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ABSTRACT

The overall objective of our juvenile study was to evaluate relative species
abundance and size composition of fish communities among selected habitats in
estuarine and marine waters of Everglades National Park and to provide
descriptions of the habitats in which these fishes occurred. Particular
emphasis was placed on spotted seatrout (Cynoscion nebulosus) and gray snapper
Lutjanus griseus). The study was divided into two subobjectives --juvenile
fish associated with open water habitats and fish utilizing red mangrove prop
root habitats.

The study area was subdivided into five sampling strata that included Whitewater
Bay-Coot Bay, channels in Florida Bay, and three open water areas between
western and eastern Florida Bay. Random sampling was conducted within these
strata as well as regular periodic sampling at several selected sites. Coot Bay
and eastern Whitewater Bay are characterized by low salinities and sediments
with high organic content and generally low densities of Ruppia maritima and/or
Halodule wrightii. Channel areas in Florida Bay generally display the highest
overall standing crop and density of seagrasses composed of Thalassia
testudinum, Syringodium filiforme and Halodule wrightii. The western strata of
Florida Bay adjacent to the Gulf of Mexico was the most diverse in terms of
seagrass composition, particularly in the northern portion, and exhibits the
highest overall densities of Syringodium. The central and eastern strata are
dominated by monotypic stands of Thalassia with the sparcest seagrass densities
occuring in the eastern area adjacent to the Florida Keys. Here the sediment
veneer is the thinnest observed in our study area.

Over 90 species of fish representing 43 families were collected during the
study, and 11 species contributed to over 90% of the fish collected. Western
Florida Bay and channels in Florida Bay consistently supported fish communities
that were comprised of similar species and the highest densities relative to
other study areas. On an areal basis, the average numerical abundance and
standing crop values of fish we observed are similar to, but at the low end of,
the range of several published reports of fishes in seagrass meadows. Cluster
analysis demonstrated two obvious associations. One cluster was characterized
by species that occurred frequently and in large numbers, and this grouping
occurred primarily in channels and in northwestern Florida Bay where mixtures of
Syringodium and Thalassia were prevalent. A second cluster was of low fish
density stations that are generally in areas of sparce monotypic meadows of
Thalassia.

Juvenile gray snapper and spotted seatrout were collected regularly, but in
small numbers, during the stratified sampling phase as well as at regular
sampling at Joe Kemp Key and Bradley Key. Although gray snapper were collected
in western Florida Bay, they were most abundant in channels in eastern Florida
Bay. This distribution is coincident with our larval sampling which found
larval snapper only in the vicinity of the Florida Keys. Juvenile spotted
seatrout were collected primarily in northwestern Florida Bay, and primarily in
areas with mixed seagrass meadows containing Syringodium. Larval seatrout also
were collected in greatest abundance in the same area, possibly suggesting only
limited geographic movement of juveniles after settlement out of the plankton.

Discriminant function analyses of data from randomly sampled sites were employed
in an attempt to identify those environmental characteristics most important in
determining juvenile spotted seatrout and gray snapper habitat. High densities



‘of Syringodium and high percentages of organic matter in the sediments were

particularly diagnostic of spotted seatrout habitat, while Halodule and
Syringodium biomass were the most informative variables in describing gray
snapper habitat, particularly when these seagrasses were present in channels.
These discriminant functions were employed to classify Joe Kemp Key and Bradley
Key collections as having occurred at target fish or non-target fish habitat.
Target fish were collected on all occasions at Joe Kemp Key and Bradley Key and
the discriminant functions developed from our stratified random sampling phase
of the study classified the sampling locations at Joe Kemp Key and Bradley Key
as target fish habitat on all but one occasion.

Data also are presented on the food habits of juvenile gray snapper and spotted
seatrout, and on the distribution of spiny lobsters, blue ana ornate crabs, and
penaeid shrimp based on otter trawl collections at the randomly sampled sites.
Food habit data was similar to published accounts for similar size fish. There
appeared to be distinct distribution patterns of lobsters, crabs and shrimp.

