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Introduction:

Red snapper, Lutjanus campechanus, support important commercial and recreational fisheries
from the southeastern United States Atlantic Ocean, the Gulf of Mexico, and the Caribbean. The
stock currently is considered ‘overfished’ and a rebuilding plan is in effect leading to increased
regulation of the fishery (SEDAR 2005). Although the Gulf of Mexico population has
traditionally been considered one stock, a number of important parameters vary between the
Eastern and Western Gulf of Mexico. Recent genetic studies report an effective population size
approximately four orders of magnitude smaller than the census population and genetic
heterogeneity of age-0 fishes over small spatial scales (Saillant et al. 2010). This work
highlights the need to assess red snapper reproduction over the appropriate spatial scales and the
potential for reproductive success to vary with local populations.

Biological reference points associated with maximum sustainable yield (MSY) used to determine
red snapper overfishing and overfished criteria and rebuilding plans (SEDAR 7) have been
derived either from spawner-recruitment (S-R) functions or by assuming that MSY is associated
with a specific level of spawning per recruit (expressed as a percentage of the unfished level and
designated “SPR”). Both methods are based on 2 underlying assumptions: (1) that egg
production can be predicted based on SSB and (2) that egg production drives reproductive
success (Lowerre-Barbieri et al. 2009). However, there is increasing awareness that spawning
stock biomass is a poor predictor of reproductive potential and increasing evidence of other
factors affecting reproductive success, such as: the effect of spawning site location on
recruitment success (deYoung and Rose 1993, Begg and Marteinsdottir 2002), spawning site
fidelity (Thorrold et al. 2001; Robichaud and Rose 2003; Svedang et al. 2007, Adams et al.
2011), reproductive timing (Wright and Trippel 2009; Lowerre-Barbieri et al. 2011) and
demographic trends in these behaviors (Scott et al. 2006; Anderson et al. 2008; Cooper et al. in
press).

The objectives of this work were to: (1) develop histological indicators to assess reproductive
timing and assign reproductive phases (Brown-Peterson et al. 2011); and (2) based on these
indicators evaluate where and when actively spawning females occurred.

Survey Design, Sampling Methods, and Analyses:

Reproductive samples of red snapper were collected in the FWC reef fish survey, in SEAMAP
trawls, and in sampling associated with focused research studies in the Florida Middle Grounds
and the Florida panhandle. The reef fish survey includes a portion of the WFS bounded by 26°
and 28° N latitude and depths from 10 — 110 m. To assure adequate spatial coverage of sampling
effort, the WFS survey area is subdivided into four sampling zones comprised of two NMFS
statistical zones (Tampa Bay: NMFS statistical zone 5; Charlotte Harbor: NMFS statistical zone
4) and two depth zones (Nearshore: 10 — 37 m; Offshore: 37 — 110 m).

Samples of gonad tissue were collected from culled red snapper and immediately fixed in 10%
phosphate-buffered formalin. For histological analysis, ovarian tissue was fixed in 10% neutrally



buffered formalin for 24 h, soaked in water for 24 h, and stored in 70% ethanol. Samples were
embedded in glycol methacrylate, sectioned to 3-5-mm thickness, stained with periodic acid—
Schiff’s hematoxylin, and then counterstained with metanil yellow (Quintero-Hunter et al. 1991).

Ovarian analysis. Reproductive state, phase and histological indicators of red snapper were
assigned following Lowerre-Barbieri et al. (2009) and Brown-Peterson et al. (2011) and criterion
are outlined in Table 2. Histological indicators are outlined in Table 3 and included: (1) oocyte
developmental stages: primary growth (PG), cortical alveoli (CA), vitellogenic (Vtgl-3), and
oocyte maturation (OM); (2) post ovulatory follicles (POFs); and (3) atresia. In addition,
thickness of ovarian wall and presence of muscle bundles extending from the ovarian wall into
the ovarian lamellae were used to help distinguish between immature and regenerating females
(Lowerre-Barbieri et al. 2011). Because oocyte maturation can take up to 16 h under the
temperature regimes in which red snapper are spawning, the process of oocyte maturation was
further broken down into: germinal vesicle migration (GVM), germinal vesicle breakdown
(GVBD), yolk coalescence or clarification, and oocyte hydration (Jalabert 2005). Postovulatory
follicles (POFs) were classified as either newly collapsed (recognizable by the size and
appearance of the granulosa cells’ nuclei) or 12 h or older based on POF size, organization, and
elapsed time from peak spawning (Hunter & Macewicz 1985). Actively spawning females were
considered to be those undergoing late OM, ovulation, or with fresh POFs (Tables 2 & 3).

