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Abstract.—Red snapper Lutjanus campechanus larval occurrence and abundance 
during Southeast Area Monitoring and Assessment Program (SEAMAP) Summer 
Shrimp/Bottomfish (1982–2003) and Fall Plankton (1986–2003) surveys were ex-
amined to identify the time series of ichthyoplankton data that might best reflect 
trends in the red snapper spawning population in the U.S. Gulf of Mexico (GOM). 
Since bongo nets were more effective than neuston nets at capturing red snapper 
larvae only catches from bongo nets were used to estimate annual occurrence and 
abundance, i.e. the SEAMAP larval red snapper index. The summer survey was con-
ducted during the peak of red snapper spawning in June and July, but limited and 
inconsistent coverage during this survey did not permit development of a reliable 
Gulfwide (U.S. continental shelf) index of larval abundance. In contrast, the fall sur-
vey conducted near the end of the spawning season in September yielded a 16 year 
time series over which to examine trends in red snapper abundance throughout the 
GOM. Although occurrence and abundance of red snapper larvae were lower dur-
ing September than in June and July, estimates from both summer and fall surveys 
showed the same inter-annual patterns and were highly correlated. Larvae were eight 
times more abundant and occurred in five times as many samples in the western than 
in the eastern GOM. Separate standardized indices of relative abundance were gener-
ated for the western and eastern GOM. The standardization procedure accounted for 
the effects of year, time of day, depth and subregion in the western GOM, but only 
for subregion in the eastern GOM. Larval indices of red snapper abundance suggest 
an increased spawning stock in both the western and eastern GOM after 1995.

Introduction

Red snapper Lutjanus campechanus 
are found along the U.S. Atlantic Coast and 
throughout the Gulf of Mexico (GOM). The 
U.S. GOM red snapper population supports 

a popular and economically valuable fishery 
resource utilized by both recreational and 
commercial sectors. The fishery is managed 
by the Gulf of Mexico Fishery Management 
Council under the Reef Fish Management 
Plan. The most recent population assess-
ment of red snapper in the GOM resulted in 
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Plankton sampling on SEAMAP resource 
surveys is conducted around the clock at prede-
termined stations arranged in a fixed, system-
atic grid across the U.S. Exclusive Economic 
Zone of the GOM. Most systematic grid loca-
tions or SEAMAP stations (designated by a 
unique SEAMAP or ‘B’ number) are located 
at ∼56 km or 0.5 degree intervals along this 
grid. Sampling at each location is conducted 
with paired 61-cm, 0.333 mm mesh bongo 
nets and/or a single, 2 × 1 m, 0.947-mm mesh 
neuston net following established SEAMAP 
collection protocols (SEAMAP 2004). Neus-
ton nets are towed horizontally in the top 0.5 
m of the water column, while bongo nets are 
towed in an oblique manner to within 2–5 m 
of the bottom or a maximum depth of 200 m. 
Catches of larvae are standardized to account 
for sampling effort and expressed as the num-
ber of larvae under 10 m2 of sea surface (lar-
vae/10 m2) for bongo nets, and as the number 
of larvae per 10 min tow (larvae/10 min) for 
neuston nets.

All snapper larvae were examined and 
identified by ichthyoplankton specialists at 
the Southeast Fisheries Science Center, Mis-
sissippi Laboratories (Lyczkowski-Shultz 
and Hanisko 2007). Red snapper larvae were 
identified using descriptions in Drass et al. 
(2000) and Lindeman et al. (2005). Body 
length of larvae was measured to the nearest 
0.1 mm. Only red snapper larvae greater than 
3.8 and less than 6.3 mm were used in our 
analysis because snapper larvae smaller than 
3.8 mm cannot be reliably identified to spe-
cies, while snapper larvae over 6.0 mm were 
not effectively captured by bongo and neus-
ton nets presumably due to avoidance (Lycz-
kowski-Shultz and Hanisko 2007).

Diel period designation for each 
SEAMAP sample was based on the start time 
of sample collection. Samples taken after 
sunrise and before sunset were assigned to 
the daytime period, and samples after sunset 
and before sunrise to the nighttime period. 
Sunrise and sunset for each sample date was 

the stock being classified as overfished and 
undergoing over fishing (Porch 2007, this 
volume). Among the fishery independent 
indices used in this assessment was a lar-
val index based on a 22 year time series of 
Southeast Area Monitoring and Assessment 
Program (SEAMAP) resource surveys. A 
description of these surveys and plankton 
collection methodologies is presented by 
Lyczkowski-Shultz and Hanisko (2007, this 
volume) along with a general summary of 
information on red snapper larvae taken dur-
ing SEAMAP surveys. The objective of this 
companion paper is to present standardized 
larval indices based on the SEAMAP time 
series of ichthyoplankton data that might 
best reflect trends in the red snapper spawn-
ing population in the GOM.

