 1838 - - 142 . % 2857 - - 0.20 0.66
octofasciata
Cichlasoma 628 - 31 - 781 - - - - - 1952 - o+ . L L - - 018 -
salvini
Petenia 17.9-
splendida 243 10 - ) ) ) ) ) ) ) T ) ) T ) 100 ) o -
Oreochromis 16554 . 16 - 998 - oL L L - - - - - - - 001 -
niloticus
Paraneetroplus ¢ ¢ 179 55 . o510 . 7130 -+ - % SoE L ox * - 012 -
melanurus
Garmanella - 2543 - 10 - 9767 - - - - - % . S - - - 005
pulchra

included in the diet of G yucatana and A. aeneus (Fig. 2).
Conversely, fish in SP pools showed affinity for terrestrial
invertebrates. Here, fish showed significantly higher
frequencies of Heteroptera (4. aeneus) and Arachnida (R.
octofasciata) (t = 1.77, 1.45, p < 0.05, n =13, respectively)
compared to P pools (Fig. 2). These species were present in
both habitats, showing contrasting diets. When items were
grouped in broader categories and compared by SIMPER
between seasons, individuals from P pools showed low
variation between seasons (22.78% dissimilarity). During the
dry season detritus (6.16%), fish remains (5.23%), gastropod
(4.19%), plant remains (2.85%) and algae (2.66%) account for
this variation. Conversely, items consumed in SP showed a
strong seasonality effect during the rainy season with 41.1%
dissimilarity. Detritus (13%), aquatic insects (9%), terrestrial
invertebrates (7.1%), fish remains (7%) and arachnids (5%)
account for this variation. In P pools detritus was consumed
in higher proportions in both seasons. During the dry season
fish eat more on fish and plant remains, aquatic insects and
algae while during the rainy season fed more on plant remains,
algae and gastropod (Fig. 3). Fish in SP pools fed more on
detritus and fish remains during the dry season switching to
aquatic and terrestrial insects and arachnids during the rainy
season (Fig. 3).

Diet overlaps between species were present in both habitats
but with highly different frequencies. In P pools, 50% of niche

overlaps were intermediate, 37% were high (biologically
significant) and 15% were low (Table 4). Despite scarce fish
interactions in SP pools, the greatest recorded overlaps were

Table 3. Trophic Habits (TH; based on Levins, 1968) and
Trophic Classification (TC) (modified from Schlosser, 1982
and Karr et al., 1986) for fish in permanent (P) and semi-
permanent (SP) pools of the PBR during 2010. G = generalist
and S = specialist habits. D = detritivorous, O = omnivorous,
M = malacophagous, HD = herbivorous-detritivorous, P =
piscivorous and I = insectivorous. INB (Index of niche breadth)
for each species between pools.

Species TH TC TH TC

P P INB SP SP INB
Cichlasoma urophthalmus S DO 03 - - -
Thorichthys meeki S ™MD 02 - - -
Astyanax aeneus S THD 031 G IO 055
Rocio octofasciata S D 02 G O 0.66
Gambusia yucatana S o 021 S I 023
Poecilia mexicana S HD 003 S D 0
Poecilia velifera S D 001 S D 0
Belonesox belizanus S P 0 - - -
Cichlasoma salvini S D 0.18 - - -
Oreochromis niloticus S D 0.0 - - -
Petenia splendida S P 0 - - -
Paraneetroplus melanurus S HD 0.12 - - -
Garmanella pulchra - - - S D 0.05




886

100

Fish diet composition in permanent and semi-permanent pools

80 A

60

40 A

;\3
5 1 |
C T T T T T T T T
S 100
8
i B IE Coleoptera
Odonata
80 - B Heteroptera
B Diptera
EES Amphipoda
Il Gastropoda
EE Ostracoda
60 [ Orthoptera
Bz \yriapoda
Hymenoptera
B Arachnida
40 1 E== |nsect remains
20 - ‘
0 E I ]I T IE H II 1 T T ‘ T 1 T T
Aa Cu Tm Gy Pv Pm Bb Ro Cs Ps On pm Gp

Fig. 2. Fish feeding spectrum of aquatic insects and terrestrial invertebrates (proportions of different orders in the diet of all
stomachs analyzed) between Permanent (A) and Semi-permanent (B) pools in the PBR during 2010. Species codes: Aa =
Astyanax aeneus, Cu = Cichlasoma urophthalmus, Tm = Thorichthys meeki, Gy = Gambusia yucatana, Pv = Poecilia
velifera, Pm = P. mexicana, Bb = Belonesox belizanus, Ro = Rocio octofasciata, Cs = Cichlasoma urophthalmus, Ps = Petenia
splendida, On = Oreochromis niloticus, Pm = Paraneetroplus melanurus, Gp = Garmanella pulchra.

