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Abstract

Estuaries are highly productive systems that sustain diverse assemblages of fauna. In
tropical estuaries such as the Jobos Bay National Estuarine Research Reserve (JBNERR),
faunal composition plays a critical role in maintaining ecosystem services. Organisms such
as fishes and macroinvertebrates provide essential ecosystem services, including trophic
balance, nutrient recycling, bioturbation, and support for local economies. Despite their
importance, faunal inventories and their ecological interactions within Jobos Bay NERR
remain limited. In this study, we characterized the faunal community present in the estuary,
focusing on fishes and macroinvertebrates. Sampling was conducted between October
2022 and April 2024 using bimonthly video transects (five 10 m transects per site) across
three sites. Results showed that Cassiopea spp. were the most abundant macroinvertebrate
and present at all sites. The faunal composition and Cassiopea abundance exhibited spatial
variability, with bony fishes dominating assemblages. PERMANOVA results indicated
that while community composition differed significantly among sites, Cassiopea abundance
was not a significant driver of these assemblages (p = 0.635). Additionally, burrows were
observed at all sites, showing an inverse relationship with Cassiopea abundance. Our
findings suggest a potential relationship between the presence of Cassiopea and other fauna
in Jobos Bay and highlight the need for a better understanding of the potential effects that
high Cassiopea densities may have on the structure of faunal communities.

Keywords: burrows; Caribbean; Dondice; epibenthic; video survey

1. Introduction

Estuaries are among the most productive ecosystems in the world, supporting high
population densities of many Invertebrate and fish species [1]. Marine faunal assem-
blages have an important role in maintaining healthy estuaries, including the services
they provide [1,2]. For example, some macroinvertebrates, such as crustaceans, mollusks,
cnidarians, and echinoderms, support processes including nutrient recycling and bioturba-
tion, which directly influence carbon sequestration and productivity [1,3,4]. Due to their

abundance and diversity, estuarine detritivores may also help recycle organic matter, and
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grazers like gastropods control phytoplankton or bacteria biofilms [5,6] while influencing
nitrification and denitrification activity in the sediment [7]. Additionally, the estuary serves
as a nursery, hosting a wide range of migratory and stationary fish species that can not only
determine the composition and distribution of other organisms [8], but also contribute to
the economy through recreational and commercial fishing, generating an economic benefit
for local communities [3,9].

Despite the importance of estuaries and the faunal communities that inhabit them,
estuaries are increasingly under threat by anthropogenic activities, including nutrient
loading, sedimentation, and rising sea levels from global climate change [10]. As such, it
is increasingly important to document estuarine community and ecosystem dynamics to
better understand how these critical ecosystems are changing. This is particularly necessary
in the Caribbean, where estuarine evaluations remain scarce, despite the growing threat of
human activities.

One of them is the Jobos Bay National Estuarine Research Reserve (JBNERR), which is
a natural reserve located on the south-central coast of Puerto Rico (17° 56’ N, 66° 13’ W)
between the municipalities of Salinas and Guayama. Jobos Bay is the second-largest estuary
of Puerto Rico and is classified as a coastal plain estuary, where groundwater inputs
are the main source of freshwater [11]. An assessment was conducted in 2011 at Jobos
Bay [12], which provided valuable information about the system’s biological resources,
including the fish communities present in the bay. However, more than a decade has
passed, and subsequent work in the bay does not include faunal characterization data.
Since estuarine systems are very dynamic and animals are sensitive to environmental
changes, it is important to keep the census updated.

Despite its ecological importance, updated information on the composition and di-
versity of fauna communities within the reserve remains limited. Therefore, the main
objectives of this study were (1) to quantify and identify the marine fauna present at differ-
ent sites within Jobos Bay and (2) to describe possible interactions that may be occurring
between the fauna present using video surveys. The data obtained in this study contribute
to a better understanding of the structure of the faunal community in Jobos Bay. In addition,
these data will help support future studies, as well as provide relevant information for the
management of the reserve.

