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ABSTRACT

Calanoid copepods were sampled quantitatively at twelve
stations in the York River estuary monthly over a two year period.
Twenty-two different calanoid species were identified, with five
species, Acartia tonsa, A. clausi, Eurytemora affinis, Pseudocalanus
minutus and Pseudodiaptomus coronatus making up 95% of the numbers
present. Several factors were investigated to determine their
influence on copepod abundance. Of these the greatest biological
influence was the ctenophore, Mnemiopsis leidyi, a predator which
reduced copepod numbers logarithmically at stations at which it
occurred. Increased river flow was followed by large increases in
copepod numbers and was the most important physical influence.

Distribution of all calanoid species appearing in the
estuary was described. Seasonal copepod abundance and the Acartia
tonsa - A. clausi distribution in other North American East Coast
and Gulf of Mexico estuaries was compared with that of the York
River.
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DISTRITBUTION AND ABUNDANCE OF CALANOID COPEPODS IN
THE YORK RIVER ESTUARY VIRGINIA,
1968 AND 1969



INTRODUCTION

Increased utilization of estuaries concurrent with in-
creased population 1s ﬁaking it imperative that present management
practices be updated. Inyestigations of many factors are necessary
before realistic programs may be formulated. Unfortunately, for
most estuaries, this information is not in hand. A prime reason
for this is that many components of the systems must be studied.
BAnother is that, due to the dynamic character of estuaries, many
observations are required before patterns are established and con-
clusions can be reached.

Serious concern for conservation of estuaries is com-
paratively recent, dating only to the last half of the twentieth
century. This is not to say that estuarine studies do not predate
this time or that prior studies did not question the adverse effects
of man's role in estuaries. Multi-disciplinary studies having as
their chief objective the determination of factors contributing to
the degradation of estuaries and means of minimizing their effect
are just beginning to occupy a significant segment of the scien-
tific field. For this reason comprehensive baseline information
of relatively pristine systems is hard to come by.

The York River is one of the major streams on the Atlantic
coast of the United States least affected by man's activities
(Brehmer, 1970). The Virginia Institute of Marine Science is

situated on this body of water and for many years considerable
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research by staff and students has been carried out on the York

and its tributaries (Brehmer, 1970; Boesch, 1971; Burrell, 1968;
Calder, 1968; Calder and Burrell, 1967, 1969; Cones and Haven, 1969;
Feeley, 1967; Fournier, 1963; Haven, 1957, 1962; Mackiernan, 1968;
Marsh, 1970; Massmann, 1963; McHugh, 1959, 1967; McHugh and Andrews,
1958; Mulford, 1962; Norcross and Joseph, 1963; Patten, 1962;

Young and Roberts, 1966; Van Engel and Joseph, 1963; Wulff and Webb,
1969). Considerable biological and physical data are available for
comparison with newly collected information, thus making this an
ideal area from which to compile further baseline information
needed to formulate estuarine management programs.

Knowledge of the distribution, abundance, and biology of
important groups of estuarine animals is an important prerequisite
to understanding a system. Such a group is the calanoid copepods
which are the most numerous gzooplankters in estuaries as well as the
sea and are of prime importance in the food chain (Green, 1969;
Hardy, 1956; Ommanney, 1961; Raymond, 1963). While Burrell (1968)
and Jeffries (1962, 1964, 1967) were concerned with certain aspects
of the distribution and ecology of members of this suborder in the

York Estuary, the need to describe them in detail remains for the

present study.



METHODS

Area

Chesapeake Bay is the drowned mouth of the Susquehanna
River. The York River is probably the most southern tributary of
the Susquehanna, as the James River is thought to have been a
separate system (Pritchard, 1967). The York drainage area lies
between those of the James and Rappahannock and is less extensive
than either, having an area of 2663 square miles compared to
10,060 sg. miles for the James and 2715 sq. miles for the Rap-
pahannock (Barden, 1930; Young, 1932; Virginia Division of Water
Resources, 1970).

The York is a short and straight stream flowing in a
south-easterly direction approximately 28.5 miles from the con-

fluence of the Pamunkey a~d Mattaponi rivers at West Point,

Virginia, to the mouth - - s Marsh. The Pamunkey is the larger
of the two chief tr ¢ . :, draining approximately 1477 square
miles as compared t: .9 square miles for the Mattaponi. This in-

vestigation extended from the junction of Thimble Shoals Channel
and Chesapeake Channel at the mouth of Chesapeake Bay to Lester
Manor, a point on tha Pamunkey River approximately 80 miles distant
(Fig. 1).

Tides extend approximately 96 miles up the Pamunkey from
the mouth of the York. The mean range of tide is 2 feet at the

mouth of the York, increasing to 2.9 feet at West Point and

4
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Figure 1. Map of the York Estuary and lower Chesapeake Bay showing
sampling stations.



decreasing again to 2 feet at New Castle, Virginia on the Pamunkey
82 miles above the mouth of the York (Barden, 1930). Brackish
water extends approximately 40 miles up the York System, varying
from 37 miles in the spring to 44 miles in the fall (Van Engel and
Joseph, 1368). The ebb excursion is longer on the surface than the
flood, while the flood tide flows longest in the bottom, indicating
a net downstream transport at the surface and a net upstream
transport on the bottom in the estuarine portion of the system
(Brehmer, 1970).

The towns of West Point, Va. and Yorktown, Va. and
located on the York River. Treated waste from a paper mill and
cooling water from an electricity generating plant enter the York
at West Point and Yorktown respectively. BAn oil refinery at
Yorktown is a source of potential oil spills. Runoff from agri-
cultural operations also influences the quality of the York River
water. Nevertheless, man's influence on the York was less than
on any other major stream entering Chesapeake Bay at the time of
this study (Brehmer, 1970).

The Pamunkey River varies in depth from 15 feet at the
entrance to Cumberland Thorofare to 40 to 60 feet deep in holes
at each bend as this stream meanders from Lester Manor to West
Point. A 17-foot channel is maintained from the Kraft paper mill
docks at West Point to Bell Rock. The York River between Bell
Rock and Cheatham BAnnex (a military installation 9 miles above the
mouth of the York) has a controlling depth of 20 feet with holes
up to 70 feet deep. From Cheatham BAnnex to Tues Marsh the channel

has a minimum depth of 44 feet and maximum in excess of 80 feet.



Aside from a maintained channel of 37 feet depth between Tues
Marsh and York Spit, the depths exceed 43 feet across Chesapeake
Bay as the York reaches the ocean. Channel widths vary from less
than 50 yards in the Pamunkey to over a mile in places in the Bay
(Charts 494, 495, and 1222, U.S.C.G.S.).

Salt and freshwater marshes border the Pamunkey River
throughout the study area. Wass and Wright (1969) estimated the

York drainage basin to contain 23,482 acres of marshes.

Eight stations were occupied on a monthly basis from
January 1968 through December 1969 in the York and Pamunkey rivers.
The stations were five miles apart except for the most upriver
station which was ten miles above the next downriver station. Four
stations were visited monthly in Chesapeake Bay for the same two
years except for the most seaward station which was established
only during the last 19 months of the study (Table 1, Fig. 1).

Temperature, salinity and dissolved oxygen were deter-
mined for the water at one meter below surface and at one meter
above bottom at each station. Bottom water samples were taken with
a Kemmerer bottle and surface samples with a pump. Temperature
was measured with a stem thermometer. Salinity and dissolved
oxygen samples were returned to the laboratory where determinations
were made with an induction salinometer (RS 7A) and modified
Winkler titrations, respectively. Light attenuation was measured
with a Secchi disc. Sea condition, cloud cover and precipitation

were also recorded at each station.
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Plankton tows were made just below the surface and at one
meter above the bottom with a 5-inch diameter Clarke-Bumpus Quanti-
tative Plankton Sampler (Clarke and Bumpus, 1950) fitted with a
#6 Nitex net, 0.239 mm mesh aperture. The tows are called surface
and bottom tows respectively in the text. Tows were of S5-minute
duration except when clogging and towing area required that they
be shortened. The sampler was calibrated inlthe David Taylor
Towing Basin at the High Speed Phenomena Division of Naval Ship
Research and Development Center, Langley Bir Force Base, Virginia.

Two 24-hour stations were made at Y10, one when the
copepod numbers were expected to minimal in June and the other
in October when greater numbers should be present. Stations were
made at approximately each slack water and approximately each maxi-
mum current in both daylight and darkness as predicted in 1969
tidal Current Tables (U.S.C.G.S.). Salinity and temperature data
as well as 5-minute Clarke-Bumpus samples were taken at the surface
and one meter above the bottom. Two tows were made upstream and

two were made downstream so that the effects of current would

be minimized.

Laboratory

Plankton samples, after being preserved in the field with
5% buffered formalin, were returned to the laboratory for counting.
These samples were subsampled and the copepods identified and
enumerated. The number of times the sample was subdivided was
such that at least 100 of the dominant copepods were counted.

Entire samples were scanned for rare species.
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Copepod predators were noted in order of abundance in

each sample, with the exception of the ctenophore Mnemiopsis leidyi

whose volume was recorded in the field, and large scyphomedusae
which were recorded from a fish trawl made concurrently with the
plankton tows.

All counts were recorded on cards, placed on magnetic
tape and analyzed with an IBM computer. The abundance and distri-
bution of each spegies of copepod was determined and the influence
of salinity, temperature, dissolved oxygen, turbidity, sea condition,

and predators was analyzed.



RESULTS

Hydrography of the York Estuary
Salinity

Salinity one meter below the surface and one meter above
the bottom was determined monthly for a period of two years at most
stations except when prevented by sea conditions or ice (Figs. 2-4).
A0S was sampled over a 19-month period, from June 1968 through
December 1969. The 12-year mean and range for the period 1955-
1966 is superimposed on Figs. 2-4.

Salinity in the York-Pamunkey system, but not at Bay
stations, closely followed rainfall and runoff (Table 2, Figs. 2-4,
Appendix Tables I-XXIV).

The winters of both years were dryer than usual, except
for January 1968 in which runoff was above normal, and extremely
low salinities were found in the segment sampled (Y25-C00). Sal-
inities in April closely approximated the 1l2-year mean, while in
May they were higher, with values for 1969 higher than those of
1968. For the remainder 6f 1968 salinities closely approached the
mean. In 1969, however, they remained above normal through July.
Heavy rainfall occurred in the first half of August and runoff was
more than usual for the entire month. On 19 Rugust, rain from
hurricane Camille fell over the watershed, increasing the monthly
mean discharge by 171,759 second feét (Table 2). This resulted in

much lower than average salinities (Brehmer, 1970) which are not
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Table 2. Monthly discharge of the Pamunkey River near Hanover,
Virginia, in second feet. Source: Water resources data
for Virginia. Pt. 1. Surface water records. U.S. Geol.
Surv., Water Resources Div., Richmond, Va.

1968 1969 1942-1970
28-year mean

Januvary 57, 534 20,677 39,510
February 16, 004 25,128 41,321
March 53,136 42,818 56,133
April 15, 700 19,802 40, 560
May 16, 707 9,961 29,119
June 14,009 18,076 16,239
July 4,572 24,110 16,223
August 7,571 197,815 27,144
September 1,677 12,263 11,143
October 1,958 16, 340 15,890
November 10, 539 20,853 19, 567
December 9,447 33,167 32,114

15
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reflected in the BAugust data (Fig. 3) as the August cruise was made
on the 4th and 5th of the month. In September 1969 freshwater was
still present in the upper water column (Fig. 4). Salinities
during the remainder of 1969 closely followed the 12-year mean.

Lowest salinities in the Pamunkey and upper York occurred
in January 1968 and August 1969, closely following runoff, but
‘salinitiés were generally low in‘spring. Highest salinities in the
Pamunkey and upper York were in September and October 1968 and
March 1969, and usually high in fall and winter. In the lower
York and in the Bay, salinity was low in the spring of 1968 and
September 1969, and no persistent seasonal high was apparent
(Appendix Tables I-XXIV).