Methods
 

Surveys and Collections: 

SEAMAP resource surveys have been 
conducted in the Gulf of Mexico by the Na-
tional Marine Fisheries Service since 1982 
in cooperation with the states of Florida, 
Alabama, Mississippi, Louisiana and Texas. 
Red snapper larvae were captured primar-
ily during two annual SEAMAP surveys 
that cover the spawning area (continental 
shelf) and season (summer to early fall) of 
this species (Lyczkowski-Shultz and Hanisko 
2007). The Summer Shrimp/Bottomfish (SB) 
survey, 1982–present, is conducted over the 
U.S. continental shelf from the U.S./Mexico 
border to 88° West longitude from mid June 
through July. The SEAMAP Fall Plankton 
(FP) survey, 1986–present, is conducted over 
the U.S. continental shelf from the U.S/Mex-
ico border to south Florida from mid August 
to early October with the majority of samples 
taken during the month of September. Only 
data from those two surveys were used to ex-
amine the potential of a SEAMAP larval red 
snapper index.
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calculated using station latitude, longitude 
and Julian date based on formulae in Seidel-
mann (1992).

 
Sample Selection and Data Comparisons:

Plankton data used for this analysis were 
limited to a single neuston and/or bongo 
sample from each SEAMAP station taken 
during the SB and FP surveys. In cases where 
more than one sample was taken at a grid 
location during a survey, the sample taken 
closest to the targeted location was chosen. 
When SEAMAP stations were sampled by 
more than one vessel during the survey, pri-
ority was given to samples taken by NMFS 
vessels as they conduct a majority of surveys 
each year and therefore provided the most 
consistent temporal and spatial coverage. 
Only data from SB surveys in 1986, 1987, 
1994, 1997, and 2000–2002 that sampled 
the entire extent of the intended survey area 
were included in our analysis. Data from all 
years of the FP survey were used with the 
exception of 1998 when tropical storms se-

verely curtailed sampling. Samples from the 
FP surveys were restricted to those stations 
sampled during at least 10 years of the sur-
vey time series to account for annual vari-
ability in spatial coverage (Figure 1).

We examined the relative efficiency of 
neuston and of bongo nets at capturing red 
snapper larvae by comparing catches in day 
and night samples. Only FP survey samples 
from stations where both the neuston and 
bongo samples were taken within the same 
diel period were considered. Efficiency was 
measured by comparing the percent occur-
rence, mean abundance, and the diel percent-
age of total abundance of red snapper larvae 
in day and night samples. Diel percentage of 
total abundance was calculated by dividing 
the total summed red snapper larval abun-
dance of all day or night samples by the total 
summed abundance of all samples. Coeffi-
cients of variation (CV; standard error/mean) 
were calculated for each gear and year of the 
FP survey. Average annual CVs were used 
as an indicator of consistency over the time 
series. Chi-square tests were used to test for 
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Figure 1. Number of samples taken at each SEAMAP B-number location during all years of the 
Fall Plankton survey. Bold numbers represent B-number locations which were sampled during at 
least 10 years of the survey and retained in our analysis, and the underlined italic numbers B-
number locations dropped from the analysis.
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equal proportion of day and night captures of 
larvae between the two gear types.

Trends in percent occurrence and abun-
dance of red snapper larvae for the SB and 
FP surveys were compared by correlation 
analysis. All comparisons were carried out 
using only bongo samples collected west of 
087.75°W longitude during the 1986 & 1987, 
1994, 1997, and 2000–2002 SB and FP sur-
veys. The selected years are those where both 
surveys sampled the full spatial area of the 
western GOM.

Regional and sub-regional differences in 
larval red snapper abundance and occurrence 
were assessed using data from the FP surveys. 
Western and eastern regions were separated at 
the mouth of the Mississippi River (089.17°W 
longitude) as delineated by the 2005 red snap-
per stock assessment (Porch 2007, this vol-
ume). The western region was further divide 
into Texas (TX) and Louisiana (LA) subre-
gions at the TX/LA state line (∼093.80°W 
longitude); and the eastern region into Mis-
sissippi/Alabama (MS/AL) and Florida (FL) 
subregions at the AL/FL state line (∼087.25°W 
longitude). The positions used to separate the 
subregions are slightly shifted from the actu-
al state lines to accommodate the systematic 
sampling grid of the plankton surveys. Percent 
occurrence, mean abundance and the regional 
or subregional percentage of total abundance 
were calculated for each region or subregion of 
the GOM. Regional or subregional percentage 
of total abundance was calculated by dividing 
the total summed abundance of all samples in 
a region or subregion by the total abundance 
of all samples.