intermediate-low. Poecilia velifera had the most pronounced
diet overlap of all the species analyzed, particularly with
Oreochromis niloticus, C. salvini, R. octofasciata, G. yucatana
and P, mexicana in P pools, whereas it had only one significant
interaction in SP pools with G pulchra. The C. urophthalmus
diet also showed high overlap values with O. niloticus and C.

salvini diets (>0.9) and to a lesser extent with the P. velifera
(0.69) diet. In P pools, 4. aeneus showed a biologically
significant overlap with C. urophthalmus, which reflects the
proportion of detritus and plant remains in their diets.
Paraneetroplus melanurus and P. mexicana had a high diet
overlap based on the use of plant remains in P pools. Rocio
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Fig. 3. Percentage composition of main items consumed by fish in Permanent (A) and Semi-permanent (B) pools in BPR during
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octofasciata exhibited high diet similarity with detritivorous
species such as P, velifera and T. meeki (Table 4).

Discussion

The analysis of fish stomachs showed that fish in pools
of the PBR use a wide variety of food sources, especially
detritus, aquatic insects and terrestrial invertebrates,
plants, gastropod, and fish remains. Most species
associated to permanent waters showed a specialized diet
with a generalist tendency in ephemeral pools, in which
fish take advantage of changing prey abundance. An
interesting condition was observed in fish species present
in both types of water bodies which exhibited opposite
diet and trophic classification. This suggests that fish in
pools of the PBR can modify their diet based on variations
of food sources and prey abundance. This diet modification
appears to be driven by pool hydrology, particularly in SP
pools (see Winemiller & Jepsen, 1998). For instance, in a

previous study at the same pools, aquatic invertebrate
abundance was analyzed. P pools showed an average
abundance of 66 ind./m? while in SP pools 48 ind./m? as
well as different community composition (Hinojosa-Garro
et al., 2009). As result, variations in prey abundance
between pools were also observed in fish diet composition.
Species present in SP pools almost always had empty
stomachs and lower relative fullness values, suggesting a
lower food base, compared to P pools, in which fish
stomachs were almost twice as full and had a constant
feeding pattern. Despite variations in pool hydrology and
seasonality, detritus was the main item in all fish diets,
followed by aquatic insect and terrestrial invertebrates.
Detritus, which includes particulate organic matter, mud
and epiphytic algae, is extremely abundant in most areas
of the reserve, particularly in P waters (Vega-Cendejas &
Arreguin-Sanchez, 2001). As a result, detritivorous fish
species were well represented in both habitats, with the
highest diet overlap. This important source of energy can
enhance community efficiency, being a prime source in the
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Table 4. Diet overlap (according to Pianka, 1974) of all fish analyzed in pools of the PBR during 2010. Values in bold represent
biologically significant niche overlapping (according to Langton, 1982) in permanent pools while parenthesis represents those
overlapping values in semi-permanent pools. Overlap range: High (> 0.6), intermediate (0.4 - 0.6) or low (< 0.4) (Grossman, 1986).

C. urophthalmus A. aeneus T. meeki P. velifera P.mexicana G.yucatana C. salvini O. niloticus

Species
Paraneetroplus melanurus 0.17 0.17 0.08
Oreochromis niloticus 0.99 0.53 0.29
Cichlasoma salvini 0.97 0.52 0.31
Belonesox belizanus 0.41 (0.02) 0.32
Rocio octofasciata 0.09 0.34 0.92
Garmanella pulchra - - -
Gambusia yucatana 0.51 (0.87) 0.22
Poecilia mexicana 0.45 (0.69) 0.16
Poecilia velifera 0.69 0.44 0.74
Thorichthys meeki 0.52 0.43 -
Cichlasoma urophthalmus - 0.88
Petenia splendida 0.90

