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Abstract

Bottom dwelling fish were sampled in the Delaware part of the C & D

Canal system from March 1971 to August 1973 exclusive of January and
T

February. The most abundant of the 33 species collected were the vhite

=
perch (Morone smericana)g) the veakfish (Cynoscion regalis). The striped
bass (Morone saxatilis) and the spot (Leistomus xanthurus)y were caught

in significant numbers in spring and late summer respectively. Of this
group, ounly the white perch was a year-round resident in the Canal area.
Striped bass utilize the Canal during spawning migration, and the two
scisenids use the area as a nursery.

Stomach smalysis of six species suggest that invertehrates are a
primsary food sourcey and that the Canal itself contributes little to
the maintenance of the fish captured there.

Abundance of fish in the study area was found to be highly variable
and apparently declined over the three years sampled. These observations
are discussed in ul‘ation to the potential influence of enlargement of
the C & D Canal.
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Feld operations were carried out aboard the University of
Delaware's R/V Wolverine using a 30 ft. otter trawl (3" mesh).
The nets were fitted with a 1" mesh liner in the bag to prevent
loss of small fish. Ten mounthly collections were made at eight
stations (n‘un 1) between March and December in 1971 and 1972.
Tvo 0.5 statute mile trawls were made routinely at each stationm,
towing speed was 3-4 m.p.h. relative to the current. The net was

towed vith spproximately one fathom of cable per feot of water

depth. This was sufficient to keep it on the bottom, as evidenced
by the accumulation of substrate and debris from individual trawls. %
Initially, one tow was made against the current and one with, bug

this procedure was terminated wvhen analysis of numbers of individuals

capturel in tows in opposite directions showed no significant dif-

ferences. Since working against the current is desirable in terms

of boat safety, this procedure was used in the latter part of the

study for both tows on stations exposed to strong currents.
Descriptions of station locations are given in Table I. Pro-
ject limitations necessitated termination of sampling in August of
1973. Field personnel are listed in Table II. R

Eavironmental parameters msasured at each station were salinity

TR VL R R,

dissolved oxygen, water temperatyye, air temperature, and turbidity.
Turbidity was msasured with a 1/2 meter diameter white Secchi disc
and is expressed in ca. to disappearance. Duplicate water samples
for salinity and dissolved oxygen conteant were taken from Nansen

bottle casts within 3 msters of the bottom. Salinity vas calculated
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from conductivity msasurements made with an induction salinometer,
and dissolved oxygen measuremsiit made by the Winkler technique on
samples preserved in the field. Mesasuremsnts of pH were wade during
the first year of the study in the field using a portable pH meter.

In almost every individual tow the fork length of all fish cap-
tured were mesasured to the nearest millimeter and recorded. When
the number of individuals of a species captured in a single tow
exceeded one hundred, the total number of individuals was recorded
and a random subsample measured and recorded.

When possible, one-hundred individuals of a species were re-
turned to the laboratory and weighed and measured to provide data
for computation of a length-weight regression line. From this
data length-weight regression lines of the form log wet weight =
a + b log fork length were computed by the method of least squares.
It was assumed that seasonal variation in the length-weight rela-
tionship was negligible and monthly samples were pooled to establish
a single regression equation for each species.

Monthly fish biomass estimates for each station for six major
species were made by solving the length-weight relationship for each
fish captured and summing the results. In samples where the total
catch was not messured the computed average weight was attributed
to the unmeasured individuals in the sample.

To determine if resident fauna of the canal avea were utilised
as food, representatives of dominant species of fish caught during

regular monthly collections in May, June, and September 1972 were

preservad in 10X buffered formalin for future stomach analysis.




Species and size ranges examined were white perch (115-262 ma),
striped bass (177-321 mm), weakfish (105-150 mm), spot (120-171 mm),
and channel catfish (292-377 mm). White perch was the only species
present in all collections. Stomach contents were examined under a
dissecting microscope and when possible identified to species. If
identifiable invertebrate fragments were present, the number of
organisms eaten was based on duplicate fragments present which could
only have c&u from a certain number of organisms.

An analysis was performed to determine the amount of simple
correlation which exists between the numbers of individuals of six
important fish Species, vater temperature, oxygen concentration
and salinity. The analysis was performed on the data of all indi-
vidual stations sampled between April 1971 and August 1972 (N = 117)
and also upon the pooled monthly figures of those stations (N = 15).

In the latter case the numbers of individuals were totals per month and
the physical parameters were averages of the eight stations taken
every month.

Since for most combinations of numbers of individuals and physical
parameters the correlations were inconclusive, an attempt was made
to snalysze the combined effects of parameters upon numbers of in-
dividuals by means of multiple regression models. As with the single
correlations, the analysis was performed on both the data of individual
stations and pooled monthly figures. A regression model was computed
for each species and the species-specific constants bl’ bz. b3. and

b 4 computed by the method of least squares.
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RESULTS AND DISCUSSION

Monthly sampling wae carried out at eight stations in the
C & D Canal area from March 1971 through August 1973 (Figure 1).
A total of 33 species of fish were captured during the sampling
period (Table III). Of these, 15 were ranked as to relative abun-
dance based on the total number of individuals and the frequency
of capture for each species. The other 18 species occurred in

such small numbers as to make rankings meaningless.

White perch, a common resident estuarine fish (Mansueti, 1960),

was ranked first because of its high capture frequency. This species

PRSP

was present in almost all collections (Figures 4, 6, & 8) and ap-
pears to be a year-round resident of the study area. Spawning
occurs in fresh water in early spring. Individuals of increasing
size were present in the collections throughout the summer.
Weakfish, Cynmoscion regslis, was the second most abundant
species in trawl samples. Nearly all of those captured were young-
of-the-year, less than 150 mm in length. These juveniles appear
in great numbers in the upper estuary as a result of early summer
spawing in the Delaware Bay (Daiber and Smith, 1971). They first
appear in July or August at 35-60 mm length and increase in size
throughout the summer. Peak asbundamce occurs in August or September
(Pigure 2). Unlike the white perch which maintains a significant
population in all parts of the study area throughout the year,
weakfish are present only in summer and fall months. These two
species accounted for almost 90X of the total individuals captured.

Striped bass, spot, alewife, eel, hogchoker and anchovy as a group
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accounted for only about 5% of individuals captured in 1971 and
1972. Tabls V shows the average monthly biomass and the total
biomass for these species.

Computed biomass for six species by station is given in Table IV.
White perch was the dominant contributor and was the only species
present with a total monthly biomass consistently greater than 5
kilograms. Striped bui biomass was important in the spring when
they were ptq.é; for spawning, but it was generally low and erratic
the rest of the year. Weakfish made a significant contribution to
the biomass during the late summer and early fall. These three
species made up 95% of the total biomass for the six species examined
(Table V).

: Figures 3-8 suggest considerable temporal variation in both
physical parameters and sbundance of fish. Although pH and tur-
bidity were also mesasured, they are not included in the figures
because no pattern was detected in their variation. These da‘a are
included in the monthly summary tables (XIV-XXXIX). Water temperature
was the most consistent variable, reaching 25-26°C 1n August and
falling to 6°C by December. Temperatures in the Canal proper tended
to be slightly lower im winter and higher in summer than those in
the Delavare Rive: spproaches. Dissclved oxygen concentrations were
inversely related to the water temperature, as would be expected.
Month-to-month fluctuation of oxygen within the seasonal pattern was
sometimes attributable to climatic changes. The low oxygen and
salinity leve}s obegfved at all three stations in September 1971,
July 1972 end 1973 were associated with fresh water runoff resulting
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from heavy rainfall. In tha 1971 case, localiszed flooding in the
Wilmington-Philadelphia region was probably responsible. Trepical
stora Agnes in June 1972 caused extreme increases in runoff into

the headwaters of both the Chesapeake Bay and the Delaware River,
wvhich influenced the environmental conditions in the Canal area

for several monthe. The third major oxygen sag, in July 1973, again
occurred after a period of rainy weather in the Philadelphia area.

A foamy scum was also observed at upper Delaware River stations in
July, when dissolved oxygea levels were less than 4.0 mg/l. The
unusually low salinity measuremeats of these samples suggest that
land runoff was again the source of the oxygen demand, but no single
causative event was identified.

Since the Canal enters the Delaware River in the area of the
salt-freshwater interface, salinity can be expected to change
tapidly in response to changes in river flow. A change of several
PpPt. occurred with the ebb and floéd of tides. The extremes of
frest water runcff which occurred unpredictably during the study
period mask an underlying seasonal variation in salinity in the
Delaware portion of the Canal, and associated regions of the Delaware
River. Based on the two and one-half years of observation in this
study, salinity would be expected to rise during June and July to a
peak of less than 10 °/oo in Augyst or September before dropping in
the fall. The highest salinities observed at station 109, nine miles
west of Reedy Poiant, were 7-8 ®/00. This was approximately 1 )00

greater than at station 113 which is four miles north of the Canal,

and 1 °/oo less than at station 115, about the same distance to the

e T —
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south.

