. 1970b. Life history of Gulf menhaden, p. 12-16. In: Research in
the fiscal year 1969 at the Bureau of Commercial Fisheries Biological
Laboratory, Beaufort, N. C. U. S. Fish. Wild. Serv. Circ. 350: 1-49 p.

, and K. N. Baxter. 1972. Diel Fluctuations in the catch of larval
Gulf menhaden, Brevoortia patronus, at Galveston Entrance, Texas. Trans.
Amer. Fish. Soc. 101 (4): 729-732 p.

Guest, W. C. and G. Gunter. 1958. The sea trout or weakfishes (Genus Cynoscion)
of the Gulf of Mexico. Tech. Sum. No. I. Gulf States Mar. Fish. Comm: 1-40 p.

Gunter, G. 1967. Some relationships of estuaries to fisheries of the Gulf of Mexico,
p. 621-638. In: Estuaries. G. Lauff, editor. Amer. Assoc. Adv. Sci. Spec. Publ.
No. 83: 757 p.

Hoese, H. D. 1965. Spawning of marine fishes in the Port Aransas, Texas area as
determined by the distribution of young and larvae. Ph.D. Dissertation Univ.
Tex: 144 p. '

King, B. D., III. 1971. Study of migratory patterns of fish and shelifish through
a natural pass. Tech. Ser. No. 9. Tex. Parks. Wild. Dept. Austin: 1-54 p.
Kwon, H. J. 1969. Barrier islands of the northern Gulf of Mexico coast: sediment
source and development. Tech. Rpt. No. 75. Coastal Stud. Inst., La. St. Univ:

1-51 p.

Marmer, H. A. 1954, Tides and sea level in the Gulf of Mexico, p. [01-114. In: The
Gulf of Mexico; its origin, waters and marine life. P. Galtsoff, coordinator.
Fish. Bull. 89. U. S. Fish and Wild. Serv. 55 (89): 604 p.

Norden, C. R. 1966. The seasonal distribution of fishes in Vermilion Bay, Louisiana.
Wis. Acad. Sci. Arts and Lett. 55: 119-137 p.

Pearson, J. C. 1929, Natural history and conservation of redfish and other com-
mercial sciaenids of the Texas coast. Bull. U. S. Bur. Fish. 44: 129-214 p.
Renfro, W. C. 1963, Small beam net for sampling postlarval shrimp, p. 86-87.
In: Biological Laboratory, Galveston, Tex., fishery research for the year end-

ing June 30, 1962. U. S. Fish. Wild. Serv. Circ. 161: 101 p.

Tabb, D. C. 1966. The estuary as a habitat for spotted seatrout, Cynoscion nebulo-
sus, p. 59-67. In: A symposium on estuarine fisheries. R. F. Smith et. al.
editors. Spec. Publ. No. 3. Amer. Fish. Soc: 154 p.

Wagner, P. 1973, Seasonal biomass, abundance and distribution of estuarine
dependent fishes of the Caminada Bay system of Louisiana. Ph.D. Disserta-
tion La. St. Univ. Baton Rouge: 177 p.

DESCRIPTION AND EVALUATION OF A LONG-HAUL
SEINE FOR SAMPLING FISH POPULATIONS IN
OFFSHORE ESTUARINE HABITATS
by
Martin A. Kjelson and George N. Johnson
National Marine Fisheries Service

Atlantic Estuarine Fisheries Center
Beaufort, North Carolina 28516

ABSTRACT

A long-haul seine was designed to sample 10,000 m2 of open water less than 3.5 m deep for both pelagic and semi-demersal fish
populations. The net, 354 m long constructed of 20 and 25 mm bar mesh, was used to encircle the area, and by a simple method to
concentrate and purse the catch in opcn water. Atlantic menhaden, Brevoortia tyrannus; Atlantic thread hemng Opisthonema

gli pinfish, Lagodon rhomboides; and striped mullet, Mugil cephalus were the most abundant species collected from 60
samples taken during 1973 in the Newport River estuary {Carteret County, North Carolina). Sample to sample variation for in-
dividual species was high, with coefficients of variation usually about 100%. Mark-recapture experiments using a total of 232
marked fish indicated that 31 to 54% (95% confidence limits) of the marked pelagic and semi-demersal fish released in the sampled
water mass were recovered.
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INTRODUCTION

Accurate estimation of the standing crops of most species of fish continues to be dif-
ficult due largely to the lack of adequate sampling gear. Adult and juvenile pelagic,
schooling fishes are particularly difficult to sample quantitatively because they are
usually fast swimmers capable of avoiding most gears. Furthermore, many samples are
usually required to obtain precise estimates due to the tendency of many of these fish to
school or otherwise exhibit clumped distributions.

