MARINE ECOLOGY PROGRESS SERIES

Vol. 149: 289-294, 1997

NOTE

Mar Ecol Prog Ser

Published April 10

Spatial distribution and an absolute density estimate of
juvenile spot Leiostomus xanthurus in the tidal fringe
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ABSTRACT: We used a nested quadrat design to precisely
and accurately estimate the absolute density and spatial dis-
tribution of juvenile spot Leiostomus xanthurus in the tidal
fringe of a salt marsh. Fifty white quadrats (10 of each size: 32,
64, 128, 256, and 512 ¢cm?) were randomly placed within two
10 m* plots adjacent to a pier. The number of fish over each
quadrat was counted on 7 dates between 17 March and
7 April 1995. Quadrats did not attract or repel fish and the
observer's experimental bias was low. L. xanthurus had a con-
tagious distribution, with aggregations covering approxi-
mately 128 cm? L. xanthurus densities ranged from 18.33 to
28.30 fish m™2 (3.0 to 5.9% level of precision), while densities
estimated from shore seines ranged from 0.50 to 4.96 fish m™*
(97.2 to 200.0% level of precision). Correction factors should
be estimated before fish density estimates derived from net
samples are used in ecosystem modeling, carrying capacity
estimates or vital statistics for this habitat.
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The salt marsh is an important nursery for many fish
as prey are abundant and the spatially complex shal-
low water habitat offers protection from predation
(Boesch & Turner 1984, Currin et al. 1984, Peterson &
Turner 1994, Miltner et al. 1995). Spot Lelostomus xan-
thurus, a successful estuarine Sciaenid, supports a
large commercial and recreational fishery (Miller &
Dunn 1980, Warlen & Burke 1990). These fish spawn
offshore in the winter and their larvae move into the
estuaries where they remain until the fall when they
migrate back to the ocean (Currin et al. 1984). Each
marsh system supports a seasonally residential popula-
tion of these fish and emigration rates of individuals
are low (Weinstein et al. 1984).
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Few studies estimate the absolute density of age 0 to
1 fishes in estuarine nursery habitats. Most studies
examining fishes in salt marshes use either active or
passive nets, including trawls (Ross & Epperly 1985,
Rulifson 1991, Miltner et al. 1995), plankton nets, dip
nets and traps (Talbot & Able 1984), and flume nets
and seines (Peterson & Turner 1994). These gears pro-
vide relative estimates of density based on the catch
per unit effort (CPUE). The net’s selectivity, precision
and efficiency must be estimated to provide an
absolute estimate of density, the number of individuals
per unit area (Gunderson 1993). Absolute densities are
required to calculate statistics, such as reproductive
rate, energy flow and nutrient cycles, vital to popula-
tion dynamic estimates and ecosystem models (Ricker
1975, Begon & Mortimer 1982, Krebs 1989, Putman
1994). Tag-recapture techniques provide absolute
density estimates but are difficult to implement as
juvenile fish are delicate and tagging mortality 1s usu-
ally high (i.e. 38.4 %, Weinstein 1983, Weinstein et al.
1984; 53 to 95 %, Weinstein & O’'Neil 1986).

We estimated the absolute density and the small
scale spatial distribution of juvenile spot Leiostomus
xanthurus in the tidal fringe along a salt marsh. We
periodically counted individuals as they moved over
quadrats of various sizes. We examined the accuracy of
this technique compared with traditional shore seining
in the same habitat.

Materials and methods. Two plots of 10 m? (2 x 5 m)
were established 3 m below a Spartina alterniflora
marsh (area = 30 700 m?), each plot approximately 1 m
away from either side of a pier (on piles, 2 m above the
substratum) in Masonboro Sound, North Carolina,
USA (34° 08.387' N, 77° 51.784" W), on 16 March 1995
(Fig. 1). The substratum of fine sand was homoge-
neous, except for a few small patches of oysters, and
the intertidal gradient was smooth along the coast.
Graduated markers were placed at the seaward and
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shore ends of each plot to measure water depth. Fifty
quadrats were divided into 5 size groups, covering
areas of 32, 64, 128, 256, and 512 cm?, and 25 randomly
selected quadrats were randomly placed within each
plot (Fig 1). Quadrats were made of press board with a
white plastic waterproof coating on one side and
anchored to the substratum with a spike.
Observations of fish density were made at mid-tide
on 7 days with calm water conditions and good water
clarity between 17 March and 7 April 1995. Water
quality was similar during the 7 observations: at a
depth of 0.7 m mean water temperature was 15.3°C
(SD = 0.85), mean salinity was 32.7%. (SD = 3.40} and
mean dissolved oxygen was 7.6 mg 1! (SD = 0.64). Nei-
ther experimental plot was shaded by the pier during
observations. Approximately 15 min before an obser-
vation the quadrats were cleared of sand and replaced
in their original positions if they had been disturbed by
waves. The observer, situated on the pier, counted the