Pgures 4, 6, and 8 summarisze trawl catches at representative
stations in the Canal proper and in the Delaware River to the north
and south of the Canal entrance. Although month-te-month variatioa
in catch size was considerable, numbers of fish were clearly
greater in summer months than in winter, at all stations. Total
catches for eight stations in the March collections over the three
years ranged from 43-193, while in August as many as 8418 fish were
taken (Tables XIV-XXXIX). :

Comparison of the trawl and hydrographic data suggests a re-
lationship between very low salinity or oxygen depletion and the
movements of fish. In September 1971 when runoff from heavy rains
was concentrated in the upper Delaware River, at station 113,
salinity was reduced to 0.1 ppt. and dissolved oxygen was reduced
to 3.58 mg/l. Few fish of any species were caught at this station,
but catches at station 115 and 109 were unusually large. At station
115 weakfish were most abundant, while white perch dominated the
catch at station 109. This distribution is suppertive evidence
for short-term migration in response to environmental stress. In
July 1972 and 1973 the fish catch (Figure 4, 6, 8, 9) was depressed,
and this again was probably dus to fish leaving the area because of
low salinities.

The results of the simple correlation analyses performed om the
data of individual station samples between April 1971 and August 1972
and also upon the pooled monthiy figures are shewn in Tables VI and
VII respectively. Of the six fish species only weakfish showed any
significant correlatioms, these with temperature and galinisy. No




significant interactions between pairs of species was detected.
The multiple regression analyses of the weakfish and hogchoker
have some predictive value (Table VIII). The weakfish model based

on pooled monthly data showed a significant multiple correlation

[
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coefficient of 0.92, due largely to the close correlation between
weakfish numbers and salinity. Thus, the multiple regression models
do not offer much improvement over the simple correlation analyses.
With the exception of the relationship between salinity and weakfish,

the observed values of the three physical parameters considered do

not adequately explain the occurrence and abundance of the six species

in the eastern end of the Canal and its approaches. The suggestion

is that the usual extremes of salinity, dissolved oxygen, and
temperature in the Canal system are within the normal range of ,
tolerances of the species examined and do not influence patchiness
in the area.
Averaging trawl data for several stations reduced the month-
to-month variation in catch enough to permit comparison of fish
populations in the Canal proper to those in the Delaware River ap-
proaches (Figure 9). Stations 109-111 were averaged to obtain figures
for the Canal proper, while 113, 114, and 116 were used for the river

stations. Station 115 was excluded because it generally is a higher

salinity area and 112 was excluded because catches there appeared to

be influenced by current abnormalities resulting from proximity to
the Canal entrance. In all three series of monthly samples, a con-
sistent pattern was observed. Numbers of fish were greater in the

Canal proper in spring months, but summer catches were much larger in

the Delaware River approaches. Exceptions occurred only in times of




documented poor water quality in the River.

Examination of raw data for individual species (Table XIV-
XXXIX) shows that the white 'porch wvas by far the most numerous
fish in all spring collections. In the summer, however, large
aumbers of juvenile weakfish and spot moved up the estuary and
accounted for as much as 50Z of the numbers at river stationms.
Although both of these species were taken in the Canal proper
weakfish were not typically as abundant there as they were in the
river, probably the result of a salinity preference.

Another observation expressed in Figure 9, is the decline in
numbers of fish sampled in the second two years of the study as
compared to the first. This trend is also evident in the relative
abundance figures for 1971-72 (Table III). All of the major species
but the striped bass were markedly less abundant in 1972 than in
1971. The increase in numbers of striped bass is attributable to
the coincidence of the May 1972 sampling period with the period of
spawning migration when large numbers of these fish were moving
through the Canal. No information is available to account for this
decline; however, on examination of Table V, it is seen that biomass
did not decline. This indicates that the size frequency of fish
being sampled was increasing. Table V also includes data from
stations 1]2 and 115 which are not included in Figure 9, and this is
an important reason for the difference between biomass and numbers.
Tropical storm Agnss may well have been a contributing factor in
1972 (Taylor, 1972). I1f 1972 year classes were reduced by loss of
young or partial spawning failure this influence could be felt for
a number of years.
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As indicated in Table IX, the relative total catches were
consistently higher at the three up-river stations than in the
Canal proper. Although actual numbers of fish declined in 1972,
the Canal catch remained about 60 as large as that for the River.
Since 1973 collections were available only through August, it is
not possible to compare all three years of the study on a total
catch basis. The comparison through August is subject to large
varistion due “: the relatively large numbers of fish moving within
and through this part of the estuary in summer. Since the differences
between percentages for the partial seasons of 1971 and 1972 were not
spparent when total catches for the full 10 months were compared,
there is no reason to suspect that the 1973 figure indicates any
change in Caniol fish population relative to those in the river.

Tables X-XII1 summarize the results of stomach analysis carried
out in this study. Fourteen species of invertebrates were found to
have been eaten by the fishes examined during this period. Twelve
of these were benthic invertebrates, all of which were found in the
benthic sampling program (Appendix IV). In addition, copepods,
insects, insect larvae and fish were found in several of the indi-
viduals examined. Gammarus daiberi was the most abundant food item,
and was also the most abundant organism in benthic collections. How-
ever, none of the fish species appeared selective in their diet.

Of the 340 fish examined, 54 had empty stomachs with a propor-
tionately higher number occurring in May and June at the Canal
station. Also, 59 fish had totally unrecognisable material in their

stomachs, indicating that they had eaten several hours before being




captured. Again, proportienately higher mumbers of these occurred
at the Canal station during May and June.

The species Crangon septemspinosa and Neomysis americanda oc-
curred g8 food items only in the 8¢ptnbcg collection except for
one individual Neomysis which wvas found in Msy. This observation
correlates vith the appearance of these organisms in invertebrate
samples in September.
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The results presented here suggest that the eastern end of
the C & D Canal and its Delaware River approaches form a relatively
homogeneous environment. Although the Canal and River have dif-
ferent sources, there is considerable exchange at the eastern end
and physical parameters were similar throughout the study area.
Some trends were observed but tidal and climatic variation made
interpretation difficult. In general, salinities were 1-2 /00
higher near Reedy Island than at other stations, and dissolved
oxygen was most often depressed at river stations north of the
Canal. Canal stations were subject to temperature fluctuations
several tenths of a degree greater than those at river stationms.

.- The small differences in physical characteristics of the Canal
and river stations are associated with subtle gradations in the
sbundance of fish. There were no clear differences in the species
makeup of the two areas, but it was apparent that the transient
species such as the weakfish tended to be concentrated in more
saline vaters. They temporarily retreated from stations which were
exposed to unusual fresh water runoff.

This association is supported by the correlation matrix (Table
VII) relating temperature, dissolved oxygen and salinity to occur-
rence of the dominant fish species. Only the relation of weakfish
to salinity was significant in this analysis (r = 0.92). Other
variables such as availability of food, currents, and water quality

may have influenced fish movements. Since many of the species con-
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sidered 1ip qu'-ayu- move in schools, the influsnce of such
extransous verjisbles would be significant.

The ecosystem under study in this pregram is an extremely
complex one subject to the influences of two estuarine systems,

. plus the varying impact of man's activities. It has not been

possible in the short time alloted to isolate and quantify the
variables which contrcl the movements of fishes vi..thiu the systenm.
Observations of sudden changes in environmental conditions, such
as produced by trogical storm Agpes, serve to document the sensi-
tivity of local fish populations to environmental perturbations.
However, the f;uctution $n abundance of fish induced by such
climatic duap"o has masked any response to subtle influences, such
as gradual enlargement of the Camal. The fact that fluctuations
attributable to climatic conditions remained the dominant influence
on fish movements during the final stages of the Canal enlargement,
suggests any short-term perturbations which might result from the
enlargement would be less significant than the apparently frequenmt
occurrence of short periods of heavy contamination by land runoff.
Of potentially greater significance to fish popg}qtion are longer-
term changes causing reduced growth or lessened spawning capahﬂ,ity
over a protracted period.

Documentation of the ‘magnitude of so-called "natural variation"
within the ecological system is an important result of the present
study. It is evident that no abgplute determination of peesible
environmental impact of the Capsl enlargement can be made at this

bt P s i
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time based on the field data. The present decline in fish abundance
may well be a function of natural yather tham men-induced changes

of the system. If this is the case, at least several more years
observation would be necessary to achieve a first approximation

i of the baseline on which this variation is superimposed.
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FIGURE 1 -16-

Fish Sampling Stations in Delaware
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FIGURE 2

Weakfish Populations in Delaware part of
C&D Canal System in 1971 and 1972
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Summary Hydrographic Data - Station 109 (C&D Canal)
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FIGURE 4
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Summary Trawl Data - Station 109 (C&D Canal)
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FIGURE 5 -20- |

Summary Hydrographic Data - Station 113 (Pes Patch Jetty)
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Summary Hydrographic Data - Station 115 (Reedy Island)
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F ON DESCRIPTIONS POR C & D CANAL §

All stations were sampled by towing a 30' otter tyawl over a
distance of 1/2 mile. The two locations given for each station descrip-
tion are the points at each end of this 1/2 mile transect. For stations
in the canal use USC & GS Chart No. 570, and for stations in the Delaware
River use Chart No. 294.

STATION 109
(C & D Canal, Railroad Bridge)

Western point - vhere rip-rap stones start on western end of old
canal opening. (This is on North side of canal)

Eastern point - 5th pole West of Railroad Bridge on North side of
canal.

STATION 110
(C & D Canal, St. Georges Bridge)

Western point - 2nd light pole West of 2nd fish pier West of St.
Georges Bridge. (This is on South side of canal)

Esstem point - abeam of lst fishing pier West of St. Georges
Bridge. (This is on South side of canal)

STATION 111
(C & D Canal, Reedy Point Bridge)

Westem point - 4th light pole East of Scott Run on South side of

canal.