Greatest differences between surface and bottom salinities,
almost 10%, occurred at Y15 in January 1968, but usually large
differences were observed in fall and winter in the York (Y20 and
Y00) and in late summer and fall in the Bay stations. Following
increased runoff in January and March 1968 and August 1969, the
difference in salinity was magnified (Table 2, Figs. 2-3). Bottom
salinity at AO5 fell below 30% on only one occasion (September
1968) in the 19 months of sampling, so AO5 might be considered an
oceanic station according to the Venice System (Carriker, 1967).
P50 went above 0.5% only three times in the 2-year sampling period
so it would qualify as a freshwater station.

During the 24-hour stations at Y10 in June and October
1969, salinity was most constant on the bottom (Figs. 5-6). Over
two tidal cycles, the range was only 20.5 to 21.6% in June and

20.4 to 20.9% in October. Surface salinities varied from 17.6 to
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20.9% in June and 19.4 to 20.5% in October. These differences
are much less than Van Engel and Joseph (1968) found at P35 during

24-hour cycles.

Temperature

Monthly temperatures taken one meter below the surface
and one meter above the bottom are shown in Figs. 7-10 and Appendix
Tables I-XXIV. The mean and range for the period 1955-1966 are
also shown to indicate how the years 1968 and 1969 compared with
long term conditions. January and March of both years and November
1968 were colder; spring temperatures in both years closely approxi-
mated the mean; while the summer of 1968 and the fall of 1969 were
warmer than average.

Seasonal variations in temperature became less pronounced
proceeding seaward, as would be expected (Appendix Tables I-XXIV).
Bottom temperatures were more eonstant than surface. Seasonal
cooling and warming also proceeded more slowly going down the
estuary.

Maximum temperatures of 30.8 and 29.7 C, surface and
bottom respectively, occurred in July 1968 at P50. Coldest surface
temperature, 1.0 C, was recorded at Y10 in January 1968. Coldest
bottom temperature, 1.2 C, occurred at Y25 in January 1969.

Maximum surface change at 24-hour stations at Y10 was
1.0 C in June and 1.1 C in October 1969 (Figs. 5-6). Bottom
temperature varied 0.8 C in June and 1.2 C in October. Warmest
water was present at slack before flood in June and slack before

ebb in October. This is reasonable because of the tendency for
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temperatures to change seasonally more rapidly upstream than

downstream.

Dissolved Oxygen

Monthly dissolved oxygen (DO) values are shown in Figs. 11-
14, Appendix Tables I-XXIV. DO was usually higher at the Bay
stations than in river samples from BApril through October. This
can be attributed to high phytoplankton activity in less turbid
water (Figs. 15-16), rather than increased solubility at Bay tem-
peratures. A distinct depression in DO was observed at P30 in
nearly every month of sampling and at Y10 or YOO from May through
November. P30 was the nearest station to the outfall from the
Kraft paper pulp mill in West Point, so high biological oxygen de-
mand from these wastes may have caused this depression (Brehmer,
1970). DO in the February 1969 samples from Y15 was unaccountably
low.

Seasonal low dissolved oxygen was observed in summer.
In periods of high runoff, critically low oxygen may be expected
near the bottom. In September 1969 very low values were recorded
in the lower York as an aftermath of hurricane Camille (Fig. 14).
D. S. Haven (personal communication) attributes a massive oyster
mortality and W. A. Van Engel (personal communication) a large
blue crab kill in the York River to anerobic conditions brought

about by flood conditions in August of 1969.

Light Penetration

Light penetration was usually minimal, a mean of 0.3 m,

in the channel between P40 and P30. Slightly greater Secchi disc
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readings were recorded frequently at P50 (Figs. 15-16, Appendix
Tables I-XXIV). Proceeding seaward from the head of the York,
light penetration generally increased, reaching a maximum of 4.4 m
(Bugust.1968) at AO5. This agrees with observations by Van Engel
and Joseph (1968); however, maximum penetration occurred in summer

at Bay stations in this study rather than in fall as they found.

Sea Conditions

Rough seas prevented occupation of stations A05, in
November 1969, and C10, in February 1969. The January 1968 cruise
in the Pamunkey was cancelled because of ice. Seas rough enough to
have a possible effect on surface plankton distribution were not
present in the Pamunkey, but were present on two occasions in the

York and ten times in the Bay (I-XXIV).

Biological Results

Copepod Abundance

Seasonally, copepods exhibited bimodal maxima with peaks
in spring and fall. The 1969 fall peak came in September following
high stream flow in August. The 1968 fall maximum was less pro-
nounced and came later in the season (Figs. 17-18). Two surface
minima occurred in 1968, one in mid-winter and the second in early
summer. Lowest surface numbers were found in summer 1969. Bottom
pattern in 1969 closely followed the surface while the 1968 lowest
counts occurred in January and September.

Greatest numbers of copepods were present throughout
the system in April and September, and least numbers in January and

June. Abundance also varied by station in each season. More
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Figure 17.

Mean numbers of copepods per liter at all statioms at
the surface, January-December, 1968-1969.
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copepods were present at lower York stations in winter; at lower
Pamunkey, York, and inner Bay stations in early and mid-spring; at
Pamunkey and Bay stations in summer; and fairly evenly distributed
throughout the system in fall. Fewer were present at Pamunkey,
upper York and outer Bay stations in early and mid-winter; at PS5O0
in spring; at York and Bay stations from late spring through mid-
summer; and all months but April at A05 (Figs. 19-30).

Acartia tonsa was the most abundant copepod, making up

47% of the total numbers, followed by A. clausi, 26%, and Eurytemora
affinis, 14%. There were 22 species of calanoids, 3 harpacticoids,
and 14 cyclopoid copepods (Table 3).

Surface samples accounted for 33.4% of the total numbers
of copepods.

The copepods fall into three groups based on their ability
to enter the estuarine portion of the system. The freshwater group,
chiefly cyclopoids, was as follows:

Suborder Harpacticoida

Canuella canadensis

Suborder Cyclopoida

Halicyclops fosteri

Cyclops vernalis

Mesocyclops edax

M. leukarti

Eucyclops agilis

Ergasilus cerastes

These species are able to withstand brackish water in

varying degrees, but all have freshwater origins.



Figure 19. Copepods per liter and M. leidyi volumes per liter,
A05-P50, January 1968-1969.
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Figure 20. Copepods per liter and M. leidyi volumes per liter
A05-P50, February 1968-1963. ’
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Figure 21. Copepods per liter and M. leidyi volumes per liter,
A05-P50, March 1968-19G9.
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Figure 22. Copepods per liter and M. leidyi volumes per liter,
A05-P50, April 1968-1969.
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Figure 23. Copepods per liter and M. leidyi volumes per liter
" R05-P50, May 1968-1969. ’
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Figure 24. Copepods per liter and M.

leidyi volumes per liter
AO55P50, June 1968-1969 ’
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Figure 25. Copepods per liter and M. leidyi volumes per liter
A05-P50, July 1968-1969 ’
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Figure 27. Copepods per liter and M. leidyi volumes per liter,
A05-P50, September 1968-1969.
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Figure 28. Copepods per liter and M. leidyi volumes per liter,
AQ5-P50, October 1968-1969.
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Figure 29. Copepods per liter and M. leidyi volumes per liter,
A05-P50, November 1968-1969.
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Figure 30. Copepods per liter and M. leidyi volumes per liter,
R05-P50, December 1968-1969.
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Table 3. Percent of total numbers of copepods collected and
percentage of numbers of each species or group captured
at the surface.

Percent of Percent occurring

Total Number in the surface tow
Acartia tonsa = 46.97 34.1
Acartia clausi = 26.10 35.8
Eurytemora affinis = 14.05 15.3
Pseudocalanus minutus = 4.81 90.6
Pseudodiaptomus coronatus = 3.29 12.7
Cyclopoids = 2.61 19.4
Paracalanus crassirostris = 0.41 39.3
Centropages hamatus = 0.41 39.1
Temora longicornis = 0.40 41.5
Paracalanus quasimodo = 0.34 33.0
Labidocera aestiva = 0.18 35.8
Paracalanus indicus = 0.17 31.3
Centropages typicus = 0.11 41.9
Tortanus discaudatus = 0.06 31.9
Harpacticoids = 0.04 9.1
Calanus finmarchicus = <0.01 54.5
Eucalanus pileatus = <0.01 74.3
Mecynocera clausi = <0.01 100
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Table 3. (Continued)

Percent of Percent occurring
Total Number in the surface tow

Temora stylifera = <0.01 26.2
Temora turbinata = <0.01 42.3
Eurytemora americana = <0.01 0.0
Centropages furcatus = <0.01 100

Pseudocyclops sp. = <0.01 0.0
Acartia longiremis = <0.01 73.5
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The second group consists of estuarine species. They are
chiefly calanoids and are as follows:
Suborder Calanoida

Paracalanus crassirostris

Pseudocalanus minutus

Eurytemora affinis

E. americana

Pseudodiaptomus coronatus

Bcartia clausi

A. tonsa
Suborder Harpacticoida

Alteutha oblongata

Suborder Cyclopoida

Hemicyclops adherens

Leptinogaster major

Many of these species may occur in fresh water as well as
coastal marine waters. They are also eurythermal. Spawning seasons
are protracted, with juvenile stages usually mixed with adults.

This group is comparable to the first two groups of Jeffries (1967).

The final group consists of marine species found in the
estuary. Their north and south distribution as well as the water
type of their most common occurrence are listed (Bigelow and Sears,
1939; Bowman, 1971; Gonzales and Bowman, 1965; Grice and Hart,

1962; Sutcliff, 1950; Van Engel and Tan, 1965; and Wilson, 1932a).
Season of greatest abundance is denoted by W = winter, V = spring,
S=summer, and F = fall. These are principally calanoids and are

as follows:



Calanus finmarchicus

Eucalanus pileatus

Mecynocera clausi

Paracalanus indicus

f. guasimodo

Temora longicornis

T. stylifera

T. turbinata

Centropages furcatus

E. hamatus

C. typicus

Pseudocyclops sp.

Labidocera aestiva

Acartia longiremis

Tortanus discaudatus

Suborder Harpacticoida

Euterpina acutifrons

Suborder Cyclopoida

Oithona brevirostris

0. similis

Oncaea mediterranea

Coryceaus amazonicus

Farranula gracilis

24~-Hour Stations at Y10

Northern
Southern
Southern
Southern
Southern
Northern
Southern
Southern
Southern
Northern
Northérn
Southern
Southern
Northern

Northern

Southern

Southern
Northern
Southern
Southern

Southern

W-v

W-V

SF
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Shelf to Oceanic
Shelf

Oceanic

Shelf

Shelf

Shelf

Oceanic

Shelf

Shelf

Shelf

Shelf

Coastal
Shelf-Slope

Shelf

Coastal

Shelf
Shelf-Slope
Slope
Shelf

Slope-Oceanic

The June station was made at the time when the ctenophore,

Mnemiopsis leidyi, reached its seasonal maximum in the York estuary.

In Fig. 31, volumes of M. leidyi are compared with total numbers of



Figure 31. Copepods per liter Y10, 18-19 June 1969, 24-hour
station and Y10, 12 June 1969.
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Bcartia tonsa, which contributed over 99% of the copepods in the

sample. In June and October largest numbers of Acartia tonsa were

present on the bottom at slack water. In June, however, volumes of

Mnemiopsis leidyi, a voracious copepod predator, were also less at

slack water.

Numbers of copepods at Y10 collected near maximum flood
conditions and those from the June 24-hour station weré in the same
order of magnitude; numbers at the surface varied less than at the
bottom (Fig. 31). Surface and bottom values from all station in the
ctenophore infested segment of the estuary in June were of the
same order of magnitude as the mean numbers collected during the
24-hour station-at Y10 (Fig. 32). Species composition at Y10 was
similar for the 24-hour station and for the regular cruise in that
A. tonsa made up virtually all of the copepods present, and that

simgle specimens of Alteutha oblongata were present in two samples

from the 24-hour station (Table 4) and one from the regular sample.