During our study of fish populations in the Newport River estuary (Carteret Coun-
ty, North Carolina) we have used a modified commercial long-haul seine to estimate
the abundances and standing crops (biomass) of adult and juvenile fishes in the open
water estuarine habitat. This paper describes the long-haul seine and its operation and
evaluates its use for quantitative sampling.

We wish to express our sincere appreciation to Ronald L. Garner and Jerry D. Wat-
son and other members of the Atlantic Estuarine Fisheries Center for their technical
assistance during the entire study and to Herbert R. Gordy for drawing the figure.

DESCRIPTION OF THE LONG-HAUL SEINE

Our long-haul seine is similar to the 1000-meter long, 2-meter deep nets that are
pulled between two boats by commercial fishermen of North Carolina (Guthrie, et al.
1973). 1t is also similar to the Florida haul seine (Moody, 1957). However, we use the
seine as an encircling device in a manner similar to that used by commercial purse-seine
fishermen. The net is designed to sample 10,000 square meters of water in ap-
proximately 30 minutes using four men and two boats.

The long-haul net is composed of two 127-meter (25 mm mesh) sections and one 90-
meter (20 mm mesh) section with a 10-meter purse section (also 20 mm mesh) sewnin.
All sections are 3.8 m deep except the purse section which has a depth of 7.6 m. Each
section has a 8-cm cork every 0.5 m and three 29-g leads every meter. The purse section
has three 8-cm corks every meter and six 29-g weights each meter. The lead line is 2-3%
longer than the cork line so that the cork line floats slightly ahead of the lead line while
the net is pulled. An additional line, without leads, is attached to the lead line. These
modifications prevent the lead line from cutting into the bottom.

Each section of the net overlaps with the adjacent section with 2 to 3 meters of net
and the two sections are joined by beckets. A wooden staff, 1.5 to 2.5 m long and
weighted on the bottom, is attached to the free end of the two attached 25 mm mesh sec-
tions. This staff is attached by beckets to the cork and lead line of the net and witha
bridle to a 15-meter, 15 mm diameter nylon tow rope. Another staff is attached to the
free end of the purse section.

OPERATION OF THE LONG-HAUL SEINE

Our method of operating the seine is the result of one year's testing. We evaluated the
method of operation using underwater observations, mark-recapture experiments and
experience gained from making more than 70 hauls.

In preparing to make a haul, the crew places the net in a 7 m, powered towing boat
with the pursing section on top. Leads and corks are stacked on separate sides of the
boat to assure that the net can be set without becoming twisted. Sampling sites are
selected at least a day before sampling to assure their suitability, with station buoys
placed at each sample site to locate the starting point of each set. Sampling is restricted
to times when current flow is minimal so that the net can be controlled. Thus our sam-
pling in the estuary was limited to periods of tidal slack. The site is approached with
caution using a path not crossing the water area to be sampled. The tow boat moves to
the station buoy and two crew members enter the water (1.0 to 1.4 min depth) and take
hold the staff attached to the purse section while the tow boat moves away (Figure 1-1).
The tow vessel makes a large circular path with the net being set from the aft end of the
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craft. The three individual sections of the net provide a measure of the portion of the
circle that has been completed, thereby aiding the crew members in the boat to judge
the path of the set. The initial portion of the set is made on the deep water side of the set
to prevent the escape of individual fish “running to deep water”. The lead line enters the
water on the inside of the tow vessel’s circular path; this action brings the lead line to
the bottom most rapidly.

Figure I. Operation of the long-haul seine 1. Set is begun. Dotted line indicated
proposed lay of net. 2. Set is 3/4 complete, men hold staff attached to
purse section. 3. Purse section is attached to iron stake driven into sub-
strate and net 1s “pulled-by” stake to concentrate catch. 4. “Pull-by”
operation is completed, net is pursed and catch loaded into skiff. Note:
Objects in figure are not necessarily drawn on an equal scale.