Larval red snapper nominal percent oc-
currence, nominal mean abundance and model 
based estimates of standardized relative abun-
dance with associated CVs (standard error/
mean) were calculated by year for the western 
and eastern GOM (as defined above) utiliz-
ing the FP survey time series of observations. 
Standardized indices of relative red snapper 
abundance based on larval occurrence and 

abundance were estimated using a delta-log-
normal model (Lo et al. 1992). Indices based 
on this model are a mathematical combination 
of yearly estimates from two distinct general-
ized linear models: a binomial model which 
describes proportion of positive catches (i.e., 
occurrence) and lognormal model which de-
scribes variability in only the nonzero abun-
dance data. A backward selection approach 
using the GLMMIX and MIXED procedures 
(Patetta 2002) in SAS (Version 9.1.3 of the 
SAS System for Windows  2003, SAS Insti-
tute Inc., Cary, North Carolina) was employed 
to provide yearly index values for both the bi-
nomial and lognormal sub-models, respective-
ly. The effects tested for inclusion in each sub-
model were year, time of day (day or night), 
sub-region (TX and LA or MS/AL and FL) 
and water depth. For the binomial sub-mod-
els, a logistic-type generalized linear mixed 
model was employed, and model fit was evalu-
ated using the fit statistics provided by PROC 
GLMMIX in SAS. Likewise, for the lognor-
mal sub-model, a generalized linear mixed 
model was used to describe the nonzero abun-
dance data, and model fit was evaluated using 
the fit statistics provided by PROC MIXED in 
SAS. The year effect is integral to the calcu-
lation of annual estimates and is forced into 
the standardization procedure regardless of 
significance when at least one other param-
eter is significant. Years when no red snapper 
larvae were collected were dropped from the 
analyses since an index developed using delta-
lognormal methodology cannot be calculated 
from data containing only zero catches. Also, 
when the lognormal submodels did not con-
verge or did not retain any significant effects, 
only the logistic model describing occurrence 
was used to develop the indices.

 
Results

Mean abundance, percent occurrence and 
the percentage of total abundance of red snap-
per larvae were higher during FP nighttime 
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total abundance were more equitably distrib-
uted between day and night samples for the 
bongo than for the neuston (Table 1). Sam-
pling variability over the time series was less 
variable for the bongo than the neuston. An-
nual CV on mean abundance for the neuston 
averaged 56%, and annual CV on percent 
occurrence averaged 45%. While annual CV 
on mean abundance for the bongo averaged 
47%, and annual CV on percent occurrence 
averaged 41% (Table 2). Overall, the bongo 

sampling for both neuston and bongo nets 
(Table 1). No difference between gears (α = 
0.05, P = 0.1415) was observed in the occur-
rence of larvae during nighttime hours. How-
ever, the occurrence of red snapper larvae in 
bongo net samples was found to be signifi-
cantly higher than nueston samples (α = 0.05, 
P = <0.0001) during the day. The diel per-
centage of total red snapper larval abundance 
was skewed in favor of nighttime catches for 
both gears. However, the percentages of diel 

Table 1. Mean abundance (Mean) and percent occurrence (%O) with number of samples (N), stan-
dard error (SE), and percentage of total abundance (% Total) of day and night caught red snapper 
Lutjanus campechanus larvae captured in neuston and bongo nets during the Fall Plankton survey.

Table 2. Percent coefficient of variation (standard error/mean) of annual abundance (A) and 
percent occurrence (%O) of red snapper Lutjanus campechanus larvae captured in neuston and 
bongo nets during the Fall Plankton survey.

Year N A %O A %O

1986 107 65.74 49.29 44.94 43.87
1987 110 62.64 49.31 60.84 43.89
1988 51 100.00 100.00 100.00 100.00
1989 51 70.74 70.00 58.42 56.57
1990 62 67.22 48.75 53.05 48.75
1991 58 100.00 100.00 44.77 43.12
1992 106 31.98 25.02 38.72 36.70
1993 110 38.99 28.73 38.65 36.74
1994 118 42.04 39.94 67.81 43.95
1995 114 56.64 32.13 35.09 25.14
1996 112 44.88 27.40 35.83 32.11
1997 115 40.12 32.14 29.60 24.18
1999 108 33.10 26.13 42.97 36.72
2000 105 46.47 27.30 27.96 21.56
2001 106 47.24 43.86 43.21 32.04
2002 86 40.08 25.70 32.48 25.70

Nueston Bongo

Gear N Mean SE % Total %O SE

Day 790 0.02 0.01 5.00 1.65 0.45
Night 729 0.50 0.08 95.00 14.68 1.31

Day + Night 1519 0.25 0.04 100.00 7.90 0.69

Day 790 0.25 0.04 23.00 5.06 0.78
Night 729 0.92 0.13 77.00 11.93 1.20

Day + Night 1519 0.57 0.07 100.00 8.36 0.71

Abundance Occurrence

Neuston

Bongo

Diel Period
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was more effective at catching larvae over the 
24 h time period than the neuston with less 
year to year sampling variability. Therefore 
all further analyses of red snapper larvae in 
SEAMAP collections were solely based on 
bongo net samples.

