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ABSTRACT.—Understanding lunar periodicity in 
spawning is necessary for guiding studies on reproduction 
in fishes, but is unknown for the abundant and economically 
important white grunt, Haemulon plumierii (Lacépède, 
1801). We sampled mature white grunts in the eastern Gulf 
of Mexico during each of the four lunar periods of April 2016, 
coinciding with the seasonal peak of their spawning activity. 
Spawning-capable white grunts were macroscopically 
distinguishable from actively spawning fish, which we further 
confirmed microscopically. There was a clear lunar pattern 
with peak oocyte hydration and presence of flowing milt (i.e., 
actively spawning fish) during the full moon. A full moon 
spawn may be advantageous to juveniles settling during the 
following new moon after a short pelagic larval duration 
previously determined to be approximately 14 d. These 
findings can guide future research seeking to quantify either 
batch fecundity or production of white grunts by identifying 
the lunar period during which sampling should occur.

White grunts, Haemulon plumierii (Lacépède, 1801), are a haemulid fish found on 
low-to-medium relief reefs in the western Atlantic Ocean from Maryland, USA, to 
Brazil, including the Caribbean Sea and Gulf of Mexico (McEachran and Fechhelm 
1998). In the eastern Gulf of Mexico (eGOM), white grunts are one of the most 
ubiquitous and abundant fishes (both numerically and as biomass) on both natu-
ral and artificial reefs (Stallings and Simard 2015). The species is targeted by both 
recreational and commercial fishers, particularly in the eGOM where an estimated 
2.9–4.1 million fish were landed annually from 1989 to 1995 (Murphy et al. 1999). 
Given their assumed importance ecologically (due to their abundance) and clear im-
portance as a fishery species, understanding basic aspects of their biology is funda-
mental to guiding future research, stock assessments, and management.

In the eGOM, we know that the spawning season for white grunts extends from 
April through September, with a peak in spawning activity during April and May 
(Murie and Parkyn 1999). However, we do not know whether spawning activity is 
linked to the lunar cycle and, if so, which period(s). Understanding lunar periodicity 
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in spawning is a prerequisite for estimating batch fecundity or calculating tissue pro-
duction (e.g., DeMartini et al. 1994, Granneman and Steele 2014). Here, we describe 
the lunar periodicity of mature gonads in white grunts captured in the eGOM during 
the peak of their spawning season (April 2016).

Materials and Methods

During April 2016, we collected 124 white grunts from natural reefs located off-
shore of Tampa Bay, Florida, at depths of 10–25 m. Collections occurred from 09:45 
to 15:00 hrs during each of the four lunar periods (April 8, new moon + 1 d; April 
14, first quarter; April 22, full moon; April 29, third quarter). Times of collection 
were based on prior observations and discussions with fishers regarding the timing 
of the presence of hydrated oocytes. All specimens were captured via hook and line. 
Because our focus was entirely on mature fish, we retained only specimens >18 cm 
total length, which has been reported as the smallest size at which both female and 
male white grunt first reach sexual maturity in the region (Murie and Parkyn 1999) 
and elsewhere in their range [e.g., Shinozaki-Mendes et al. 2013a; but note that ma-
ture white grunts have been observed at 13 cm TL off Cuba (García-Cagide 1987) 
and 16 cm TL off Jamaica (Gaut and Munro 1983)]. Retained fish were individually 
tagged, placed on ice, and brought back to the lab for processing at the University of 
South Florida, College of Marine Science.

In the laboratory, we measured the pinched-tail total lengths of all fish. White 
grunts were dissected using surgical scissors by cutting from the vent to the pelvic 
girdle. The fish were carefully opened and the gonads were removed for macroscopic 
assessment of reproductive phase. Following the standardized terminology suggest-
ed by Brown-Peterson et al. (2011), we assigned the mature fish to one of two phases: 
(1) spawning capable and (2) actively spawning. Spawning capable fish included those 
with gamete development that allowed for spawning during the current reproductive 
cycle. Actively spawning is a subphase of spawning capable corresponding to hydra-
tion and ovulation in females and spermiation in males (Brown-Peterson et al. 2011). 
We used descriptions of white grunt gonads and gametes by Palazón-Ferández (2007) 
and Shinozaki-Mendes et al. (2013b) to guide our assessment of reproductive phases. 
Specifically, spawning capable fish had large gonads occupying most of the body cav-
ity (especially in females), ovaries that were yellowish to orange in color, highly vas-
cularized, with oocytes visible to the naked eye, and testes that were opaque, milky 
white in color, and laterally flattened (Fig. 1). The gonads of actively spawning fish 
have most of the same characteristics as spawning capable fish, but can be distin-
guished by the presence of hydrated oocytes in females (oocytes become increasing 
large, translucent, and spherical; West 1990) and flowing milt in males (Fig. 1). We 
preserved subsamples of mature ovaries in 2% neutrally buffered formalin follow-
ing Lowerre-Barbieri and Barbieri (1993). Preserved samples were inspected under a 
dissecting microscope at a magnification of 24× to confirm the reproductive phase 
based on the presence of hydrated oocytes. Confirmation of reproductive phase in 
males was based on whether milt was produced when light pressure was applied to 
the testes. All processing was led by a single observer (CDS) with assistance by EBP.