As the set is completed (Figure 1-2) the tow boat moves to a point just past the two
men in the water. One person grasps the net section attached to the boat and closes the
circle formed by the net. The other crew member moves over to a 5 m skiff anchored
nearby containing a 2.5 meter iron stake. The men then drive the stake into the
substrate adjacent the staff attached to the purse section, which is then tied at top and
bottom to the iron stake. Driving the stake after, rather than prior to the set, prevents
undue distrubance of the sample area.

To concentrate the encircled fish, the tow boat begins to pull the net past the stake
(Figure 1-3). The two men in the water guide the direction of the tow by hand signals to
keep the net within a meter of the stake thus keeping the circle closed. The path of the
tow boat (Figure 1-3) is a continual slight turn to the right. This direction prevents the
net from moving up and over the stake. The men also keep the lead line on the bottom
and near the stake by placing their feet over the leads as they pass by. The “puli-by”
operation continues until all sections of the net except the purse section are past the
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stake. Should sea and wind conditions make it difficult to control the tow boat and
keep the net near the stake, the first two sections may be pulled by separately. The first
section past the stake is disengaged from both the tow boat and from the second sec-
tion. Next, the tow boat attaches to the second section via a staff and continues the
“pull-by” process.

After the fish are concentrated in the purse section (Figure 1-4), the tow boat stops.
The boat crew disengages the net from the towing line and moves to the stake to assist
in pursing. The portion of net just past the stake is wrapped around the stake to prevent
fish from leaving the purse, and the net is pursed using a purse rope at the stake. The
staff is untied from the iron stake and the entire purse section including the bunched
purse rings (now at the bottom of the stake) are lifted into the skiff. Should the catch be
large, fish can be dip-netted out of the purse section directly into the skiff. Finally, the
remaining sections of net that have been pulled past the stake are taken up into the
skiff.

METHODS UTILIZED TO EVALUATE THE LONG-HAUL SEINE

We evaluate our long-haul seine during 1) a year-long estuarine sampling program
and 2) an extensive series of mark-recapture experiments.

The year-long sampling program (December, 1972 to November 1973) was designed
to assess the value of the long-haul seine for estimating the standing crop and abun-
dance of fish populations in the Newport River estuary. We improved the design and
operating procedures of the gear during this study. Six sampling stations were chosen
in the estuary and an average of five stations were sampled per month. Each site was
characterized by a 1 to 3 m depth, firm substrate, general lack of depressions and
obstructions, and the presence of a constant, gentle bottom slope. Haul-seine data were
used to estimate mean monthly abundance and biomass and to rank species by their
abundance in the catch,

Mark-recapture experiments were carried out in conjunction with the routine sam-
pling program and were designed to 1) assess the returns of marked fish during
different phases of the fishing operation, 2) determine how the vulnerability of fish to
long-haul seine capture changed with modifications in design and operating techniques
and with increased experience of the crew, and 3) estimate the vulnerability coefficients
of the long-haul gear for both pelagic and semi-demersal fishes. Qur vulnerability coef-
ficient is the percentage of marked fish recaptured and is used as a measure of the
vulnerability to capture of fish present in the area being sampled by the long-haul seine.

Fish used in the mark-recapture experiments were collected by the long-haul seine
and held in outdoor tanks until the next scheduled sam ple (usually no more than a few
days). Fish were identified, counted and measured and a lobe of the tail was clipped.
Clipped fish were released in a variety of ways: (1) into the middle of the circle to be en-
closed by the net prior to the set, (2) into the middle of the circle after the set was com-
pleted and just prior to the “pully” operation, (3) inside the purse section just prior to
pursing and (4) inside the last 90 m, 20 mm mesh section prior to pulling that section by
the stake.

Only healthy fish were used in the experiments and all fish clipped were of sufficient
size to be held by the 25 mm mesh netting. For most species, the clipped fish had a
minimum total length of 120 mm and body depth of 30 to 35 mm. The species used
were: (1) pelagic fishes, Atlantic menhaden, Brevoortia tyrannus; Atlantic thread
herring, Opisthonema oglinum; bluefish, Pomatomus saltatrix; and striped mullet,
Mugil cephalus: (2) semi-dermersal fishes: pinfish, Lagodon rhomboides; spot, Leios-
tomus xanthurus; Atlantic croaker, Micropogon undulatus; pigfish, Orthopristis
chrysopterus and silver perch, Bairdiella chrysura.
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RESULTS AND DISCUSSION