2. Materials and Methods
2.1. Site Location and Field Sampling

This study took place on the Jobos Bay National Estuarine Research Reserve (JBNERR),
where nine sampling events were carried out on board the R/V Pelicano from October 2022
to April 2024 (except for April 2023, which could not be documented) at three locations:
Cayo Caribe, Cayo Puerca, and Cayo Puerca Lult (Figure 1). The three sites had similar
traits: surrounded by red mangroves (Rhizophora mangle), low water movement, and similar
seagrass species (dominated by Halophila stipulacea) and coverage—approximately 75-80%.

2.2. Environmental Parameters

In situ water parameters, including temperature (°C), salinity, dissolved oxygen
(mg/L), and pH, were collected from both the surface and bottom upon arrival at each sta-
tion using a calibrated multiparameter sonde (YSI©-556 MPS, USA). Sampling time varied
throughout the study depending upon season and the weather, including wind direction.

2.3. Faunal Surveys

Five fixed 10 m transects were established that ran perpendicularly to the mangroves
at each site. Transects were established by placing two 1.5 m PVC pipes at the start and end
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of each transect, securing the transect tape underwater. Once the transects were in place, we
conducted photogrammetric surveys using two GoPro Hero 10 cameras affixed to a dual-
camera mount (Figure 2A). This setup surveyed a 2 m swath from 0 m to 10 m of the transect
covering an area of 20 m2. The GoPro Hero 10 had the following parameters: resolution:
4k, FPS: 30, lens: wide, HyperSmooth: standard, scheduled capture: off, duration: no limit,
hindsight: off, bit rate: standard, zoom 1.0x, shutter: auto, EV comp: 0, white balance:
auto, ISO min 100, ISO max 1600, sharpness: medium, color: natural, raw audio: off, wind:
auto, SD card: 512 GB. The surveyor snorkeled at the surface from one end of the transect
tape to the other (Figure 2B) while holding the camera mount pointed towards the transect
and using a flotation device for stability. This procedure was repeated for each transect.
Once the sampling was completed, video transects were uploaded to the BIIGLE platform,
where they were manually annotated [13].
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Figure 1. Sampling locations at Jobos Bay National Estuarine Research Reserve monitored bimonthly
from October 2022 to April 2024.

Figure 2. (A) Custom two-camera GoPro mount for photogrammetric surveys [14], (B) Vega-Pérez, ].
conducting a field survey, demonstrating the use of the mount.

2.4. Data Analysis

Videos were annotated using the BIIGLE platform [13], an open-source cloud-
based platform for image annotation. Species identification was performed using tax-
onomic guides from Neumann and DeLoach [15] and the WoRMS online marine species
registry [16]. Identification of Cassiopea to species level was not possible using morphology
alone, as the genus exhibits high phenotypic plasticity that makes visual identification
unreliable [17]. Although DNA samples were collected for molecular confirmation, they
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were lost following power failures caused by hurricanes Milton and Helene in 2024. Indi-
viduals were therefore identified to genus level and referred to throughout this study as
Cassiopea spp. Fauna quantity, diversity, richness, and evenness analyses were performed
using RStudio (Version 4.0.2).

To evaluate whether the spatial association between Cassiopea spp. and faunal burrows
differed from random expectation, we applied the probabilistic model of co-occurrence [18],
as implemented in the cooccur package [19]. This approach calculates the probability of the
observed number of co-occurrences given the individual occurrence frequencies, providing
a framework to detect significant attraction or avoidance patterns. This analysis was
appropriate for our data, as it accounts for the frequency of occurrence independently of
density fluctuations that may be driven by separate environmental factors.

