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The Corps of Engineers' comprehensive study of Chesapeake Bay is being
accomplished in three distinct developmental stages or phases. Each
of these phases is respensive to one of the following stated objectives
of the study program.

1. To assess the existimg physical, chemical, biological, economic -

-and environmental conditions of Chesapeake Bay and its related land
resources.

2. To project the future water resources needs of Chesapeake Bay
to the year 2020.

3. To formulate and recommend solutions to priority problems
using the Chesapeake Bay Hydraulic Model.

In response to the first objective of the study, the initial or
inventory phase of the program was completed in 1973 and the findings
were published in a document titled Chesapeake Bay Existing Conditions
Report. Included in this seven-volume report is a description of the
existing physical, economic, social, biological and environmental con-
ditions of Chesapeake Bay. This was the first published report that
presented a comprehensive survey of the entire Bay Region and treated
the Chesapeake Bay as a single entity. Most importantly, the report
contains the historical records and basic data required to project

the future demands on the Bay and to assess the ability of the resource
to meet those demands.

In response to the second objective of the study, the findings of the
second or future projections phase of the program are provided in
this the Chesapeake Bay Future Conditions Report. The primary focus
of this report is the projection of water resources needs to the year
2020 and the identification of the problems and conflicts which would

-result from the unrestrained growth and use of the Bay's resources.

This report, therefore, provides the basic information necessary to
proceed into the next or plan formulation phase of the program. It
should be emphasized that, by design, this report addresses only the
water resources related needs and problems. No attempt has been made
to identify or anmalyze solutions to specific problems. Solutions to
priority problems will be evaluated in the third phase of the program
and the f1ndings will be published in subsequent reports.

The Chesapeake Bay Future Conditions Report consists of a summary

document and 16 supporting appendices. Appendices 1 and 2 are general

background documents containing information describing the history and
conduct of the study and the manner in which the study was coordinated
with the various Federal and State agencies, scientific institutions
and the public. Appendices 3 through 15 each contain information on -
specific water and related land resource uses to include an inventory

| | | Appendix 15
tropercy of Csc Library ’ |



of the present status and expected future needs and problems.:

Appendix 16 focuses on the formulation of the initial testing program
for the Chesapeake Bay Hydraulic Model. Included in this appendix is

a description of the hydraulic model, a list of problems considered -
for inclusion inthe initial testing program and a detailed description
of the selected first year model studies program.

The published volumes of the Chesapeake Bay Future Conditions Report

include:
Volume Number Appendix Nﬁmber and Title
1 Summary Report
2. 1 -~ Study Organization, Coordination and

History -

2 - Public Participation and Information
3 3 - Economic and Social Profile
4 "4 - Water-Related Land Resources
5 5 = Municipal and Industrial Water Supply
6 - Agricultural Water Supply o
6 7 - Water Quality
7 8 - Recreation
8 9 - Navigation"
10 - Flood Control
11 - Shoreline Erosion
9 12 - Fish and Wildlife
10 13 -~ Power
14 - Noxious Weeds
11 15 - Biota
12 16 - Hydraulic Model Testing
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CHAPTER I

THE STUDY AND THE REPORT

The Chesapeake Bay Study developed through the need for
a complete and comprehensive investigation of the use and
control of the water and related land resources of
Chesapeake Bay. In the first phase of the Study, the
existing physical, biological, economic, social, and
environmental conditions and the present problem areas
in the Bay were identified and presented in the Chesa-
peake Bay Existing Conditions Report which was published
in 1973. The Future Conditions Report, of which this
appendix is a part, presents the findings of the second -
or projections phase of the Study. As part of this
second phase of the.Study, projections of future needs
and problem areas, means to satisfy those needs, and
recommendations for future studiés and hydraulic model
testing were developed for each of the resource cate-
gories evaluated. The results of this phase of the
Study constitute the next step toward the goal of devel-
oping a comprehensive water resource management program
for Chesapeake Bay.

The subject of this volume, Biota, focuses on the iden-
tification, characteristics, and importance of the biota
of the Chesapeake Bay Region. This appendix first
addresses how the Bay ecosystem works and how various
physical and chemical factors influence the system.
Seécondly, an identification and discussion of both the

important species and communities in the Bay is provided.

Because of the importance of water quality to the Bay
biota, one chapter is devoted to identifying all Federal
and State water quality criteria and standards pertinent
to the Bay and assessing the impact of compliance with
these standards on the Bay ecosystem. Lastly, this appen-
dix identifies present and future problems as they relate
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to the Bay biota and the future studies that are required
to meet the goal of developing a management plan for
Chesapeake Bay.