Atlantic Ocean
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Fig. 1 Experimental plots (2 x 5 m) containing 50 white

quadrats (10 of each size: 32, 64, 128, 256, and 512 cm?)

established just below the Spartina alterniflora zone on the

north and south sides of a pier in Masonboro Sound (X}, North
Carolina, USA, on 16 March 1995

number of fish over each quadrat, spending approxi-
mately 5 s per quadrat, and completed counts in each
plot within 2 to 3 min. Observations were made in
water depths ranging from 5 to 50 cm over the experi-
mental plots. Observations were separated by at least
10 min, however, if a boat wake reduced water clarity,
the following observation was delayed until the clarity
returned to the pre-wake condition.

Two control experiments estimated experimental
bias. To determine if fish were attracted to or repelled
by the white surface of the quadrats, areas of 128, 256,
and 512 cm? were marked, using small nails as corner
markers, near quadrats of the same size. The number
of fish over the white quadrats and the sand control
areas were counted at the same time. This control was
only performed when water clarity and light conditions
allowed an unobstructed view of the bottom and water
column, ensuring that all the fish in the area could be
counted. To estimate the observer's ability to accu-
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rately count the number of fish over each quadrat from
the pier, an unknown number of Leiostomus xanthurus
were placed randomly in 4 white buckets (bottom area
of 143 cm?) containing about 10 cm of water. The num-
ber of fish in each bucket was counted from the pier
using a 5 s time interval per bucket. Then the contents
of each bucket was poured into a net and the actual
number of fish were counted. In all, 36 control counts
were completed.

The frequency distributions of fish counts for each
quadrat size were compared with a Poisson distribu-
tion (random) and a negative binomial distribution
(contagious) using chi-squared analysis, and Coch-
ran's rule, to determine spatial patterns (Elliott 1971,
Sokal & Rohlf 1981). Further, the Morisita's Index of
Dispersion was calculated for each quadrat size to
determine spatial patterns and aggregation size.
Although Morisita's Index is affected by the number of
quadrats, this bias should be low as the number of
counts for each quadrat size was high and similar
(ranging from 216 to 261). The size of a fish aggrega-
tion, represented as the area of substratum the aggre-
gation covers, was estimated by dividing the Morisita’s
Index for one quadrat size by the Morisita's Index for
the next larger quadrat size and then plotting this ratio
over the larger quadrat size (Elliott 1971). A peak
occurs when the quadrat size and aggregation size are
approximately equal. The Morisita’s Standardized
Index was also calculated for each size of quadrat and
may be the best index of dispersion as it is independent
of population density and sample size (Krebs 1989).
Density estimates (fish m™) and levels of precision
were derived from the means and standard deviations
of fish counts over each quadrat size.

On 3 dates shore seines were used to estimate the
abundance, species composition, and length frequen-
cies of fish present in the tidal fringe. A single collec-
tion on 21 March and 3 collections on 10 April were
made using a 15.2 m, 3.2 mm mesh minnow seine,
swiping an area of 50 m? along the shore. On 2 April, 4
collections were made using a 2.6 m, 20 mm mesh min-
now seine, sweeping 1 of 2 measured distances (125 or
187 m?). Fish species collected in these seines were

identified, counted, and the fork lengths (mm) of the 3
dominant species were measured. Density estimates
(fish m~?) and levels of precision were derived from the
means and standard deviations calculated from the
seine collections. The relative density estimates of
Leiostomus xanthurus calculated from these shore
seines were compared with the absolute density esti-
mates calculated from the quadrat observations.

Results. Lejostomus xanthurus was the most abun-
dant fish in the tidal fringe, representing 94.4 and
97.4 % of the seine collections on 21 March and 2 April
respectively, and 27.1% on 10 April 1995 (Table 1). L.
xanthurus was smaller than the Fundulus spp. (Table
1). It was possible to distinguish L. xanthurus from
Fundulus spp. and other species in the shallow water
because of their differences in size, morphology and
swimming patterns. Further, they appeared to be
spatially segregated, the Fundulus spp. preferred the
extreme edge of the tidal fringe (<5 cm water depth)
while L. xanthurus preferred >5 cm water depth.
Therefore, the majority of fish observed over the
quadrats were probably L. xanthurus.