Year-Long Sampling Program: Approximately 60 successful long-haul sets were
made during the year-long sampling program and a total of 55 species were collected.
Pelagic, semi-demersal and demersal fishes plus crabs and shrimp were represented;
twelve species represented over 959% of the total number and weight of the organisms
collected. Atlantic thread herring, Atlantic menhaden and pinfish were the most abun-
dant fishes numerically and menhaden, striped mullet and thread herring contributed
the greatest biomass (Table 1). Both juvenile and adult pelagic, schooling fishes were
represented in the long-haul seine catch.
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The results of ten total samples taken at two stations within 1.3 kilometers of one
another during July, 1973 provided a measure of long-haul sample variability. The
coefficients of variation, SD/X;, based upon samples taken to estimate monthly mean
densities, were as follows: menhaden, 3.15; thread herring, 0.98; pinfish, 1.12; spot,
1.60; total organisms 0.69. Thus, sample to sample variation for Atlantic menhaden
was particularly high probably because they are a schooling pelagic fish. Atlantic
thread herring are also pelagic, schooling fish yet the sample variation for this species
was less. Possibly the difference seen between these two species is due to differences in
the size or density of the schools.

Variation in the samples from other gears used in the open water habitat is also high.
Coefficients of variation based on eight otter trawl samples and six portable drop-net
(Kjelson and Johnson, In Press) samples taken during July, 1972 at the long-hauling
sites were as follows: Otter trawl-total organisms, 0.86; pinfish, 1.67; spot 1.30;
portable drop-net-total organisms, 0.91; pinfish, 2.50. The sample to sample variability
with any of these gears indicates that achievement of precise estimates of individual fish
population abundance and biomass will require a considerable number of samples.

Based upon the variability of the ten long-haul samples taken in July, the required
number of long-haul samples needed each month (Watt, 1968) to attain a level of
precision where the standard error is 109% of the mean would be: Total organisms {all
species combined), 48; menhaden, 992; thread herring, 96; pinfish, 223; spot, 256. Such
numbers of samples would of course, be physically impossible to achieve, and
therefore the level of precision achievable by long-haul samples would be much less.

Mark-Recapture Experiments. The results of our mark-recapture experiments
provided a means of assessing the vulnerability to capture of fish during several phases
of the long-haul sampling process. In two separate trials a total of 17 fin-clipped
bluefish, croakers and pinfish were released into the enclosed purse section of the net
just prior to pursing. All 17 fish were recovered. Two additional trials in which five and
nine clipped fish, respectively, of the same three species, were released into the last 90
m, 20 mm mesh section of encircled net as the “pully” process was being completed,
yielded a recovery of 209 and 67% respectively. These limited tests suggest that more
fish are lost during the “pull-by” operation than in the pursing process.

More extensive efforts during August to November, 1973, also made use of marked
fish to compare the recovery success of fish released prior to making the set to that for
fish released immediately following the set. Chi-square tests (Table 2) indicated that
there was no significant difference (@ =0.05) between recovery of either pelagic or semi-
demersal fishes released prior to or after the long-haul set. These results suggest that
most fish escape capture after they are enclosed and toward the end of the “pully”
process. This is reasonable because this is the time when the encircled fish become most
aware of their entrapment.
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Table 2. Results of mark-recapture experiments comparing the recovery by long-
haul seine of pelagic and semi-demersal fish released prior to setting the
net to those released after the set was made.

Prior set After set
No. No. No. No. 2
Released Recovered Released Recovered xX° df
Pelagic 30 18 42 19 05 1
Semi-demersal 175 84 73 33 04 1

Table 3. Results of mark-recapture experiments comparing the recovery by long-
haul seine of pelagic and semi-demersal fish released during June and
July to those released between August and November.

June-July Aug.-Nov.
No. No. No. No. 2
Released Recovered Released Recovered x° df
Pelagic 101 28 90 37 3.78 1
Semi-demersal 141 14 178 84 513 1

In early August we began using the “pully” process of our long-haul operation.
Before that we had utilized the commercial long-haul seiner’s technique of concen-
trating the catch (Guthrie et al., 1973). Their method involved recovering the sections
of net closest to the stake, as the other more distant sections are pulled toward the stake
and to the outside of those sections being recovered. The procedure is designed to
recover the net and concentrate the fish while the fish remained encircled. However,
underwater observations indicated that this procedure, when utilizing our 354 m net,
allowed the lead line to come off the bottom. In addition, the process required con-
siderable time, thus providing the fish with more of an opportunity to escape. The
technique may be satisfactory when a longer net of larger mesh size is used, as is the
case with the commercial seine, but it did not appear satisfactory for our needs.

