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ABSTRACT. A paternity test based on microsatellite analysis of eggs under the parental care of a bourgeois
male Pacific sergeant major, Abudefduf troschelii, included gametes from five females and two parasitic males.
The nest area was monitored for five days to evaluate variation in reproductive success, and an approximately
300% increase occurred on the first and second days after new oviposition followed by a more than 300%
reduction from the second to fifth days due to predation or filial cannibalism. Finally, the egg area on the last
day corresponded to the initial nest area, suggesting selective care by the male.
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Mating success expressed as the number of pairings
during a season or reproductive event, and reproductive
success, which depends on the size of the progeny, are
fundamental components of individual fitness (Howard,
1979). Mating success is usually determined through
behavioral observations or molecular analyses in fish
with demersal nests that are defended by bourgeois
males (“bourgeois males invest either in direct defense
of mates, in monopolizing resources that are important
to females or in displaying traits that attract females
because they signal male quality” Taborsky, 2001).
Reproductive success is based on estimating the
number of gametes associated with the substrate area
occupied by a nest as well as the presence and
effectiveness of parental care until hatching.

In the tropical eastern Pacific, fish species of the
Pomacentridae family are resident on rocky or coral
reefs; they present territorial behavior, at least during
the reproductive season, and males always care for
fertilized demersal eggs until hatching (Fishelson,
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1970). In the Pacific sergeant major, Abudefduf
troschelii (Gill, 1862), a species with no sexual
dimorphism, males establish a territory that is cleaned
by biting the substrate and fanning it with their fins
(Hernandez, 2008). Once the territory is clean, males
court females with rhythmic swimming and turns; the
attracted female enters the territory to spawn and is
followed by the male, who fertilizes the eggs (Albrecht,
1968). The bourgeois male is responsible for parental
care, which involves oxygenating and cleaning the eggs
with fin movements and preventing predation of the
progeny as well as chasing other males that attempt to
fertilize the eggs (Hernandez, 2008).

Faced with this territorial behavior, some males in
the population execute alternative reproduction tactics
(ARTs), thus maximizing their fitness without
establishing territories or performing parental care
(Taborsky et al., 2008). ARTs are presented when
smaller size parasitic males (“parasitic males exploit
the reproductive investment of bourgeois males by beha-
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ving quickly or inconspicuously to break the monopo-
lization of mates by bourgeois males” Taborsky, 2001)
or with lower-quality territories, i.e., lower status,
"choose" (Gross, 1996) to find alternative ways to
fertilize eggs in a higher-status male territory. In the
genus Abudefduf, male parasites of A. abdominalis
(Tyler, 1995) and A. saxatilis (Albrecht, 1968) have
been observed to fertilize eggs guarded by the bour-
geois males furtively.

The present study aimed to evaluate temporal
variation in reproductive success and the effect of
differential parental care over the progeny, assessed by
behavioral observations and microsatellite analysis of
progeny, to establish the number males and females that
participate as gamete donors.

The territory of a bourgeois male A. troschelii and
its reproductive activity were monitored for five days,
from territory establishment and first spawning
(September 30, 2016) to the hatching of the eggs and
territory abandonment by the male (October 4, 2016),
on an artificial reef (La Paz, Baja California Sur,
Mexico, 24°09°20”N, 110°19°26”W). Behavioral obser-
vations of the bourgeois male were recorded daily at
approximately 10:00 am for 30-60 min, and photo-
graphs of the nest with a size reference were taken daily
to estimate the variation in the nest area during the
entire period using ImageJ software (Schneider et al.,
2012). On nesting period day four (October 3, 2016),
when eggs were close to hatching, a sample was taken
from the nest at a site that presented eggs from the first
day, and the eggs were preserved in absolute ethanol.

The DNA of 31 eggs was obtained using the
FitzSimmons (1997) protocol; three microsatellite loci
were amplified by PCR (Absa 10, Absa 23, and Absa
41: Pifieros et al., 2015). The products were subjected
to capillary electrophoresis using LIZ-500 as a marker,
and the genotypes were determined with Peak Scanner
v.1.0 (Applied Biosystems) (Fig. 1). Micro-Checker
2.2.3 (Van Oosterhout et al., 2004) was used to verify
that the obtained genotypes did not present null alleles
or genotyping errors. Finally, GERUD 2.0 (Jones,
2005) was used to determine the number of females and
males that contributed gametes to the progeny of the
nest of the bourgeois male.

Our paternity analysis showed that five different
females oviposited the 31 analyzed eggs. Of these, 17
(55%) were the progeny of the bourgeois male and the
five females, while two parasitic males fertilized the
remaining 14 (45%). Male parasite 1 fertilised 10 eggs
belonging to three females (F1 =4, F2 = 3, F3=23), and
male parasite 2 only fertilised four eggs from two
females (F3 = 2, F4 = 2). This result evidences the
existence of polygyny associated with the female's
preference for the bourgeois male and nonselective

polyandry associated with the ARTs of the two
parasitic males.