Day and night occurrence, mean abun-
dance and diel percentage of total abundance 
from selected years of the SB and FP surveys 
west of 087.75°W longitude differed between 
the surveys (Table 3). Mean abundance and oc-
currence during the FP survey were consider-
ably higher at night than during the day. How-
ever, mean abundance and occurrence during 
the SB survey were similar between day and 
night. The number of night samples available 
from the SB survey was less than half the num-
ber of day samples. Whereas, the number of 
day and night samples available from the FP 
survey were about the same. The difference 
in the observed diel pattern between the two 
surveys was likely caused by disparity in the 
number of night and day samples collected 
during the SB survey. Therefore comparison 
between the two surveys was confined to day-
time samples only.

Mean abundance during the SB survey 
was two times greater than during the FP sur-
vey. Occurrence was also higher during the 
SB survey (13%) than during the FP survey 
(9%) (Table 3). Annual ratios (SB/FP) of mean 

abundance ranged from 1.14 to 2.97, and an-
nual ratios (SB/FP) of occurrence between the 
two surveys ranged from 0.73 to 1.92 (Table 
4). Mean abundance and occurrence between 
the SB and FP surveys were highly correlated 
within years. The correlation was 80% (n = 7, 
r = 0.795) between SB and FP annual abun-
dance and 75% (n = 7, r = 0.747) between SB 
and FP annual occurrence.

Larval red snapper occurrence and abun-
dance during the FP survey were an order of 
magnitude higher in the western than in the 
eastern GOM (Figure 2). Larvae were nine 
times more abundant and occurred in five 
times as many samples in the western than in 
the eastern GOM. The western GOM account-
ed for 88% of the total GOM larval abundance 
from the 16 years of FP surveys. In contrast, 
the eastern GOM accounted for only 12% 
of the total GOM larval abundance. Larval 
abundance, occurrence and percentage of to-
tal GOM abundance were similar between the 
TX and LA sub-regions. However, the MS/AL 
and FL sub-regions in the eastern GOM were 
quite different. Larvae were four times more 
abundant and occurred in four times as many 
samples in the MS/AL sub-region than in the 
FL sub-region. The disproportionately smaller 
MS/AL subregion also accounted for nearly 
half of the 12% of total abundance in the east-
ern GOM.

Table 3. Mean abundance (Mean) and percent occurrence (%O) with number of samples (N), 
standard error (SE), and percentage of total abundance (% Total) of day and night caught red 
snapper larvae captured in bongo nets during the 1986, 1987, 1994, 1997, and 2000–2002 
Summer Shrimp/Bottomfish (SB) and Fall Plankton (FP) surveys in the western Gulf of Mexico.

Survey Diel Period N Mean SE % Total %O SE

Day 222 0.96 0.20 72.68 13.06 2.27
Night 102 0.78 0.24 27.32 13.73 3.42

All 324 0.90 0.16 100.00 13.27 1.89

Day 224 0.46 0.11 21.95 8.93 1.91
Night 193 1.88 0.38 78.05 20.73 2.93

All 417 1.12 0.19 100.00 14.39 1.72

SB

FP

OccurrenceAbundance
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(A)

Year N Abundance SE N Abundance SE SB/FP Ratio Correlation

1986 41 0.48 0.28 30 0.42 0.24 1.14 r = 0.80
1987 29 0.42 0.31 32 0.14 0.14 2.97
1994 28 0.79 0.62 34 0.00 0.00
1997 34 1.25 0.70 35 0.65 0.28 1.93
2000 34 1.51 0.60 28 0.96 0.47 1.57
2001 26 1.16 0.52 30 0.59 0.41 1.97
2002 30 1.17 0.57 35 0.51 0.28 2.30

(B)

Year N % Occurrence SE N % Occurrence SE SB/FP Ratio Correlation

1986 41 7.32 4.12 30 10.00 5.57 0.73 r = 0.75
1987 29 6.90 4.79 32 3.13 3.13 2.21
1994 28 7.14 4.96 34 0.00 0.00
1997 34 14.71 6.17 35 14.29 6.00 1.03
2000 34 20.59 7.04 28 14.29 6.73 1.44
2001 26 19.23 7.88 30 10.00 5.57 1.92
2002 30 16.67 6.92 35 11.43 5.46 1.46

SB

SB

FP

FP

Table 4. Daytime abundance (A) and percent occurrence (B) of red snapper larvae captured in 
bongo nets during the 1986, 1987, 1994, 1997, and 2000–2002 Summer Shrimp/Bottomfish 
(SB) and Fall Plankton (FP) surveys in the western Gulf of Mexico with associated standard errors 
(SE) and number of samples (N).  SB/FP ratios are the annual abundance or percent occurrence 
(% Occurrence) of the SB survey divided by the FP survey.  Correlation is the Pearson correlation 
coefficient of annual abundance or percent occurrence for all years listed.