In October Mnemiopsis leidyi was not present and the in-

fluence of the heavy runoff following the passing the the hurricane
Camille was apparently over. BAnalysis of variance showed differences
significant at the 0.5 percent level between mean numbers of A.
tonsa at surface and bottom, and at the tidal stages. Mean numbers
in day and night were significantly different at the 5 percent level.
Interactions among these parameters were significant at the 0.5
percent level (Table 5).

Mean numbers of copepods taken at approximately the same
tide stage at the October 24-hour station were of the same magni-

tude as those in the regular Y10 sample, taken 3 weeks earlier



Figure 32. Mean copepod numbers per liter at Y10, 18-19 June
1969, 24-hour station and copepods per llter,
AOS-PSO, June 1969.
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Table 4.
station.

Copepods per liter at Y10, June 18-19, 1969, 24-hour

Slack Maximum Slack Maximum
before flood flood before ebb ebb
Day-Surface
Acartia tonsa 0.012 0.013 0.015 0.024
Day-Bottom
A. tonsa 0.017 0.084 0.097 0.022
Blteutha oblongata 0.001
Night-Surface
A. tonsa 0.002 0.028 0.038 0.036
3. oblongata 0.001
Night-Bottom
A. tonsa 0.016 0.048 0.044 0.037
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(Table 6, Fig. 33) but not of the same magnitude as numbers at

stations above and below Y10 (Fig. 34).
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Figure 34. Mean copepodsnumbers per liter Y10, 30-31 October 1969,
24-hour station and Y10 October 9, 1969.

LEGEND: &
& >
< °~ BN
S 5 &S
%) C)\SF
& & N\
O Y
Ql"? I\O \/Q@-\Q.
) (;\ ;oé.\
2 o
0 (o) < 0.0l
o
B 3 } 0.0l to 0.025
O o
| o] } 0.026 to 0.06
O (o}
| o
L3 } 0.061 to 0.125
1 (o]
0O o)
] o \
] 0 0.126 to 0.250
] o)
C o J
b o )
] o
1
g ¢} > o.es
[ o)
0 o J

Ranges for numbers collected over two tidal cycles are indicated
by the broken line for the surface and the solid line for the
bottom. Means are indicated by superimposed horizontal lines.



BOTTOM s> /
/\~\’

I { l ) I | i ) | l

P50 P40 P35 P30 Y25 Y20 YIS YIO YOO CIO COO AOS

19+

18 -
17—

¥31L177 7/ SA0d3d09

._w___-_ i L
@ @ ¥ M A = QO 0 @~ © B FT MmN — O

-

59



SYNOPSIS OF THE SPECIES
Suborder Calanoida

Calanus finmarchicus (Gunner)

C. finmarchicus was caught at C00 and AO5 in winter and

spring and on one occasion in the fall at A05 (Appendix Tables
I-IV). The ranges of salinity and temperature were 22.2% to above
32% and 3.1 to 20.0 C, respectively.

This is a boreal form found in all oceans, according to
Wilson (1950). In the western Atlantic north of 39° lat. maximum
nunbers are found in summer (Bigelow and Sears, 1939; Sherman, 1966,
1968). Inshore and south from Woods Hole maximum numbers are
present in winter and spring (Deevey, 1960; Van Engel and Tan,
1965; Williams, 1906; and Wilson, 1932a). It is rarely found in-
shore south of Cape Hatteras (Sutcliff, 1950). Bowman (1971) did
not find it in the T. N. Gill collections.

Several samples contained only copepodids, so breeding
probably takes place north of the mouth of the Bay and the young
are carried into the area by prevailing winter and spring currents

(Norcross and Stanley, 1967).

Eucalanus pileatus Glesbrecht

Small numbers of this copepod were present in July, 1969

surface samples at CO0 and in September surface and bottom samples
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at A0S (Appendix Tables I-IV). The salinity ranged from 24.1% to
above 31% and temperature from 21.9 to 26.2 C.

It is found in western Atlantic coastal waters from
Delaware Bay to the Gulf of Mexico (Bowman, 1971; Davis, 1949a;
Deevey, 1960; Grice and Hart, 1962; Park, 1970; and Sutcliff, 1950;
Van Engel and Tan, 1965). Offshore in the western Atlantic it is
found from about 40° N to 20° S (Giesbrecht and Schmeil, 1898;
Grice and Hart, 1962). Vervoort (1963) reports it from tropical
waters off West Africa. Wilson (1950) found E. pileatus in the
Pacific, west of Equador and in the Philippines. Sewell (1948)
lists it from the central Arabian Sea and Scott (1909) from
Indonesia. Grice (1962) found it in the equétorial Pacific, and
Wolfenden (i905) in the Maldive and Laccadive Archipelagos.

Females present did not bear eggs or spermatophores so
it cannot be said that breeding occurs in the Bay. Many late
stage copepodids were present indicating a summer breeding period
probably in shelf waters south of the Bay. Prevailing currents
would tend to bring them into the mouth of the Bay at this time

(Norcross and Stanley, 1967).

Mecynocera clausi (Thompson)

Three females were in the surface tow at C00 in January,
1969 (Appendix Table III). The salinity was 29.8% and the tem-
perature 5.6 C. This is the first record from Chesapeake Bay,
although Wilson (1932a) did find it in the ocean off the mouth of
the Bay. It is found from the Gulf of Maine (Bigelow and Sears,
1939) along the Atlantic Coast of North and South America to Brazil

(Calef and Grice, 1967; Deevey, 1960; Owre and Foyo, 1967); Wheeler,
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1901; and Wilson, 1932a). It is reported from the northeast
Atlantic by Grice and Hulseman (1965) and northwest Atlantic into
the Sargasso Sea by Grice and Hart (1962). Van Breemen (1908)
lists it from the North Sea. Park (1970) has found it in the
Caribbean Sea and Gulf of Mexico. Giesbrecht and Schmeil (1898),
Farran (1929), Lysholm and Nordgaard (1945), and Bowman (1971)
feport it from the north temperate, tropical and south temperate
Atlantic. Giesbrecht (1892), Kimor and Berduga (1967) and Rose
(1933, 1957) list it from the Mediterranean. DeDecker (1964)
caught it off South Africa. Grice and Hulseman (1967), DeDecker
and Mombeck (1964), and Gaudy (1967) have found it in the Indian
Ocean. Delalo (1966) lists it from the Gulf of Aden and the Red
Sea. Wilson (1950) reported it from the Philippines, China Sea,
Fiji Islands, Bering Sea, off the Pacific coast of Central and
South America, Hawaii and the Galapagos. Park (1968) found it in
the Central North Pacific and Heinrich (1969) in the Central
Pacific. Scott (1909) records it from many localities in Indonesia.
Matoda and Anraku (1955), Mori (1937), and Tanaka (1953) have
found it in Japan. Dakin and Colefax (1942) report it in New
South Wales and Farran (1936) from the vicinity of the Great
Barrier Reef.

All specimens were adult but without eggs or spermato-
phores, so there is no indication that breeding occurs within

Chesapeake Bay.

Paracalanus crassirostris Dahl

This small calanoid was present every month of the year

at one Bay station or another (Appendix Tables I-X, XII). Maximum
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numbers were recorded in mid-summer. It also occurfed in spring
and fall samples from the lower York. This copepod was found in
salinities ranging from 14.17% to above 32% and in temperatures
from 3.7 to 27.9 C.

Deevey (1948, 1960) found P. crassirostris in Tisbury

Great Pond and Delaware Bay. Davis (1944) reported it from Chesa-
peake Bay and it ranges south to the mouth of the Amazon (Bowman,
1971; Cuzon Du Rest, 1963; Dahl, 1894; Davis, 1944; Fleminger,
1959; Gonzales and Bowman, 1965; Grice, 1956, 1960a; and Menzel,
1956). It appears in waters off South Africa and Madagascar, in
the Gulf of Aden and in the Red Sea (DeDecker, 1964; Delalo, 1966;
Gaudy, 1967; Giesbrecht and Schmeil, 1898). It is often found in
estuaries (Bowman, 1971; Bowman and Gonzales, 1965; Dahl, 1894;
and Davis, 1944).

Females bearing spermatophores were present in summer
samples indicating that breeding was likely to occur then. The

mesh of the net was too large to retain immature stages.

Paracalanus indicus Wolfenden

This copepod was present at Bay stations September to
February (Appendix Tables I-VI, X). Salinity ranged from 21.1% to
31.9% and temperature from 4.3 to 21.9 C.

Wolfenden (1905) listed this copepod as P. parvus from
the Indian Ocean, Mediterranean and Gulf of Guinea. Bowman (1971)
found this species occurs with P. quasimodo as shelf species from
Cape Hatteras to southern Florida, but in less numbers.

Nearly all captured females bore spermatophores.

Copepodid stages probably of this species and P. quasimodo occurred
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in October and November. This would indicate that spawning takes
place in fall and winter near the mouth of the Bay just as with

P. quasimodo. It is unusual for two closely related species of

about the same size and apparently same feeding habits to occur
together. This study indicates that such is the case in P. quasimodo

and P. indicus.

Paracalanus quasimodo Bowman

This copepod was present September to January at the
lowermost York River station and at Bay stations (Appendix Tables
I-VI, X). The range of salinity was 21.1% to 31.8% and of tem-
perature, 4.7 to 25.3 C.

Bowman (1971) states, regarding distribution of this
species, "Probably many references to western Atlantic specimens

of 'Paracalanus parvus' summarized by Gonzales and Bowman (1965),

are attributable to P. quasimodo." He found it distributed as a
shelf species from Cape Hatteras to Southern Florida.

Nearly all females bore spermatophores, so breeding
probably took place in fall and winter near the mouth of the Bay.

Copepodids, probably of this species and Paracalanus indicus, were

abundant in October and November.

Pseudocalanus minutus Kroyer

This copepod was most abundant in the winter and spring
at lower York and Chesapeake Bay stations (Appendix Tables I-X).
Small numbers were found at Bay stations in all months except
August and December. Its furthest upriver penetration to P35

occurred in March (Appendix Table XX). Salinity ranged from 8.0%
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to above 32%, temperature from 2.7 to 25.6 C. I have placed P.
minutus in my estuarine group because of its salinity tolerance
and relatively great abundance.

Grice (1962b) considered this an arctic-boreal form
present from above 80° N latitude to nearly 30° N. It is found
along both coasts of North America, the coast of Europe and the
coast of Japan (Bnraku, 1954; Bigelow, 1917; Bigelow and Sears,
1939; Bruce et al., 1963; Campbell, 1929; Fontaine, 1955; Grainger,
1959; Hargrave and Geen, 1970; Jespersen, 1939; Mori, 1937; Pinhey,
1927a; Sherman, 1966, 1968; Tanaka, 1953; Ussig, 1938; Wiborg,
1940, 1944, 1954; Willey, 1920; Williams, 1906, 1907; Wilson and
Tash, 1966). It is also present in the open waters of fhe North
Atlantic and Pacific (Lysholm and Nordgaard, 1945; Park, 1968;

Van Breemen, 1908; With, 1915; Wolfenden, 1904). Grice and

Hart (1962) found it to be numerically important in shelf and slope
waters off New England. Bowman (1971) did not find it south of
Cape Hatteras.

Egg-bearing females were present from February through
May and juveniles were most abundant in winter. A swarm of these
copepods was sampled at YOO in April; this resulted in the highest

count, 120/liter, for any station during the study.

Temorsa longicornis (Muller)

This was chiefly a winter-spring species, but was found
as late as July each year (Appendik Tables I-VIII, X). It was most
abundant in spring at the Bay stations. It was present in salinities

from 18.6% to above 32% and in temperatures from 3.3 to 27.9 C.