B4

AUTHCRITY

The authority for the Chesapeake Bay Study and ‘the
construction of the hydraulic model is contained in
Section 312 of the River and Harbor Act of 1965, adopted
27 October 1965:

(a) The Secretary of the Army, acting through
the Chief of Engineers, is authorized and
directed to make a complete investigation and
study of water utilization and control of the
Chesapeake Bay Basin, including the waters of
the Baltimore Harbor and including, but not
limited to, the following: navigation, fish-
eries, flood control, control of noxious
weeds, water pollution, water quality control,
beach erosion, and recreation. In order to
carry out the purposes of this section, the
Secretary, acting through the Chief of Engin-
eers, shall construct, operate, and maintain
in the State of Maryland a hydraulic model

of the Chesapeake Bay Basin and associated
technical center. Such model and center may
be utilized, subject to such terms and con-
ditions as the Secretary deems necessary, by
any department, agency, or instrumentality

of the Federal Government or of the States

of Maryland, Virginia, and Pennsylvania, in
connection with any research, investigation,
or study being carried on by them of any
aspect of the Chesapeake Bay Basin. The
study authorized by this section shall be
given priority. : d

(b) There is authorized to be appropriated

not to exceed $6,000,000 to carry out this
section. &
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An additional appropriation for the Study was provided
in Section 3 of the River Basin Monetary Authorization
Act of 1970, adopted 19 June 1970:

In addition to the previous authorization,
the completion of the Chesapeake Bay Basin
Comprehensive Study, Maryland, Virginia,
and Pennsylvania, authorized by the River
and Harbor Act of 1965 is hereby authorized
at an estimated cost of $9,000,000.

As a result of Tropical Storm Agnes, which caused
extensive damage in Chesapeake Bay, Public Law 92-607,
the Supplemental Appropriation Act of 1973, signed by
the President on 31 October 1972, included $275,000
for additional studies of the impact of the storm on
Chesapeake Bay.

PURPOSE

Previously, measures taken to utilize and control the -
water and related land resources of the Chesapeake Bay
Basin have generally been toward solving individual
problems. The Chesapeake Bay Study provides a compre-
hensive study of the entire Bay Area in order that the
most beneficial use be made of the water-related
resources. The major objectives of the Study are to:

a. Assess the existing physical, chemical, biological,

economic, and environmental conditions of Chesapeake Ray
and its water resources. '

b. Project the future water resources needs of
Chesapeake Bay to the year 2020.

c. Identify the additional studies, to include
hydraulic model tests, that are needed to formulate a
water resources management program for the Bay.

The Chesapeake Bay Existing Conditions Report, published
in 1973, met the first objective of the Study by present-
ing a detailed inventory of Chesapeake Bay and its water
resources. Divided into a summary and four supporting
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appendixes, the report presents an overview of the Bay
area and the economy; a survey of the Bay's land resource
and its use; and a description of the Bay's life forms
and hydrodynamics. '

The purpose of the Future Conditions Report is to provide

a format for presenting the findings of the Chesapeake

Bay Study. Satisfying the last two objectives of the

Study, the report describes the present use of the resource,
presents the demands to be placed on the resource to the
year 2020, assesses the ability of the resource to meet
future demands, and identifies additional studies required
to develop a management plan for Chesapeake Bay.

The purpose of this Biota Appendix is to present the
findings of the Chesapeake Bay Study as it relates to
the biota in the Chesapeake Bay Region.

SCOPE

The scope of the Chesapeake Bay Study and Future Conditions
Report includes the multi-disciplinary fields of engineer-
ing and the social, physical, and biological sciences. The
Study is being coordinated with all Federal, State, and
local agencies having an interest in Chesapeake Bay.
Included in the report are projections of demands and
potential problem areas to the year 2020 for each signi-
ficant resource category. All conclusions are based on
historical information supplied by the preparing agencies
having expertise in that field. 1In addition, the basic.
assumptions and methodologies are quantified for accuracy
in the sensitivity section. Only general means to satisfy
the projected resource needs are presented, as recommen-
dations for specific areas are beyond the scope of the
Study.