Bastern point - end of road and rip-rap stones on South side of canal.

This is known s Ice House Point.
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Zahle 1 (Cont'd)

mgo_u 112
(Delavare River, C & D Canal entrance)

Northemn point - line up bwy "IN" with buoy "24" from the West

oide of the ships channel.
Southern point - there are ne ranges for this poiat so the only
mark is to be 1/2 mile southwest of buoy "IN",
Tows are made in a depth of approximately 30 feet at mean low water.
(Delavare River, North WP“CI\ Island Bulkhead)
Northern poiat - line up end of bulkhead (marker "E") with largest
water tower in New Castle (Tower has red top and white bottom).
Southern point - line up bulkhead marker "D" with red and white
striped smoke stack (one closest to water) at industrial complex South
of New Caestle.
Tows are made just East of bulkhead in a depth of approximately

25 feet at mean low water.

M% 114
(Delavare River, Pea Patch Island)

Northern point - line up bell buoy "/N" with momument on New
Jersey side in southem part of Killcohook National Wildlife Refuge.

Southern point - line up emnd of bush vegetation on North end of
Pea Patch Island with Delmarva Power & Light amoke stack (largest
red and vhite striped stack) on Delsware side next to Getty Refinery.

Tows are made just EBast of Pea Patch Island in a depth of
approximately 25 - 30 feet at mean low water.
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SUISIRCRNSIRES SEVISSNRSCIENRL FESSH = 5 N e R BRI T N N ey —



Iable ] (Cont'd) el

STATION 115
(Delaware River, Reedy Island)

Northern poiat - line up buoy "S5R" with bugy “"6R" from West side.

Southern poiat - line up silo at South end of Augustine Beach in
middle of Reedy lsland dike opening to Augustine Beach.

Tows sre asde just East of Reedy Island dike in a depth of approxi~
mately 25 - 0 feet at mean low water.
STATION 116
(Delaware River, Getty Refinery)

Northera point - abeam of Diamond Shamrock dock. (This is dock
with 1long trestle leading out to it.)

Southerp point - line up lower Bulkhead Shoal chanpel range light
with Delmarva Powar & Light smoke stack (largest red and white striped
stack) on Delsware side next to Getty Refinery.

Tows are made in slough in a depth of approximately 20 feet at

mean low water.
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Table 11 - FISH SURVEY FIELD OPERATIONS PERSGNNEL

Malcolm H. Taylor, Ph.D.

Ronald W, Smith, M. S.
Lanny M. Kat:z

Neal Parker

Thomas H. White

W. F. Carlsten

David Matthews

TITLE

Research Assoc.
Resident Biologist
Graduate Assistant
Graduate Assistant
Boat Captain
Utilities Mechanic

Boat Engineer

I!SPONSIIILIE
Field Coordinator

Fisheries Techniques
Field Operations
Field Operations
Vessel Operations
Vessel Operations

Vessel Operations
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SPUCIES CAPTURED IN TRAVLS
1972 | 1972 |OVERALL
_anﬁl_nl,_uf_
gostrats Amsrican eel 38.4 9 19.8 9 9
g s lueback h: 3%
ymm Blue! erring .6 11 10.8 13 12
m:!! Hickory shad cne con - o= .ew
% Alevife 365.2 & 74.0 S 5
Aloss gpidissime Americen shad
Bzevoortis tyrannus Atlantic senhaden{| 91.6 8 15.5 12 10
Rorogous gepedisnum Glasard shad ek ot gl Sl oo
Rugraulidae
dnshog mitchillf Bay anchovy 161.3 6 80.0 4 6
Cyprinidae
Crprinus Carp e HOF i oty e
Rrbomathus puchslls | Silvery mimnow | --- | -== | -e- | e | oo
Hotemigonue crysoleucas | Golden shiner s e e "
Motropis cornutug Common shiner e -~ - pot Ny
lctaluridae 5 " %
Jetalurup White catfish 2.2 S 2.1 &
m Brown bullhead 10.4 12 16.1 11 11
ﬁﬁ punctgtus Channel catfish 69.7 9 46.6 ? 8
Belonidae
Strengylurs maring Atlantic needlefishf] --- b . e i
Atherinidae :
Meaidis meaidls Atimcke stiversidell --- | <o | eee | oo oo
:
Syngnathidse
Sxngpachys fyscus Northern pipefishi --- et i3 s s
Yoxone americans White perch 7516.1 1 4338.9 1 1 &
YMorene gaxatilis Striped bass 163.5 S 194.3) 3 3 11
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Centrarchidae

lapomis sacrochirus | Bluegill
Porcidae

Rexcs flavepcens Yellow perch
Pomatomidae

Romptomus gpltatrix | Bluefish
Sciaenidae

Bairdiells T8 Silver perch

Cynoscion regalis Weakfish

leigtomg xanthurus | Spot

Micropogon mm Atlantic crosker

Rogoniag cromig Black drum
Cobiidae

Goblogoms boped Naked goby
Triglidae

Pxiopotus garolinug | WNorthern searobin
Soleidae

Ixinectes maculstus | Hogchoker

s z ey

5962.0
642.9
2.6

127.6

ES

1.7
2897.1
36.4
172.2

-30-

15

10

15

13

cne

‘o

Relative abundgnce is bYetal number of samples captured x frequency of capture.
"It average ranks were identical, most abundant species was placed first.
% Speciss designated by --- were captured in numbere too small to be meaningfully ramked.
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TABLE V.

White perch
Striped bass
Weakfish
Alevife
Amsrican eel
Hogchoker

-3 7-

Aversge monthly standing crop sampled biomsse
(Maxch-December) for indicated species in
C&D Canal study area. All weighte are in
kilograms rounded to the nearest hundredth.

1971
26.38

2.39
2.28
0.82
0.80
0.64

MEAN MONTHLY BIOMASS

1972 1973

36.53  37.29
9.14 3.20

22.89 g
1.06 1.12
0.80 0.57
0.61 0.08

100.20
16.73
25.17

3.00
2.17
1.33

l‘riﬂtcl for 1973 include only months of March through August.

z‘Annp biomass not computed since weskfish presence is in late
summer and fall.
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Teble VILI. MULTIPLE REGRESSION MODELS OF C & D CANAL FISH SURVEY DATA

Multiple Regression Models Based on Individual
Station Data (N=117)

Species bl' b2' b3' bu' R F
White perch -57.27 5.08 8.16 -11.02 .26 2.39
Striped bass -24.86 .86 2.75 -2.55 .19 1.24
Weakfish -76.58 3.18 -.T4 52.79 .S4%s 13 7788
Alewife 14.79 ~.38 -.67 .40 .16 .90
Eel 1.45 .01 -.05 <.16 .16 .85
Hogchoker -25.79 .69 2.77 -1.81  .y7we 9.66%8

Multiple Regression Models Based on Pooled
Monthly Data (N=15)

Species bl' bz' b3' bh. R F
White perch -2028.01 71.12 213.38 -118.22 .58 1.82
Striped bass -295.62 9.25 31.08 -29.41 .39 .64
¥Weakfish 773.73 -29.59 -117.21 656.22 .92%% 2] 34ss
Alewife 99.49 -3.07 -3.98 8.02 .26 .26
Eel -10.25 .56 1.67 -2.10 .34 .48
Hogchoker 23.66 i | .26 -8.45 .30 .37

. b, = interval
b2 = water temperature
b3 = dissolved 02
bh = salinity

#% Significant at .01 level
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Jable VIII (Continued)

The multiple regression describes the relation between a

set of physical paramaters (the independent variables water tempera-
ture, dissolved oxygen, salinity) measured in the field and the
mean numbar of fish (the dependent variable) caught at the same
time. A set of partial regression coefficients “’2' ba. b6)
corregponding to each of the physical parameters, plus an inter-
cept (bl) are generated from the field data by the method of least
squares. The analysis yields an equation which estimates the
number oé fish which can be expected with a given set of the
physical parameters:

# figh = b, + b2 (temperature) + by (oxygen) + b, (salinity)
A multiple correlation coefficient (R), which may be used as an
index measuring the closeness of fit of the observed data to the
estimated line of regression, is also computed. Finally, a statistic

(F) which describes the ratio:

Regression mean square
Residual (error) mean square

is used to test the hypothesis that the regression coefficients
(bz. by, b 4) are all equal to zerc. Statistically significant
values of R and F indicate a model which explains the relationship
between fish numbers and the physical parameters to an appreciadble
extent.

Correlation anslysis determines the direction and degree of
Joint variation of two variates. The correlation coefficient r is

computed according to the following:

e S



Table VIII (continued)

r = IXY -LXIY
[
IXY = gum of cross-products of x and y
IX = sume of x variates
= gum of y variates

Y
N = number of paired obseyvations
S - standard deviation of x variates

'y = standard deviation of y variates
Simple correlation analyses between pairs of variates are ex-

pressed in matrix form for convenience. The correlation coeffi-
cients {n the body of the matrix express the joint variation of

the two variates heading the respective row apnd column.