The red mangrove prop roots of Whitewater Bay, Coot Bay and Florida Bay provides
an extensive habitat that heretofore has not been evaluated quantitatively for
fishes. A technique was developed and tested to sample these habitats
quantitatively. Fishes collected from this habitat type were compared with
fishes collected by trawl from the immediately adjacent seagrass habitat. The
mangrove prop root habitat supported an overall greater density and standing
crop of fish. Several of the species utilizing the prop root habitat are of
commercial and recreational importance (e.g., mullet and gray snapper), while
many are forage foods for predatory fishes. This phase of the study
demonstrated that the red mangrove prop root habitat is utilized by a wide
variety of fish, and that greater attention should be given to evaluating its
contribution as a refuge and a source of food resources for fishes in Everglades
National Park.

INTRODUCT ION

There are relatively few publications addresssing the ecology of the estuarine
habitats of Everglades National Park and specifically the ecology of juvenile
and forage fishes. Published data on recreationally and commercially important
juvenile fishery organisms in estuarine and marine waters of Everglades National
Park do not provide a great deal of insight into their distribution and
abundance or their preferred habitats. Recently, Odum et al. (1982), Schomer
and Drew (1982) and Zieman (1982) described aspects of the ecology of south
Florida estuarine areas and Florida Bay. They summarized general distributions
of fishery organisms associated with mangrove-lined environments and seagrass
meadows, but little quantitative information are available on juveniles. Tabb
and Manning (1961, 1962) and Tabb and Dubrow (1962) provided lists of
invertebrate and fish species in portions of the area as well as information on
general habitats of these species. These data predate the perceived decline in
harvest felt by sportfisherman (Davis 1982), and pertain primarily to Whitewater
Bay, Coot Bay and western Florida Bay. Powell, et al. (1986) have described the
ecology of the fish communities using several carbonate mud banks in Florida
Bay, and have shown this to be a very dynamic habitat used by large numbers of
fish of numerous species.

The objective of the juvenile phase of the overall Beaufort Laboratory study
(see Beaufort Laboratory, 1987) was to evaluate the relative species abundance



and size composition of fish communities among selected habitats in the
estuarine and marine waters of Everglades National Park and to provide
descriptions of the habitats sampled. We examined a variety of habitat
characteristics in an attempt to discriminate their roles in structuring fish
communities utilizing these habitats. Our emphasis was on four target species:
gray snapper, spotted seatrout, red drum, and snook. Most of the fish we
captured were species other than the target species. We include information on
these fishes in this report to characterize the fish communities in selected
estuarine and marine habitats of the Park. Little information was available
until this report and that of Powell et al. (1986) on the relative distribution
and abundance of the pelagic, shallow-water estuarine fish of the Everglades
National Park, such as the clupeids, engraulids, atherinids, and belonids.

This juvenile fish phase of our study is subdivided into two subobjectives:
juvenile fish associated with seagrass habitats; and fish communities utilizing
red mangrove (Rhizophora mangle) prop root habitats. This latter part of our
report is a combination of two manuscripts that currently are in press (see
Thayer et al. 1987, In press).

I. FISH ASSOCIATED WITH SEAGRASS AND UNVEGETATED HABITATS
AREA AND METHODS

The study area sampled included open water and channel areas of southwestern
Florida Bay, Coot Bay and eastern Whitewater Bay (Fig. 1), and included
vegetated and unvegetated bottom. Two strategies were employed. A stratified
random design with five strata was established for sampling the fish community
and environmental parameters in open water and in channels. In addition, two
permanent stations on carbonate banks adjacent to Joe Kemp Key and Bradley Key
were sampled routinely; several other areas around Joe Kemp Key also were
sampled but on an irregular basis.

Our sampling universe included eastern Whitewater Bay, Coot Bay, and Florida Bay
west of a line drawn from Tavernier Creek to Madeira Bay. These boundaries were
chosen based on available time and resources. Eastern Whitewater Bay, from an
area northwest of Tarpon Creek to the embayment northwest of East River (Fig.
2), and Coot Bay (Fig. 3) formed a low salinity stratum (Stratum V). The
remaining four higher salinity strata were located in Florida Bay. The
northeastern boundary of the Florida Bay sampling area was a line from Tavernier
Creek to Madeira Bay; the Park boundary formed the southeastern sampling limit;
the shore from about East Cape Canal to Madeira Bay formed a boundary; and the
western boundary was formed by a line from the East Cape Canal to a point on the
gulf si?e of Ninemile Bank and then east to a point southwest of Peterson Keys
(Fig. 4).