Non-metric multidimensional scaling (nMDS) ordination was performed using Bray—
Curtis dissimilarity to visualize faunal community patterns across sites [20,21]. To address
zero-inflated samples, a constant value of 0.01 was added to all abundance values before
analysis, a standard approach in community ecology [22]. The nMDS was conducted with
k = 2 dimensions, 50 random starts, and 100 maximum iterations. Stress values were in-
terpreted following Clarke [23]: <0.05 = excellent, 0.05-0.10 = good, 0.10-0.20 = acceptable.
Convex hulls delineated site groupings in ordination space. Compositional differences
among sites were tested using permutational multivariate analysis of variance (PER-
MANOVA) and analysis of similarity (ANOSIM), both based on Bray-Curtis dissimilarity
with 999 permutations [23]. To address whether Cassiopea abundance was a primary driver
of community structure, an additional PERMANOVA was performed using its abundance
as a predictor variable, excluding Cassiopea from the community matrix to avoid circularity.
PERMANOVA quantifies the proportion of variance explained by grouping factors (R?),
while ANOSIM provides a measure of group separation (R statistic, ranging from 0-1).
Statistical significance was assessed at o = 0.05.

3. Results
3.1. Spatial Variability: Environmental Parameters

Sampling times varied during the field expeditions due to differences in environmen-
tal conditions and site accessibility. For instance, priority was given in the morning to
Cayo Caribe as winds were not as strong and the mangroves partially shaded the tran-
sects, which could result in lower temperatures. Water conditions were similar across
sites, with temperatures ranging from 28.8 °C to 29.3 °C, yet with a consistent salinity of
35 (Table 1). Dissolved oxygen varied more among sites, with the highest mean at Cayo
Puerca (7.8 mg/L = SE: 0.37) and lowest at Cayo Caribe (5.6 mg/L + SE: 0.47). Variation
within sites was moderate for temperature and salinity, while dissolved oxygen and pH
showed greater variability within sites.

3.2. Fauna Spatial and Temporal Abundance

Marine fauna were categorized into two major groups: macroinvertebrates and bony
fishes. For macroinvertebrates, we identified four phyla, five classes, and seven species
(n =7), with Cassiopea spp. being the most abundant group (see Supplemental Table S1).
For bony fishes, we identified nine families and ten species. Cayo Puerca had the highest
total species for bony fishes (n = 10), whereas for macroinvertebrates both Cayo Puerca
and Cayo Puerca Lult had four species identified. Overall, Cayo Caribe had the lowest
abundance and species presence during the sampling period, with five bony fishes and
three macroinvertebrates. Of macroinvertebrates, upside-down jellies (Genus Cassiopea)
were the most abundant within this group and present at all sites. As such, we separated
them into an additional category to compare changes in their abundance versus faunal
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assemblages (Figure 3). The mean abundance (£SE) of Cassiopea and other faunal groups,
calculated across space and time, was highly variable (Supplemental Table S1). The most
bony fishes were recorded at Cayo Puerca Lult in August 2023, followed by Cayo Puerca
in October 2023 and lastly Cayo Caribe in October 2022.

Table 1. Descriptive statistics of water parameters measured for all sites.

Site Mean SE
Cayo Caribe
Temperature 28.4 0.65
Salinity 35.5 0.50
Dissolved oxygen (mg/L) 5.9 0.47
pH 8.2 0.12
Cayo Puerca
Temperature 294 0.65
Salinity 35.5 0.47
Dissolved oxygen (mg/L) 7.9 0.37
pH 8.4 0.11
Cayo Puerca Lula
Temperature 29.1 0.61
Salinity 35.7 0.55
Dissolved oxygen (mg/L) 6.6 0.24
pH 7.9 0.22
2
o8

Cayo
Puerca

Cassiopea
Bony Fishes
Macroinvertebrates

Ind. m™2

Cayo
Puerca
Lula

Figure 3. Mean (4SE) abundance of Cassiopea spp. and main macrofaunal groups extracted from the
underwater survey footage.