T TR T T T TR T T ST
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Table IX

rison of Trawl Catches in Canal and in De

ver, of the Canal.
1971 1972 1973
Total Catch in Canal 272.8 154.4 i
Total Catch in River (2 445.9 275.0 e
Canal Castch Olar-Aug)(a) 125.9 89.6 53.1
River Catch (Mar-Aug) ‘¥ 346.9 142.2 124.6
Cenal Catch as X of 612 561 S
River Catch (full year)
Canal Catch as X of 362 61% 43%
River Catch (Mar-Aug) '

1. Sum of fish/0.1 mile for stations 109-111, (March - December)
2. Sum of fish/0.l1 mile for station 113, 114, 116, (March - December)
3. Same stations as 1

4. Same stations as 2
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TASLE _XIV TRANL DATA March 35-9 1971 -
_STATION # 109 110 11 12 m | ne 11s e
AR R, (%) 5.0 | 1.0 4.5 | 8.3 6.0 1.0
Jaree me. (%) 3.1 4.3 4.1 42 1 &9 &5 4.0
~SaLmnrry (%/o0) 0206 toan | oaza | o6l onial s
_OXYGEN (wg/L) 1.2 n.7 | 128 | u.2 12.7 1.3 | n.s
e —_— ] 7.4 7.4 7.2 2.1 7.1 1.1
.“Ln&.hh_ 2119 26 1 20 24 &
S/n| ye/n n| ys/m| ysid ysm ]
S 35/ n| 38/ 38/ s s ysm Ty
m_;-qmn_m Rast | mb g ! g
_Lmworn or TRANL (mt) | 1.0 1.0 1.0 0.9 0.5 1.0 1.0
T B 1%
eaRTS log |—— | nang | 8eE
Anguillides ; .
Sngn L
Clupetdae
13 15
B s sozstlcdis ' '
(Go'den Shiner .
Minmce-uwaideat . 1
lctalurides
gtnm 1 1
ite euﬂ&!
1 1
Sy Minlgpe
Percichthytidos ;
m a 15 3 3] 1 ] 12 133
u
Wr‘m 2 1 1 1 S
Pien/etation « 1 59 1 s 28 158
Pieh/etotion/0.1nt. [4.5 1.6 0.4 6.6 0.2 0.5 2.8




~30-
104 us | *ne
13 .0 nol .o
" me. (%) .1 7.8 7.6 7.4 7.8 | 2.9 2.8 2.4
saoary (o) | ool o202) 1032 ) 32020 0ae § ozes | L.25)
~OXYCEN (wg/L) 1222 4 1osetans2 L 10238 e | egel 194al 10241
2 —f.20.1 200 1 2030 ) 258 ) g | o 2.2
-ﬂtf,‘-‘“’*——gtm———jg‘z L:‘Z;_ 3’33 1:': ‘1270_ “/8 uz;
R £aot @ fRased lan) [nocsar, ,'igﬂ.sf obb(3) [ f100d2)
LENGTR OF TRAWL (i) 1.0 1.0 1.0 1.0 2 1.0 1.0 1.0 1.0
e Lo Brocks VR o5 1 éw Eob!o'ouﬁ — or nisy
Clupeidee
Alosa %:” 1 29 .| 6 1 s s 3 se

M‘W 1 12 3 ? 1 3 2 29 4
ety ; ) 2 :

1 letalurides
IRENLIER ~ £ =
MW o 1 2 1 4
Pezcichthyidae
%.W 155 : 18 33 27 33 k) 25 h 1) 363
3 2 2 ?

£ 1 11
low huhg
Triglidee :
s sysumd ‘ :
hern )

Tieh/station 160 61 43 41 3% [ 3% &6 465
Pieh/station/0.1a1.] 16.0 6.1 4.3 4.1 3.6 4.4 3.4 1 4.6
Rdthropanopeus 1 1 1 1 X 1 2 6

* 116 now off Getty Termina




Bsand | —

TAME_yyy . TRAWL DATA _ May 14 & 17 1971

-$1-

STATION # 109 110 111 112 113 114 115 116
AR TRV, (°C) 26 24 24.5 [16.0 23.0 2.0 { 23.0 24.0
wree e, (%) 16.1 16.7 | 6.4 | 155 | 161 15.9] 15.6 | 16.2
SALINITY (®/o0 1.520 02391 0333 | 1.000 |o0a7¢ 0,344 12051 0.42¢
_oxyems (mg/L) R et X B PR s ! s | ae
-L 7.3 6.8 6.7 6.7 6.7
; n 2 2 28 51 29.0| s
L74 Y2 5/14 /14 S/14 - S/17 $/17 S/14 S/
TIME (EST) 1400 1400 1300 09%0 | 113 1100 1030 1
, ats u‘y z , u Os I
Current, Knot Rast West East - | Ebd Ebbd Ebb slack m
LENGTH OF TRAWL (i) |1.0 1.9 1.0 0.2 1.0 | 10 101 2
DEBR1S —— | ook e || I ) lona
Anguillidae
snsuille an] eal) 1 1 1 3 3
Clupeidae
“?” gestivgles 12(19) 3 15(23)
blueback herring
ud 1 7(10) 1 §12)
(Alewife
‘Qgg. .ggiﬁg. 9 2 % s s2
' American @
Bagraulidae s “
%m -;Es!nn 3 [ } 18(19
8y Anchovy
Cyprinidae
Sarpio 1 1
carp
Shiner 1 1
Icteluridee
%}_ﬂm 0] 3 1 1 S
ite catfie "
talu 1 1 3 1 1 ?
(Brown Bullhe
Jctaluris uu*as_u 2 L] 1 9
(Channel Catfish
Pearcichthyidee |26 ;
apericaaus 129 59 7(10 63 20 3
(White Perch) u")
e saxatilis ? 12 1 3 3
(striped base)
Soleidae
ct tug] 9 ” n 11 1 129
(Hog thoker
“Fish/station 1% 227 75 29(43) |? % 2 3 Qes)
Pieh/station/10.1 mi |18.6 2.7 9.3 8.1 0.7 3.6 9.2 3
Blue crad 1 1 1 6 1 1 S 14
Mud Crabd 2 2




iuu_L TRAVL DATA __iuga 3.2

1971

mtﬂ [
Arme. Co)
WATER TEMP. (°C)
SALINITY ( Joo)
OXYGEN (wg/L)

112

113

(’IM

115

2.0

22.1

19.0

37.0

19.1

19.1

18,6

1.976

C.2138

0.224

3.226

3.32

6.7

2.07

2

(RST)

33

LENGTH OF TRAWL (ml) | 0.5

6/4
S

ebd

arl

1.0

6/4

1.0

DEBRIS

Anguillidae

h(n‘g.‘l_u__Ln

Clupeidae
v
glubut Herring]

e

‘Bagreulides

s o

Cyprinidae

Carp,
Tetaluridee
ite catfish)

Jstalurus
(Browa bull

Percichthyidee

M ety
et b

£oleides

sy gt

otetion
Ploh/etation/0.1 wt.
Cranges
Bles Czod

) et

<o

13

273
27

L4

18
1.8

dhlae, o.{;nm"

(AL AT P

1122

14
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| Su—

TAME_ Il 0 TANL DATA gy aen =53~
manion ¢ 109 110 11 112 13 114 115 116
wmre me. (%) 2.0 | 2.6 26.6 26.4 | 26.2 26.4 | 26.0 | 261
Savoury o) | 265 12,69 4,20 1318 |3.32 3.44 4.68 | .21
omxgmn (/) 1260 Lres 1600 lees 153 | ege | se1 ) s |
NS y N 2.3 12,0 .2 2.2 1.2
PR (em). 5.0 b As__l so_
am wun v [wern | wvunl wvunl wvem 2/8/74 7/
*‘l!’ : arly
t, EnotgiBast 3k IBest 1k | sleck 2K ebd 3K 1ood floed
LENGTR OF TRAWL (ui) :
._L.Q__.LL_M_T%&__M___I&__M_M
JRRIS : ia BEC bottom or Fisy
Clupsidse :
m S 1 2 8
e t
4 2 1 ?
Cyprinideas
sapfo 1 1
1e 1 1
Igthe s,
. 32—, . ; > g
100
by = ¢ 2 43 12 35 4 2 “ 19
m,-ntr. 1 1 ? 19 1 1
\ 1 2 1 1 3 4 12
*.mm- 3 .
DEpianyt Agijatcia
- ' s 0 10483uv] 1133uv | 3243 986 ) 932 juv| %2
uy v v uv uv
ik il K . 3 odul "ﬁ’wl‘
Wm 1juv 1juv 1juv 1 Sjev | 9
Atherinides " . ' &
R M.
Ixiasstes meculatue 2 2 1 1 ¢
“TioW etation 1) 204 1200 | 199 % 1409 [578 V) 4716
Piob/etation/0.1ut. [6.9 20.4 19%0.0 |[13.3 9.0 140.9 [57.8 .3
Blue Cred 0 SAM2LE | 42,137 | 22, 3¢ [964,20¢ 194,120 Y80, 13¢ |66, 32 :m.
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B