The photographs of the nest area allowed its
temporal variation to be detailed, which was associated
with oviposition events and loss of eggs by predation or
filial cannibalism. The area on day one was 144.1 cm?,
and that on day two was 421.4 cm? representing an
approximately three-fold increase in the area associated
with new oviposition. After day two, the nest markedly
decreased in size; on day three, it measured 371.5 cm?,
on day four, 152.1 cm?, and on day five, 135.2 cm? (Fig.
2).

The obtained results are the first molecular evidence
of a high level of paternal loss for an A. troschelii
bourgeois male (ca. 45%) with the contribution of
gametes of two male parasites in a nest. The results also
support the behavioral observations by Tyler (1995)
and Albrecht (1968), which suggested the existence of
"sneaking" (sensu Rowher, 1978) in A. abdominalis
and A. saxatilis, respectively. By analyzing the
recordings over the five days (236 total min), cleaning
and preparation of the territory by biting the substrate
were observed on day one (September 30, 2016). Then,
three interactions between the bourgeois male and
females were observed that resulted in three spawnings
on day two (October 1%, 2016); the main aggressive
behaviors associated with parental care were also
increased on that day, including chasing and unfolding
of the dorsal fin as well as fanning and buccal aeration
to keep the eggs oxygenated.

The recordings did not register parasitic males,
possibly due to behavior similar to that reported in A.
saxatilis, a species in which parasitic males do not
interrupt the spawning of the bourgeois male but only
approach the nest to release sperm (Albrecht, 1968).
However, it is possible that our results not be due to
parasitic males performing ARTs. Considering that the
analyzed nest was within several simultaneously active
bourgeois male nest neighborhoods, at less than one-
meter distance, our results may be due to bourgeois
males' accidental or collateral fertilization due to male
gametes transportation by water currents, evidence of
the cost associated with the formation of breeding
colonies (Tyler, 1995). However, this cost is
compensated by shared parental care because attacks on
one male by predators have a positive impact by
alerting neighboring bourgeois males (Taborsky, 2001;
Diaz-Muiioz et al., 2014).

The significant increase in the nest area on the
second day, during which the size practically tripled,
can be explained by the presence of eggs making a nest
more attractive to females (Ridley & Rechten, 1981).
Alternatively, it has been suggested that the eggs on the
first day, maybe "test eggs" (Manica, 2010). The number
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Figure 1. Electropherogram with the LI1Z-500 marker (Applied Biosystems) shown by orange peaks and the Absa 23 locus
shown in blue for the paternity tests; the number on the label of each peak shows the size in base pairs of the fragments.
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Figure 2. Abudefduf troschelii a) variation in the area, and b) contour of the nest over the five days of monitoring; the black

cross represents the site where the egg sample was taken.

of these eggs that survive to the second day is an
indicator of the quality of paternal care by the bourgeois
male and determines whether the same females return
to oviposit in the nest. However, the constant reduction
in the size of the egg patch after the second day was
probably due to predation both by organisms of the
same species and other species and possibly filial
cannibalism, a behavior that has been reported in A.
sexfasciatus and reduces progeny by 13% (Manica,
2004). In our recordings, we detected intra- and
interspecific predation of the progeny but not filial
cannibalism by the bourgeois male guarding the nest.

The results illustrate the great reproductive comple-
xity of the nests of male A. troschelii, suggesting that
the mating and reproductive success of a bourgeois
male are dynamic; thus, estimating reproductive
success without considering the factors associated with

this variation may generate incorrect conclusions
(Hernandez, 2008; Ayala, 2012). It is important to
determine the age in days of male nests when analyzing
progeny size to be able to compare and understand the
factors that determine reproductive success. It is further
suggested that it is necessary to monitor the entire
nesting period from spawning to the hatching of the
larvae in studies evaluating the reproductive success of
fish with demersal eggs.

The diagram of the daily variation in the nest area
over the five days (Fig. 1b) demonstrates that the space
occupied by the nest on day one is partially included in
the area presenting eggs on day five. Therefore, most of
the eggs that were placed outside the original patch of
eggs on day one were lost by predation on day two,
providing evidence, for the first time, that the bourgeois
male does not offer the same level of parental care over
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the entire egg patch. In this case, the highest quality
paternal care was performed in the area of the nest that
received eggs on the first day of nesting, which may be
associated with differential selection of the eggs of the
females that spawned on day one, which are possible of
higher quality. These results suggest that most of the
eggs obtained on the second day are bred from lower-
quality females or, as they require the male to care for
the nest one day longer, are less protected from
predation or are preferred for filial cannibalism.
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