Daily observations of fish were similar (Kruskal-
Wallis test, df = 6, H = 12.5, p > 0.05) throughout the
experiment, except for the 256 cm? quadrats (H = 13.0,
p = 0.04) (Table 2}. The significant difference between
daily fish counts for the 256 cm? quadrats was probably
due to the single large mean of 1.29 (SD = 2.44) on 23
March.

The experimental plates did not seem to attract or
repel fish. Although the mean counts of fish were
generally higher over plates compared with sand sub-
stratum, the counts were not significantly different
(Table 3). Fish did not appear to vary their direction or
speed when approaching a plate.

The experimental bias of the observer counting the
number of fish over a quadrat was low. There was a
90.3% similarity between the observed counts and
actual number of fish in the buckets. The observed
mean of 3.19 fish per bucket (SD = 2.85) was slightly
less, but not significantly different, than the actual
mean of 3.36 fish per bucket (SD = 3.02) (Wilcoxon
matched pairs test, n = 36, p = 0.37).

Table 1 Frequency of species, mean (mm) lengths and standard deviations (SD) for fish collected with shore seines in the tidal
fringe near the experimental plots in Masonboro Sound (NC, USA)

—— 21 March - ——
Count Yo Length SD
Leiostomus xanthurus 1240 94 4 25.9 2.87
Fundulus majalis 43 3.3 47.2 17.20
Fundulus heteroclitus 24 1.8 43.0 13.40
Other 7 0.5
Total 1314

— 2 April - -10 April
Count Yo Count Y% Length SD
1922 97.4 52 27.1 32.2 4.00
0 0.0 37 19.3 47.6 10.02
2 0.1 102 53.1 34.7 8.12
49 2.5 1 0.5
1973 192
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Table 2. Leiostomus xanthurus. Means, standard deviations (SD), maximum number, Morisita's Index and standardized Mori-
sita's Index of Dispersion of fishes counted over the 5 quadrat sizes

Date Time Tide
32 cm?

Mean SD
17 Mar 11:50 ebb 0.00
20 Mar 13:55 ebb 0.00
22 Mar 08:05 flood 0.14 049
23 Mar 09:35  flood 0.16 042
29 Mar 15:15  flood 0.00
4 Apr 08:26  flood 0.09 029
7 Apr 09:26  ftlood 0.02 0.15
Overall mean 0.07 030
Sample size (n) 250
Number of fish counted 18
Maximum fish per quadrat 2
Morisita's Index of Dispersion 4.90
Standardized Morisita's Index 0.50

Quadrat —— — —
64 cm? 128 cm? 256 cm? 512 cm?

Mean SD Mean SD Mean SD Mean SD
0.31 0.70 0.28 0.67 0.79 131 1.63 2.75
0.04 030 0.04 0.21 0.31 0.90 0.37 1.24
0.31 0.89 0.75 0.27 0.75 134 1.60 2.79
0.20 046 0.44 0.94 1.29 244 1.29 2.58
0.20 0.56 0.15 037 0.35 071 0.27 0.60
0.20 047 0.58 1.22 068 125 0.66 1.49
0.08 0.28 0.21 0.41 0.26 0.58 090 238
0.18 0.55 0.36 0.87 062 1.38 094 216

216 247 236 261

39 89 147 245

4 5 13 15

4.66 4.10 4.29 5.21

0.51 0.51 0.51 0.51

Table 3. Leiostomus xanthurus. Means and standard devia-

tions (SD} of fish over sand and white quadrats. The t-test

indicated no significant difference between means of each
quadrat size at p = 0.05

— — Quadrat
128 cm? 256 cm? 512 cm?
Sand White Sand White Sand White
Mean 0.77 092 1.64 200 2.14 293
SD 1.01 1.12 165 136 1.96 243
Count 10 12 23 28 30 41
n 13 13 14 14 14 14
df 24 26 26
t -0.37 -0.63 -0.94
p 0.72 0.54 0.44
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Fig. 2. Lejostomus xanthurus. Aggregation (school) size of