Results / Discussion:

A total of 237 female red snapper (size range 160-750 mm FL) had ovarian tissue sampled for
this study, most collected in 2009 and sampled with hook and line (Table 1). Eight immature
females were collected in July, ranging in size from 160 to 219 mm FL with an average size of
198.7 mm FL +/- 7.3 mm SE. The majority were age 1, however there were two age 2 immature
females. The smallest spawning capable female was 247 mm FL, as was the smallest female
with hydrating oocytes. All mature females were age 2 or older. These results are similar to
previous studies, reporting spawning females with a minimum size of 296 mm FL (Fitzhugh et
al. 2004) and 285 mm FL (Woods et al. 2007) and aged two years old. Although Cook et al.
2009 collected the first evidence of some red snapper being capable of maturing by age 1, with
their smallest spawning female being 196 mm FL

Ovarian samples were collected from March through December, with a total of 58 actively
spawning females collected during the months of June through September. Their ages ranged
from 2-7 years old with a mean age of 3.7 SE=0.16 years. Spawning capable females (n=66)
were collected over a wider time period from March through November. However, spawning
capable 2-year olds which would be first time spawners were only collected in the months of
June through August, suggesting these fish may have a shorter spawning season than older
females. Many species demonstrate demographic differences in spawning periods, with older,
larger fish spawning sooner and often for longer durations than younger fish (Kjesbu et al. 1996;
Wright and Trippel 2009), presumably increasing the reproductive success of these individuals
and the population as a whole.

A wide range of locations were sampled, as can be seen based on the chevron trap and hook
and line samples in 2009 and 2010 (Fig. 1A) and reproductive samples were taken from a subset
of these collections. Actively spawning females were collected off the panhandle, as well as off



of Tampa Bay (Fig. 1B). Of the 58 actively spawning females 43% were collected west of
Tampa Bay and the average size of these spawners was slightly smaller (mean=427.4 +/- SE 12.8
mm FL) than those collected off the panhandle (mean=457.3 +/- SE 21.3 mm FL). Similarly the
maximum age was younger of the spawners collected off of Tampa Bay (5 years) than those
collected off the panhandle (7 years). Active spawners were collected in a wide range of depths
from 11 to 77 meters, with an average depth of 45.3 m +/- 2.6 m SE.

Currently red snapper in the Gulf of Mexico are managed as one stock, with the recognition that
there are two sub-units, separated roughly by the Mississippi River (SEDAR 2009). However,
there is a need to better understand reproductive dynamics at smaller spatial scales to assess
potential source sites and how they may impact the larger stock’s production (Saillant et al.
2010).



References

Adams A, Wolfe RK, Barkowski N, Overcash D (2009) Fidelity to spawning grounds by a
catadromous fish, Centropomus undecimalis. Mar Ecol Prog Ser 389:213-222

Anderson, C. N. K., C. Hsieh, S. A. Sandin, R. Hewitt, A. Hollowed, J. Beddington, and R. M. May.
2008. Why fishing magnifies fluctuations in fish abundance. Nature (London) 452:835-8309.

Begg, G. A., and G. Marteinsdottir. 2002. Environmental and stock effects on spawning origins and
recruitment of cod Gadus morhua. Marine Ecology Progress Series 229:263-277.

Brown-Peterson, N. J., D. M. Wyanski, F. Saborido-Rey, B. J. Macewicz, and S. K. Lowerre-Barbieri.
2011. A standardized terminology for describing reproductive development in fishes.Marine and
Coastal Fisheries: Dynamics, Management, and Ecosystem Science [online serial] 3:52—70.