The geographical study area considered in the analysis

of the biota of Chesapeake Bay includes the waters of
Chesapeake Bay proper and its tributaries to the head of
tide as well as the contiguous land area as delineated

on Figure 15-1. The Study Area is consistent with the
Chesapeake Bay Estuary Area as defined for the overall
Study and encompasses those counties and independent cities
which border on or have a major influence on the Estuary.
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As part of the first or existing conditions phase of the
Chesapeake Bay Study, a checklist of the biota of the
Bay was prepared and taxa summaries for all major groups
with the exception of insects and spiders was also com-
piled. (A treatment of the vast numbers of insects and’
spiders was considered to be beyond the scope of the
Study.) This checklist and the summaries were published
in Volume II, Appendix C, of the Existing Conditions
Report. For this phase of the Study the 2,650 species
identified in the Existing Conditions Report were
screened and 126 species considered to be the most
important from a biological or commercial fisheries
standpoint were selected for more detailed study.

Within time and funding constraints these selected
species were then addressed in more detail as were
several key biological communities.

SUPPORTING STUDIES

This appendix was prepared and coordinated by the
Baltimore District, Corps of Engineers; however, all
technical segments as referenced were prepared by the
Chesapeake Research Consortium, Inc., under contract
to the Baltimore District. The Chesapeake Research
Consortium is composed of the Virginia Institute of
Marine Science, the Smithsonian Institution, the
Chesapeake Biological Laboratory of the University of
Maryland, and the Chesaapake Bay Institute of the
Johns Hopkins University. The Consortium also pre-
pared, under contract, the biological studies and
report included in Volume II, Appendix C, of the
Existing Conditions Report which should be considered
as a basic companion to the information presented in
this appendix. For a list of all the supporting studies
and reports that contributed to this appendix, the
Bibliography included in this appendix should be
consulted.
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STUDY PARTICIPANTS AND COORDINATION

The magnitude of this Study, the large number of par-
ticipants, and the complex spectrum of problems requires
a high degree of coordination of the various study
activities. This Study was conceived and has developed
as a coordinated partnership between Federal, State,

and interested educational institutions. As explained
in Appendix 1 of this report, an Advisory CGroup, a
Steering Committee, and five Task Groups were formed

to coordinate and review the Study effort.

This appendix was reviewed by the Steering Committee.

The Steering Committee is responsible for reviewing

the work of other groups and bringing to their attention
any pertinent advances in water resources development or
the environmental sciences and making recommendations as
to their use. This group will also review plans for
scientific activities that may become a necessary adjunct
to this Study. The membership of this group includes
representatives from the following department or agencies.

Corps of Engineers (Chairman) Maryland

Energy Research and Development Virginia
Administration - Delaware

Interior Pennsylvania

National Science Foundation District of Columbia

Smithsonian Institution

Commerce
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CHAPTER II

BIOTA IN THE CHESAPEAKE BAY REGION

It is the extraordinary extensiveness and diversity of
Chesapeake Bay which stands it apart as one of the most
productive estuaries on earth. The Bay provides vast
feeding, shelter and nursery grounds for fish, shellfish,
waterfowl and the myriad of other plant and animal forms
which inhabit the Region. This chapter provides a
description of the Bay and its resources together with
an overview of the biota of the Region.

DESCRIPTION OF THE REGION

In order to better understand the organisms which
inhabit any area it is first necessary to have a basic
understanding of the area and its resources. This
section provides an overview of the Region and a short
history of how the present state of knowledge of the
Bay's biota was developed. Also included is an iden-
tification and discussion of some of the more signi-
ficant publications that address the biota of the Bay.
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THE CHESAPEAKE BAY REGION

Chesapeake Bay is the largest of the hundreds of estuaries
in the United States stretching nearly 200 miles from
Pennsylvania to North Carolina with a maximum width of

30 miles near the Maryland-Virginia border. The Bay with
its countless tidal tributaries has a total water surface
area of approximately 4,300 square miles and a tidal
shoreline of 7,300 miles. Fed by nine major river systems
and numerous small streams, the Bay's drainage basin covers
approximately 64,160 square miles and portions of six
states and the District of Columbia.

The physical composition and structure of the earth in
the Chesapeake Bay Region varies from the basically
flat, sedimentary Atlantic Coastal Plain Proévince to
the rocky, more rugged topography of the Piedmont
Plateau Province. As shown on Figure 15-2, these two
physiographic-geologic regions run roughly parallel

to the Atlantic Ocean and the Bay itself and adjoin

at the Fall Line.

The Chesapeake Bay, like other estuaries, is only a
short term feature on a geologic time scale. The Bay
is being rapidly filled with sediments from rivers

and shore erosion, the remains of organisms that inhabit
the Bay and sediments from the sea. The sources are
thus external, marginal and internal. On a system-wide
basis, the external sources are predominant, and the
rivers account for the vast majority of this input.