The areas sampled were designated as either open water habitats or channels and
did not include the extensive carbonate mud banks characteristic of much of
Florida Bay. The open water area of southwestern Florida Bay was subdivided
into three approximately equal sized strata (Fig. 4) based on benthic
vegetation distribution (Zieman and Fourqurean 1985) and discussions with Mr.
Jim Fourqurean (Univ. vVa., pers. comm.). Although variable plant biomasses were
evident (Zieman and Fourqurean 1985), the overall lowest Thalas%ia standing crop
was reported for Stratum I (east), generally intermediate standing crops for the
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Figure 1. Diagram of the general sampling area showing Whitewater Bay, Coot Bay and Florida Bay
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Figure 2, Diagram of the southeast section of Whitewater Bay showing
sampling locations, Only every fifth station is noted, and
each station represents an area approximately 400 m on a side.
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Figure 3, Diagram of Coot Bay showing location of sampling stations. Every
fifth station is shown, and each station represents an area
approximately 400 m on a side,



mid-portion of the area (Stratum II), and highest values in the western section
(Stratum III). In establishing these strata, it was recognized that there is
variability in Thalassia within each strata and from south to north. Channels
(Stratum IV) between carbonate mud banks and between islands were selected from
Nautical Chart-11451 and after on site inspection (Fig. 5).

Potential sampling locations within Strata I, II, III, and V were determined
using a grid system. In Whitewater Bay and in Coot Bay (Figs. 2,3) each grid
cell represented a square area approximately 400 m on a side, whereas in Strata
I, II and III in Florida Bay (Fig. 6) each cell represented a square area
approximately 1800 m on a side. There were 159 and 67 potentially sampleable
cells in Whitewater Bay and Coot Bay, respectively, and 93, 98 and 107 in Strata
I, II and III, respectively. Prior to each survey a random selection procedure
was used to select six cells from each of the first three strata; from the fifth
stratum, two were selected from Coot Bay and four were selected from Whitewater
Bay. Three alternate cells also were selected for each stratum in the event
that one or more of the six selected stations turned out, during the actual
survey, to be unsampleable (i.e., if we were unable to reach the area due to
shallow depths or the area was outside of sampling criteria we established, see
below). We established a depth range of 0.5-2.3 m within which we would sample,
and if the open water area fell outside the range, an alternate cell was used;
this range did not pertain to channels. Prior to sampling we eliminated 8, 12
and 23 sample grids in Strata I, II, and III, respectively (Fig. 7), because
they were either too shallow (< 0.5 m) or too deep (> 2.3 m).

Additional samples from the open water habitat of Florida Bay were taken
routinely at both Joe Kemp Key and Bradley Key. A single area was sampled on
each occasion adjacent to and to the east of the Flamingo Channel on the Joe
Kemp Key carbonate mud bank (JKK #1); several other locations on this bank (Fig.
8) also were sampled periodically. Joe Kemp Key #1 was sampled at the request
of Everglades National Park personnel. During our sampling we noted that the
area off the western side of Bradley Key appeared to be “good target fish
habitat"” (i.e., had seagrass species combinations typical of where we were
finding some target species), and we established a permanent station at that
location.

Biological, physical and chemical data were collected (during each sampling)
(Table 1) from the approximate mid-point of the randomly-chosen grid cell. We
sampled fish, shrimp, crabs, vegetation, and sediment. Surveys were carried out
in May, June, July, September and November 1984 and January, March, May and June
1985.

Two types of trawls were used to sample the fish community. An otter trawl was
deployed for benthic fishes and crustaceans and a surface trawl was deployed for
natant fishes. Both trawl types were pulled at a speed of 2.0 + 0.2 m/s (3.5 -
4.5 knots) between two 5-m-long boats with 25-hp outboard engines. The surface
trawl, without doors to open the mouth of the net, was pulled by two boats each
angled about 45° away from the intended trawl transect to fish properly. For
the otter trawl, which uses doors to open the net, we also used two boats to (1)
increase our pulling power and speed and (2) avoid disturbing the trawl transect
by the prop-wash.

Each trawl was pulled for 2 minutes in a downwind direction (except when
confined to narrow channels). A floating marker, tethered to an anchor, was
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Figure 5. Diagram of Florida Bay depicting location of Channel stations (Stratum V).