Cook, M., B.K. Barnett, M.S. Duncan, R.J. Allman, C.E Porch, G.R. Fitzhugh. 2009.
Characterization of red snapper (Lutjanus campechanus) size and age at sexual maturity
for the 2009 Gulf of Mexico SEDAR update.

Cooper WT, Barbieri LR, Murphy MD, Lowerre-Barbieri SK (in press) Assessing stock
reproductive potential in species with indeterminate fecundity: Effects of age truncation
and size-dependent reproductive timing. Fisheries Research xx (2012) XXx—xxx

deYoung, B., and Rose, G. A. 1993. On recruitment and distribution of Atlantic cod, Gadus morhua, off
Newfoundland. Canadian Journal of Fisheries and Aquatic Sciences 50:2729-2741.

Fitzhugh, G.R., M.S. Duncan, L.A. Collins, W.T. Walling and D.W. Oliver. 2004. Characterization of red
snapper (Lutjanus campechanus) reproduction: for the 2004 Gulf of Mexico SEDAR. NMFS
Panama City Laboratory Contribution Series: 04-01. 29 p.

Hunter, J. R., and B. J. Macewicz. 1985. Measurement of spawning frequency in multiple spawning
fishes. NOAA Technical Report NMFS 36: 79-94.

Jalabert, B. 2005. Particularities of reproduction and oogenesis in teleost fish compared to mammals.
Reproduction, Nutrition, and Development 45:261-269.

Kjesbu, O. S., H. Kryvi, and B. Norberg. 1996. Oocyte size and structure in relation to blood
plasma steroid hormones in individually monitored, spawning Atlantic cod. Journal of
Fish Biology 49:1197-1215.

Lowerre-Barbieri, S. L.,K.Ganias, F. Saborido-Rey, H. Murua, and J.R.Hunter. 2011. Reproductive
timing in marine fishes: variability, temporal scales, and methods.Marine and Coastal
Fisheries:Dynamics,Management, and Ecosystem Science [online serial] 3:71-91.

Lowerre-Barbieri SK, Henderson N, Llopiz J, Walters S, Bickford J, Muller R (2009) Defining a
spawning population(spotted seatrout Cynoscion nebulosus) over temporal, spatial, and
demographic scales. Mar Ecol Prog Ser394:231-245



Quintero-Hunter, 1., H. Grier, and M. Muscato. 1991. Enhancement of histological detail using
metanil yellow as counterstain in periodic acid/Schiff’s hematoxylin staining of glycol
methacrylate tissue sections. Biotechnic and Histochemistry 66:169-172.

Robichaud, D., and G. A. Rose. 2003. Sex differences in cod residency on a spawning ground. Fisheries
Research 60:33-43

Saillant E, Bradfield SC, Gold JR Genetic variation and spatial autocorrelation among young-of-
the-year red snapper (Lutjanus campechanus) in the northern Gulf of Mexico. ICES
Journal of Marine Science: Journal du Conseil 67:1240-1250.

Scott BE, Marteinsdottir G, Begg GA, Wright PJ, Kjesbu OS (2006) Effects of population
size/age structure, condition and temporal dynamics of spawning on reproductive output
in Atlantic cod (Gadus morhua). Ecological modelling 191:383-415

SEDAR (Southeast Data, Assessment, and Review). 2005. SEDAR 7: Gulf of Mexico red
snapper complete stock assessment report. SEDAR, Charleston, South Carolina. 480 pp.

SEDAR (2009) Stock Assessment of Red Snapper in the Gulf of Mexico. SEDAR Assessment
Update. Report of the Update Assessment Workshop, Miami, Florida, August 2428,
2009, DRAFT 4.2 11/30/2009.

Svedang, H., D. Righton, and P. Jonsson. 2007. Migratory behaviour of Atlantic cod Gadus morhua: natal
homing is the prime stock-separating mechanism. Marine Ecology Progress Series 345:1-12.

Thorrold, S. R., C. Latkoczky, P. K. Swart, and C. M. Jones. 2001. Natal homing in a marine fish
metapopulation. Science (London) 291:297-299.