Cleve (1902) listed this as a Boreal-Arctic copepod,
however, it is present in the Mediterranean (Rose, 1957) and Wilson
(1950) reports it from the Gulf of Mexico, the Celebes and Philip-
pines. Most records, however, are from the North Atlantic (Colebrook
et al., 1963; Bigelow, 1917; Bigelow and Sears, 1939; Bousfield,
1955; Brady, 1878-1880; Bruce et al., 1963; Colebrook and Robinson,
1963; Cronin et al., 1962; Deevey, 1960; Fish, 1925; Giesbrecht,
1892; Giesbrecht and Schmeil, 1898; Grice and Hart, 1962; Hargrave
and Geen, 1970; Jespersen, 1939, 1940; Pinhey, 1927a; Rose, 1933;
Sars, 1903; Sherman, 1966, 1968; Van Breemen, 1908; Van Engel and
Tan, 1965; Wheeler, 1901; Wiborg, 1940, 1944, 1954; Williams, 1907;
Wilson, 1932a, 1932b, 1936; Wolfenden, 1904). Bowman (1971) did
not find it south of Cape Hatteras. Rose (1933) also lists it from
the Indian Ocean. Grice and Hart (1962) found it to be numerically
important in neritic waters north of 40° N Lat.

Egg-bearing females were captured only in December.
However, juveniles were present in nearly all collections of this

species, so a protracted breeding season is likely.

Temora stylifera (Dana)

Temora stylifera appeared in samples from AO5 in October

and November (Appendix Tables I and II). All salinities of record
were above 29% and temperature ranged from 14.0 to 20.8 C.

This copepod has been recorded from Labrador by Wilson
(1936) and 48° N by Lysholm and Nordgaard (1945). Most records
indicate that this is a southern species, ranging to the coast of

Brazil (Bigelow and Sears, 1939; Bowman, 1971; Dahl, 1894;

Davis, 1949b; Gonzales and Bowman, 1965; Ramirem, 1966). Rose
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(1957) and Kimor and Berduga (1967) report it from the Mediterranean.
It is found in the Gulf of Aden, Red Sea, and Indian Ocean (DeDecker
and Mombeck, 1964; Delalo, 1966; and Pillai, 1968). It also occurs
in Japan and Central Pacific waters (Kubota and Yamanda, 1970;
Motoda and Anraku, 1955; and Wilson, 1942). Bowman (1971) classi-
fies this as an oceanic species that commonly occurs in shelf waters.
There was no indication that spawning occurred in this
area, as eggs and spermatophores were not present and all specimens

were adults.

Temora turbinata (Dana)

This calanoid was present only in fall at lower Bay
stations (Appendix Tables I-III). The salinity and temperature
ranges were 27.3% to above 31% and 19.8 to 20.2 C, respectively.

T. turbinata is found from Georges Bank to Puerto Rico
in the western Atlantic (Bowman, 1971; Burrell, 1968; Davis, 1949b;
Deevey, 1960; Fleminger, 1959; Gonzales and Bowman, 1965; Grice,
1956; Grice and Hart, 1962; Menzel, 1956; Wilson, 1932b). It
occurs off South Africa, in the Arabian Sea, off Indonesia, in the
Indian Ocean, and off the Philippines (DeDecker, 1964; DeDecker and
Mombeck, 1964; Gaudy, 1967; Sarasworthy, 1968; Sewell, 1948; Scott,
1909; Wilson, 1950). Bowman (1971) found it most abundant south
of Cape Hatteras in shelf waters and in summer and fall.

All specimens were adults with no breeding indicators,

so nothing is known of the reproductive season in this area.
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Eurytemora affinis Poppe

This species occurs year round throughout the Pamunkey
River (Appendix Tables XVII-XXIV). In winter and spring it appears
in the upper Yofk River (Appendix Tables IX-XVI). The salinity
range is from fresh water to 20.1%. Temperature ranges from 1.0
to 29.7 C.

Wilson and Yeatman (1959) describe its habitat as lakes,
ponds, fresh and brackish water of the Atlantic, Pacific and Gulf
coasts of North America. It is present on the North American East
Coast from the Miramichi estuary to Florida Keys (Bousfield, 1955;
Burrell, 1938; Cronin, 1954; Cronin et al., 1962; Cuzon Du Rest,
1963; Daiber, 1959; Deevey, 1948, 1960; Fish, 1925; Grice, 1960a;
Henle, 1969; Herman et al., 1968; Sherman, 1966, 1968; Williams, 1906,
1907; Wilson, 1932a, 1932b). On the west coast of North America its
range is from Vancouver to San Francisco Bay (Campbell, 1929; Davis,
1949a; Esterly, 1924). In Europe it appears in the sea and in
brackish lakes and ditches of Norway, in estuaries of the British
Isles, in major rivers of the continent and in the Caspian Sea (Gies-
brecht and Schmeil, 1898; Percival, 1929; Rose, 1933; Sars, 1903;

Van Breemen, 1908).

It rivals Acartia tonsa in numbers in the Pamunkey River.

Juveniles and females with eggs and spermatophores are present

throughout the year, indicating year-round breeding.

Eurytemora americana Williams

One female was present in the bottom sample at Y10 in
March 1969 (Appendix Table X). The salinity was 22.9% and tem-

perature 3.2 C.
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It has been reported from Iceland, and south to Chesapeake
Bay (Deevey, 1960; Fontaine, 1955; Jespersen, 1940; Williams, 1906,
1907; Wilson, 1932a, 1932b). This is a brackish water species with
a restricted geographic range according to Deevey (1960).

The single female was an adult lacking eggs and sper-

matophores.

Centropages furcatus (Dana)

This copepod was present only at one station during this
study, at the surface at AO5 in September 1969 (BAppendix Table I).
The salinity was 24.1% and the temperature 25.3 C. Sutcliff (1950)
found this a summer-fall species at Beaufort, North Carolina while
Grice (1956) found it present in spring and early summer at
Alligator Harbor, Florida. Van Engel and Tan (1965) found it in
offshore Virginia waters, July through November. Deevey (1960)
reported it present in Delaware Bay in September and November.

This is a southern form found from Delaware Bay south to
the coast of Brazil in the western Atlantic (Bigelow and Sears,
1939; Bowman, 1971; Calef and Grice, 1967; Dahl, 1894; Davis, 1949b;
Deevey, l96d; Farran, 1929; Fleminger, 1959; Giesbrecht and Schmeil,
1898; Gonzales and Bowman, 1965; Grice, 1956, 1960a; Grice and
Hart, 1962; Owre and Foyo, 1967; Ramirez, 1966; Sutcliff, 1950;

Van Engel and Tan, 1965; Wilson, 1960). In the eastern Atlantic
it is present off the West Coast of Africa (Vervoort, 1965). It
is widely distributed in.the Indian Ocean and Red Sea (Cleve, 1901;
DeDecker, 1964; DeDecker and Mombeck, 1964; Delalo, 1966; Gaudy,
1967; Pillai, 1968; Sarasworthy, 1966; Wolfenden, 1905). It is

found from Japan to Bustralia in the Pacific (Brady, 1883; Dakin
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and Colefax, 1940; Farran, 1936b; Hirota, 1968b; Kubota and Yamanda,
1970; Mori, 1937; Tanaka, 1953; Wilson, 1950). Bowman (1971) found
this copepod to be one of the most common and abundant shelf species
south of Cape Hatteras and Bigelow and Sears (1939) listed it as
"offshore south." Grice and Hart (1962) found it in the Gulf
Stream in winter.

Nearly all of the specimens examined were juveniles, in-

dicating that breeding takes place just off the mouth of the Bay.

Centropages hamatus (Lilljeborg)

C. hamatus is a winter-spring form, most abundant at the
Bay stations (Appendix Tables I-XVIII). Tt occurred in salinities
as low as 7.6% at P30 in February 1968 and at the highest salinities
sampled, 32.0% at A05. Temperature range was 2.5 to 23.4 C. A
small number was present at Bay stations at the high temperatures.

This copepod is found on both sides of the North Atlantic
from Greenland to Louisiana salt marshes on the western side and
from the Faroe Channel to the Mediterranean on the eastern side
(Bousfield, 1955; Brady, 1878-1880; Bruce et al., 1963; Burrell,
1968; Colebrook and Robinson, 1963; Cleve, 1900; Cronin et al.,
1962; Cuzon Du Rest, 1963; Daiber, 1959; Deevey, 1948, 1960; Digby,
1950; Fleminger, 1959; Fish, 1925; Giesbrecht and Schmeil, 1898;
Grice, 1956, 1960a; Jespersen, 1939; Menzel, 1956; Pinhey, 1927a;
Rose, 1933, 1957; Sars, 1903; Sherman, 1966, 1968; Sutcliff, 1950;
Van Breemen, 1908; Van Engel and Tan, 1965; Wiborg, 1940, 1944,
1954; Williams, 1906, 1907; Wilson, 1932a; Wolfenden, 1904;
Wheeler, 1901). Mori (1937) reports it from Japanese waters and

Wilson (1950) from the Fiji Islands. It is found in shelf and
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slope waters (Bigelow and Sears, 1939; Grice and Hart, 1962;
Sherman, 1966; 1968; Van Engel and Tan, 1965) and in estuaries
along the western margin of the Atlantic (Bousfield, 1955; Burrell,
1968; Cronin et al., l962;vCuzon Du Rest, 1963; Deevey, 1948;
Wilson, 1932a). Bowman (1971) found it to beé.awinter-spring species
at inshore stations south of Cape Hatteras.

Spermatophores were present Pebrﬁary through March and
copepodid stages were most numerous:in May, indicating a winter

breeding season.

Centropages typicus Kroyer

This species was present from late fall to early summer
at lower York and Bay stations (Bppendix Tables I-X). Salinities
ranged from 18.6% to above 31% and temperatures from 2.6 to
29.7 C. It was often found with C. hamatus.

C. typicus is found in the north Atlantic from Iceland to
just below Capé Hatteras on the western side and to the Mediterranean
on the eastern side (Bigelow, 1914b, 1915, 1917; Bigelow and Sears,
1939; Bowman, 1971; Brady, 1878-1880; Bruce et al., 1963; Colebrook
and Robinson, 1963; Cronin et al., 1962; Deevey, 1960; Fish, 1925;
Giesbrecht, 1892; Giesbrecht and Schmeil, 1898; Grice and Hart,
1962; Grice and Hulseman, 1965; Jespersen, 1940; Lysholm and
Nordgaard, 1945; Rose, 1933, 1957; Sars, 1903; Sherman, 1966, 1968;
Sutcliff, 1950; Ven Breemen, 1908; Van Engel and Tan, 1965; Wheeler,
1901; Wiborg, 1944; Wilson, 1932a, 1932b, 1942; Wolfenden, 1904).
Wilson (1950) found it in the Pacific off Peru, Japan and the
Philippines. Deevey (1960) found this copepod year round in Dela-

ware Bay as did Wilson (1932b) at Woods Hole. Bowman (1971) found
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C. typicus present in samples just below Cape Hatteras but no
further south. Sutcliff (1950) found it in late winter and spring
at Beaufort, North Carolina.

Females bearing spermatophores and copepodids were most

abundant in winter, an evidence of cold weather breeding.

Pseudodiaptomus coronatus (Williams)

This copepod was found at all stations at least once, but
was most abundant in the York River and lower Pamunkey River
(Appendix Tables I-XXIV). Highest numbers occurred in fall with
another, lesser peak in spring. It was rare in summer. Its
salinity range was from fresh water to above 31% and it was found
in temperatures from 1.2 to 29.6 C. Sutcliff (1950) found it a
spring and fall species at Beaufort, North Carolina. Cronin et al.
(1962) and Deevey (1960) found it year round in the Delaware
estuary with greatest numbers in summer and fall. Wilson .(1932a)
found it most abundant in early winter in the Chesapeake Bay.

Grice (1956) found P. coronatus juveniles present in daylight sam-
ples and most abundant in fall. Adults were rare in daylight.
Jacobs (1961) found that P. coronatus preferred bottom water and
actually could cling to bottom debris, so plankton samples probably
do not give a true picture of its abundance or distribution.

P. coronatus has been reported'only from the east coast
of North America from the Miramichi estuary to Louisiana salt
marshes (Bousfield, 1955; Burrell, 1968; Cuzon Du Rest, 1963;
Cronin et al., 1962; Davis, 1949; Deevey, 1956; 1960; Fish, 1925;
Fleminger, 1959; Grice, 1956, 1960a; Herman et al., 1968; Menzel,

1956; Sharp, 1911; Sutcliff, 1950; Williams, 1906, 1907; Wilson
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1932a; Woodmansee, 1958). Bayley (1965) found three species of

Pseudodiaptomus in the Brisbane River estuary indicating the

estuarine character of the genus.