e

|

£ 1

TANLE__XIX SR TRAWL DATA m 1911 -54-
STATION # 109 110 11 12 113 114 us 116
AR Io@. (%) 0.0 %0 | 2% | 25.0 | 28.0 | 25.0 | 22.0 | 30.0
wre me. (° 26.8 220 1 220 | 22,4 220 1 220 | 264 | 223
sALtvrTY (°/0o n906 | 0705 | 0.0 2590 | 3348 ) 4696 | 2260
oxYGEy (wg/L) 7.42 2.12 .34 6.% 6.16 6.42 6.39 6.08
. 7.3 2.3 2.2 2.3 1.3 2.2
1
'm'.l“a)‘—j“"‘!—_ _wr_-i’,n__.i"n_ 3 J.’r o;s in.n._u‘
2pg (8ST) 1400 1500 1530 1o£ 0900 %EE 1300
east
XTI {(Currest _sast 31 eaat = £lood 1 __ebb | ebh |
LENGTE OF TRAL (ai) | o o 1o 110 1 ﬂ—m
po— .nmﬁ‘ oet  lejeiva | bemp | ... ISP
samille roetrate 3 : o .
Clupeides :
Alees 1 1 3 9 3 2 19
Brevoortys 10 S 10 1 2 6 »
Sagraulides
1 s s 1 12
Ietalurides
catys ‘ 1 1
_nnr 2 s 1 1 1 1 4 38
Pezcicthyidae . s
228 2 2 196 103 3 2 687
-.z %‘ 1 10 43 32 3 12 10
Scisenidse
Sxasscion resalie | Ofuv 9juv 17juv | S7juv 1208juv| 5030juv| 472juv | S09juv m‘
Sedult 5 t
m 1 108 1 2 22 1
siemle . .
Soleidae
Ixiasstes & L 1 1 | 5 12
Pied/otation m W 32 95 1562 5225 452 589 (T3]
Plob/otetien/0.1a1] 30.2 1.3 | 4.3 11.0 156.2 | s22.5 |a9.2 58.9
Blue Crad
Czangsn




r—--—nnmmmmmmmm——-—

TAME__TZ_____ TRANL DATA _gepcamher 1821 -88-
SBATION ¢ 109 110 1l 112 13 114 s 116
Jnme. Co) lae0 1203 Laed | aee |55 | 30| a3 | 204
mmwme. (%c) |23 ! 252 2.2 1 240 1 202 L 240 1 206 1 233
oy (°/eo) Ja082 1 1.020 1 2.357 1 0.344 | 0.123 | o.119 | 0.632 | 0.7
Ouyees (sg/) 1 a8 280 1 2.00 1 3.50 1 2.40 1 2.49 | 3.68 |
2 A 222 $.00 1 --- == g =22 =
3 2 Sica | ) 1 29 22 s10 1! sag |
@s1) /13 916 1) 9/13 9/14 914 /1S [0
!m b | 0830 ]m 1300 1400
l!" m ghe early u!!y
t ood ) eset | east obb b pe !n 2bb ey
LENGTR OF TRAWL (i) 1.0 . 0.3 1.0 1.0 Jab
nesars xas R M.,“" tormaetbuifage, otones | °*° i 1
— Koetreta ¢ S 4 13
3 4 1 1 229 2 239
%’ O 13 13 16 Y]
eult
e - ‘. 3 2 S 4 s
1o
a1 , Tl s 2 $?
446 1087 3 6 W am 2093
1 4 3 1 3 n 4
Gucumten
nﬁg 1 1
;m 1 1 1 3
lcnllt ae
m 125 2% 2 31 1 99
s29 4 S 424 415 1398
1 1 3 S
1 1
maculatys | 2 ¢ 1 1 10
Pied/station 7 1749 s 3 3 1478 698 4981
Pioh/station/0.1mt |75.2 124.9 | .8 6.6 jo.2 0.3 147.5 | 69.8
Blue Crad 158,18 | 12 s& she 15580 |aves | a2me ::x.c
i ot
(1) Reavy reins ia n&: weeks, r“‘l flapding {a ppper uT




TRANL DATA __0ceohaz 182 W
l 334
110 m 12 n3 114 us’ 116
- 16.0 22.0 22.0 |a2s.0 26.0 19.0
l LAl 1210 1213 2.0 I2220 I
l 391 1503 dsw Isw Jser Jeo |ee
.4 7.2 2.1 2.1 2.1 e 5.9 |
I o |
094% ,
Rast
[ ; |
]
0.8 |
¥
- !
[ | -é
Clupeidae »
Am&mﬂn}u 3 . ¥ 4
lueback,
u Aloes M Q2 18 & 3 2 3 7 164
tycenmws | 2 B 2 v 1 E é s 1%
1Bagreulidae 5
[I dnshos mitedqlly | 166 1Y 12 6. 3 3 1) 3 335
Tetaluridee . 2
; cqtue ¥ S
+ pusctgtys % 12 1 1 20
- asbuloeye 2 3 b
Beleatdae-nesdle tish '
] Stgonviure mexing 1 .
s Syagnathidee-pipefioh
’ fresngthue fuscys 1 1
n - 24 . 2 s 24 s 332 119
Karome [} 1 7 1
' Hetons =|nmﬂ' 2 1 3 5 ? 18
n Zomatomus sqltattix °
] Scleentidee & F5ean
Batrdiells shrysure 1 1 1 oy
207 % 80 13 a1 221 114 26 122¢ |
i-;mnu Y 1 2 17 3 . 2 19 48 |
stemle S . : ’ |
Tuissctes mgeulatus |2 ’ 1 2 3 s 2 19 |
station (3] nr—'m—‘rra—'wr—mr-—m 331 317
mvo::cwo‘.u .6 «;‘.‘z“ x:’s x:.a ; F:", . pre 18.9 $9.0
ve o & 1 t oo 3 3¢ | wae |asraw
(1) 110 moved 0.5 at Pue to drddgn’ ; ; ;
22+ (moet stheion) preseat X pnuati present

- ot T —




1.0 L 2.0 17.5 100 _17.0 3.0
1.3 2.0 1122 1.9 _lis o 12.2 12.9
1,408 11.490 §1.724 Jo.398 fo.311 f1.7m2 [1.43
ﬁ
[ 10,94 110.33 18,32 135.46 14.98 18.55 2.40
7.6 7.4 7.0 6.9 7.2 6.9 7.2
_Q_.ﬂ_._&__rl__m 23 40,0
0800 0900 1100 1130 1400 1130 0900
Luam b wmainnemlnne b unm nnes)
Vest West b Ebb Mood |Ebd Ebb
Y- 1 01 2
1.0 0.95 1.0 1.0 1.0 1.0 1.0
Anchor
Stumps | Bad Btan.]|Clean ! Jl... Rock]Rocks,etd OF FISH
1 1 1 | 4 2 s 22
33 6 12 12 2 65
3 3 7% 2 22 29 65 203
. 3 -3 S
1
13 17 9 o
117 7 s 132
[
1 1
1 1
3 s 2 14
. 2 1 3
s3 22 204 % 3s 8% 13 s78
1 1 2 4
Juv 4 Juv 9 juv 8 uv 1 y uv 1 Juv 9 32
2 3s 1 Y}
Juv S uv 1 uv 6 Juv 27 ]39
1 1
1
1 s 1 1 19
~ Tish/station 0 ) 3 497 4113 80 162 199 1211
Pish/station/0.1 mi | 4.8 6.9 4.5 49.7 11.3 ﬂa.o 6.2 19.9
Craagon no shr -~ 50 shrimp [~300 120




TABLE___XXIII . TRAWL DATA __ pocenhes 1531 =38-
| STATION # 109 110 111 112 13 14 115 116
antee. Co)  1g0 leo Jeo |90 |- |es | us |0
wre tee. (%) 6.2 66 1 6.8 6.8 6.2 6.8 | 6.9 6.3
saLrry (°/00) 0.649 ) 0.552 | 0.539 | 0.7267 | 0.290 | 0.281 | 0.83 | 0.476
ﬁ _oxyGEM (wg/L) 8.26 | 8.49 | 8.03 | 8.37 | 7.63 | 816 | 9.28
n 7.2 6.9 7.1 7.0 7.1 6.9 - o
. 30 30 30 30 23 25 e
u 18714 18714 12714 12713 12714 12714 12713 14714
;, Joa (EST) 1500 1615 ) 1300 } 1100 | 0945 | 0930 | 1230 | 113
E . east slack west 0 flood flood ebd ebd
S Current, Knot 1k 2k 1.5k | 2k 2k h,z-],g
1!
L N OV TR Gut) —Le tLo flo flo 1l flo |
! wd {n e SEges in 25gges rocks ih few
- DERIS dr et Eﬁm .ﬁ Stones | --- OF FISH
n%mml 1 1
Sea Lamprey
daguills rostrsts 1 2 3
Clupeidae - =
“ﬁf sestivelis 1 1
v ueback
» Resudohsrengue 1 i
lctaluridse
. punctgtus 1 1 2
Percichthyidae
Mozone smericesys |57 29 38 14 ? 1 40 a6 232
Sciasnidae
% munﬂ 2juv 2
)
Ixipsctes maculgtve 1 2 3
Pish/etation $7 N 40 15 (] 4 42 4 %S
Fioh/station/0.1ui. |S.? 3.1 4.0 1.5 0.8 0.4 6.2 (%}
Crengon
eeptemspinose 1 1
Shithropanopews 2 1 3 ]
harrisd




b4

Jgosal. 2

TARLE___XXIV TRAWL DATA __March 1972 -59-
STATION # 109 110 1 112 13 114 13 116
Al e, (°c) 120 | 1.0 | 15.0 | 10.8 | 1000 | 13.5 | 1.5
WATER TRMP. (°C) 2.4 2.9 2.2 3.2 3.1 2.4 2.7
SALINITY (/oo 0159 nom1 | oasel 0235 0.8 s.859 | 0,987
_OXYGEM (wg/L) 11.26 11.65] 10.29) 10.54 | 8.66 | 7.59 10.81 | 10.62
‘E -—ww vmw ome —e- cow -—o- -ew oo
cm) . 45 40 25.0 200 | 40 3s
gk k741 31 % 2/29 2/29 2/28 2/29 2/29
Joe 1200 | 1500 2
003 1.5 flood | flood %%L"}Tg%?
TIOR8 (Current, Knotﬂ 05§ 1.5 1.52 abb 1.0 ik ﬂ.ﬁ’l.ﬂtﬂ.i-l.ﬂ ‘
LENGTH OF TRAWL (mi) | 1.0 1.0 1.0 1.0 S 1.0 1.0 1.0
DESRIS clean clean | clean | clean rocks | “l‘l wis | e yrm
Mapuille rostrats
alvers 2 3 seyeralf 1 9
Cyprinidae
Shiner 1 1
Ictelurus punctstus 1 1
Percichthyidae
Hogone smericsnus | 3 2 4 2 1 12 12 3%
Morcae saxacilis |1 1 2
Percidas
Rercq  flavescens 1 1 2
Fish/station 43
Fieb/etation/0.1ui. | 0.5 0.2 | o4 0.4 1.0 0.2 1.6 T e