The characteristic mode of sediment transport both into
and within the estuarien portions of the Bay is as sus-
pended load.

The Bay is characterized by a generally moderate cli-
mate, due in a large part to the area's proximity to
the Atlantic Ocean. Variations occur, however, on a
local short term basis due to the large geographical
size of the Bay area. The average precipitation of
the area as a whole is 44 inches per year, with geo-
graphical variations from about 40 to 46 inches per
year, Snowfall included in the precipitation totals
averages about 13 inches per year and generally occurs
between November and March. The average temperature
fro the area is 579F; however, because of the wide
latitudinal area, the temperatures at the head of the
Bay average 55°F, while at the mouth the average is
almost 60OF.
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RESOURCES

The resources of the Bay Region have provided much
toward the development and well being of mankind. The
fish and wildlife, the potable freshwater, the deep-
water arteries and the natural beauty of the Region
are just some of the resources that have contributed
greatly to man's desires to live and work along the
shores of Chesapeake Bay. Unfortunately, man's use

of these resources has sometimes been to the detriment
of the biota that inhabit the Region.

The Chesapeake is one of the most important seafood
harvesting areas in the Nation. Waters of the estuary
yield millions of pounds of finfish and 'shellfish each
year. The fishing industry on the Bay is among the
most colorful in existence and it provides a strong

tie with the past. In addition to the heavy commercial
seafood harvest is an ever-increasing sport fishery,

and countless people go crabbing and clamming for both
food and fun. The marshes of the Bay provide hunting
grounds for waterfowlers and there are numerous species
of upland game. Thousands also enjoy such non-consumptive
fish and wildlife uses as bird watching and photography.

The approximately 8 million people who ‘live in the
Region depend on both surface and groundwater resources
to meet their water supply needs. Approximately 80
percent of the people are served by about 50 major
water systems which provide approximately 900 million
gallons of freshwater daily.

Industry also requires large volumes of water for both
processing and cooling. Daily industrial demands totaled
approximately 1,500 million gallons in 1970. Man's use
and return of the Bay. waters has often created problems
for the biota of the Bay. Reduction in both the gquan-
tity and quality of the waters returned cause the most
serious consequences.

In 1970, the navigation arteries of Chesapeake Bay and
tributaries handled nearly 150 million tons of water-
borne commerce worth billions of dollars. The impor-
tance of this activity to the economic structure of

the Region, particularly the world ports of Baltimore
and Hampton Roads, is inestimable. Recreational ves-
sels also navigate on Bay waters which are considered
to be some of the more pleasurable in America. However,
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demands for deeper channels for commercial activities
and the need for continuing maintenance of the existing
channels creates still another stress on the Bay biota.
The dredging of the channels and the disposal of the
dredge material can have serious impacts on the biota
of the Bay.

Lastly, the very beauty of the Bay with its many
scenic vistas and picturesque emhayments has led

man to develop along the shoreline to be near these
pleasures. Unfortunately, in some cases, this shore-
line development has resulted in the destruction of
wetlands and wildlife habitat and the loss of the
very resources that man planned to enjoy.

HISTORY .

Since the first exploration and mapping of Chesapeake
Bay in 1608 by Captain John Smith, man has been concerned
with, and indeed highly dependent on, the plant and
animal biota of the Bay Area. Although precious metals
such as gold were hoped for in the ''mew land", the real
bounty was realized in the abundance and diversity of
these bioclogical resources—-deer, waterfowl and upland
game were abundant; profusions of shad, sturgeon, and
drumfish were found; and rich soils for agriculture
appeared inexhaustible. The colonists' interest was
understandably toward the immediate food and/or econ-
omic value of these items; and by 1628, exports of
tobacco to England, for example, reached 1.5 million
pounds. Since colonization, agricultural and com-
merical fishing have continued to grow and today are
major factors in the Bay Area economy. The value of
agricultural products grown in the Bay Area was

$589 million in 1969 and the commercial fishery har-
vest was valued at approximately $41 million in 1970.