Figure 2. Mean abundance (A), percent occurrence (O) and percentage of Gulf of Mexico total 
abundance (%G) of red snapper Lutjanus campechanus larvae from the western and eastern 
Gulf of Mexico, and the Texas (TX), Louisiana (LA), Mississippi/Alabama (MS and AL) and Florida 
subregions collected during the Fall Plankton survey. Values in parenthesis are standard errors of 
abundance and percent occurrence. Western and eastern Gulf of Mexico regions are separated 
at the mouth of the Mississippi River (*) and the subregions by the plotted demarcation lines.
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Model based standardized indices of rela-
tive abundance were generated using the del-
ta-lognormal procedure for both the western 
and eastern GOM utilizing samples collected 
during the Fall Plankton survey. The modeling 
exercise for the western GOM index identi-
fied the following significant effects: year (P 
= 0.0138) and time of day (P = <0.0001) for 
the binomial submodel; and time of day (P 
= 0.0075), subregion (P = 0.0159) and water 
depth (P = 0.0150) for the lognormal sub-
model. The year effect (P = 0.0935) was not 
significant but was retained in the lognormal 
sub-model. For the eastern GOM index the 
modeling exercise identified subregion (P = 
0.0002) as the only significant effect in the bi-
nomial submodel. The year effect (P = 0.9086) 
was not significant but was retained in the bi-
nomial sub-model. No significant factors were 
identified in the lognormal sub-model. There-
fore, the eastern standardized index of relative 
abundance is based solely on the binomial sub-
model describing the occurrence of larvae.

The western standardized index indicated 
a substantial increase in red snapper larvae af-
ter 1994 (Tables 5 and Figure 3). In the west-
ern GOM CVs of the standardized index of 
annual abundance ranged from 29% to 75% 
and in general were below 40% after 1994. 
Nominal indices based on larval occurrence 
and abundance in the western GOM showed 
similar trends in abundance at similar levels 
of precision. A standardized index of relative 
abundance based on the binomial sub-model 
(occurrence) was calculated for the eastern 
GOM (Table 5 and Figure 3). Both the stan-
dardized and nominal indices for the eastern 
GOM indicated very low levels of red snapper 
abundance with an increase after 1995. CVs 
of the eastern abundance indices in almost all 
years were greater than 50%.

 
Discussion

Lyczkowski-Shultz and Hanisko (2007) 
review the early life history of red snapper 

in the Gulf of Mexico based on over 7,900 
neuston and 7,000 bongo collections from 
SEAMAP plankton surveys 1982–2003. The 
objective of this companion study was to de-
velop standardized larval indices of relative 
red snapper abundance generated from those 
collections that might best reflect trends in 
the size of the red snapper spawning popula-
tions in the western and eastern U.S. GOM. 
After examination of the survey data we have 
concluded that the most reliable and spatially 
consistent index is the one based on abun-
dance and occurrence of red snapper larvae 
estimated from bongo net samples taken dur-
ing the Fall Plankton survey of shelf waters 
from Brownsville, TX to south Florida.

Use of Fall Plankton survey data as a 
basis for an index of the spawning popula-
tion size is complicated by the timing of this 
survey (∼September to early October) which 
is near the end of the red snapper spawning 
season (Futch and Bruger 1976; Collins et 
al. 1996, 2001; Woods 2003; Fitzhugh et al. 
2004). However, occurrence and abundance 
of red snapper larvae were lower in Sep-
tember than during the SEAMAP Summer 
Shrimp/Bottomfish survey in June and July 
(the nominal time of peak spawning) annual 
estimates of occurrence and abundance for 
the two survey types (SB and FP) were high-
ly correlated, and the ratios of annual mean 
abundance and occurrence between the two 
were fairly consistent from year to year. Thus 
we conclude that larval red snapper abun-
dance as measured during the fall plankton 
survey effectively approximates reproductive 
output of the red snapper population at least 
in the western GOM.

The timing of the Fall Plankton survey 
may have biased our estimates of the spawn-
ing population of red snapper among the 
various regions and subregions of the GOM. 
Sampling during the Fall Plankton survey 
typically begins in early September off south 
Texas and continues eastward to south Florida 
through the end of September and occasion-
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(A) 

Year N NA %CV %O %CV SRA %CV

1986 50 0.31 49.54 8.00 48.45 0.33 51.93
1987 56 0.95 69.46 5.36 56.68 0.78 71.99
1988 28 0.00 0.00 .
1989 29 0.59 57.55 10.34 55.63 0.74 63.20
1990 32 0.97 45.34 15.63 41.74 0.88 49.22
1991 32 0.62 49.23 12.50 47.52 0.56 52.04
1992 56 0.53 37.77 12.50 35.68 0.47 38.82
1993 56 0.55 37.65 12.50 35.68 0.48 38.50
1994 56 0.91 72.14 7.14 48.62 0.77 75.43
1995 56 1.99 35.78 21.43 25.82 1.78 36.25
1996 56 1.12 34.70 16.07 30.81 1.04 36.13
1997 55 1.65 28.71 25.45 23.29 1.71 28.94
1998 .
1999 52 0.42 44.72 9.62 42.93 0.43 47.06
2000 55 2.01 31.97 25.45 23.29 1.80 29.80
2001 47 1.25 48.49 12.77 38.54 1.19 50.43
2002 54 1.43 32.86 22.22 25.70 1.47 32.64
2003 54 2.33 31.48 29.63 21.17 2.19 29.20