==

;

TABLE __ yyy TRAVL DATA _ Aoril -5 1972 -60-
STATION # 109 110 11 112 113 114 115 116
AR TRMP. (°C) .- 11.5 8.5 6.0 10.0 9.5 7.0 9.0
WATER TEMP. (°C) --n 7.4 7.1 7.3 7.6 16 7.4 7.5
SALINITY (°/00) 0.326 0.493
oxrem (mg/t) 1 eomz { ouol aearl amcol 2se ) 2sas ] asz0) soese ]
P s L S il e el L
ca). 50 40 --- 30 35 40 30 25
i 741 743 743 LY/ 4/% 4/4 4/4
TIME 1343 1200 1000 1030 1345 115 0900 1445
T ; T.0-1.3] 2.0k T.5k — & |1-1.5 1.5k 1.5
Current, Knot East | EasC | slack | flood Iflood Jebb ! flood |
LENGTH OF TRAWL (ml) { 1.0 10 1.0 L0 0.5 1.0 3
toran few
. clesn -atones § atonesy - — OF FISH
Apguills rostrats 1 1 2 4
Clupeidse : § s
Aloss sestiveles ? & 10
A psevdohsreqgue 2 3 1 ¢ 4 16
4- sepidissing 1 1
Engraulidee
' Amchog hepsstus
Syprimve carpio 1 1
Yereichthyidees 3
Meross smeticens 39 88 2 3 ? 3 3% 78 378
Herone saxetilis 1 i 3 1 ? 3
Pish/station 40 19 99 4 10 3 42 9% 424
Pish/station/0.1ui. | 4.0 9.1 9.9 4.3 1.0 0.6 4.2 9.6 ‘
[}
!

T e R T T S e L e




m__m_ TRANL DATA ._...In._l.m 1912

-61+
STATION ¢ 109 110 111 112 us | 14 s 116
ARme. Cc) Iang | ... 20 [ 128 | 190 Ji.0 1 105 | 160
W e, (% 1.4 16.4 16.2 151 153 A4 1 150 1 1.2
Sunory Cloo)  loged | oosa ! oan |l o210 § oaas | oo | 2,068 | 0.128 |
Sxom (ea/t)  lea | oan ! asas! sotw | se ] 229 2,288 1 5,600
1y /8 % T T T T T
ST) | $/10¢
Knot Lk Lk LosSk 1Sk |k L 1.5k
LENGTH OF TRAWL (al.) 03 110 | n.z:__u__m__._u_m
. 1 -t" log iece of | tree g
Samuilly estraty g B 5 gmes i g ? & g
i o 2 1 3
w m.* 2 1 6. 1 2 2 3 1 18
m‘;m 72 1 ? 4 n
qm S Sarpio | § 1
{iner b 3 bl &
Ictaluridae
3 o o R i ’ : . H :
& " 1 . 2
"m"ﬁ‘.'ﬂm 148 48 43 22 % 1 139 266 7%
Mocone saxatilis | 200 2 ’ ’ & 18 S
Percidas
Rerga flevescens | 1
Soletdae
Ixipsctes maoiatys | 19 52 s ”
Fieh/station 458 138 72 107 49 35 217 22 1349
Fieh/station/0.1 mi. | 61.06 27.60 7.20 10.70 6.53 3.5 21.70 27.4




S A 3 S SN 0 b s P B G 1 i e i

e BVIL 7ML DATA May Medune | (uns 2972) -62-

,[ |
ﬂ STATION ¢ 109 110 11 12 s | s | us 116
AR TR®. (°C) 17.0 21.5 | — | 20.5 23.5 22.8 17.0 | 26.5 B
E WATER TEMP. (°C) 20.6 19.5 19.1 | 18.9 19.6 19.3 19.1 | 19.3
SALINITY (°/oo) 1.676 1 1.458 11.892 | 1.716 |o0.310 |o.385 | 1.196 | 1.1
E OXYCEN (mg/L) 2,857 1 7.051 | 6.936 | 7.003 | 5.675 s.710 16,919 |e.742 | g
pH :
3 25 as |
4 E 5931/7? S/31/74 75731774 /31774 5/31/7] ;
4 -—1&5_‘
1 2 Floodo. 5| plsd2° Ebb F ‘
. 1.0 1.0 1.0 1.0 1.0 *
clean { clean | clean | stone | 155 Llean } OF FISH
1 Anguills rostrata 2 { l4elver| 3 1s RSN
i Clupeidae , :
' » Aloss sestivales 1 2 3 |
= A. pesudoharengus 1 2 1 4 |
J Bagreulidae- %
dnchog gitchillt 1 1 2 :
: : 4
¥ ; Ictaluridae :
f : 1. satus 1 1 2 i
L] 1. pedulosus 1 S 2 1 1 10 |
. 1. punctatus ¢ S 1 12 %
Pctcichthytdn :
- Morone smericenus |57 89 410 77 100 260 105 195 1293
57 Yorone saxstilis |2 4 ¢ 1 3 1 6 22 |
d Perca flavescens 1 . 1 ;
Soleidse .
Ixinectes maculatus 7 3 1 1 2 642 |
J 2ieh/station 6s 133 431. 82 109 263 109 210 1402
Fish/station/0.1mi 15.5 13.3 43.1 8.2 w:o.s 26.3 10.9 21.0
- |
| y
1
E
£
|
L
q

£

3

s et e 7 R e e A& T e




TABLE_ XXVIII _ TRAWL DATA __ July 1972 -63- <

STATION # 109 110 111 112 113 114 115 1 116

An e, (°c) 220 1 200 | 26.0 | 30.0 |28.0 33.0 | 25.0 | 3.0
wATER TEMP. (°C) 22.9 22,0 1 22,9 | 223 l22.40 | 22,60 23.00

SALINITY (°/o0) 0102 10106 10,2405 10,236 10.1305 10,1165 |0.181 |o0.134
OXYGEN (mg/L) 5.38 $.95 4.18 4.45 4.032 | 3.539 4.29 4.96
pH

. 20 20 23 31.0 26.0 | 41 30 2 |
7/10/72 monf 7/12/13 7/10/724 7/11/74 1/11/73 1/11/74 1/11/72 |
1530 11400 | ;

D
TIME (EST) 0930 L0800 1 1400 1 11001 0915 |

Current, Knot

LENGIH OF TRAWL (mi) | 1.0 0.9 1.0 1.0 1.0 0 1.0 1.0 |
mud, torn :
DEBRIS — log net hung OF FISH

Anguillidae y
Anguilla rostrata 1 2 3

Cluwpeidae
Brevoortia tyrann 1 2 3

Ictaluridae e
Ietalurus catus]| 2 1
Ictalurus nebulos 1 10 1 1 1 2
Ictalurus punctat 3 2 1 3

Cyprinidae
Cyprinus carpio 1

Percichthyidse
Morone asmericana 54 85
Morone saxatilis ;

Sciaenidae
Letstoms xanthured 1 1 2
Soleidae
Irinectes uculat# 4 4

.

8w

468

-0
W
r- 3
%
Similar to 112
~
[
~
8

Fish/Station

Fish/Station/0.1 M1,

Very few blue crabs.