0.18 0.94 0.2 0.19 0.17
0.99 0.46 048 0.96 -
0.99 0.44 0.67 - -
0.97 - 0.1

(0.99) -

0.75 0.47

0.72

food chain and can also enhance epibenthic resources
which will also be included in the fish diet (Catella & Petrere,
1996; Vaz et al., 1999). Aquatic insects and terrestrial
invertebrates were the second most frequent items in fish
diets. In SP pools, terrestrial insects and invertebrates were
present in fish diets, whereas fish in P pools showed more
affinity for aquatic invertebrates. The presence of Odonata,
Diptera, and Heteroptera might relate to their high
abundance in these water bodies (Hinojosa-Garro et al.,
2009). INB values suggest that fish that inhabit SP pools
use the most food sources available (e.g., terrestrial
invertebrate and crustaceans), which results in higher
values, and they might respond to fluctuations in food
abundance and type (Crowder & Cooper, 1982), as do
Cichlids and Characids. Conversely, in P pools, Cichlids in
general showed lower INB values, probably as a result of a
more specialized feeding strategy, which is an outcome of
a wider variety of food sources being available, particularly
for items such as fish and plant remains, gastropod and
aquatic insects (Hinojosa-Garro et al., 2009). Previous
studies in Central America showed that neotropical Cichlids
experience a diet shift based on water hydrology, ranging
from algae and detritus, to insects, crustaceans, and fish
(Eaton, 1943; Winemiller et al., 1995; Valtierra-Vega &
Schmitter-Soto, 2000; Waltzek & Wainwright, 2003). In our
study fish described opposite trophic habits based on pools
hydrology, with a tendency of specialist feeders in P pools
while generalist feeders in SP pools. Although this
condition is unusual in seasonal habitats, it has been
observed in some studies carried out in tropical ponds
and streams a diet specialization - steady low INB values
between seasons — and low omnivorous species, despite
the use of a wide range of food items, as result of steady
food sources and low variation between seasons
(Novakowski, et al., 2008; Mazzoni et al., 2010; Schneider
et al., 2011). The absence of seasonal variation and the
predominance of autochthonous items in the fish diet are
probably associated to permanent waters which will
enhanced aquatic flora and fauna. A similar condition was
observed in P pools in which fish exhibit low INB values

and variation in items proportion between seasons, with
an opposite condition in SP pools. In dry periods fish
inhabiting P pools use more detritus and plants/fish remains
while in SP pools detritus and fish remains. In the rainy
season P pools fish showed a different feeding pattern
using plants remains, gastropod and algae while aquatic
insects and terrestrial invertebrate in SP pools; probably
as result of allochthonous inputs. Thus, seasonality
enhances prey variations in pools, particularly in those
ephemeral, which influence the number of food sources
and their proportion in fish diet of PBR (see Winemiller,
1990; Silva et al., 2012). Nonetheless, the Cichlid diet
composition in the peninsula might be much more dynamic
than has been described in other tropical regions
(Winemiller et al., 1995; Waltzek & Wainwright, 2003). For
example, 7. meeki in lagoons of Quintana Roo was
described as planktivorous (Navarro-Mendoza, 1988;
Valtierra-Vega & Schmitter-Soto, 2000), in contrast to our
findings, suggesting that fish species from this family cope
with variations in habitat type by modifying their feeding
strategies on a regional scale. For instance, the only Cichlid
(R. octofasciata) that was present in both types of habitats
fed selectively on Diptera in P pools, and switched to
Arachnida in SP pools. In the same study, C. salvini was
described as feeding on Copepods, Chironomids and
Ostracods (Valtierra-Vega & Schmitter-Soto, 2000), whereas
we observed a diet mainly comprised of detritus and aquatic
insects. Thus, Cichlids are very adaptable and appear to
alter main items in their diet on a regional scale, mainly
based on available food sources. Alternatively, Poeciliidae
showed contrary feeding strategies between pools. Fish
in P pools exhibited a generalist pattern, using a wide range
of food sources (e.g., G. yucatana and P. mexicana) from
algae to fish remains, whereas in SP pools they became
specialists, feeding mainly on aquatic insects and detritus.
Fish in this family are well adapted to water conditions in
the peninsula (Miller, 2009). Gibb ez al. (2008) observed
that poeciliids have developed jaw adaptations that are
likely to enhance performance when feeding on attached
or encrusted food items. This might explain the differences
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in feeding behavior and habits compared to the other
taxonomic group found. Cyprinodontid showed a high
affinity for detritus, as has been reported for other similar
shallow water bodies of the Yucatan peninsula (Miller,
2009). Feeding overlaps between species were common in
P pools and most were biologically significant (according
to Langton, 1982), with intermediate and high interactions.
These extensive overlaps were probably associated with
the high abundance of common prey used by fish,
particularly in P pools. It has been observed in similar
systems, that a food type that is widely and continually
available can favor non-restrictive trophic specialization
(Silva et al.,2012), which agrees with INB results, in which
species showed lower values as a feeding strategy,
particularly in P pools. Furthermore, high values of diet
overlap (>0.6) were observed among detritivorous species
(homogeneous diets). Intermediate values were obtained
mainly for pairs of species that consumed more than one
type of food resource (with a dominance of one or two
types). In contrast, fish in SP pools described intermediate-
low overlap values (<0.4), based on the use of more food
sources available in this habitat, which in turn resulted in
higher INB values.

The results, therefore, show that for these coastal
freshwater wetland species, coexistence and trophic
conditions appear to depend on pools hydrology, as result
of food sources (e.g., prey richness and abundance)
promoting variations in fish feeding habits on a regional
scale (diet specialization), compared with other P water
bodies in the Yucatan peninsula. Our results contribute to
a better understanding of whether fish diets are based on
pool hydrology in tropical wetlands, which constitutes the
baseline for further studies involving freshwater fish
species conservation in the PBR, but also in the Yucatan
Peninsula. Results also emphasize the importance of
shallow pools for fish species distribution in wetlands of
the Yucatan peninsula, an area with lack of information
about freshwater fish biology.
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