Subsequently, the abundance of bony fishes at Cayo Caribe decreased dramatically
over the following months (Figure 3). Peak mean abundance of Cassiopea was less than
one individual per square meter (ind. m~2), and were always present at Cayo Puerca
Lult throughout the sampling months. In October 2022 at Cayo Caribe, few bony fishes
(1.07 £ 1.15ind. m~2) and Cassiopea (0.74 4 0.92 ind. m~2) were recorded. Over the
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sampling period, bony fish and Cassiopea abundance were dynamic both spatially and
temporally in Cayo Caribe. Relative abundance (%) of faunal groups varied across sites and
months, revealing strong temporal turnover in community composition (Figure 4). Cassiopea
were recorded at all sites during the study period and contributed a large proportion of the
assemblage during the early sampling periods, particularly from October 2022 to February
2023. Among the bony fishes, Anchoa spp. (bay anchovy), Gerres cinereus (yellowfin mojarra),
and Scarus iseri (striped parrotfish) were the most recurrent across sites. Community
composition became more heterogeneous later in the study, with G. cinereus, Anchoa spp.,
S. iseri, and Haemulon flavolineatum (French grunt) contributing substantially to relative
abundance in several months. In contrast, macroinvertebrates showed more restricted
spatial and temporal occurrence. For example, Isostichopus badionotus (three-rowed sea
cucumber) was observed only at Cayo Caribe in June 2023, whereas Tripneustes ventricosus
(white sea urchin) was recorded only at Cayo Puerca Lult in April 2024. Similarly, Elysia
crispata (lettuce sea slug) and Dondice spp. were observed only in Cayo Caribe and Cayo
Puerca Lult, and only during specific sampling months.
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Figure 4. Relative abundance of bony fishes and macroinvertebrates recorded per site and month.

3.3. Community Structure

Shannon diversity (H') and taxonomic richness showed strong spatiotemporal vari-
ation across sites and months (Figure 5). Cayo Caribe showed the lowest values of both
metrics throughout the study, reaching zero in subsequent sampling months. Conversely,
Cayos Puerca and Puerca Lultd showed higher and more variable diversity and taxonomic
richness, with peaks in mid-2023. The peak diversity was observed in June 2023 at Cayo
Puerca, while the peak richness was observed in August 2023 at Cayo Puerca Lulti. Hence,
the patterns presented in Figure 5 indicate strong spatiotemporal fluctuations in diversity
and richness over the study period.
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Figure 5. Spatiotemporal variation in mean (£SE) Shannon’s diversity, species richness, and Pielou’s
evenness measured in video surveys.

Pielou’s evenness varied across sites and sampling periods, indicating changes in
how evenly individuals were distributed among taxa. In general, periods with higher
Shannon diversity tended to coincide with higher evenness, particularly at Cayo Puerca
and Cayo Puerca Lulti, suggesting that increases in diversity were driven not only by
the presence of more taxa, but also by a more balanced relative abundance among them.
In contrast, low evenness values at Cayo Caribe throughout most of the study indicate
strong dominance by one or few taxa, which corresponded with consistently low Shannon
diversity despite occasional variation in richness. Richness and evenness did not always
follow the same temporal pattern, showing that the number of taxa present alone did
not determine diversity. Rather, the relative distribution of abundance among taxa also
contributed substantially to community structure.

nMDS ordination successfully represented community dissimilarity in two dimen-
sions (stress = 0.176, Figure 6), indicating an acceptable fit based on stress criteria. Visual
inspection revealed an overlap between the sites. Faunal communities differed significantly
among sites. PERMANOVA detected significant compositional heterogeneity (pseudo-
Fy113 = 247, R? = 0.042, p = 0.01), with site identity explaining 4.2% of total community
variance. PERMANOVA models indicated that community composition differed signifi-
cantly among sites (pseudo-F; 113 = 2.47, R? = 0.042, p = 0.01), while Cassiopea abundance
alone did not significantly explain community structure (pseudo-F; 114 = 0.70, R? = 0.006,
p = 0.63). When both factors were included in a marginal-effect model to control for
site-specific differences, site identity remained the only significant predictor (p = 0.006),
whereas Cassiopea abundance remained non-significant (p = 0.367). ANOSIM corroborated
these findings (R = 0.047, p = 0.004), indicating weak, but statistically significant separation
among site assemblages.