Figure 6. Diagram of Florida Bay showing the location of open ;a%er sampling stations.
S

Each block (station) represents an area approximately 1800 m on a side.
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Figure 7. Diagram of Florida Bay. Darkened blocks indicate areas deemed unsampleable
due to depth.
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Table 1. Measurements made at each site.

SEDIMENT
Organic Content (%)
Silt-Clay (%)
Depth (m)

VEGETATION
Species Composition
* Standing Crop (grams dry weight:m-2)

Shoot Density (No. m=2)

WATER COLUMN
* Temperature (°C)
Salinity (°/o00)
Turbidity

FISH COMMUNITY - SURFACE/BOTTOM
Species Composition
Total Biomass of Each Species
* Abundance of Each Species
Size Range for Each Species (general)
Target Species
- Length-frequency distribution
- Weights of individuals

- Stomach contents
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thrown overboard at the beginning and another at the end of each tow from which
the distance of each tow was measured with an optical range finder. The area
covered by each trawl transect then was calculated knowing the distance and
mouth opening of the net. The surface and bottom trawl samples were positioned
at each station so as to not overlap and disturb the habitat for the subsequent
trawl. During our sampling of non-channel areas in Florida Bay, Coot Bay and
Whitewater Bay (stratified stations plus fixed stations at Joe Kemg Key and
Bradle; Key), the average area sampled by an otter trawl was 784 m¢ (N = 229, SE
= 14 m?) while the surface trawl covered an average 1148 m2 (N = 223, SE = 23
m2). Surface samples were not taken in some areas because the otter trawl
effectively sampled the entire water column. Resgective areas sampled in
channels were 795 m2 (N = 51, SE = 33) and 1213 m2 (N = 41, SE = 55).

The otter trawl was made from tarred nylon netting, é-mm (1/4%) bar with a 3-mm
(1/8" ) mesh tail bag. The net measured 3.4 m at the head rope and 3.8 m at the
foot rope and was fitted with 3-mm galvanized tickler chain strung between the
otter doors. The surface trawl was a modification of the net described by
Massman et al. (1952). It measured 6.6 m at the head rope, 6.2 m at the foot
rope, and was 0.7 m deep. Wing mesh was 6-mm (1/4") bar with a 3-mm (1/8") mesh
tail bag.

After each trawl, fish and macroinvertebrates were separated from plant material
collected. Fish, shrimp and crabs were placed in labelled sample bags for each
station and gear type and preserved in 10% Formalin. Occasionally, large blue
crabs (Callinectes sapidus) were measured and returned to the water. All
lobsters (Panulirus arqus) were counted, total length measured, and returned to
the collection area. At the Beaufort Laboratory, fish and crustaceans were
identified to species, counted, and each species wet weighed as a measure of
biomass. A measure of the total length of the smallest, largest and
average-sized individual of each species also was made, but the standard length
and weight of each individual of the target species were measured.

The stomach contents of target fish were analyzed in the laboratory. Stomach
contents of spotted seatrout and gray snapper collected in all habitats
(channels, red mangrove prop roots (Part II), open water/grass beds of Florida
Bay and of Whitewater Bay and Coot Bay) were identified to major groups of prey.
These groups were copepods, amphipods, isopods, crustacean zoea/megalopa,
penaeids, carideans, crabs, mysids, and fish; only crustaceans and fish were
observed in trout and snapper stomachs. Although the number and size (maximum
length) of each prey item was recorded, data analysis was reduced to a
comparison of the frequency of occurrence of each major prey group in stomachs
of fish in seven size classes. Gravimetric analysis was not appropriate because
of a wide range of digestive decomposition and/or regurgitation caused by
preservation time. For example, in some stomachs freshly ingested shrimp would
appear whole and could be easily quantified, whereas in other fish stomachs,
especially those captured later in the day, only remnants of shrimp body parts
could be recovered.