Nominal Occurrence Standardized Relative 
Abundance

Nominal Abundance

 

(B) 

Year N NA %CV %O %CV SRA %CV

1986 62 0.08 100.00 1.61 100.00 0.02 100.11
1987 60 0.14 70.30 3.33 70.11 0.03 70.17
1988 27 0.21 100.00 3.70 100.00 0.04 99.04
1989 29 0.00 0.00
1990 36 0.00 0.00
1991 35 0.10 100.00 2.86 100.00 0.03 99.48
1992 53 0.00 0.00
1993 59 0.00 0.00
1994 65 0.06 100.00 1.54 100.00 0.02 100.15
1995 61 0.10 70.13 3.28 70.12 0.03 70.19
1996 62 0.00 0.00 .
1997 63 0.03 100.00 1.59 100.00 0.02 100.13
1998 .
1999 61 0.33 69.11 4.92 56.76 0.05 56.82
2000 58 0.51 53.19 6.90 48.67 0.07 48.69
2001 62 0.15 58.14 4.84 56.78 0.05 56.84
2002 39 0.09 100.00 2.56 100.00 0.03 99.63
2003 62 0.40 52.49 6.45 48.75 0.06 48.81

Standardized Relative 
AbundanceNominal Abundance Nominal Occurrence

 

Table 5. Nominal abundance (NA), nominal percent occurrence (%O), and standardized relative 
abundance (SRA) of red snapper Lutjanus campechanus larvae collected during the Fall Plankton 
survey with associated percent coefficient of variation (%CV, (standard error/mean) and number 
of samples (N) by year for the western (A) and eastern (B) Gulf of Mexico.
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ally into mid October. Lyczkowski-Shultz 
and Hanisko (2007) report a sharp decline in 
the occurrence and abundance of red snap-
per larvae from September to October. The 
decline may be indicative of the abrupt ter-
mination of spawning in this species as was 
suggested by Woods (2003) based on the low 
incidence during the spawning season of red 
snapper ovaries exhibiting over 50% atresia. 
Declining reproductive output from Septem-
ber to mid October and the west to east pro-
gression of the Fall Plankton survey may lead 
to an underestimation of larval occurrence 
and abundance in the eastern region of the 
survey area.

Given the likelihood of underestimating  
larval occurrence and abundance in the east-
ern GOM the larval data still seems to reflect 
the !relative regional and subregional differ-
ences in GOM red snapper population. Based 
on larval occurrence and abundance the rela-
tive red snapper population was four to eight 
times greater in the western than the eastern 
GOM. The current stock assessment for red 
snapper estimated the unfished abundance 
of the western population to be three times 
greater than the eastern population (Porch 
2007, this volume). At the subregional level, 
larval occurrence and abundance indicated 
a decreasing trend in the red snapper abun-
dance from Texas to Florida. The percentage 
of the total number of age-0 and age-1 red 
snapper caught off TX (69%), LA (23%) and 
MS/AL (7%) during 1988 to 2006 SEAMAP 
Fall Groundfish trawl surveys show a similar 
pattern (Nichols, NMFS, personal commu-
nication). Gold and Saillant (2007, this vol-
ume) and Saillant and Gold (2004) estimated 
the population of red snapper off TX, LA and 
MS/AL based on genetic variance effective 
size. Population estimates for TX and MS/
AL were similar, but the estimate for LA was 
at least an order of magnitude higher than for 
TX and MS/AL. Larval occurrence and abun-
dance also suggest a higher abundance of red 
snapper off LA than MS/AL, but in contrast 

to the variance effective size estimates sug-
gested that red snapper abundance off TX 
and LA were similar. The only estimate of 
relative population size between subregions 
in the eastern GOM was the larval data. Al-
though the MS/AL and FL subregions each 
contributed about the same percent (5.6 and 
6.2) to total Gulfwide abundance of larval 
snapper the mean abundance of larvae off 
MS/AL was four times greater than off FL. 
The greater concentration of larvae off MS/
AL may be attributed to production from 
the adult spawning stock associated with the 
high concentration of artificial reefs in the 
area (Szedlmayer and Shipp 1994; Minton 
and Heath 1998; Shipp 1999; Patterson and 
Cowen 2003).

