Reis-Filho and Leduc Helgol Mar Res (2018) 72:7
https://doi.org/10.1186/5s10152-018-0511-9

Helgoland Marine Research

SHORT COMMUNICATION Open Access
OCrossMark

Mysterious and elaborated:

the reproductive behavior of the rhomboid
mojarra, Diapterus rhombeus (Cuvier, 1829),
in Brazilian mangrove habitats

José Amorim Reis-Filho'?"® and Antoine O. H. C. Leduc'

Abstract

Many fish species have behavioral traits related to reproduction that aim to improve egg conditions and survival of
early life stages. Here, we provide the first detailed description of reproductive strategies performed by the rhom-
boid mojarra, Diapterus rhombeus. We based this description on several mating events, which occurred in man-
groves located in Todos os Santos Bay, Brazil. These spawning events occurred at the mangrove fringe in the month

of August in 2013 and 2014, which suggests that these spawning events occur predictably in space and time. Two
principal behavioral tactics were observed and involved breeding aggregation and a unique nest-clearing behavior.
Following these behaviors, many fish exhibited an extreme lethargic state during which they took refuge amidst
mangrove roots. Overall, these observations revealed an unexpected and uncommon set of behaviors in an otherwise
well-studied species. The present study not only highlights basic gaps in our understanding of estuarine species but

also suggests that future investigations are poised to yield exciting and insightful findings.
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Background

Improving our knowledge of the behavioral and life his-
tory traits of marine fishes has often resulted in a better
understanding of the factors regulating their productivity
and thereby has provided managers and conservationists
with much-needed information for guiding sustainable
exploitation [1-3]. While documenting the spatiotem-
poral characteristics associated with the reproductive
behavior of many organisms is common, the results gen-
erated must be thoroughly understood in terms of the
population structure and habitat requirement of the spe-
cies if helpful guidance for management is sought [4].
For example, teleost fishes are characterized by a wide
range of reproductive behaviors, ranging from large
spawning aggregations [5] to an absence of parental care
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and indicate if changes were made.

or, alternatively, to uniparental or biparental care [6, 7].
Thus, it is imperative to understand that each of these
behavioral traits is able to affect population trajectories
in distinct ways. For example, improving reproductive
success (including offspring survival) requires individu-
als to adjust their phenotype to either face environmental
changes and/or to meet specific requirements associated
with their life cycle (e.g., breeding period). In turn, the
relative success of each of these behavioral patterns may
have substantial consequences for population growth and
permanence in the wild [8].

Maximizing lifetime reproductive success often
requires that individuals undergo a range of behavio-
ral modalities (e.g., courtship, mating, and territorial
defense), each of which may be regulated by the prevail-
ing environmental context [9-11]. For example, in many
marine fish species, suitable spawning grounds constitute
a resource of prime importance to successfully repro-
duce [12-14]. Thus, accurate records and identifica-
tions of these spawning habitats are crucial to promote
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useful conservation practices and sustainable fisheries,
and given the complexity of many spawning systems (i.e.,
often involving a range of behaviors as detailed above),
a thorough understanding of how these sites are used
for spawning also becomes essential [5]. However, for
most estuarine systems, given their high sediment load-
ing, these habitats are visually impenetrable, which often
prevents detailed observations from being conducted
[but see 15]. Thus, this common estuarine characteristic
implies that only indirect evaluation of habitat require-
ments can be made for most species.

The rhomboid mojarra (Diapterus rhombeus) is a com-
mon and widely distributed marine and estuarine fish
whose presence in the Western Atlantic spans from Flor-
ida to Brazil [16]. This species is one of the most abun-
dant demersal fishes of embayments located in Central
and South America. Adults can reach up to 210 mm in
total length (TL) [17] and are usually found aggregat-
ing in small groups (e.g., 20 individuals). The diet of D.
rhombeus is mainly composed of benthic and pelagic
invertebrates, including Polychaeta and Crustacea [18,
19]. Along the Brazilian coasts, this species typically
occurs in mangroves (dominated by either mature forests
or fringe fragments), in estuaries and in relatively shal-
low bays (depth of 0.2-30 m; [15]). Despite the low depth
at which D. rhombeus is typically found, this species is
adapted to low-visibility conditions resulting from high
levels of suspended sediments, i.e., those which often
characterize estuarine environments. As such, the condi-
tions under which this species occurs have often impeded
researchers and managers from studying its ecology and
behavior. While various studies have described the repro-
ductive cycle of the rhomboid mojarra [17, 18, 20, 21], we
have scant information on the breeding behavior of this
species in the wild. To some extent, this deficiency may
be palliated by behavioral studies conducted in captivity;
however, biases associated with this behavioral trait are
bound to occur as a result of the venue (non-natural con-
ditions) under which observations were conducted.