Surface and bottom temperature and salinity were measured (YSI model 33 S-C-T
meter) at each station, midway along and adjacent to each trawl line. At
salinities in excess of 37 O/o0 a refractometer was employed. Water samples
also were taken for turbidity; unfortunately, our Monitek Nephelometer never
functioned successfully during the study period, and therefore turbidities are
not reported. At each station a SCUBA diver took triplicate 100 cm? samples

.
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Florida Bay

Figure 8, Diagram of area near Flamingo, FL, in Florida Bay showing Tocation of
Joe Kemp Key sampling stations and Bradley Key. Bradley Key was
sampled on the west and only Joe Kemp Key Station 1 data are reported

herein,



(quadrat with 10-cm sides) of vegetation plus a sample of surface sediment. For
each sample, an individual on board the vessel tossed a sample quadrat over his
shoulder, and where the quadrat landed above-ground vegetation was totally
removed from within the quadrat frame at the sediment water interface; this was
repeated two more times. Each sample was rinsed of sediment, placed in a
labelled bag, and stored on ice for analyses at the laboratory. The surface
sediment sample also was placed on ice for later analysis. On each occasion a
marked pole was pushed into the sediment in the vicinity of one of the seagrass
samples, and the depth of penetration to bedrock recorded if < 2 m.

A different procedure was used in channels. All sampling for environmental
characteristics in the channels took place prior to trawling; this was done as a
safety precaution since otter trawling made channels highly turbid. A single
sgdimﬁnt and grass sample was taken at the anticipated start, mid-point and end
of a trawl.

Sediment samples were dried at 65°C, and then analyzed for organic content and
percent silt-clay. Pulverized and weighed subsamples were placed in a muffle
furnace at 500°C for 24 h and the loss of weight taken as a measure of organic
content. The remaining sediment was weighed and wetted using saturated sodium
hexametaphosphate solution, and wet sieved. Material retained on 4.00 mm
(shell) and 0.063 mm (sand) sieves were redried, and the difference between the
initial total dry weight and the sum of these two size fractions was taken as a
measure of silt-clay content. This procedure is a modification from the
American Society for Testing and Materials (1963).

The plant samples were kept chilled until seagrasses were sorted at the
laboratory. Individual short shoots of each seagrass species were counted and
separated from any belowground material that may have been accidently collected.
To remove carbonate, epiphytes and sediment, the shoots were rinsed in 10%
phosphoric acid until effervesence ceased and then rewashed in seawater. The
plant material was dried at 80°C to a constant weight and weighed to the nearest
0.001 g. Data were averaged for each sample site for each species: Thalassia
testudinum, Syringodium filiforme, Halodule wrightii, and Ruppia maritima.

RESULTS AND DISCUSSION

Description of Environmental Characteristics of Strata

During the nine monthly sampling visits to Everglades National Park a total of
264 stations were occupied, several on more than one occasion (Figs. 9 and 10).
Table 2 provides information on the stations in each strata that were sampled on
each occasion. A total of 35, 40, 41, 31 and 50 different stations were sampled
in Stratum I, II, III, IV, and V, respectively, representing 41%, 46%, 49%, 79%
and 22% of the sampleable area in each stratum. Thus, this sampling design does
provide an extensive geographic basis upon which to describe habitats and
fishery organisms of the study area, and Florida Bay in particular. Summary
gataa;gr the habitat characteristics we measured are presented for each stratum
n Table 3.

Temperature and Salinity

Water temperature was similar among strata. A typical seasonal cycle was
observed with minimum values in winter and maximum values in July and September

15



Figure 9. Diagram of sampling areas in Florida Bay., Number within a block indicates
the number of times that station was sampled, Blocks lacking numbers
were not sampled.
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Figure 10, Diagram of Whitewater Bay (upper) and Coot Bay (lower). Stations
with open circles were sampled once while darkened circles indicate
stations sampled twice.
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Table 2a. Stations that were sampled in Stratum I and month sampled. Refer to
Figure 6 for station location.

Station Month/Year Station Month/Year
14-16 Jul 84, Mar 85 21-15 May 85, Jun 85
14-17 Sep 84, Nov 84 21-16 Jun 84
14-19 Jun 85 22-10 Sep 84, Mar 85
15-17 Nov 84 22-12 Nov 84, Mar 85
16-14 Sep 84 22-13 Sep 84
16-15 | Jul 84 22-16 Jun 84
16-17 May 85, Jun 85 22-17 Jan 85
16-18 Jul 84, Mar 85 23-15 Nov 84, Jan 85,
Jun85
16-19 . Jun 84
23-17 Jun 85
17-12 Nov 84
23-18 May 85
17-16 May 85
18-13 Jan 85
18-14 Jun 84
18-16 Jan 85, May 85
18-18 Jul 84
19-12 Mar 85
19-16 Jun 85
20-9 Mar 85
20-12 Sep 84
20-12 Nov 84
20-14 Jun 84, May 85
20-15 Jun 84
20-19 Jan 85
21-8 Jul 84, Sep 84
21-12 Jul 84, Jan 85
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Table 2b.