Egg-bearing females were found only in October at the
Bay stations, from September to November at Pamunkey stations, and
throughout the year at York River stations. Juveniles were most

abundant in the spring and fall.

Pseudocyclops sp.

One female was present in the February 1969 bottom sample
at A0S when the salinity was 31.1% and temperature 4.3 C (Appendix
Table II). Poor condition of the specimen precluded a good dis-
section. However, the fifth legs were intact and do not agree
with those of a described species.

The genus Pseudocyclops at present is a small group with

only twenty species described up until 1968 (Fosshagen, 1968).

Bowman and Gonzales (1961) described the genus as bottom living
and indicate that it is not likely to be sampled by routine methods.
They were able to collect large numbers of four new species by

towing through turtle grass, Thalassia testudinum, and surmised

that only a fraction of the total number of species of this genus
have been discovered.

Prior to Fosshagen (1968) who described five new species
from the Bahamas, Brady and Robertson reported one species from
northern Canada (Wilson, 1936). Easterly (1911) reported another
from Bermuda, and Bowman and Gonzales (1961) reported four species
from Puerto Rico for the only occurrences of this genus in the

western Atlantic. Congeners have been recorded from Norway,
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England, the Mediterranean, the Azores, Indian Ocean, Suez Canal,
Red Sea, Australia and the Caroline Islands (Vervoort, 1964). Most
species appear to have a restricted range with only P. obtusatus
exhibiting wide distribution (Bruce et al., 1963; Rose, 1933;
Vervoort, 1964).

Eggs or spermatophores were not present so nothing is
known of breeding seasons. Other specimens of this species are

being sought so that it may be described.

Labiddocera aestiva Wheeler

A warm water copepod, this species occurred from late
spring to early fall (Bppendix Tables I-VIIIL, X, XIII, XIV). Its
salinity range was 12.7% to above 31% and temperature from 15.0
to 27.9 C. It made its greaf;st penetration into the estuary in
September when it reached Y20 (Appendix Tables XIII, XIV).

L. aestiva occurs from the Miramichi estuary to the Gulf
of Mexico (Bowman, 1971; Bousfield, 1955; Burrell, 1968; Cronin
et al., 1962; Cuzon Du Rest, 1963; Davis, 1949b; Deevey, 1960;
Fish, 1925; Fleminger, 1959; Grice, 1956, 1960a; Grice and Hart,
1962; Menzel, 1956; Kelly and Dragovich, 1968; Sutcliff, 1950;

Van Engel and Tan, 1965; Wheeler, 1901; Wilson, 1932a, 1932b, 1950;
Owre and Foyo, 1967). It is considered a neritic species by Grice
and Hart (1962) and belonging to Bowman's (1971) "Coastal associ-
ation".

No females bearing spermatophores or eggs were observed.
However, copepodids were the first to appear in samples in the
spring. This could indicate a late fall or spring breeding season

in coastal waters off the mouth of the Bay.
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Acartia clausi Giesbrecht

This copepod is present in winter months, more or less

replacing Acartia tonsa (Appendix Tables I-XXIV). It first appeared

in January samples from Y15 to the mouth of the Bay. At stations
Y20 to P35 it arrived in February edch year. At P35 it remained
only through March, at P30 through April or May, and through May at
all the lower stations. Maximum numbers occurred in March and April.
A. tonsa was replaced to a greater degree down river so that it did
not appear at all in March, April and May at the two lowermost
stations, CO0O and AO5. This distribution indicates that A. clausi
recruitment is from the sea each year. It was found in salinities
ranging from freshwater to above 32% . The temperature range of

A. clausi was from 1.5 to 23.8 C. Jeffries (1962) found a similar
distribution of these two Acartia species in four localities,
Narragansett Bay, Charlestown - Green Hill ponds, Raritan Bay and
the York River. A reexamination of Van Engel and Tan's (1965)
samples revealed that A. clausi had replaced A. tonsa in shelf
waters off Virginia in late winter and spring.

A. clausi is found in estuaries and continental shelf
waters of North America from the Arctic Circle to Chesapeake Bay
(Bigelow and Sears, 1939; Bousfield, 1955; Burrell, 1968; Deevey,
1948, 1952, 1956, 1960; Grice and Hart, 1962; Fish, 1925; Jespersen,
1940; Pinhey, 1927b; Sherman, 1966, 1968; Williams, 1906, 1907;
Wilson, 1932a, 1932b, 1936). Bruce et al. (1963) and Colebrook
and Robinson (1963), Farran (1929), Giesbrecht and Schmeil (1898),
Lysholm and Nordgaard (1945), Sars (1903), Van Breemen (1908),

Wiborg (1940, 1944, 1954), and Wolfenden (1904) report it from the
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European side of the North Atlantic. Rose (1933, 1957) and
Giesbrecht (1892) have found it in the Mediterranean. It is found
along the northwest coast of America from California to the Arctic
Circle (Campbell, 1929; Davis, 1949a; Esterly, 1924, 1928; Willey,
1920; Wilson, 1950). It occurs in the Central and North Pacific
according to Wilson (1942, 1950) and in the coastal waters and
inland sea of Japan (Hirota, 1968a; Kubota and Yamanda, 1970;
Motoda and Anraku, 1955; Mori, 1937; and Tanaka and Hue, 1966).
Farran (1929) reported it in the South Atlantic to 60° S. Dakin
and Colefax (1940) and Deevey (1966) found it in Australian waters.
Some female A. clausi in each sample had spermatophores
attached, indicating continuous breeding while in the estuary.
Copepodids presumed to be A. clausi were present February, March
and April. This copepod did not show a strong preference for sur-
face or deeper waters, although slightly more were present in the

bottom sample in most instances.

Acartia longiremis (Lilljeborg)

Two males and one female were present in the surface
samples at A0S in March 1969 and one female in the bottom sample
at AO5 in May 1969 (BRppendix Tables I and II). The salinity and
temperature was 27.2% and 3.9 C in March and 32% and 13.0 C in
May.

This species was reported by Wilson (1932a) to be second

only to Acartia clausi in number in Chesapeake Bay. Davis (1944)

did not find A. longiremis and suggested environmental changes in
the Bay had resulted in a succession of species to wit: A. tonsa

had replaced A. clausi as the most abundant species relegating
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A. clausi to a lesser role and completely eliminating A. longiremis.
Bowman (1961) reexamined Wilson's specimens and found that all
listed as A. longiremis and many identified as A. clausi were in
fact A. tonsa. Therefore, the Acartia distribution had not changed

between 1932 and 1944; only Wilson's identities were in error. The

presence of Acartia longiremis at the mouth of the Bay at A0S,

which approximated Wilson's station "G", may explain how the error
came about in the first place. Wilson (1932) lists as a character
of B. tonsa "Corners of fifth segment smoothly rounded, without
spines™ whereas minute spinules are present in both male and female
A. tonsa and are so pictured by Wilson. He gives as a character
for A. longiremis, "corners of fifth segment rounded, but each
armed on its dorsal surface with a delicate spinule", which is
correct. Wilson states that his son had separated and counted the
species and that he had identified them. Thus if the father had
looked at A. longiremis first, and the present study indicates that
this was possible, then the son would have subsequently designated
as A. longiremis all A. tonsa and A. longiremis, if presence or
absence of spinules on the fifth segment was used to separate the
species. If such a cursory treatment of these species occurred,
then A. clausi and A. tonsa in the same vial is not too unlikely
and the mix up in collection specimens of these two Acartia is
explained.

The present specimens have a strong spine on the inner
margin of the left fifth foot. Sars (1903) does not depict this
in European specimens, nor does Mori (1937) on Japanese specimens.

Pinhey (1927a) found the spine present on all specimens examined
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by her from both Atlantic and Pacific coasts. She proposes a sub-

species -- Acartia longiremis subsp. spiniremis.

Acartia longiremis is found in the western Atlantic from

the Arctic south to the Sargasso Sea (Bigelow, 1914a, 1917; Bigelow
and Sears, 1939; Deevey, 1960; Fish, 1925; Fontaine, 1955; Grainger,
1959; Grice, 1962, Grice and Hart, 1962; Jespersen, 1939, 1940;
Wilson, 1932a). Claus (1863),>Lysholm and Nordgaard (1945), Sars
(1903), Van Breemen (1908), and Wiborg (1940) report it from the
northeastern Atlantic. Rose (1933) and Claus (1863) have found
it in the Mediterranean Sea. It is found in the northeast Pacific
from Oregon to the Arctic Circle (Campbell, 1929; Davis, 1949a;
Willey, 1920; Wilson, 1950; Wilson and Tash, 1966). 1In the South
Pacific, Wilson (1950) found it off Chile, the Galapagoes and
Easter Islands. Wilson (1950) also listed it from Hawaiil, the
Philippines and Celebes. Mori (1937), Tanaka (1953) and Wilson
(1950) report it from Japan.

Spermatophore occurrence in March indicates offshore

breeding at this time. No juveniles were recognized.

Acartia tonsa Giesbrecht

This was the most abundant copepod in the estuary. It
was found in 78% of all samples taken and made up 46.9% of total
numbers (Appendix Tables I-XXIV). Greatest numbers were present
in late spring and fall. The salinity range was from fresh water
to above 32%. Temperature varied from 1.2 to 29.4 C. A. tonsa
was replaced in varying degrees by A. clausi in winter and spring
with the process starting at the more seaward stations and moving

up the estuary. Complete replacement occurred at some Bay stations
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in March, April and May. A. tonsa was present at York and Pamunkey
river stations throughout the year and when A. clausi once again
left the estuary in late spring it was from this source that re-
population of the lower stations by A. tonsa was affected.

This species is found in protected waters of the tropical,
sub-tropical and temperate Atlantic and Pacific oceans. It is
found from Nova Scotia south to the coast of Argentina in the
western Atlantic (Bigelow, 1922; Bigelow and Sears, 1939; Bousfield,
1955; Burrell, 1968; Calef and Grice, 1967; Cronin, 1954; Cronin
et al., 1962; Cuzon Du Rest, 1963; Dahl, 1894; Daiber, 1959; Davis,
1944; Deevey, 1948, 1952, 1960; Fish, 1925; Fleminger, 1959;
Gonzales and Bowman, 1965; Grice, 19563 Grice and Hart, 1962;
Hargrave and Geen, 1970; Herman et al., 1968; Pallares, 1968;
Ramirez, 1966; Sutcliff, 1950; Van Engel and Tan, 1965; Wheeler,
1901; williams, 1906, 1907; Wilson, 1932b; Woodmansee, 1958). 1In
the Eastern Atlantic, it occurs from the Baltic Sea to the coastal
waters of Angola, Ghana and Liberia (Rose, 1933 and Vervoort, 1964,
1965). On the west coast of North and South America, A. tonsa is
reported from San Francisco Bay to the coast of Chile (Davis,
1949a; Giesbrecht, 18392). Cleve (1901) lists it from the Malay
Archipelago and Vervoort (1964) found it on Ifaluk Atoll.

Acartia tonsa was infested with a stalked ciliate,

Zoothamnium. This also occurred in the Patuxent River in Maryland

(Herman and Mihursky, 1964). Almost all A. tonsa had ciliates
attached in early winter when A. clausi first appeared, while the

latter were very seldom observed with any infestation.
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Breeding season for A. tonsa appeared to be year-round,
as females with spermatophores were in evidence every month of the
year. Juveniles occurred in every month except March. Copepodids
were usually absent at stations when M. leidyi was present, prob-
ably because they were even more vulnerable than adults to predation

by this ctenophore.

Tortanus discaudatus (Thompson and Scott)

This copepod was a late winter-spring species found at
lower York and Bay stations (Appendix Tables I-IV, VI, VIII). One
specimen was collected in the bottom sample in March at P35 (Appen-
dix Table XX). Bousfield (1955) found this copepod high in the
Miramichi estuary and he credited this to the preference of T.

discaudatus to depths below the level of no-net motién. The same

mechanism was probably responsible in this case. Salinity ranged
from 8.0% to above 327% and temperatures from 3.4 to 16.8 C.