The standardized larval indices of abun-
dance presented here for the western and 
eastern GOM differed from the larval indices 
used in the most recent red snapper stock as-
sessment (SEDAR7 2005; Porch 2007, this 
volume). The initial indices were based on 
the size adjusted abundance of 3.8–8.3 mm 
larvae taken in bongo nets during both the 
SEAMAP Summer Shrimp/Bottomfish and 
Fall Plankton surveys, and only the year ef-
fect was accounted for in the delta-lognormal 
model (Hanisko et al. 2004; Lyczkowski-
Shultz et al. 2004).. In contrast, the current 
indices were based on the abundance of 
3.8–6.3 mm larvae in bongo nets taken dur-
ing the Fall Plankton survey, and were unad-
justed for size. The model generating these 
indices attempted to account for the effects of 
year, time of day and subregion. The different 
formulations of the larval indices revealed 
similar trends in relative red snapper abun-
dance over time. Both versions suggested an 
increased adult spawning stock in the eastern 
GOM, as did the 2005 assessment (Porch 
2007). However, the eastern GOM indices 
were of limited value in resolving annual 
changes in population size due to their low 
precision. The 2005 stock assessment in the 
western GOM indicated little or no increase 
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Figure 3. Nominal abundance, nominal percent occurrence, and standardized relative abundance 
of red snapper Lutjanus campechanus larvae collected during the Fall Plankton survey by year 
for the western (A) and eastern (B) Gulf of Mexico. Error bars associated with the standardized 
index are asymmetrical 95% confidence intervals. Annual values of nominal abundance, nominal 
percent occurrence, and standardized relative abundance are scaled by their respective means.
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in the population of red snapper, while both 
(current and initial) indicated an increased 
spawning stock.

In addition to the initial larval indices, 
three other indices were used by the recent 
stock assessment to identify trends in the 
adult spawning stock: a SEAMAP reef fish 
video survey index (VIDEO; Gledhill and 
Ingram 2004), an index of commercial hand 
line catches (CHL; McCarthy and Cass-Ca-
lay 2004) and an index of recreational catch 
reported from Marine Recreational Fisheries 
Statistics Survey Data (MRFSS; Cass-Calay 
2004). The trends indicated by the larval, 
VIDEO, CHL and MRFSS indices were in 
general agreement for the eastern GOM. In 
the western GOM, the 2005 assessment was 
not able to reconcile the increasing trend of 
the initial larval index with the flat or declin-
ing trends indicated by the other indices of 
adult abundance (Porch 2007, this volume). 
The current larval index indicated a less dra-
matic increase over the time series with little 
or no increase from 1995 to 2003, but still 
indicated higher abundances of red snapper 
after 1995 than the other indices. Confidence 
intervals estimated for the current larval in-
dex and the VIDEO, MRFSS and CHL in-
dices suggested that the difference among 
the trends in the indices may not be statisti-
cally significant (Cass-Calay 2004; Gledhill 
and Ingram 2004; McCarthy and Cass-Calay 
2004).

Potential explanations for the discrep-
ancy among the trends suggested by the VID-
EO, MRFSS and CHL and larval indices in 
the western GOM may be linked to differenc-
es in sampled habitat, subregional coverage 
and age selectivity. The SEAMAP VIDEO 
survey provides data on the adult population 
from natural reef and hard bottom habitats 
but does not index the spawning stock from 
artificial reefs in the western GOM. Artifi-
cial reefs, predominantly offshore oil and gas 
platforms, harbor large numbers of red snap-
per and are a major destination of commer-

cial and recreational fisherman targeting the 
species (Witzig 1986; Reggio 1987; Stanley 
and Wilson 2000, 2003; Nieland and Wilson 
2003). Data in the MRFSS index was limited 
to catches reported solely from the state of 
LA, as data available from the Texas Depart-
ment of Parks and Wildlife was incompatible 
with MRFSS and was not included (Cass-
Calay 2004). The MRFSS and CHL indices 
select predominantly for age 2 to age 4 and 
age 3 to age 5 fish respectively, and may not 
adequately represent older fish. Allman et al. 
(this volume) compared age compositions 
between the recreational, commercial hand-
line and longline sectors and found that age 2 
to age 4 fish accounted for 90% of the recre-
ational sector with less with 0.3% of all fish 
greater than age 10, where as age 3 to age 5 
fish dominated CHL catches with 1% of fish 
greater than age 10. The age distribution from 
commercial longline catches underscores the 
age selectivity of the MRFSS and CHL indi-
ces. Red snapper by age 5 were fully recruit-
ed to the commercial long-line fishery with 
over 22% of fish greater than age 10 (Allman 
et al. 2007, this volume). In contrast to the 
VIDEO, MRFSS and CHL indices, the larval 
index references the majority of the spawn-
ing area in the western GOM, and the repro-
ductive output of the adult spawning stock 
regardless of habitat and age.