3.4. Habitat Structure

Non-living biological components are commonly recorded during benthic surveys
and include remains or biogenic structures associated with organisms [24]. In this study,
these components included egg cases, empty shells, and burrows (Supplemental Table S2).
Burrows were encountered at all sites in large quantities (Figure 7), and because the
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burrowers themselves were not recorded, we classified burrow structures as “non-living”
(Supplemental Table S2). Burrow density differed across sites. Therefore, we decided
to quantify them to evaluate possible interactions between the burrowers and Cassiopea.
Burrows were consistently higher in Cayo Caribe, increasing from 24.4 ind. m~2 from the
first time of sampling (October 2022) to 217.0 ind. m~? after the field sampling (April 2024;
Figure 7). Conversely, Cayo Puerca Lulti showed moderate burrow densities, and Cayo
Puerca had the lowest densities reported (2.3-68.1 ind. m~2).

0.6 1 Stress: 0.176

0.4 1

0.2 1

NMDS2

0.0 1

-0.2 1

-0.25 0.00 0.25
NMDS1

. © Cayo Caribe @ Cayo Puerca
ste ¢ Cayo Puerca Lulu

Figure 6. Non-metric multidimensional scaling (nMDS) ordination of faunal community composition
across three sampling sites in mangrove habitats. Each point represents a single sampling event
(n =126 total samples: Cayo Caribe = 45, Cayo Puerca = 41, Cayo Puerca Luld = 40). Ordination is
based on the zero-adjusted Bray—Curtis dissimilarity matrix of species abundance data. Colored
polygons represent convex hulls enclosing all samples from each site. The two-dimensional nMDS so-
lution achieved convergence with stress = 0.18, indicating an acceptable representation of community
structure. Community composition differed significantly among sites (PERMANOVA: R? = 0.042,
F=247,p=0.01; ANOSIM: R = 0.047, p= 0.004), but was not significantly influenced by Cassiopea
abundance (RZ = 0.006, p =0.63).

Figure 7. Burrows in the sediment in Cayo Caribe, April 2024.

We suspected that Cassiopea and burrow densities exhibited opposite temporal dynam-
ics, and therefore tested their relationship in the data. Cassiopea peaked at the beginning
of the sampling period and declined progressively thereafter: at Cayo Caribe, abundance
became absent after February 2023; at Cayo Puerca, counts approached zero after June 2023
(<0.2 ind. m~?2); and at Cayo Puerca Luld, densities dropped from 3.0-6.9 to <0.1 ind. m 2
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by December 2023. Burrow densities, in contrast, were consistently high and increased over
time. At Cayo Caribe, burrow counts exceeded 20 m 2 by April 2024, while at Cayo Puerca.
Numbers reached near zero during the peak Cassiopea period (December 2022—February
2023) before recovering (Figure 8). Despite these apparent inverse trends, the probabilistic
co-occurrence analysis [18] showed that the association between Cassiopea spp. and faunal
burrows was purely random (observed co-occurrences = 58, expected = 59.77, p = 0.869),
with no significant patterns of attraction or avoidance detected at the transect scale.
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r20

Cayo
Caribe

0.5
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" M
0.0 0
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Cassiopea
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r20

Cayo
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Lula

Figure 8. Mean (£SE) abundance of Cassiopea and burrows. As Cassiopea abundance decreased,
burrows increased over time, suggesting a potential relationship between the two populations in
Jobos Bay.

4. Discussion

This study aimed to characterize the composition of faunal assemblages in different
sites of the Jobos Bay estuary and to assess potential interactions between local faunal
communities. In this context, the observed associations between fauna assemblages not
only advance our understanding of estuarine species interactions but also establish an
updated baseline for long-term monitoring and management within the reserve.