T. discaudatus had been reported from Belle Island

Strait to Delaware Bay prior to this record (Bigelow, 1914a, 1914b;
Pinhey, 1927; Sherman, 1966, 1968; Wilson, 1932b). It is present
in the northeast Pacific from Alaska south to San Francisco Bay
(Campbell, 1929; Davis, 1944; Esterly, 1924; Willey, 1920; Wilson,
1936; Wilson and Tash, 1966). This species has also been reported
from Japan (Mori, 1937; Tanaka, 1953). Deevey (1960) lists this
as a North American boreal species and Grice and Hart (1962) con-
sider it a species restricted to neritic waters.

Females with spermatophores were observed in May at COO
and juveniles were present in all samples so some spawning probably

takes place within the Bay at this time.
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Suborder Harpacticoida

Canuella canadensis Willey

This harpacticold was present year round from Y25 to
P50 (Appendix Tables XV-XXIV). It was most abundant in winter and
spring. It was most often found. in bottom samples. Its range was
fresh water to 10.5% salinity and 3.8 to 27.5 C temperature. No
young stages or females with eggs were captured so breeding season

is not known.

Euterpina acutifrons Dana

Another planktonic harpacticoid present at lower York
and Chesapeake Bay stations, this copepod was captured at all but
the coldest time of the year (Appendix Tables II, IV, V, VII, XII).
Females with eggs and spermatophores were present in summer. Its
ranges were 18.9% to above 31% salinity and 6.9 to 26.8 C tem-

perature. It was most often found in bottom samples.

Alteutha oblongata (Goodsir)

This species was present in two samples taken during the
24 hour station at Y10 in June and again in the regular station
of June 1969 (Table 3, Appendix Table X). One specimen was taken
at the surface at 0245 hours, while the other two were in daylight
bottom samples. Salinity range was 20.1% to 21.6% and temperature
range was 24.0 to 24.1 C. Wilson (1932a3) called this speciesug.

depressa according to Lang (1948).
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Suborder Cyclopoida

Oithona brevicornis Giesbrecht

This was the most abundant cyclopoid in the lower estuary,
occurring year round in surface and bottom tows (Appendix Tables
I-X). The salinity range was 20.5% to 32% and the temperature
range was 2.5 to 25.3 C. Females bearing eggs were present in

winter and spring.

Oithona similis Claus

This cyclopoid was present at Bay stations and the York
River stations every season of the year,.but most often in spring
(Appendix Tables I-X). Its ranges were 15.6% to above 32% salin-
ity and 3.2 to 26.9 C temperature. Females bearing eggs were
present in spring and fall. The Oithona species might be too

small for all to be retained by a #6 mesh net (Grice, 1960b).

Cyclops vernalis Fischer

This cyclopoid was the most abundant copepod in several
upper Pamunkey samples. It was present all seasons except winter
(Appendix Tables XIX-SSIV). A freshwater species, the highest
salinity in which it occurred was 3.6%. It's temperature range
was 15.2 to 28.9 C. Females with eggs and juvenile stages were
present all seasons that the copepod occurred so the breeding

season is protracted.

Halicyclops fosteri Mildred Wilson

This cyclopoid was present February through November in

Pamunkey River stations in salinities below 5% but most often in
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fresh water (Appendix Tables XIX-XXIV). Its temperature range was
4.3 to 28.9 C. It was the most abundant copepod present at P50 on
occasions. Egg-bearing females present in every season indicated

a protracted breeding season. This is a new record for the

Chesapeake Bay area.

Mesocyclops edax (Forbes)

This species was present from February to November at
Pamunkey River stations (Appendix Tables XVII-XXIV). Its salinity
ranged from fresh water to 13.3% and temperature from 4.4 to 28.9C.
Some egg-bearing females were present in nearly every sample, but
abundant juveniles in summer indicated most extensive breeding at

this time.

Mesocyclops leukarti (Claus)

M. leukarti was not as common as the above species but
was found on occasions with it in salinities from fresh water to
4.3% and temperatures 4.4 to 26.6 C (Appendix Tables XIX and XIV).
Wilson (1932a) was probably dealing with one of these two species

when he listed Metacyclops gracilis as present in Chesapeake Bay

(Yeatman, personal communication). Nothing was noted to indicate

breeding season.

Eucyclops agilis Koch

This species was present in surface samples at P40 and
P50 in September 1969 (Appendix Tables XXI and XXIII). The water

was fresh and the temperature 25.1 and 25.3 C respectively.
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Hemicyclops adherens (Williams)

This cyclopoid was captured only in July and BAugust of
both years at Bay stations CO00 and Cl0 (BAppendix Tables III-VI).
The salinity ranged from 21.9% to 29.5% and temperature from 23.5
to 27.6 C. No females bearing eggs were found; however, juveniles
were present in August and breeding probably takes place in the Bay
at this time. The species was described as H. americanus by

Wilson (1932a).

Leptinogaster major Williams 1907

This species was collected over a wider range than any
other cyclopoid. BAlthough never abundant, it was found from C00
to P30 in spring and summer (Appendix Tables IV, VII, VIII, XVII).
Salinity ranged from 7.1% to 29.7% and temperature from 17.6 to
27.3 C at stations of capture. Females with spermatophores attached
were captured in July so this probably is the period of maximum
breeding. L. major was caught most often in the bottom tow.
Yeatman (personal communication) has found this species in Tagelus

sSp., & pelecypod mollusk.

Oncaea mediterranea Claus

This copepod was present summer and fall at Bay stations,
a new record for Chesapeake Bay (Appendix Tables I, II, IV, VI).
Salinities ranged from 19.9% to above 31%, temperature from 7.0
to 27.6 C. Females bearing eggs were present in fall so breeding

in the Bay probably takes place at this time.
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Coryceaus amazonicus F. Dahl

This species appeared in AO5 samples in September 1969 on
the bottom and on the surface in December 1969 (Appendix Tables I
and II). The salinity was 29.5% in each case and the temperatures
23.9 C and 10.5 C, fespectively. Gonzales and Bowman (1965) give
its range as Block Island to the mouth of the Bmazon River, but
this is the first aétual report from Chesapeake Bay. There was no

indication of spawning taking place in the area.

Farranula gracilis (Dana)

This cyclopoid was captured occasionally at Bay stations
and once at Y10 (Appendix Tables II-IV and IX). Salinity ranged
from 16.4% to above 31% and temperature from 4.5 to 26.2 C.
Females bearing spermatophores were present in early fall indi-
cating breeding at this time. Wilson (1932a) identified this
copepod as F. carinata (Gilesbrecht) from Chesapeake Bay. Bowman
and Gonzales (1965) reexamined his specimens and found them to be

the present species.

Ergasilus cerastes. Roberts

Smaikl numbers of this parasitic copepod were caught in
surface and bottom tows on occasion at all localities in the
Pamunkey River (BAppendix Tables XVII-XX). It ranged from fresh
water to salinities of 6% and from temperatures of 3.8 to 29.4 C.
Its usual host is a catfish (Ictalurus sp.) (Roberts, 1970). Neither
juveniles nor females bearing sex products were captured so breeding
season in this area is unknown. This a new record for Chesapeake

Bay.



DISCUSSION

Physical influences on the distribution
and abundance of copepods

Salinity

It is difficult to assay the effect of salinity per se
on the distribution and abundance of estuarine animals (Riley,
1967). Linear regressions computing species abundance versus
salinity for prominent species indicated no relationship. Corre-
lation coefficients were as follows:

Acartia tonsa = neg. 0.0635

A. clausi = neg. 0.1050

Pseudodiaptomus coronatus = 0.1816

Eurytemora affinis = 0.0513

Distance up an estuary at which a species occurs may, however, be
dependent upon the position it occupies in the water column.

Larvae of sessile forms are transported upriver in the heavier,
high salinity water flowing upriver near the bottom (Carriker, 1951;
Brehmer, 1970). Copepods also appear to use this transport system
(Bousfield, 1955; Barlew, 1955). Coastal marine forms preferring

deeper water such as Tortanus discaudatus are often found well up

an estuary (Bousfield, 1955). In this study T. discaudatus was

found in the Pamunkey River where the salinity is quite low. Ex-
cept for winter when species diversity was extremely low at P40 and

P50, the least number of species was prasent at the center of the

86
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sampling area and increased downstream as well as upstream
(Figs. 35-38). Species diversity increased proceeding seaward,
with greatest numbers of species present in summer and fall.
Numbers of marine species increased with increasing salinity as
would be éxpected. There were only two strictly oceanic species
present and these made up less than 0.02 percent of the total
number of copepods. Twelve shelf and coastal species made up
1.75 percent of the total number.

All estuarine species were characterized by their ability
to prosper in a broad range of salinities. Three, A. tonsa, A.
clausi, and P. coronatus were found from fresh water to sea water
(Fig. 39). Those listed in the marine group did not have a wide

salinity range.

Temperature

The effect of temperature is easier to document than
that of salinity in some cases. Nearly every species exhibited
variations in seasonal occurrence. In the case of marine species
entering the estuary, northern species were restricted to cooler
months and southern species occurred in warmer months. Mecynocera
clausi, a southern form, was an exception, but numbers involved

were too small to indicate any trend. Centropages typicus, a

northern species, was the other exception. It was present year-
round in fairly constant numbers, so did not show an expected
affinity for cooler water.

Acartia clausi replaced Acartia tonsa in late winter and

spring at York River and Bay stations. A. clausi's distribution is

greatly influenced by temperature inasmuch as it penetrates the
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estuary to fresh water at the coldest season of the year and is
completely absent during the warmer seasons of the year. A. tonsa
1s present year-round, indicating an ability to survive any tem-
perature in the estuary. However, it is more abundant in low
salinity water in the coldest months. Temperatures did not vary
enough during the study to modify distribution of the Acartia

species to a measurable degree.

Dissolved Oxygen

Abundance and distribution of copepods were not affected
by high or low dissolved oxygen levels. Consistently low bottom
DO's were measured at P30 or nearby stations, but copepod numbers
were neither consistently high nor low (Figs. 19-30). Extremely
low dissolved oxygen levels accompanied the high run-off in August
of 1969. In September, on the bottom at Y10 and Yié, with DO's just
above 1 mg/liter, the copepod count was several hundred times that
of the preceding year when oxygen levels were nearly 5 mg/liter.
In such cases as this large populations of zooplankton would be
expected to help reduce the dissolved oxygen in the lower water
column. High DO was often found with high copepod counts, so low
dissolved oxygen cannot be used alone as an indicator of high

copepod numbers in such situations.

Light Penetration

Secchi disc visibility reached a maximum in summer when
copepod numbers were at the lowest of the year. Direct relation
of the two parameters is lacking, however, because at stations at

other times of the year when visibility was less, copepod numbers
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were not correspondingly greater. Large marsh areas bordering the
York system undoubtedly are the major contributors of suspended
material in the water column and disc readings would be expected

to reflect degraded phanerogams and benthic algae originating

here. Tidal current, run-off and degree of degradation of the
marsh plants would determine the amount of suspended matter present

at any one time (Van Engel and Joseph, 1968).

Fresh Water Run-Off

Maximum run-off occurs in spring of most years (Van Engel
and Joseph, 1968). At this time freshwater copepods are found
furthest down the estuary. March had the greatest spring run-off
in 1968 and 1969 and high copepod numbers occurred in March and
Bpril. In 1966, high run-off occurred in February and greatest
seasonal copepod numbers were found in March, April, and May

(Van Engel and Joseph, 1968). Numbers of Mnemiopsis leidyi, a

proven predator of copepods, decreased with the increased river
flow, perhaps allowing survival of large numbers of copepods. This
argument is strengthened by the fact that a large increase in

numbers of Acartia tonsa and Eurytemora affinis in September 1969

followed the high storm run-off of August which removed M. leidyi
from the estuary (Fig. 27). The fall copepod bloom following
Camille was much greater than the increase in copepod numbers that

followed the appearance of Beroe ovata in the estuary in 1968

(Figs. 27-29). Beroe fed on M. leidyi to such an extent that large
areas were swept clean of the tentaculate ctenophore. The fall
increase in copepod numbers was also less pronounced in 1966 when

Beroe entered the lower estuary (Burrell, 1968). Large numbers of
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copepods may well be flushed out of the marshes bordering the
Pamunkey when the increase in water flow is great enough to offset
the basin effect created by the high sills at each eéntrance to marsh
thorofares, thus accounting for increases following high run-off.
Huntsman (1955) found high plankton numbers following freshets in
Passamaquoddy Bay, but this was attributed to change in current
patterns.