TAME XXX TRAVL DATA __ Auguat 1922 -64-
STATION # 109 110 11 12 13 114 1s 116
AIR TRVP. (°C) 23.0 26.0 23.0 23.0 30.0 | 32.5 |23.0 30.0
VATER TEMP. (°C) 25.1 25.1  |2s.0 24.8 25.6 | 25.4 |22 25.6
SALINITY (%/oo) 13,758 12306 | 3.354 | s.a36c1] 2.966 | 3.463 ] 6.309 | 2.796
ome mg/t) L e2e 620 leee | 668 | 656 1652 [1.04 f6.98
P 2.2 1 20 j— 6.9 — 1.0 — | 7.0
.ﬁn.ms_(m_.s ——t S0 s s 1a0 1 30 S5 1 20
8/10/72 | 8/10/72 | 8/10/72] 8/10/72] 8/9/72] 8/9/72] 8/10/72] 8/9/72
TDE (EST) a0 0830 1630
IIDE (Current, mt’! 2,0 East 2.0lslack |05-1.0 =0 dm 0. ﬂoo: s L Epb 1.5
LEWGTH OF TRAWL (L) | }.0 1.0 0.5 0.5 1.0 | 1.0 1.0 1.0
m . clear clear OF FISH
Aaguillidae
Aaguilla rostrs 2 6 8
Clupeidae ‘
1 1 1
1 § 14 2 23
3 1 4 2 19 3
Bagraulides
Anchos mitchilli 1 1 1 1 1 ]
Cyprinidae
Cyprinue carpio 2 1
Ictaluridae 3
Ictalurus catus 1 2
) 3 ebulos 10 3 3 16
ﬁ uncta 2 3 1 3
Percichthyidae a
Roccus smericana 130 48 4 553 232 3 308 | 1340
Morone sapatilis 2 2 4 8
Scisenidae
Scisenidae l Jv
Cynoscion regslis 24 yuj. s:t ).mgv 23 jup. 286 juv. 1314 fuv.119 3§ | 2488 ¢
S a la n
! ' 1(im)
Leistomus xanthu 2 ] 3 [} ) 14 s 22 63
Micropogon laty 2 1 4 2 1 3 8 23
Soleidae
Irinectes maculs 2 2
Fish/station _168 157 | 189 | 387 (1) 1598 | 127 07
Pish/Station/o.1l Mi. | i6.5 15.7 33.8 84.9 157.8 | 1207 ©0.7
Crab W | shre |- e cf-mlt‘;m, r,-{i," s | W




s -4 b o e b itals o T 1

PTCTI. TRAVL DATA __Septesber 1972 -85- |
STATION # 109 no |Min 112 us | e 115 116 "‘
AR RO, (%C) 29.0 - 3.0 ] 2.0 |—— ]|25.0 | 280 | 20,0
wrme e, (°c)  ]24.00 23.80 | 23.90 | 24.00 }23.90 23.90 23.70] 23.%0
SALIMNITY (%/00 3,595 ls.n6 s.888 | 4.645 |a.471 |5.322 | s.105 4.598
oxveen (mg/t)  16.32¢ 16,268 | 6,005 1 3.865 16.815 16.538 17.292 16.419
L
m_nm.@sh_ .’_le._ 20 1 sl 60 1390 _J1sO S0l S0
_zna @) 72 93“2 2| 81 9{,{52 2847 72 |
R 2.0k [Nesr sl 3 1 i 1.5-2.0] 0.5
LENGTR OF TRAWL (i) | 0.8 1.0 1.0 h.o 1.0 1.0 1.0 |10
. bung upW move 0. JTOC TR
- | glaan | clean lclean !claen JOF FISH
Anguillides ;
Anguilla rostrats 1 1
Clupeidae -
a sestiv. 1 2 17 20
ﬁ 1 4 2 3 10
!m% 2 4 1 3 1 2 13
Bagraulidee .
Machoa mitchilli ? Al 13 i 3z
letaluridae ;
ta 4 4 4 1 2 2 4 21
Percichthyidase
amsricans 1u 4 21 3 22 6 14 29 10
saxatilis 1 1 2 2 ]
Pomatomidae
Pomatowus selcatri i 0 % *
Scissnidee .
48 464 ns Y3 413 8s7 221 | 1008 | 3a2
% 6 16 1 7 S s 18 &
2 9 ¥ 4 3 )
Y T 1 1 b t 3
soleidae
Iripectes ? 3 oF. e
Fish/station 6 501 | 380 110 430 _ _.H_JL 1118 [378%
Pish/Station/0.1 Mi. 10.6 0.} u.or 11.0 4S. 8.} u.ﬁ m.ﬁ
Blee Cred o | 32t | 0B dicv | Lt |11 | st | AOF (3
la. i1m. L ) Sa 3a 1%m)
(1) Statica 111 rn 0.3 T W for T«...
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I |
TABLE_ xxp  TRAML DATA _Qcteber 1973 -85
Il STATION ¢ 109 110 11 1 13 | s ne
AR IR, (°C) 23.0 1.0 | 22.0 2.8 23.0 | 2.0 | n.0o | n.0
u WrER TR, (°C) 19.6 19.5 ] 19.3 | 19.2 | 196 | 19.7 | 19.4 | 1904
SALINITY (°/o00) 1.2 220 | 8.4 | 8.0 | 6.7 |62 | 078 | 2.9
ﬁ oxYCEN (wg/L) .58 7.99 | 8.20 | 8.09 | 757 | r.02 | 798 | wied
! - - - - - - .w -e
ﬁ g em). O -2 $o
JIbe (EBST) 10/4/72 ho’f”: 1078772 | 1074772 |a
t

%;97: xi;”u 13377: 10f372
1 I 5] : :

1 Current, Knot '8 i’“ i s i s i i ﬁ. :
§ LENGTR OF TRAML (ui) | 1.0 1.0 1.0 1.0 1.0 1.0 0.5 1.0 ern_ .
|
DEBRIS Clear Clear | Clear | Clear | Clesr | Clear .Anc! !
- & |
s Clupeidae |
__Alogapseudoharen 1 1 2 1 s 3
drewoortis Exﬁ 1 1 2 1 s |
b Engraulidae. - ‘
Anchos sitchilly 1 s 5 1 3 15 !
] lctaluridee ‘ = |
| ] Jetelurus ulos 1 1 {
ctat 38 20 2 ] 2 3 ] |
satus 3 2 s 1
Anguillidae i
Anguills rostrate 1 1 3 2 1 8 {
Percichthyides »
3 Morone assricans 118 24 6 ¢ 23 4 20 14 223 |
= Norone saxstilis 1 1 2
Sctemides '
cion regalis 1s 421 n 0 Al 23 126 | 93 | 2an
thu 2 1 1 s ]
dulat 1 1
; a Y 1 é S 12
: LJ Soleidae
3 Irinectes maculatusl S 10 2 N 3 21
Jopsl Fieh % | 158 2\ By 18 1 1610 [97as
Fish/Station/0.1 ui. 18.3 tt.T 8.6] 40.8 7.1 3.1 1.4 101.0f
Slus cred ) 1wl »
of ..) 5.3 "ﬁ 1 o(:.)




November 1973

TABLE__XEXII  TRAWL DATA -67-
m;ﬂ # 109 110 111 112 113 114 113 116
AR me. (Cc) 10.0 16.0 | 13.0 9.0 6.5 8.5 8.0 6.0
WATER TEMP. (°C) 12.5 12.4 12.3 12.4 12.4 12.5 12,3 12.3
SALINITY (°/00) 7.338 7.363 7.423 5.859 | 5.690 | 6.000 } 7.325 | 6.739
M_ 8.639 ' 8.571 8.526 8.38% 7.980 7.6725 8.726 8.721
E -e - - - ow - - -e
.- 40 .- 30 - .- 3 S0
1200 0930 1430 1030 1130 1330
Jb& (BST) 11/2/72§ 11/2/72] 1Y/2/73 11/1/72] 11/1/72] 11/1/72) 1171/72] 11/1/72]
West .S West | West 1Y | "Ebb Tbb [ Ebb Last
~2IDE (Current, Knots) 2.0 S Bast | 1.0 1-1.5 _lo.5-1.0 ] 1. 1.5 |rd.six.
LENGYH OF TRAWL (mi.) [ 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
m. - - - oe © - - - - 'Im
ABEuille rostrats ‘1 1 2
Clupeidee @
Alges gestivales 3 1 S : 1 11
. 17 ? S 9 12 4 18 I 83
tis tysamue | 3 1 1 , 5
Bagraulidee
fashog mitchillt |5 s ¢ 2 26 Y 61
Ictalurides
1. asbulosus 1 1
Percichthyidee §
americanus |1 8 8 27 66 16 13 22 172
a saxatilis i 2 1 1 s
Scisenides .
regsalis 3 jw 1jw. |1 jw Juv 8 jw 17 juv
wm 2 1 2 15 2 9 a
1 1 1 3
hairiisiia 1 1 |2
Soleides
Irinectes maculstus |1 1 2
Pieh/station & 24 21 46 99 23 63 7 395
Pioh/otation/0.1mi |4.7 2.4 2.1 4.6 9.9 2.3 6.3 7.2
sept inosh few crangon |crangon crangon | crangon]

|
o
|
4.
|
{
q
|
{




=l s

PO

e

TABLE__JEXIIL = TRAML DATA __ December 1972 -68-

STATION ¢ 109 110 11 12 113 114 ns: 116
Alr tee. (°c) 3.5 4.0 17 12.0 8.0 4.0 10 8.0

WATER TRNP. (°C) 6.1 6.1 6.4 6.3 6.3 6.0 6.2 6.0
SALINITY (°/00) 0.425 | 0.425 | 1.062 | 1.995 | 0.1305] o.1265] --- 0.339
OXYGEN (mg/L) 12.957 | 12.935] 11.639] 13.380| 14.861) 11.256} 15.650] 13.435

. > e
; 2% 23 25 30 |34 22
12/7772] 1277777 1276773 u/s/ﬂ 1277773 1277771 12/6/714 127977
Joe (EST) 1500 1 1600 1 1300 1 1300 | 1030 | 1213
2.5k 2.5 Vest ebb flood | flood | flood | flood