4.1. Spatiotemporal Patterns and Community Structure

The pronounced spatial and temporal variation in faunal communities documented
across the study sites reflects the dynamic in shallow tropical estuaries (Figure 3). Peak
bony fish abundance varied both seasonally and spatially, with Cayo Caribe reaching
its maximum in October 2022 before declining dramatically. Cayo Puerca Lulti showed
maximum fish densities during August 2023 (nearly two individuals/m?), while Cayo
Puerca peaked in October 2023 (Figure 3). The observed summer peaks in species richness at
both Cayo Puerca and Cayo Puerca Lula (Figures 3 and 5), contrasting with winter declines,
suggest temperature-mediated recruitment patterns consistent with tropical estuarine fish
assemblages [25]. However, the dramatic decline at Cayo Caribe following its early peak
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indicates site-specific factors may override regional seasonal patterns, potentially reflecting
differences in habitat quality, predation pressure, or environmental stressors [26].

Cayo Caribe consistently showed low diversity indices and species richness compared
to other sites (Figure 5). Cayo Puerca and Cayo Caribe exhibited the greatest exposure to
physical disturbance (e.g., wind-driven currents). However, Cayo Puerca is located within
the mangrove channels of Mar Negro, which can dissipate the wave energy, whereas Cayo
Caribe, located in the lower keys, is more directly influenced by hydrodynamic forces
(Figure 1). This suggests that Cayo Caribe may support fewer faunal assemblages due to
the hydrodynamics of Jobos Bay.

Although site identity explained a small portion of the total variance (4.2%), it was
a more consistent predictor than Cassiopea abundance, which did not significantly influ-
ence the overall community composition (R? = 0.006, p = 0.63). This suggests that while
Cassiopea is a dominant component of the marine fauna in this study, its density does
not dictate the broader assembly patterns of fish or other invertebrates in Jobos Bay. The
low variance explained by both factors indicates that other unmeasured environmental
variables or stochastic recruitment processes likely play a larger role in shaping these
estuarine assemblages.

4.2. Natural History Observations

Jobos Bay had several fish species consistently represented across space and time.
While the most abundant fish on the surface were Anchoa spp., we documented that the
most abundant species recorded on the bottom near Cassiopea were the G. cinereus and the
juvenile S. iseri (Figure 4). During the surveys, it was possible to identify that most of the
fish were in their adult stage, while S. iseri (Figure 9), and the H. flavolineatum were always
observed in their juvenile stage, indicating that the estuary plays a role of nursery habitat
for juvenile animals [27,28].

Figure 9. An aggregation of juvenile Scarus iseri around Cassiopea spp.
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A total of six macroinvertebrate species were identified, with Cassiopea representing
the most abundant and consistently observed group across all sampling sites and months
(Figures 4 and 10; Supplemental Table S1). The presence of Cassiopea is an important
component of the faunal community within the estuarine system. Estuaries like Jobos Bay
represent a suitable habitat for these upside-down jellyfish, which are commonly found in
shallow tropical and subtropical waters with low movement [29]. Recent studies indicate
that under favorable environmental conditions, particularly when natural predation is
limited, Cassiopea populations can increase very rapidly. Stoner et al. [30] found that
Cassiopea presence in seagrass beds decreased in epifauna densities, as well as a decrease
in grazers. Hence, Cassiopea can cause physical changes to the environments they inhabit,
which can lead to cascading effects on benthic ecosystem dynamics such as declines in
benthic fauna [31].

Figure 10. Macroinvertebrates observed in the video surveys. (A) Elysia crispata, (B) Tripneustes
ventricosus, (C) Isostichopus badionotus, (D) Pagurus sp.