Influence of high run-off is short lived in the estuary.
After the September high, numbers of copepods in the surface waters
fell back to the 1968 level by October; bottom numbers were not

lower until November.

Sea Gonditions

Sea conditions affect vertical distribution of some plank-
ters such as ctenophores (Mayer, 1912). The effect of rough seas
on copepods is not known. In this study no relationship could be
established between four degrees of roughness, classified by wind
speed (Von Arx, 1962), and percent copepods found in surface
samples (Table 7).

Involved factors such as the increase of mixing with tur-
bulence, the association of cloud cover with windy weather and the
seeking of lower depths by predators during rough conditions may

interact to keep the percentage of surface copepods rather constant.

Biological influences on the distribution
and abundance of copepods

Food

The effect of food quantity on the distribution of cope-

pods in an estuary is difficult to evaluate. Brehmer (1970)



Table 7. Percent copepods present in each sample as related to
sea conditions.

1 = 0-2 Beaufort scale

2 =23 Beaufort scale

3=4 Beaufort scale

4 =5 Beaufort scale
1 2 3 4 Total
Surface 32.§ 37.4 34.3 33.3 33.5
Bottom 67.1 63.6 65.7 66.7 66.5
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measured phytoplankton in the York in terms of chlorophyll "a'.

He found highest values in summer when copepods were at a minimum
in the lower York. However, he also found high values right after
the passage of Camille when the copepods were extremely abundant.
Thus, grazing by copepods in this instance, did not appear to affect
phytoplankton abundance. Brehmer's data also show a winter minimum
of chlorophyll "a" and this corresponds to high numbers of A. clausi,
the dominant copepod in the York at this time, making it appear

that grazing was a factor in this case. However, chlorophyll "a"
increased in spring concurrent with a rise in copepod numbers.

Thus it appears that A. clausi numbers were not curtailed by a

lack of food, nor was grazing by an increased copepod population

in the spring sufficient to reduce the standing crop of food.
Therefore food does not appear to be a limiting factor for copepods

in the York River.

Cyanea capilllata

This medusa was present in winter and early spring at Bay
stations and lower York River stations (Appendix Tables III-XII).
Copepod numbers did not decrease when Cyanea was in the areas,
rather the seasonal maximum often coincided with its occurrence.
This cnidarian is not considered a serious predator of copepods and

its direct influence on seasonal abundance is minimal (Lebour, 1923).

Chrysaora quinquecirrha

This medusa was present in the York and lower Pamunkey
River in June, July and August and in the Bay in July and August

(Appendix Tables III-XX). It was often present when copepod numbers
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were lowest at these stations, but its presence coincided with that

of the ctenophore Mnemiopsis leidyi which is a known predator of

crustacean plankton (Bishop, 1967; Burrell, 1968; Miller, 1970).
When Chrysaora appeared without Mnemiopsis, copepod numbers remained
high (Appendix Tables III-VI, X). Conversely, copepod numbers
almost invariably were minimal when Mnemiopsis was present.
Chrysaora is probably not a serious predator of copepods and does

not constitute a major influence on their distribution.

Other Medusae

The medusae of several species of Hydrozoa were sub-
dominant plankters in several instances; however, an inverse
relationship between copepod numbers and these jellyfish could not

be demonstrated. Rathkea octopunctata was most common in winter;

Nemopsis bachei was most often encountered in spring; Dipurena

strangulata and Liriope tetraphylla were common summer-fall

species (Calder, 1971). The scyphozoans Aurelia aurita and

Rhopilema verrilli appeared from time to time but were never common

during this study and are not considered to significantly influence

copepod distribution or abundance.

Mnemiopsis leidyi

This tentaculate ctenophore is probably the single most
important biological influence on copepod distribution. Burrell
(1968) showed this animal to be the greatest single predator of
small crustacean plankton in the York River system. All species
of planktonic copepods were vulnerable to this comb jelly. In-

variably copepod numbers dropped off logarithmically when M. leidyi



99

.was present except in certain instances when the tow extended be-
yond the area of the ctenophores, or the ctenophores were too
small to capture copepods. The high run-off of fresh water in
August of 1969 moved M. leidyi out of the estuary and a tremendous
increase in copepod numbers followed in September (Fig. 27). This
may be the mechanism that is in effect when large oyster strikes
occur immediately after high fresh water run-off in an oyster
spawning season as this ctenophore is also a predator of oyster
larvae (Burrell, 1968; Nelson, 1925). The phenomenon would be
more likely to occur in rivers where the oyster strike is late
because tropical storms with accompanying heavy rainfall generally
occur in late summer or early fall. Copepod numbers are inversely
related to ctenophore volumes (Figs. 19-30, Appendix Tables I-XX).

M. leidyi was effectively removed by Beroe ovata from the

Bay and lower York stations in August and from the upper York
stations by October in 1968. Burrell (1968) found this same con-
dition in the York in 1966 and it is probably an annual occurrence.

Copepod numbers rise rapidly as M. leidyi is replaced by Beroe.

Beroe ovata

This ctenophore had an indirect influence on copepod

numbers in that it fed upon Mnemiopsis leidyi (Burrell, 1968).

Bepoe appeared in the York estuary in mid-to late summer 1968 and

copepod numbers increased (Figs. 28-30, Appendix Tables III-XVIII).

Polychaete larvae

The larvae of Polydora sp. were common in winter and

spring, however there was no evidence of predation on copepods
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by this organism.

Cladocerans

Cladocerans at the Bay stations varied directly in abun-
dance with copepods. They are as vulnerable to predation by M.
leidyi as copepods, so this was expected (Burrell, 1968). At upper
Pamunkey River stations fresh water cladocerans may have been com-

petitors for food and one of them, Leptodora kindtii, probably

preyed to some extent on small copepods, copepodids, and nauplii
(Barnes, 1963). This group may have been responsible for low
numbers of copepods at P50 as compared to other stations. Clado-
cerans were generally absent at York River stations indicating
that marine and freshwater cladocerans, but no true estuarine

species, are found in this system.

Mysids and Amphipods

These two groups are important members of the food chain,
especially in the upper York and lower Pamunkey rivers (Van Engel
and Joseph, 1968). Primarily detritus feeders, they serve an im-
portant function in cycling nutrients from the phanerogams of the
marshes to the waters of the estuary for eventual uptake by phyto-
plankton, which serves as food for herbivorous copepods. Tattersall
and Tattersall (1951) found some mysids would attack copepods, but
this was not thought to be a typical feeding pattern nor were live

copepods considered regular food items.

Decapod larvae

Larvae of decapods were present in samples from the York

and Bay stations throughout the year except part of the fall.



101

Included were larvae of sand shrimp, Crangon septemspinosa, in

winter and spring; blue crab zoeae, Callinectes sapidus, and species

of Palaemonetes in summer. In summer, the zoeae of Rhithropanopeus

harrisii were important meroplankters at the upper York and lower
Pamunkey stations. Lebour (1922) found that a species of Crangon
preyed on copepods, and Chamberlain (1962) used copepod nauplii

as culture food for Rhithropanopeus harrisii. Dressel (1971)

found Uca sp. larvae to be predators of copepods in culture.
Numbers of zoeae of these forms often varied inversely
with numbers of copepods present when Mnemiopsis was present. This
was expected because the ctenophore does not prey on spiny forms
according to Burrell (1968). Predation on copepods by these plank-
ters probably occurs, but does not exceed recruitment. Copepod
numbers did not drop when decapod laryae entered the plankton at
a station unless coincident with the advent of M'.EEiQZi (Appendix

Tables I-XXII).

Chaetognaths

Chaetognaths are known predators of copepods (Lebour,

1922). Two species, Sagitta tenuis and S. elegans, were present in

the York estuary in fall and winter, respectively. Copepod numbers
did not decrease when chaetognaths were prominent at a station but
often increased (Appendix Tables IV-VI, IX-XIV). Therefore it must
be assumed that copepod recruitment was great enough to mask

chaetognath predation.
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Fish

The York system is an important breeding ground for many

anadromous fish such as striped bass, Morone saxatilis, American

shad, BRlosa sapidissima, alewife, BA. pseudoharengus, bluéback

herring, A. aestivalis and hickory shad, A. mediocris. Estuarine

species such as bay anchovies, Bnchoa mitchilli, white perch,

Morone americanus and naked gobi, Gobiosoma bosci, also breed in

the area. The young of many marine species, as croaker, Micropogon

undulatus, spot, lLeiostomus xanthurus, grey trout, Cynoscion

regalis, silver perch, Bairdiella chrysura and menhaden, Brevoortia

tyrannus use the upper York and lower Pamunkey as a nursery ground
(Van Engel and Joseph, 1968). Stomach analysis revealed that
copepods were significant items in the diets of many of these

fish at some stage in their life history (Hildebrand and Schroeder,
1928; Van Engel and Joseph, 1968). Recruitment appeared to be
adequate to offset fish grazing on copepods because in spring and
summer, when fish larvae and post-larvae were.most abundant in the
Pamunkey River, copepod numbers generally increased (Figs. 21-24,
Appendix Tables III-V, XII-XIV, XXII-XXIV). Also, fish using the
nursery ground soon reach a size at which they turn to other foods
such as mysids and amphipods, thus relieving the grazing pressure

on copepods (Burrell, 1968).

Copepods

Some copepods are known to preyon.other copepods. Tortanus

discaudatus and Labidocera aestiva are predatory species according

to BAnraku and Omori (1963). These however are too few in number to

make serious inroads into copepod numbers. Some members.of.the
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Cyclops genus are also predatory and could reduce numbers of smaller
copepods at the upper Pamunkey station, although this is not demon-

strated by this study.

Other predators

Isopods, stomatopods, cumaceans, and salps were present
in plankton samples. Of these, stomatopods and salps are known
predators of crustaceans (Barnes, 1963) but were too few in number

to seriously decrease numbers of copepods.

Vertical Distribution
Two-thirds of the total copepods were caught in bottom

tows. Two of the most abundant species, Acartia tonsa and A. clausi,

exhibited a percent surface occurrence that corresponds closely to
the overall surface percentage and no doubt account for this figure.
Using the Acartia percentage as the dividing line between the
preference of any species for the higher levels or lower levels

in the water column, all species may be conveniently divided into
these two groups for discussion purposes.

The ability of true marine species to penetrate the estuary
is related directly to its preferred position in the water column
(Table 3). Generally speaking, all those species in which over 40%
of the numbers appear in the surface tow are unable to enter the

York River in any numbers. Others such as Tortanus discaudatus and

Labidocera aestiva with percent surface occurrence <40% did pene-

trate well into the York or 'even reach the Pamunkey. Net up-stream

flow of the bottom water is probably respensible for these copepods
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reaching high into the estuary. Season of occurrence is important
for these species. They-are present in fall when maximum salinity
and greatest stratification of the water column occurs, causing
greater current flow and penetration upstream on the bottom
(Figs. 3, 4).

Vertical migrations in estuaries are highly complex, sub-
ject to interaction of many variables, so no effort is made to
establish such patterns from the limited diurnal sampling of

this study.

Seasonal Copepod Abundance and Acartia Abundance in Plankton
of other North Bmerican East Coast and Gulf Coast Estuaries

Dcartia tonsa was not found in the Belle Isle Strait

area by Pinhey (1927a). She did report A. clausi from the Exploits
River estuary where it made up 20% of the total numbers of calanoid
copepods at two stations (Pinhey, 1927b).