TIDE (Current, Knotell yoor MNeat 1 0.5 2.5 1.S5-1 1.5 2
LENGTH OF TRAWL (i) | ¢ 5 1.0 1.0 0.5 Lo _q..z___,_u____u_m
w

DEBRIS 3-3 3-0 0-1 = Q-1 §-0 ! OF FISH
Anguillidae

Anguills rostrate 1 i
Clupeidae

Alosa pssudohgrengud mo fish no fish 1 1
Ietsluridse
¢ Jetelurus punctstus 1 1

1. pe sus 1 1
Percichthyidae

Horone amaricans 6 3 4 13

Hoxone spxetilie ! 1
~ FisN station [ ) 3 0 1 1 1 6 18

Pleh/station/0.1 ui | O 0.6 0.3 [ 0.1 0.2 0.1 0.6

o

P G SRR N W
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TARZ ZRKIV TRAML DATA _ March 1973 -69-
STATION # 109 110 111 112 1 | na 115 116
AR . (°c) 9° 9° 1 16° 15 19 16 16

v oe. (%) 4.9 4.7 6.7 5.7 1.1 5.7 5.8 5.2
SALINITY (°/00) 4.489 4.259 2292 1 2,954 | 2,355 | 2,316 | 3.sn
OXYCEN (mg/L) asa no 2 dats | --- o= -ax

—Sramt 3

BT T

v

3/8/73]

L —
!li$ 11:40 ll:ig 1345 ;g-,zg lg
. . l! . .
1 b 1
4 EEE bits ov Fis
1 ? s
1
1 1
' Percichthyidae .
Morome gmericenus | 6 4 15 3 ) 1 1 30 100
Horoge gaxatilis 1 1 1 3
Pish/statiocn 7 '3 16 32 1 11 13 5?7 193
Fish/station/0.1 mi] 1.4 .6 1.6 3.2 1.1 1.1 2.6 s.?
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TABLE__ XXXV TRANL DATA _Aprd] 1973 ~70--
STATION # 109 110 111 112 113 114 115° 116
AR @@, (%) 10 11 8 10 9 .- 12 10
VATER TEMP. (°C) 9.6 9.6 9.5 | 10.2 0.5 10.1 10.3 10.4
SALINITY (°/00) 1232 12,056 14321 1,402 1275 .597 1.001  .135
OXYGEN 11.549 |11.177 13.284] 10.79% | 8.637 9.356 | 10.352] 11.307
pit
cm) . 45 40 25 40 50 45 40 45
4/ 4/5 :
~IDE (2ST) .50 114:65 1 8:33 11041 1 1303 | 1265 | o848 | 0920
IDE (Current, noe,\f flood jflood §1god | flood | flgod | flood | flood | flgod
LENGTH OF TRAWL (i) | 1 P‘ 1 .S .5 1 1
winch 'Ioik’ 3 1b
DEBRIS broke #8088 cobbles OF FIS
Anquillidae
Anquills rostrata| 1 2
Clupeidas A :
Aloes p. engus 3 ? 3 L 1 3 21
4. gestivalis 2 3 1 ?
A: sspidissima 1 1
- Pgevoortiq tyrannds 1 1 2
« _ Dorosoms cepedi 1 1
Cyprinidse ,
u goﬁ' tus 1 1
Ictaluridse :
ctglu ulol 4 1 1 6
Percichthyidae k
Morong gmericana | 45 S 48 5 1 13 14 S 216
Morope saxitalis |5 b 2 1 3 1 1 2 20
Fish/station ss | 93 61 16 4 16 19 10 217
Fish/station/.1mi |S.S .6 6.1 [3.2 .8 1.6 1.9 1.0

bt




-71-

113 114

115

116

u 22

13

1’-1

15.13 15.1

15.8 15.0

15.2

15.4

2974

.550

.252 .233

372

»325

7.620

7.620 S

427 67

.26 6.851

33

35

35

40

13:00

11:40
3

1.3

13:10
7

i
]

3 | »
11
s/8/73 |8/

08:05
3/4/73

- -

Last

1

AR ¥ 58

5/8/73
)

1

-Anguillidae’

dnguille rostrata

Engraulidae
Anchos mitchilli

Ictaluridae

Tus catus
S

Percichthyidae
Morone smericana
¥orcue saxstilis

Percidae
Perca flswescens

Soleidss
Irinectes maculatus)
Cyprinidaes
Notropue cornutus

LA™ N J

231

w®

w~

12

5%

148

-l

m

Heh/Seation

Fish/Station/0.Tal

" W

1.

4.0




TAME_ XXXVII  TRAWL DATA __ Jume 1973 -2
l STATION # 109 110 111 112 13 114 115 | 116
AR me. (°c) 2 29 33 2701 2 2 23 28
l WATER TRMP. (°C) 27.2 27.0 26.4 24.9 26.7 | 2.8 24.8 24.8
sapoary (/oo . . 4] .166
) 154 2159 2124 446 184 | .166 .648 .220
l _oXvaEN (mg/L) 10.02 9.673 |8.008 | 72.736 |e6.066 [s.860 6.70 6.967
..
1] 65
'm-“-""‘—ﬁm 13:00 08:00
Ihg (RST) 6/13 6/15 6
&aC
ZIIR (Cugrent, M# Low ¥QK) | Elood
[ LENCTH OF TRANL (=i) | 1.0 1.0 1.0
S N Trees |Hole in | Stomes | ___ e
RIS 0y 31‘2:#_120.&_.!1“_ OF FISH
[ of :x'a:‘.
5 2
Clupeidae
: Aloss sestivales 3 2 1 1 1 8
Alocsa pseudoha . i 1 i 2
‘ ia tyran 1 2 1 4
lctaluridae ‘
rus 1 2 1 1 s
letalurus nebulos 2 2 1 ? 1 13 ]
L Ictslurus puncta 1 9 . 10
* -Amguilla rostrata 2 2 6 S 15
Percichthyidae
Mo amsricana 17 97 115 as 47 28 760 45 | an
H Horons sssacilis 1 2 1 1 14 19
Scisenidae
| Wicropogon wndulatys 1 ? 2| 10
o Soleidae
Irinectes maculat 1 4 1 1 1 1 9
! Fish/Station 22_ 121 | 124 319 ) 28 %2 | 770 | 2206
=
Tish/Station/0.1 wi. 2.2 12.1 _13. €3.8 5. 2. 78. 77,
L
d
[ |
ﬁ




TABLE__ymxvirr  TRAWL aza __July 1973 -23-

&u_ﬁ_o 109 110 11 112 113 114 115 116
AR e, (°c) 265 255 | 3.0} --- — — —_
VATER TEMP. (°C) 28 23.801 22.4 o 26.0 | 26.10 26.40 26.5
_SALINITY (°/o00) .383 .378 282 —- 265 | 2% .385 .207
ﬁ _oxYcEN (eg/L) 3.913+| s.138 | 2.488 | ~—- 3.228 |2.819 3.951 3.550
2

{
'
-]
8

| e

E{i

5 B
=)
3

n
]
-
=
=
w

Spoga o1sc (cm). ) % 28
The (EsT) §1iths %Eiii: W3 = | %d}

Flood Flood | -—- )
rs 108 (Curvent, mtﬂ (2) (.2) (2.9 -~— (.3) Q) (2) €3
.3 LENGTR OF TRAVL (ni.) T 1 1 — 1 1 1 1
£ DRBRIS Dead Stxiped OF FISH
i TS, e
Clupeidae
Aloses mn‘otumd; 1 1
*i 4lcea asstivales 1 1
2 Ictsluridae
Ictalurus catus \ 1 11, 2 : 14
- Ictalurus punctat 10 1 1
] iulod 1 1 :
. rostre A b 4 1
g:ﬁ;t 1 1
| . L '
Morose smericens 27 ue| s ] 1 1 7| 2
2 Moroms gexstilis 1 s i
Scisenidas §
l leistomus xenth 6 0 22 6 1 1| 13 99
‘ Iriosctes maculatus 1
3 Fish/Scation 3% 223 82 3 2 21 20 37L_
wﬂ,‘m D.1 mi. 3. . . 0.6 0. Q.2 2.0
¥

* Bod repeatsbilfcy

R B B B I




113 114 115 116

2).204 28,0 1 27.01 27,4
0.477 | 0.419 | 2.245 | 1.426

63
40 40 50 »
11230 § 14:08 iz:oo 10:00

A0 110 1 1.0
or risu

1 1
2 20
3 9 12

1 2 u _‘

§

1 1 f

:

1 1 1 4 |
2 3 18 27
3 3 2 15
3 1 1 s

55 90 38 163 sa1

2 3 1 % |
J 657 " 768
16 9 183 %4 |20
1

Tish/Station/0.1 Mile
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Benthic
Biomase
Demersal
Detritus

Epifaunal

Menzies trawl

Peterson Grab

Secchi Disc

Van Veen Grad

-75-

GLOSSARY

Bottom dwelling
Living weight per unit area
More dense than wster

Finely divided settleable material suspended
in water

Living on a substrate

A substrate interface sampling device con-
sisting of a fine mesh net suspended in a
flattened metal frame

Bottom sampling device consisting of 2 hinged
buckets which when actuated samples a semi-
circular cross-section of the substrate

A device used for 'measuring water turbidity.
‘Usually s white disc which is lowered to
point of disappearance

Bottom sampling device, similar in design to
Peterson grab