To understand the processes governing the breeding
behavior of this abundant tropical fish, we conducted
directed observation in the wild. While the high-turbidity
contexts under which this species occurs often impede
conducting direct observations, the behavior described
here results from observations taken in clear-water (i.e.,
low-turbidity) mangroves.

Materials and methods

In 2013 and 2014, we carried out monthly dives in 10
mangroves characterized by the presence of Avicen-
nia schaueriana and Rhizophora mangle forests. Each
of these free dives lasted approximately 6 h and was
restricted to a given sampling area. Observations were
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conducted between 0700 am and 1100 am, which corre-
sponded to the occurrence of the reproductive strategies.
The records were conducted while snorkeling in the man-
grove sites located on two islands within Todos os Santos
Bay (TSB) (i.e., Itaparica Island and Frade Island; approx.
12°50'S, 38°50"W), which is itself located off the Brazil-
ian central coast. The total embayment of TSB is nearly
1100 m>.

In each of the 2 years of study, we observed shoals
containing 350 to 700 D. rhombeus individuals esti-
mated to range in size from 6 to 18 cm TL. Of these, 35
and 50 individuals (2013 and 2014, respectively) were
caught using a manual trap, allowing us to determine
the gonadal stage of each of the captured individuals.
For this purpose, we used a stereomicroscope or, when
possible, a macroscopic approach. For instance, females
ripe for spawning present intense yellow color at the
gonads and a high concentration of surface blood ves-
sels and oocytes, while over 70% of the celomatic cavity
is occupied by gonads in their mature stage [22]. Of the
fish caught in 2013 and 2014, 89.7 and 90.4% presented
mature gonads, respectively.

For our behavioral observations, we used the ‘focal ani-
mal” approach, which involved documenting any observ-
able behaviors [23, 24]. Specifically, an observer (JAR-F)
positioned himself at approximately 1.5-2.0 m from the
focal individual to conduct observations. The records
were made on plastic sheets and by using a portable
video camera (GoPro™ Hero 3+ with the resolution set
to 12 megapixels).

Results

In seven and eight of the 10 mangrove sites (in 2013 and
2014, respectively), we observed D. rhombeus perform-
ing intense mating behavior. The behavioral repertoire
of the rhomboid mojarra includes individual and group
movements, which is reminiscent of a breeding aggrega-
tion. This behavior was then followed by a nest-clearing
behavior. We observed these behaviors for approximately
3 h, during which fish exhibited an uncommon and pecu-
liar swimming behavior (see Additional file 1: Supple-
mentary video at https://vimeo.com/262987523). This
behavior may be characterized as a series of seemingly
erratic and abrupt movements, which includes frequent
shifts in direction and high-speed bursts of swimming
among the mangrove prop roots and propagules. Sur-
prisingly, after this behavioral display, many individuals
exhibited yet another uncommon behavior, in which each
individual voluntarily “trapped” itself among mangrove
prop roots while continuing to breathe (Fig. 1). Individu-
als remained in this state and confined among root struc-
tures for a period ranging from 2 to 15 min (average of
7.4 min) (Fig. 2a). Approximately 40% of all individuals
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show fish concealed locations

Fig. 1 Individuals of Diapterus rhombeus that voluntarily trapped themselves among prop roots following the breeding aggregations. White arrows

Group nest
paration /

turnover of sediment
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Fig. 2 Schematic view of rhomboids mojarra undergoing distinct parts involved in their reproductive event. a Individuals underwent seemingly
disoriented rapid swimming, following which many individuals voluntarily trapped themselves among the prop roots (green structures). b
Thereafter these individuals repetitively swam under the mangrove roots and thereby promoted sediments turnover

who engaged in the breeding aggregation entered this
apparently lethargic state.

During this reproductive event, we observed another
behavior reminiscent of group nest preparation, which
involved the clearing of the substrate by several indi-
viduals. Indeed, both in 2013 and 2014, several D.

rhombeus individuals were repeatedly recorded under-
going a peculiar behavior, which involved repetitively
swimming under the mangrove roots and thus promot-
ing sediment turnover along their path (see Additional
file 1: Supplementary video at https://vimeo.com/26298
7523 and Fig. 2b). These events lasted for 0.5+0.3 min
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(mean+SE), and because of sediment suspension,
the eggs potentially released over the cleared surfaces
were nearly undistinguishable from sediment particles.
Approximately 35% of observed fish involved in the
breeding aggregation exhibited this behavior.