However, Cassiopea do have some predators [32-35]. One of them is a nudibranch
that occurs on the southwest coast of Puerto Rico: Dondice parguerensis, which according
to previous studies [32,36] has only been found within Cassiopea, not outside them. The
interaction between D. parguerensis and Cassiopea is more consistent with parasitism or a
predation—parasitism continuum, as the nudibranch can persist on the host, feed on oral
arm tissues, and reproduce without immediately killing the Cassiopea. In this study, we were
able to identify a nudibranch from the genus Dondice, but species-level identification was
not possible. The Dondice spp. individuals were recorded on seagrass Halophila stipulacea or
bare sediment (Figure 11). However, there is evidence that other species of Dondice are not
exclusive to these jellyfish, but can consume them, like Dondice arianeae [37]. In addition,
this sea slug had not been documented before in Jobos Bay [12,38], updating the inventory
of macroinvertebrates in the reserve.
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Figure 11. Dondice sp. and polychaete burrows adjacent to a juvenile Cassiopea sp.

4.3. Potential Interactions

The second objective of this study was to document possible interactions between
the fauna present in the estuary. While we have no direct interactions on camera (e.g.,
predation), we used the photogrammetric survey data to explore potential interactions due
to the proximity of certain taxa.

4.3.1. Bony Fish—Cassiopea Interactions

Bony fishes are commonly found in estuarine environments where Cassiopea are abundant,
though the literature on their potential interactions remains scarce (see Stoner et al. [30]). One
of the fish that attracted attention due to their behavior around Cassiopea was Chaetodon
capistratus (four-eyed butterflyfish, Figure 12), which was observed in the field actively
biting Cassiopea oral arms. This represents a remarkable example of trophic plasticity in
coral-reef fish, which has also been documented in the Bahamas [39]. C. capistratus are
typically specialized corallivores with highly specific dietary preferences [40,41], making
this apparent medusivory behavior noteworthy. In coral-poor environments, these fishes
have been documented expanding their diets to include alternative prey items, including
soft corals, hydroids [42,43], and jellyfish like Aurelia aurita [44], Aequorea spp. [45], and
Chrysaora lactea [46]. The nutritional quality of Cassiopea tissues, enhanced by their symbiotic
zooxanthellae, along with their high abundance and ease of predation may make them an
attractive alternative prey for butterflyfish when facing resource limitations [29], leading to
opportunistic feeding behavior [46].

A field observation that stood out in this study was the persistent presence of juvenile
Sphyraena barracuda (great barracuda) in proximity to Cassiopea (Figure 13A). Although
predation activity was not directly observed or recorded, at sites where S. barracuda were
present, Cassiopea exhibited missing complete oral arms and/or pieces of tissue surrounding
the benthos, indicating an interesting ecological interaction. The documented tissue dam-
age, including missing oral arms and torn bell margins (Figure 13B), is consistent with the
shearing bite mechanics of barracuda [47]. While barracudas are not typically considered
medusivores, their high-speed pursuit predation strategy targeting teleost prey around
Cassiopea aggregations could result in collateral damage to the jellyfish themselves [48].
Similar observations of barracudas persistently present in areas of Cassiopea blooms have
been noted in the Bahamas, Bonaire, and Cuba [authors” anecdotal remarks]. We suggest
that future studies could involve metabarcoding of gut content of S. barracuda to identify
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if they are consuming the jellies, or deployment of cameras to record the behavior of the
barracudas with Cassiopea.

Cassiopea tissue Oral arm of Cassiopea

)

Figure 13. (A) Juvenile S. barracuda near Cassiopea spp. at Cayo Puerca Luld. (B) Cassiopea with
missing oral arms.

4.3.2. Cassiopea—Burrow Interactions

Our temporal observations initially suggested a potential decoupling between Cassio-
pea density and burrow abundance (Figure 14). However, the probabilistic co-occurrence
analysis revealed that the association between these two components is purely random
(p = 0.869). This indicates that at the scale of our survey, there is no significant spatial
attraction or exclusionary pressure (e.g., competitive exclusion) between the jellyfish and
the burrowing macrofauna.