We used a chi-squared test of independence to examine whether spawning phase 
(spawning capable vs actively spawning) was dependent on lunar period. We used 
t-tests to examine whether the total lengths differed between spawning capable and 
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actively spawning fish. We also qualitatively compared the lunar patterns in repro-
ductive phases with tide predictions from the tide station closest to our collections 
sites (Egmont Channel, FL Station ID: 8726347, located approximately 12–20 km 
from collection sites).

Results and Discussion

Of the 124 white grunts collected, 119 were mature, comprising 68 females and 51 
males (Table 1). The appearance of hydrated oocytes was readily identified macro-
scopically, allowing for rapid distinction between the spawning capable and actively 
spawning phases in females (Fig. 1). Compared to ovaries, the two phases of testes 
were less distinguishable macroscopically (Fig. 1). However, the actively spawning 
testes tended to have a fuller appearance, were lighter in color compared to spawn-
ing capable testes, and the two phases were easy to distinguish based on the pres-
ence of flowing milt when light pressure was applied. Thus, distinguishing between 
spawning capable and actively spawning white grunts was both straightforward and 
efficient.

We found a clear relationship between the lunar period and reproductive phases 
(χ2 = 30.21, df = 3, P < 0.001). Among the females, none were assigned to the actively 
spawning phase during the new moon, 23% were in it during the first quarter, 91% 
during the full moon, and 17% during the third quarter (Table 1, Fig. 2). Thus, repro-
duction in white grunts appeared to peak during the full moon. This suggestion was 
further supported by our observations that actively spawning males were observed 
only during full moon (Fig. 2). Moreover, the sizes of spawning capable fish [female 
mean TL = 27.2 (SE 0.55) cm; male mean TL = 28.8 (SE 0.53) cm] did not differ (fe-
males t66 = 0.54, P = 0.59; males t49 = 0.51, P = 0.61) from those actively spawning 
[female mean TL = 27.6 (SE 0.47) cm; male mean TL = 27.8 (SE 0.72) cm]. Thus, the 

Figure 1. Macroscopic phases of mature white grunts (Haemulon plumierii, left and center col-
umns) showing ovaries in top row, testes in bottom row, spawning capable gonads in the left 
column, and actively spawning in the center column. The right column shows a female white 
grunt with large ovaries occupying most of its body cavity (top) and hydrated white grunt eggs 
(each marked with “H”) observed through a dissecting microscope (bottom; microscope photo 
credit: EBP; all others: CDS).
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lunar patterns were not confounded by differences in sizes. There also were no con-
founding relationships with tides as the timing of low and high tides, tidal heights, 
and amplitudes were nearly identical between the new and full moon periods, as well 
as between the first and third quarters.

Spawning during the full moon may benefit settling white grunt juveniles. 
Haemulids, including white grunts, have short larval durations, lasting approxi-
mately 14 d on average (Lindeman et al. 2001). Thus, settlement after a full moon 
spawn would occur around the new moon, possibly providing some protection from 
predators if white grunts settle at night.

Our efforts can inform future investigations that seek to either estimate batch fe-
cundity or calculate production in white grunt by identifying the lunar period in 
which their spawning activity peaks in the eGOM. To our knowledge, this was the 
first study to examine spawning periodicity of white grunt at the temporal scale of 
lunar period. Previous descriptions of spawning in white grunt have focused on in-
tra-annual and seasonal patterns, with some equivocal results. For example, spawn-
ing has been reported to occur year-round in several studies, but with one peak 
during March and April off Jamaica (Munro et al. 1973), and two peaks (February 
to April and August to October) off both Venezuela (Palazón-Ferández 2007) and 
Brazil (Shinozaki-Mendes et al. 2013a). Spawning in the eGOM appears to be re-
stricted to April through September with a single peak during April and May (Murie 
and Parkyn 1999). Although intraspecific variation in reproductive timing occurs 
across a wide range of taxa (reviewed by Hendry and Day 2005) and may explain the 
geographic differences reported for white grunt, it is also possible that the temporal 
scale of sampling used in previous studies may have missed the lunar period when 
fish were actively spawning. Our work builds upon previous efforts conducted intra-
annually, highlighting the need to examine spawning across temporal scales (e.g., 
Koenig et al. in press) to avoid sampling bias (Lowerre-Barbieri et al. 2011).
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Table 1. Number of spawning capable and actively spawning white grunts (Haemulon plumierii) 
collected during the four lunar periods of April 2016 in the eastern Gulf of Mexico. 

Females Males
Lunar period Capable Actively  Capable Actively
New (+1 d, April 8) 15 0 11 0
First (April 14) 10 3 14 0
Full (April 22) 1 10 6 9
Third (April 29) 24 5  11 0
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