Bousfield (1955) found A. tonsa and A. clausi present in
sumner with A. tonsa the most abundant copepod at the 24-foot depth,
mean salinities of 22.0%, and mean surface salinity of 14.0%. A.
clausi was the most abundant copepod when mean salinity was 25.5%
at 24 feet and 23% at the surface. These two copepods occurred
together over much of their range.

L. tonsa is a common, summer form at Woods Hole, Massa-

chusetts and in a small tidal estuary in that area, Great Pond
(Barlow, 1955; Fish, 1925; Sharp, 1910; Wheeler, 1901; and Wilson,
1932b). Fish (1925) found A. clausi in winter but not in numbers

comparable to Pseudocalanus elongatus (=minutus), Centropages hamaius
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or Temora longicornis. Barlow (1955) found greatest numbers of

copepods in early summer and least numbers in £411 and winter.
He also noted a marked decline in all plankton coincident with.
the appearance of M. leidyi in July of 1950 and 1951.

Williams (1906, 1907) did not include information on
seasonal abundance for all copepods in Narragansett Bay. He did
however give the seasonal occurrence of A. clausi as throughout
the year and abundant in winter. A. tonsa was listed as abundant
in summer.

Block Island Sound had maximum copepod numbers in mid-
winter and minimum in early spring and late autumn or early winter

(Deevey, 1952). Centropages typicus was the dominant copepod.

A. tonsa was present in summer and fall, being replaced by A.
clausi in the spring.

The seasonal cycle of Long Island Sound is typified by
maxima in late spring and late summer and minima in mid-winter
(Deevey, 1956). A. clausi was the dominant copepod in winter and

A. tonsa in summer. Paracalanus crassirostris, Pseudocalanus

minutus, T. longicornis, and Oithona species were other important

copepods in this body of water.

Cronin et al. (1962) found the greatest numbers of cope-
pods present in the Delaware River estuary in §pring and least in
summer. A. tonsa and E. affinis were the dominant species. They
apparently did not differentiate between BA. tonsa and A. clausi
and called all A. tonsa; Deevey (1960) reported A. clausi in the

area.
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In Delaware Bay, Deevey (1960) noted a copepod minimum in
spring and a maximum in early summer, fall or winter for the years
1929 to 1935. A. tonsa was the dominant copepod followed by C.

hamatus and Pseudodiaptomus coronatus.

Herman et al. (1968) reported maximum copepod numbers in
spring and minimum in summer in the Patuxent River, Maryland. BA.
tonsa was the most abundant copepod, followed by E. affinis and
A. clausi which replaced A. tonsa in winter.

Wilson (1932a) listed a large spring maximum followed by
a summer minimum and smaller fall maximum in Chesapeake Bay. A.

tonsa was the dominant species in summer and A. clausi in winter

(Bowman, 1961).

Sutcliff (1950) found greatest numbers of copepods in
summer and fall and lowest in winter at Beaufort, North Carolina.
A. tonsa was the most abundant species. A. clausi was not present.

Woodmansee (1958) noted a three-week maximum in October
following heavy rainfall and a summer minimum. A. tonsa was the
dominant copepod year-round.

Maximum numbers of copepods occurred in summer and least
in winter at Alligator Harbor, Florida (Grice, 1956). Oithona

brevicornis was the most abundant species followed by A. tonsa.

In Saint Andrew Bay, Hopkins (1966) found a winter mini-
mum and a late summer maximum in copepod numbers. A. tonsa was the
dominant copepod in this case.

Cuzon Du Rest (1963) in sampling salt marshes of Louisiana
found maximum numbers in spring and minimal numbers in fall. A.

tonsa was the most abundant copepod throughout the sampling area.
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Breuer (1962) and Simmons (1957) found A. tonsa to be
the most abundant copepod in the Laguna Madre of Texas. It was
present in salinities above 80%. Simmons found greatest numbers
in fall.

Numerical comparisons between estuaries are precluded by
divergence in sampling gear and methods, however certain compari-
sons can be made. A. tonsa is the dominant copepod year-round from
Texas north to Chesapeake Bay. From Chesapeake Bay to Woods Hole,
A. tonsa dominates in summer and A. clausi in winter. In southern
Canada both are present in summer with A. tonsa more abundant in
mid-salinities and A. clausi in higher salinities. In the Strait
of Belle Isle area, A. tonsa is absent and A. clausi is found ohly
in warmer waters.

Seasonal minima and maxima of copepod populations from
Florida to Virginia occur in winter and summer, respectively,
except for Woodmansee's (1958) observations in Biscayne Bay (Table 8).
From Chesapeake Bay north to the Delaware River, minima occur in
summer and maxima in spring. In this area minimal numbers would

probably occur in winter, except that Mnemiopsis leidyi severely

reduces summer copepod populations. The seasonal distribution would
then more closely resemble that of southern areas. Woodmansee (1959)

did not feel that Mnemiopsis macradyi decreased copepod numbers in

summer in Biscayne Bay. However, if it was indeed a factor and it
were removed then he would expect & winter minimum also. His fall
maximum also followed a period of high rainfall so this may be an

unusual situation. In Laguna Madre a fall copepod maximum also

followed a season of highest run-off.



Table 8. Copepod maxima (max) and minima (min) from East Coast and
Gulf Coast Estuaries of North America.

Location Winter Spring Summer Fall
Woods Hole, Mass. min max min
Block Island, N. Y. max min

Long Island, N. Y. min max max

Delaware Bay min max

Delaware River max min

Patuxent River, Md. max min
Virginia, Wilson max min
Virginia, present study max min max
North Carolina min max

Florida, East Coast min max
Florida, Alligator Harbor min max

Florida, St. Andrews Bay min max
Louisiana min max

Texas Coast max
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Block Island Sound and Delaware Bay do not encompass low
salinity waters to the degree that most of the other areas do, so
a different seasonality here is expected because of different
species and different predators. In Woods Hole, Qhere the cteno-
phore M. leidyi was not a summer problem, except in a small
estuary studied by Barlow (1955), a winter minimum and summer

maximum again occurred.

Diurnal Sampling

24-hour stations at Y10 and implications about sampling

In June both the surface and bottom mean counts of
copepods closely paralleled those for all areas where ctenophores
were present. Thus, a sample at one station may give indications
on a broad sense for the situation at all other stations under the
influence of M. leidyi.

In October copepod counts from regular surface samples
were similar except for those at Y00, which would indicate a
waning of the effects of high run-off. On the other hand, the
bottom counts at the regular monthly stations were higher upstream
as well as downstream from mean daylight counts at the 24-hour
station, which would tend to discount return of the system to
seasonal "normal"™ after storm runoff. Rather it appears that great
variation in numbers between stations is characteristic of York
estuary copepods except when M. leidyi is abundant and all numbers
are minimal. The 24-hour stations indicated significant differences
between samples at different tidal stages. However, these do not

appear large enough to mask great horizontal differences in numbers
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enountered regularly throughout the study period. Sampling was too
limited to determine tidal influence on copepod abundance even

though maximum numbers of Acartia tonsa were present on the bottom

in June and October at slack water.

Examination of the observed peaks over successive months
shows that species composition varies and that these peaks are
not persisting populatibns moving orderly down the estuafy. In
January 1969 A. tonsa made up over 90% of a peak at Y15 on the sur-
face (Fig. 19, Appendix Table XI). The surface peak was at YOO in
February but A. tonsa made up only 46% of the numbers (Fig. 20,
Appendix Table VII). In March the peak surface numbers were present

at Y10 and consisted of 4% Pseudocalanus minutus (Fig. 21, Appendix

Table IX). Pu minutus was responsible for 99% of the maximum sur-
face counts for April 1969 occurring at YOO (Fig. 22, Appendix
Table X). These data indicate sampling in this estuary must cover
a long period and enough stations to give reliable figures as to
seasonal abundance.

Copepod numbers and seasonality would be useful in
assaying the effects of an alteration of conditions in the estuary.
For example an increase in water temperature in winter could modi-
fy BAcartia distribution. Decrease in river flow would probably
manifest itself in the copépod fauna by a deeper penetration of the
estuary by marine species, while upper stations would show species
seasonality of lower stations, and M. leidyi would prey on copepods
further up the estuary. Levels at which the calanoid copepod abun-

dance and distribution begins to be affected by pollutants such as
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insecticides, petroleum, heavy metals and human wastes is not known;
however, alteration of seasonal copepod patterns concurrent with new

water vsuage in the estuary should turn up indicator species.



CONCLUSIONS

In the York estuary, as in most estuaries, large numbers
of a few species make up the majority of the copepods. Strictly
oceanic species are rare, shelf and coastal species are numerous,
but neither contributes greatly to the overall total numbers.

Acartia tonsa is the dominant copepod most of the year being re-

placed by A. clausi in winter and early spring at many stations.

A. clausi appears to enter the estuary from the ocean, while A. tonsa
appears to repopulate from a residual stock remaining in the upper
reaches of the estuary in the cooler months, or from small centers
that continue to exist in the midst of A. clausi. Alternation of
the Acartia species occurs in estuaries from Chesapeake Bay to

New England. Maximum numbers are present in spring and fall and a
minimum in summer.

Estuarine species are able to tolerate great variations
in salinity and temperature. Copepod movement up the estuary
probably occurs close to the bottom where the net flow is upstream.
Two-thirds of the copepods occurred in the bottom tows.

Copepod recruitment appears sufficient to maintain high
populations in the presence of all predators except the ctenophore

Mnemiopsis leidyi. An exception to this may be at the predominately

freshwater station, P50, where Leptodora kindtii, a cladoceran, and

Cyclops vernalis, a predatory copepod, may keep other copepods

grazed down.
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The greatest biological influence on the York estuary is
M. leidyi which, when present at a station, reduces copepod numbers
logarithmically. Summer copepod numbers are minimal because this
ctenophore is abundant in the estuary at this time. Beroe ovata,

a predator of M. leidyi, moves into the estuary in late summer and
effectively reduces the stocks of M. leidyli in lower Chesapeake Bay
and the York River, allowing recovery of copepod populations.
Ctenophore succession is a regular occurrence and is a character-
istic of this estuary.

The greatest physical influence in the estuary is fresh-
water run-off. High run-off is characteristically followed by
massive increases in copepods; this may be a result of Mnemiopsis
being flushed out of the estuary, but flushing of marsh thorofares

may wash large numbers of Acartia tonsa and Eurytemora affinis into

the channel. Probably both contribute to the increase in copepod
numbers.

The copepod populations were not greatly different in
the two years studied except for a period following high run-off
after a hurricane in the late summer of 1969. Seasonal distri-
bution of the various species closely paralleled each other in 1968
and 1969 and also coincided with 1966 (Burrell, 1968).

Copepod abundance and distribution changes rapidly when
high run-off and M. leidyi are influences in the estuary. Once

these factors are removed, numbers quickly return to predictable

113

seasonal levels and seasonal distributional patterns are reestablished

for the prominent copepod species.
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Sampling of calanoid copepods must be carried out over
several months at a number of channel stations in order to minimize
the effects of fluctuations characteristic of the York estuary that
cannot be explained as caused by predation by M. leidyi or are an
aftermath of high run-off. An alteration of species composition
or change in relative abundance over a period of several months
that cannot be attributed to the two factors should indicate that
another major factor has entered the estuary. When this occurs,
baseline information presented here in in other studies of the
same area should suggest approaches to use in determining what

new influence has been brought to bear in the estuary.



APPENDIX

Station data for each station at one meter below the
surface and one meter above the bottom are listed for 1968 and
1969. Copepods counts are expressed as numbers per liter.

Cyanea, Chrysaora, and Beroe presence is denoted by x, while

other plankters are ranked according to abundance. Tide stage
is coded as foilows: 1 = Early flood, 2 = Maximum flood, 3 = Late
flood, 4 = Slack before ebb, 5 = Eariy ebb, 6 = Maximum ebb,
7 = Late ebb, 8 = Slack before flood.

Sea eondition is coded as follows: 1 = 0-2 Beaufort
scale, 2 = 3 Beaufort scale, 3 = 4 Beaufort scale, 4 = 5 Beaufort

scale.
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