At Cayo Caribe, the decline in Cassiopea from October 2022 to June 2023 coincided with
an increase in burrow density, which reached over 20 burrows m 2 by April 2024 (Figure 8).
While this could be interpreted as a recovery from competitive pressure, the statistical
evidence of random co-occurrence suggests that these shifts are more likely independent
responses to separate environmental drivers. For instance, the increase in burrows might be
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related to seasonal sediment stabilization or organic matter accumulation, while Cassiopea
declines are typically driven by temperature and light availability.

Cassmpea egg

Figure 14. (A) Adult Cassiopea missing oral arms surrounded by burrows. (B) Polychaete egg mass
and burrows surrounding a juvenile Cassiopea sp.

Similarly, the inverse patterns observed at Cayo Puerca, where peak Cassiopea abun-
dance coincided with a decline in burrows, do not necessarily reflect a direct threshold
effect or physical exclusion. Instead, the random association (p > 0.05) suggests that envi-
ronmental conditions favoring high Cassiopea recruitment at this site might simultaneously
be less optimal for the specific bioturbating fauna present there.

Although Cassiopea settles on the benthos and could theoretically obstruct burrow
openings, our findings suggest that this physical presence does not significantly dictate
the overall distribution or persistence of burrowing organisms across the study area. The
variability observed at Cayo Puerca Luld, where both groups exhibited parallel trends at
certain times, further supports the interpretation that site-specific environmental factors,
rather than direct interspecific interactions, drive the observed abundance patterns.

4.4. Study Limitations and Future Research Directions

While this study provides valuable insights into fauna interactions, several limitations
should be acknowledged. First, the video transect survey method, while minimally in-
vasive, likely underestimated the abundance of mobile species. Fish, due to their motile
behavior, may have affected the count by exhibiting avoidance responses [49-52]. Bony
fish may also have been double-counted by passing more than once in front of the camera.
Hence, video transects can provide a permanent record, but camera movement and the
presence of equipment can also cause avoidance in mobile species. Method choice should
therefore take account of species’ sensitivity to disturbance [53,54]. Turbidity conditions
should also be considered during video analysis, since reduced visibility can limit the
ability to identify organisms.

Second, the suggestions of causal mechanisms for observed patterns rely primarily
on correlative evidence. While the negative correlation between Cassiopea and burrows is
robust, experimental manipulation would strengthen causal inferences. Future research
should include controlled field experiments, such as jellyfish removal treatments or artificial
coverage experiments, to directly test competitive exclusion hypotheses. In addition,
methods should also include collection techniques to identify and have accurate counts
of burrowing organisms, since organisms such as polychaetes tend to make U-shaped
burrows, having two holes for the same individual. However, for this study, each hole was
counted as a single organism. This may have resulted in an overestimation.

In addition, future research should include molecular techniques, including DNA
barcoding and environmental DNA (eDNA) analysis, to resolve taxonomic ambiguities and
provide accurate species identifications [55,56]. Such approaches are particularly important
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in tropical systems where cryptic species diversity is high and morphological identification
is challenging [57].

5. Conclusions

Our findings show characterization of faunal communities in the Jobos Bay NERR,
and spatiotemporal dynamics with bony fish Cassiopea and macroinvertebrate communities.
The bony fish and macroinvertebrates found add valuable knowledge to the managers of
the Jobos Bay National Estuarine Research Reserve (JBNERR). Organisms such as Dondice
spp. had not been previously reported in studies or reports for the estuary, which may be
a possible predator of Cassiopea [37]. The interactions between Cassiopea and burrowers
represent a novel finding for Jobos Bay with broad implications for understanding com-
petitive interactions in the estuary. Observations of Chaetodon capistratus actively making
contact with Cassiopea oral arms should be studied in the future, both in terms of behavior
and physiology. Future research should focus on experimental validation of competitive
mechanisms, long-term monitoring of ecosystems, and development of predictive models
for faunal interactions. Understanding and managing potential faunal interactions is critical
for predicting ecosystem responses.
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