The history of knowledge of Bay Area organisms Stems
from the primarily non-technical interest in natural
history of early America. The effort expended on
systemization, and classification of what was found

in nature, gave organization to the accumulated masses
of data. Also, a base was formed for investigation
and debate following release of Darwin's evolutionary
theory in the mid-ninteenth century. :
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Aside from the observations of natural historians,
resulting in the inventory and classification of many
plant and animal species, economic incentive has
governed the growth of biological knowledge in the
Bay Area. There is little incentive for other than
amateur naturalists to delve into the life history
of an obscure organism of no economic import. Also,
the complexity of study, the long periods of time

- needed for life history analysis, and the rapidity
with which environmental changes can occur, preclude
a wholesale closing of the data gap by the scientific
community. As a result, little is known of many Bay
Area organisms, their life cycles, and response to
environmental change. The status of present knowledge
of biota in the Bay Area is treated exhaustively in
the Existing Conditions Report.

DESCRIPTIVE PUBLICATIONS

Pespite the many research needs identified by the
scientific community, much information is available
on the Bay's biota. The single most comprehensive
document completed to date on Bay biota is Appendix C,
Volume II, of the Chesapeake Bay Study Existing Con-
ditions Report, released in 1973. Prepared by the
Chesapeake Research Consortium, Inc., under contract,
the appendix includes summaries by recognized author-
ities of the various taxa found in the BRay Area,
evaluation of environmental effects criteria, and a
wealth of other information concerning Bay Area biota,
institutions, researchers, and literature sources.

. In 1972, the Virginia Institute of Marine Science
released what is currently the most complete com-
pilation of Bay Area biota: A Checklist of the
Biota of Lower Chesapeake Bay. The list identifies
in excess of 2,650 species, which include certain
recently added plants and vertebrates, but excludes
insects and spiders. Literature for specific taxa
are cited exhaustively.

Earlier works include a list of plankton by Wolfe,
et al, in 1926; and Hildebrand and Schroeder compiled
their Fishes o6f Chesapeake Bay in 1928, which is still

considered to be one of the broadest works on Bay biota.

In 1930, Cowles provided a very thorough treatment in
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his Biological Survey of the Offshore Waters of Chesapeake
Bay. He listed 250 organisms by at least generic name,
although some groups were treated rather bwoadly. Dr. Willis
Hewatt produced the first checklist of marine invertebrates
at VIMS in 1959, although Dr. Jay Andrews had earlier com-
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piled a list for mollusks.

PRESENT STATUS SUMMARY

The current best estimate for the total number of Bay

"organisms in 2,650, as eompiled by Dr. Marvin Wass,

Virginia Institute of Marine Science (VIMS). The

figure includes multitudes of living things from
bacteria, fungi, phytoplankton and microalgae, to the
more familiar fishes, reptiles, birds, and mammals.
Figure 15-3 illustrates the rank of various plant taxa
found in the Chesapeake Bay Area. Spiders and insects
were considered to be beyond the present scope of

study due to the vast number of species involved.
Certain other groups have either been ignored or have
not been known to occur, as yet, bryophytes, rotifers,
gnathostomulids, and kinorhynchs being examples.

Also, deficiencies exist in coverage of the ecologically
underrated protists. Since the VIMS list concentrates
on the lower Bay, some higher plants, birds, and mammals
have not been well covered for Maryland. Fishes,
invertebrates, and algae, however, are considered to bhe
"reasonably'" covered for the entire Bay Area.

To summarize the state-of-knowledge concerning the biota
of Chesapeake Bay, the following comments are provided
essentially verbatim as published by Dr. Wass in the
preface to A Checklist of the Biota of Lower Chesapeake

Bay.

"The Chesapeake Bay is the largest of the
hundreds of estuaries found in North America.
It is subjected to broad ranges of temper-
ature, wind, turbulence, and dissolved
oxygen. Salinities range from rather con-
stnat at the mouth to an ecotone, or area

of change-over, with fresh water that may
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move over a distance of 90 river miles

in a year. Gradient zones, point of great-
est salinity change, occur in each tri-
butary river and the Upper Bay at about

the 10-12 ppt. isohalines. These tend

to delimit the lower boundaries of

nursery grounds, or critical zones.
Turbidity increases up-estuary and a
somewhat controversial flocculation zone
occurs near the head of salinity.

"Organisms range from specialists, largely
biologically controlled by predation and
competition, near the Bay mouth, to gen-
eralists, or fugitive species, which
accommodate to physical factors, in the
upper reaches. Diversity is high in the
lower Bay, often greater in the lower
James and York than near the Bridge-
Tunnel at the mouth, perhaps a result of
greater sediment variations. In the
Chesapeake system, faunistic break points
seem more likely to occur near 10 and 25 ppt.
than at the 'Venice system' levels of

5 and 18 ppt. Seasonal variations in
salinity, with lows typically in April

and highs in October, may be considerable
in the tributary rivers. Superimposed on
these are longer cycles, as in the dry

years of the late 1960's.