In general, the eastern and western lar-
val indices indicated two distinct periods of 
larval abundance and occurrence: 1986–1994 
when larval occurrence and abundance was 
extremely low, and 1995–2003 when occur-
rence and abundance were two times greater 
than the earlier period. The inception of the 
FP survey in 1986 coincided with the decline 
of the red snapper fishery in the mid to late 
1980s. During this time, the total catch of red 
snapper fell from 4.7 million kg (10.3 mil-
lion pounds) in 1982 to 1.8 million kg (4.0 
million pounds) in 1990, and the fishery was 
supported primarily by age 1 to age 3 fish 
(Hood and Steele 2004). The depletion of the 
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adult spawning stock during this period may 
be reflected in the low levels of larval red 
snapper occurrence and abundance indicated 
by the larval indices from 1986 to 1994. In-
creased occurrence and abundance after 1995 
may reflect higher recruitment from above 
average year classes during the period from 
1989 to 1991 which coincided with the lower 
total catches in the early 1990s, and recruit-
ment from strong year classes during the 
mid 1990s (Allman et al. this volume; Nich-
ols 2004; Turner and Porch 2004; SEDAR7 
2005). Most female red snapper mature by 
age 2 and nearly all (95%) by age 5 (Fitzhugh 
et al. 2004). Therefore, fish recruited to the 
population in the late 1980s and early 1990s 
would begin contributing to larval produc-
tion between 1991 and 1996, and the 1994 to 
1996 recruits between 1996 and 2001. This 
corresponds well with increased larval occur-
rence and abundance during SEAMAP Fall 
Plankton surveys after 1995.

The red snapper spawning stock in the 
GOM was estimated to be much lower than 
it had been historically, but estimated recruit-
ment for both the western and eastern com-
ponents of the stock have been above the long 
term average. Porch (2007) indicates that the 
recruitment estimates are well above those 
for an unfished population despite the indi-
cated decrease in the spawning potential of 
the current stock, and suggests as a possible 
interpretation that red snapper stocks may 
have become more productive over the last 
two decades. Under this hypothesis, the in-
crease in red snapper larval occurrence and 
abundance may reflect an increase in the re-
productive output of red snapper and not an 
increase in the size of the spawning popula-
tion.

The idea that the size or biomass of a 
fish stock can be estimated from egg or lar-
va abundance data as measured during field 
surveys has been around since the end of the 
19th century (Heath 1992). Use of ichthyo-
plankton data to estimate the biomass of fish 

populations over time, either in absolute or 
relative terms, is based on the assumption 
that population parameters such as fecundity, 
spawning frequency, hatching success, devel-
opment, growth and mortality are unvarying 
from spawning season to spawning season 
(i.e., year to year) or even within a spawning 
season (Heath 1992; Hunter and Lo 1993). 
More often than not this assumption is dif-
ficult, if not impossible, to verify due to the 
lack of specific information on early life stage 
vital rates or the cost of obtaining such infor-
mation. Despite the shortcomings, ichthyo-
plankton abundance and presence/absence 
data continues to be used in contemporary, 
age structured stock assessment models both 
in the U.S. and worldwide. These models are 
enhanced by inputs of fishery-independent 
indices of relative stock abundance which are 
considered to be without bias (as opposed to 
fishery-dependent data sources and indices) 
because they are based on statistical sam-
pling design. Lack of fishery-independent 
data are considered to a great impediment to 
fishery assessments (NMFS 2001). As a re-
sult of this ichthyoplankton surveys continue 
to become an increasingly important source 
of fishery-independent data for fish stocks 
such as Pacific sardine (Lo and Macewicz 
2006), bocaccio rockfish (Ralston and Ianelli 
1998), cowcod rockfish (Butler et al. 2002), 
and Atlantic bluefin tuna (Scott et al. 1993; 
Scott and Turner 2002; Ingram et al. 2006).

The value of larval data in red snapper 
assessments remains problematic as our re-
sults have shown. Inclusion of data on the 
abundance of smaller (<4 mm) red snapper 
larvae in SEAMAP collections that now can 
be identified only to family or genus (Lutja-
nus sp.) may improve not only the precision 
of the larval index but its value as a practi-
cal gauge of spawning biomass as well. Use 
of molecular genetic techniques to identify 
the smallest field collected snapper larvae to 
species holds great promise. There are plans 
at SEFSC/NMFS Mississippi Laboratories 
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to begin identifying small snapper larvae in 
SEAMAP samples using genetic techniques 
in the near future. Modeling the effects of en-
vironmental factors influencing larval occur-
rence and abundance may also improve the 
precision of the larval indices and provide a 
better understanding of their distribution. En-
vironmental effects were not investigated for 
the current indices as considerable work still 
needs to be completed regarding the identifi-
cation of corresponding environmental data 
within the SEAMAP ichthyoplankton da-
tabase. More consistent plankton sampling 
during SEAMAP summer trawl surveys in 
coming years, i.e. during peak months of 
red snapper spawning, may also enhance the 
contribution of the red snapper larval index in 
future population assessments.
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