Discussion

Our observations are the first qualitative description
of the reproductive behavior in the rhomboid mojarra
(Diapterus rhombeus). This species is one of the most
common and well-studied estuarine species found
along the Brazilian coast. In Brazilian waters, rhomboid
mojarras are known to typically spawn during the sum-
mer months (i.e., December to April; [20]), but may also
spawn in other periods, for instance, from August to
November [17]. The distance between these studies is
nearly 2500 km, which may explain why such differences
in the reproductive period exist (e.g., regional environ-
mental characteristics such as water temperature and
salinity). In the Brazilian central coast (present study),
the environmental variables are similar to those reported
by [17]. Previous observations made on D. rhombeus
revealed that adults typically spawn in areas deeper than
10 m, whereas juveniles use the shallow waters of estuar-
ies, bays and mangroves. Moreover, [20]) suggested that
smaller individuals (i.e., <150 mm TL) present evidence
of previous spawning events. However, here, we show
that shallow habitats, such as mangroves, are highly suit-
able spawning habitats for this species.

The sequence of events observed herein, along with the
video footage we produced, allows the subdivision of the
behavior into distinct modalities. First, the apparently
disoriented high-speed swimming of individuals in group
is indicative of a breeding aggregation. Incidentally, this
behavior appears to detract other typical mangrove fishes
(e.g., snappers, sea bass and pilchards) from the area, as
these species were never observed during these breeding
aggregations. Second, we observed a sequence of repeti-
tive movements beneath the roots (i.e., nest clearing),
leading many fish into a ‘numbness’ or lethargic state.

Distinct hypotheses can be put forward to explain
the observed aggregations of mojarras and their unex-
pected lethargic behavior. For example, these fish
may spawn in shallow areas that are difficult for most
predators to access [25]. Furthermore, the presence of
streams and mangrove creeks near a spawning event
(JAR-F, unpublished data) may result in increased food
availability (i.e., from the inputs of organic matter;
[26, 27]), which may thereafter be essential to support
a large aggregation of offspring. By itself, the lethar-
gic state in which fish were found hiding themselves
among prop roots may be a consequence of their state
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of fatigue after spawning, in which fish would be par-
ticularly vulnerable to predation. Thus, it appears that
mating interactions are plausible explanations for the
observed aggregations. This theory is further corrobo-
rated by the fact that most of the individuals captured
were sexually mature. Moreover, the seemingly erratic
and high-velocity swimming we observed is typical of
groups undergoing nest preparation [28], which also
involves modifying the benthic habitat to accommodate
the eggs to be released [29]. Nest builders of marine
substrata typically clean nesting areas by removing and/
or farming preferred substratum before egg release [30,
31]. However, given that nest preparation behavior sel-
dom occurred during our observations, group breeding
aggregations appear to be the main reproductive strat-
egy that rhomboid mojarras undergo in shallow water
mangroves. Overall, breeding in shallow-water man-
grove habitats provides the main advantage of reduced
predation risk for offspring and spawning adults as well
as ample resources for newborns.

While it is difficult to conclusively establish the pre-
cise functions of the seemingly complex behavioral
display presented by D. rhombeus, the success (i.e.,
abundance and wide distribution) of this species in
numerous embayments of the Brazilian coast is tied to
its life history strategies (see [32—35]). Thus, it is impor-
tant to consider that the observed reproductive strate-
gies may not necessarily be common in D. rhombeus, as
this species is able to adjust to a wide range of condi-
tions and thereby show plasticity in its behavior [34],
a key element to exploit a wide range of environmental
conditions. Therefore, whether this behavior occurs in
turbid estuarine conditions remains to be determined,
and to this effect, multibeam sonar may be able to pro-
vide a definite answer.

To protect this species (and its habitat), it is paramount
to understand its reproductive behavior and how it is tied
to habitat requirements. Notably, the rhomboid mojarra
is an important component of the artisanal fishing sec-
tor in the South American continent [33, 36-38] and
may suffer unforeseen effects from small-scale fisheries,
which may be difficult to properly assess. An understand-
ing of this organism’s behavior and habitat requirements
is an important step in this direction.

Additional file

[ Additional file 1. Breeding exciment of Diapterus rhombeus. }
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