Woods, M. K., J. H. Cowan, Jr., D. L. Neiland. 2007. Demographic difference in northern Gulf
of Mexico red shapper reproduction maturation: implication for the unit stock hypothesis.
Pages 217-277 in W. F. Patterson, 111, J. H. Cowan, Jr., G. R. Fitzhugh and D. L. Neiland
(eds.) Red snapper ecology and fisheries in the U. S. Gulf of Mexico. American Fisheries
Society Symposium 60, Bethesda, MD.

Wright, P. J., and E. A. Trippel. 2009. Fishery-induced demographic changes in the timing of spawning:
consequences for reproductive success. Fish and Fisheries 10:283-304.



Table 1. Summary of ovarian samples by sampling gear and year.

Year

Chevron Hook & Trawl Vertical Unknown Total
Trap Line longline
2008 2 2
2009 53 76 23 152
2010 2 66 1 69
2011 6 14
Total 57 142 23 9 6 237




Table 2. Ovarian classification and terms based on histological analysis.

Reproductive state

Phase

Histological indicators

Signficance

Nonspawn- Immature

Only oogonia and primary

Virgin that has not yet

g ing growth oocytes, including recruited to the spawning
T chromatin nucleolar and population.
g perinucleolar oocytes.
= Usually no atresia.
Nonspawn- Developing Cortical alveolar and Environmental signals
) ing sometimes early yolked have triggered
= oocytes. No evidence of development, but fish are
g POFs. Some atresia may be  not yet developed enough
present. to spawn.
Spawning-  Spawning- Yolked oocytes. May be Fish developed enough to
capable capable some atresia. spawn.
Spawning  Spawning Oocyte maturation, hydration Fish with indicators of
§ Subphases:  ©F POFs. spawning activity.
c—; Imminent Early OM (GVM with Will spawn in 14 h.
=3 little yolk coalescence)
= &
S o .
= S Active 1. Late OM (completed  Spawning +/- 2 h.
s GVM or GVBD with
S yolk coalescence and
@ partial to full hydration),
2. Ovulation
3. Newly-collapsed
POFs
Recent POFs (12-36 h old) Spawned within 2 d.
Nonspawn- Regressing A high percentage of yolked  Cessation of spawning.
ing oocytes undergoing atresia
(alpha and beta).
Nonspawn- Regenerating  Only primary growth oocytes Sexually mature,
o ing present, including chromatin  reproductively inactive.
= nucleolar and perinucleolar. ~ Most common outside of
p Muscle bundles, enlarged the spawning season.

blood vessels, thick and/ or
convoluted ovarian wall, and
gamma or delta atresia may

be present.




Table 3. Histological micrographs of red snapper, Lutjanus campechanus histological indicators

used to assign reproductive phases.

Ovarian Cross Section

Phase Characteristics

Most advanced oocyte or
key histological indicator

Immature Phase
Only oogonia & PG

No muscle bundles.
Thin ovarian wall.
Well-organized lamellae.

Early developing

subphase

Primary growth & cortical
alveolar oocytes only

Zona pellucid formed

Can be some atresia

Developing
Primary growth, cortical

alveolar, vitellogenic
oocytes stages 1 & 2
Atresia can be present

Spawning Capable
Completed vitellogenesis
(Vtg3)

Can have post ovulatory
follicles present

\7itellogen|c 3

Actively Spawning
subphase

Late oocyte maturation
(GVM, GVBD, & hydration)
Or ovulation

Fresh POFs

\F’{:”xﬁ
id & 4 A
GVM Hydration

Regressing
Most vtg oocytes atretic; 1%

indicator alpha atresia
discontinuous zona pellucida
PG and CA oocytes present

Regenerating
Oogonia and PG oocytes 0

——Muscle bundles often

Thick ovarian wall
May have late stage atresia

200}21

Thick ovarian wall




Figure 1. A. Spatial distribution of sampling sites (chevron traps and hook and line) and red
snapper collections in 2009 and 2010. B. Spatial distribution of female reproductive samples.
Stage 1=immature, Stage 2=developing, Stage 3=spawning capable, Stage 4 (red) = actively
spawning subphase, Stage 5=regressing and Stage 6=regenerating.
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