Recoveries of marked fish from June and July were compared to those from the
August-November period to determine how the vulnerability coefficient changed with
modification in net design and operating techniques and with increased experience of
the crew. There was a difference between the two periods in recovery of semi-dermersal
fish, but not of pelagic fish (Table 3). The major increase in the vulnerability coefficient
(10 to 47%) for semi-demersal fish indicates that the modification in net operation and
increased experience of the crew did indeed improve the ability of the seine to sample
more effectively.

On the basis of the August to November vulnerability tests, our estimate of the
vulnerability coefficient for pelagic fishes was 419 (95% confidence interval, 31-52%,
n=90), while that for semi-demersal fish was 47%, (Cl1=37-54%, n=178). These two
vulnerability coefficients did not differ (@ =.05, X2=0.63, df=1).

These coefficients provide a measure of the accuracy of the estimates of fish abun-
dance achieved using the long-haul seine. This information, along with that quan-
tifying the precision of estimates of abundance, discussed earlier, is required to
determine the absolute density and biomass of fish populations. The validity of using
such vulnerability coefficients assumes, of course, that the vulnerability of marked fish
to capture is representative of that of unmarked wild fish. It is possible that the marked
fish were more vulnerable to capture due to the stress of handling and confinement. On
the other hand, because the marked fish were originally collected by the long-haul
seine, they may have gained experience useful in avoiding capture a second time.
Another factor affecting the relative vulnerability of marked fish to capture is the fact
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that they were released in the center of the net. Therefore, the fish released prior to the
set had to swim at least a distance equal to the radius of the nets’ circle to escape en-
closure, whereas untagged fish along the edge of the net had less distance to swim to
avoid such entrapment.

CONCLUSION

The long-haul seine provides a means of estimating the abundance and standing
crop estimates of adult and juvenile fish populations living in an open water habitat
where more conventional techniques have failed. Major limitations of the gear are that
samples may not be taken when a current is present, that optimal sampling sites are res-
tricted to those having certain depth and bottom characteristics, and that an ex-
perienced crew of at least four men and a considerable amount of netting is required.
Major advantages are that a large surface area may be sampled in a relatively short
period of time, that fast swimming, pelagic and semi-demersal fishes not vulnerable to
trawls may be sampled, and lastly, that estimates of fish vulnerability to long-haul cap-
ture can be obtained from mark-recapture experiments.

The need for more information on the relative and absolute sampling effectiveness of
fish sampling gear has been stressed by Allen et al. (1960) and Watt (1968). Our ap-
proach provides such information, and hopefully will encourage other researchers to
quantify the effectiveness of their sampling gears.
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EFFECTS ON SEVERAL ESTUARINE ANIMALS!
by
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Sabine Island, Gulf Breeze, Florida 32561
(Associate Laboratory of the National Environmental

Research Center, Corvallis, Oregon)

ABSTRACT

Tests were conducted to determine (1) the acute (96-hour) toxicity of hexachlorobenzene (HCB) to pink shrimp (Penaeus
duorarum), grass shrimp (Palaemonetes pugio), sheepshead minnows (Cyprinodon variegatus) and pinfish ( Lagodon rhom-
boides) and (2) the rate of HCB uptake and depuration by pinfish. Hexachlorobenzene was not acutely toxic to any of the animals
tested at measured concentrations in sea water to 25 ug/l. However, both species of shrimps in the highest HCB concentration
were lethargic as compared to controls and exhibited an uncharacteristically white hepatopancreas at the end of the 96-hour ex-
posure. Pinfish exposed to average measured HCB concentrations of 0.06,0.15,0.65, 1.87, or 5.2 ug/1for 42 days accumulated the
compound throughout the exposure. Maximum residue in muscle (wet-weight) was 34,000X the measured concentration in test
water. Pinfish retained most (> 50%) of the HCB after a 2B-day depuration period in HCB-free water.

1Contribution No. 226, Guif Breeze Environmental Research Laboratory.
2Present address: Bionomics - EG&G, Inc., Marine Research Laboratory, Route 6, Box 1002, Pensacola, Florida 32507.
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