juvenile spot in the salt marsh tidal fringe. Peaks in the line

occur when quadrat size and aggregation size are approxi-
mately equal

Observed distributions of Leiostomus xanthurus over
the 2 smaller-sized quadrats agreed with the Poisson
distribution, indicating a random distribution (p > 0.05:
32 em? df = 1, ¥’ = 0.52; 64 cm? df = 1, ¥ = 2.67).
Observed distributions of L. xanthurus over the 3
larger quadrats agreed with the negative binomial dis-
tribution, indicating a contagious distribution (p > 0.05:
128 cm?, df = 2, x* = 4.27; 256 cm?, df = 3, ¥* = 3.87;
512 cm? df = 5, x> = 4.78). The Morisita's Index of Dis-
persion and the Standardized Morisita's Index indi-
cated that all of these distributions were contagious or
nearly so (a value of >0.5 indicates a contagious distri-
bution for the Standardized Morisita's Index of Disper-
sion) (Table 2). Aggregations of juvenile L. xanthurus
covered an area of approximately 128 cm? (Fig. 2).

The quadrat estimates ranged from 18.33 to 28.30
Leiostomus xanthurus m™? and the estimates from the
shore seines ranged from 0.50 to 4.96 L. xanthurus m™*
(Table 4). The relative level of precision for the quadrat
fish counts ranged from 3.0 to 5.9%. The shore seines
were less precise and required much larger sampling
effort to reach the precision of the quadrat counts
(Table 4).

Discussion. Leiostomus xanthurus density estimates
were accurate, precise and similar between quadrats.
L. xanthurus entered the study plots in small schools,
covering approximately 128 cm? moving parallel to
the shore. The fishes dispersed while searching for
food but the school did not completely disintegrate,
and after 10 to 30 s the school reformed and continued
along the shore.

Absolute density estimates require a defined sample
area and an organism that is relatively immobile dur-
ing the counting period (Krebs 1989, Gunderson 1993).
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Table 4. Leiostomus xanthurus. Comparison of standardized (mn?) absolute mean
densities and 95 % confidence limits (CL) from quadrat counts with standardized
{m?) relative mean densities and 95% CL from shore seine collections

studies have underestimated the den-
sities of L. xanthurus and that correc-
tion factors are required before rela-

n Mean 95", CL Relative
(m =) Lower Upper precision (%)

Quadrat
32cm® 250  22.50 10.80 34.20 3.02
64 cm® 216 28.30 16.94 39.66 4.52
128 cm® 247  28.20 19.71 36.69 5.26
256 cm? 236 24.33 17.47 31.19 5.89
512 cm® 261 18.33 13.06  23.60 5.39
Seine
21 Mar 1 4.96
2 Apr 2 2.93 0 5.73 97.27
2 Apr 2 3.18 0 7.34 133.45
10 Apr 3 0.50 0 1.48 200.00

Y, relative
precision, n =

tive density estimates can be used in
ecosystem modeling, carrying capac-
ity estimates or vital statistics of juve-
nile fish species in the salt marsh
habitat.
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Our small quadrat sizes and short counting time ful-
filled these requirements. Both control experiments
indicate a high degree of accuracy as quadrats did not
seem to attract or repel fish and there was little
observer experimental bias. Our visual density esti-
mates are more than an order of magnitude higher
than previous absolute density estimates in salt
marshes, which ranged from 0.01 to 10.57 Leiostomus
xanthurus m™? using fyke nets or tag-recapture nets
(Weinstein 1979, Weinstein & O'Neil 1986, Varnell et
al. 1995). These latter values agree with our shore
seine density estimates.

Shore seine collections underestimated Leiostomus
xanthurus density and were not precise. Nets are diffi-
cult to use in the salt marsh habitat, net selectivity 1s
usually high and net efficiency is low (l.e. 32.3 %, Kjel-
son & Johnson 1978, Boesch & Turner 1984). There-
fore, few studies are able to estimate absolute abun-
dance of fish and instead use catch per unit effort
(Talbot & Able 1984, Pietrafesa et al. 1986, Peterson &
Turner 1994), a previously estimated absolute density
(Currin et al. 1984 used Weinstein 1979), or convert
data to individuals per unit area but disregard gear
efficiency, accepting it as experimental bias (Vose &
Bell 1994). Using quadrats to estimate absolute fish
density 1s advantageous as it is accurate and precise,
determines small scale aggregation size, causes little
or no damage to the environment or fish, allows obser-
vation of fish behavior, and is easy to implement at a
very low cost. However, in many environments it may
not be possible to use quadrats, as calm, clear water
and a vantage point from which an observer can unob-
trusively count fish are required. It may be possible to
use this technique to standardize other less efficient
gear that can be used in a wider variety of environ-
ments. Our concurrent sampling using traditional and
non-traditional (visual} methods suggests that past
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