Stations that were sampled in Stratum II and month sampled. Refer

to Figure 6 for station location.

Station Month/Year Station Month/Year

5-9 Sep 84 14-15 May 84, Jul 84, Mar 85
7-10 May 84, Jun 84 15-9 Sept 84, Nov 84

8-9 Jun 84 15-10 Jul 84

8-10 Jun 85 15-11 Jul 84

10-8 Mar 85 15-12 Jun 85

10-9 May 85 15-13 May 85

10-11 Jun 84 15-14 May 85

11-10 Sep 84 16-10 Sep 84, Jan 85, Jun 85
1112 May 84 177 Jan 85

12-8 May 85 17-9 Jun 84, Mar 85, Jun 85
12-10 May 85, Jun 85 17-11 Nov 84

12-12 Nov 84 18-9 Jul 84

12-13 Sept 84 19-5 Jan 84

12-14 May 84, Jan 85 19-6 Jun 84

12-15 Mar 85 20-7 Sep 84

13-8 Jan 85

13-9 Jul 84

13-12 Mar 85

13-13 Nov 84

13-17 Jun 84, Mar 85

14-8 Jan 85

14-9 Nov 84

14-10 Jul 84

14-13 Jun 85

14-14 Nov 84
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Table 2c. Stations that were sampled in Stratum III and month sampled. Refer to
Figure 6 for station location.

Station Month/Year Station Month/Year
1-2 Sep 84 10-4 May 85
2-1 Jun 84 11-1 Jan 85, Jun 85
2-2 Jun 84 11-2 Nov 84
3-2 Nov 84 12-1 Jun 85
3-3 Jun 84, Jul 84, 12-2 Jan 85

Jan 85, Jun 85
+ 12-3 Jul 84
4-4 May 84, Jul 84
13-1 May 85
5-2 May 84, Jul 84
13-3 Mar 85
5-5 Sep 84, Jun 85
13-4 Nov 84
5-6 * Mar 85, May 85
14-3 Jun 84
6-2 Sep 84, Jan 85,
Jun 85 14-5 Nov 84
6-3 May 85 15-4 Sep 84
6-4 Jun 85 15-6 Mar 85
6-6 Mar 85 16-8 May 85
6-7 Nov 84 19-3 May 85
7-3 Nov B84 19-4 Jul 84
7-4 May 84
8-3 May 85
8-7 May 84
9-1 Mar 85
9-2 Jun 84, Mar 85
9-3 Jan 85
9-4 Sep 84, Jan 85
9-5 Sep 84
10-2 Jun 84, Jul 84
10-3 May 84
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Table 2d . Stations that were sampled in Stratum IV and month sampled. Refer
to Figure 5 for station location.

Channel Month/Year Channel Month/Year

2 Jun 85 24 Sep 84

3 May 84 26 Jul 84

2 Jan 85 27 May 84, Mar 85

6 Jun 84 29 Jan 85

7 Mar 85 31 May 84, Jun 85

8 Nov 84, Jun 85 32 Jun 85

9 Jul 84 33 Jun 84, Jul 84, Nov 84
12 Jul 84 34 Sep 84, Jan 85, May 85
13 Mar 85 35 Sep 84, Jan 85
14 Nov 84 37 May 85
16 Mar 85 38 Jul 84, Nov 84, Jun 85
17 Jun 84 39 Mar 85

19 May 85 40 Nov 84, Jan 85, May 85
21 Jun 84, Jan 85 41 Sep 84, Jun 85

22 May 85, Jun 85 44 Jun 84, Sep 84, Mar 85
23 Jul 84, Sep 84,

Nov 84, May 85




‘Table 2e. Stations that were sampled in Stratum Vv (Whitewater Bay) and month
sampled. Refer to Figure 2 for station location.

Station (wwB) Month/Year