4

"Chesapeake Bay is famous for its pro-
duction of seafood. The great harvests
of croakers in the 1950's is an oft-
recounted memory. The menhaden fluc-
tuates in a slow decline while still
making up two-thirds of the total tonnage.
Far behind are alewives and other clupeids
obviously affected now by oceanic fishing
pressure. But all is not gloom, the sum-
mer is 1970 brought banner catches of

spot and trout. Striped bass seem most
successful and once ignored fish receive
increasing catch effort. Eels are air-

. freighted 1live to Holland; catfish trucked

north and west. Difficult to estimate is
the poundage of all those species of fin-
fish and shellfish taken by sport fishermen
or the value of the bull minnows, clams,
worms, squid, and other invertebrates they
use for bait.
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"Blue crabs reach their acme in the Chesa-
peake Bay and catching is most proficient.
Oysters are taken in less volume but are
of great value. Oyster culture in lowered
salinities promises a continuing supply

of this gourmet bivalve. Hydraulic
dredging has put Maryland ahead in soft
clams. Long lived but poorly recruited
hard clams sustain a sizable fishery in
the lower Bay. 1In the face of continued
coastal urbanization, some edible sea-
foods may be of most value for the recre-
ation provided in their catching and
pleasuresome eating.

""Mobile species, such as amphipods, are
able to move with the salinity change;
however, sessile forms may establish
coleonies in summer, only to be wiped

out in winter. A very few species,
usually abundant ones such as the men-
haden and some amphipods, reproduce

all year. Others such as barnacles,

Mya, and Mulinia exhibit bimodal spawn-
ing behavior; the fall reproduction of
some bivalves often seems more success-
ful than the spring set, presumably
because of blue crab and demersal fish
depredations in late spring. The most
striking vernal phenomena are the spawn-
ing of Polydora ligni and the attendant
mud accretions by newly set worms in
March and April, élosely followed by

the mating gyrations of the ubiquitous
Nereis succinea. The blue mussel, highly
prized by epicures, usually survives the
summer at the Bay mouth and has occasion-
ally produced large sets at VIMS in winter.
In January and February, 1959, this mussel
became a pest by setting on blue crabs

so heavily that extra hands were hired

to remove them. At this time, W.A. Van
Engel found 196 mussels on a single
female crab. '

"The oligo- and low-mesohaline sectors
have become known as 'nursery grounds'
because of the larval and juvenile fishes
transported there from the ocean or fresh
water currents and self-propulsion. In
these murky waters the detritus food-chain
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is maximized and young fishes grow large
enough to cope with increasing biotic
hazards down-estuary and in the ocean.
Biomass per unit of area, particularly

of marsh plants and fishes, is vastly
greater on these nursery grounds than

it is seaward. Three resident fishes,
the white catfish, white perch and hog-
choker compose over 95% of the fish
volume here. Mysids, amphipods and wedge
clam, Rangia cuneata, predominate in the
biomass of invertebrates. The large
marshes bordering the nursery waters

are rich in angiosperm species, includ-
ing some rare ones, but support only a
few species of birds and fishes, in con-
trast to the Eastern Shore seaside with
its great variety of ichthyo- and avi-~
fauna sSeen against vast cordgrass marshes
and mudflats,

"Sediments typically become coarser toward
the sea. Although deep holes and channels
may bear gravel, deeper areas usually
contain silts and clays. Fresh and olig-
ohaline shallows may support valued
Potamogeton or Vallisneria waterweeds or
be choked by Ceratophyllum, Zannichellia
or Myriophyllum spicatum (Eurasian water-
milfoil). 1In saltier water, Zostera
marina (eel grass) beds support an amazing
epifauna, abundant infauna, and shelter
for many species of juvenile fishes in
summer.

"Communities or organisms are often dom-
inated by a single species in low salin-
ities (e.g., Macoma balthica) while those
in the lower Bay may lack dominants. A
similar event seems to oocur from channels
toothe outlying shoals, where cirratulids
may predominate in channels and diverse
psammofauna may exist in the sandy sub-
littoral region. Sand beaches are most
barren, although giant amphipods may
torment the nocturnal stroller. Oyster
'rocks' are species-rich habitats worthy
of more study.
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"The oligohaline marshes have changed rather
precipitously from being dominated by giant
cordgrass to producing mostly succulent
forbs which often begin dying back in sum-
mer and are laid low by killing frosts.
Wild rice also seems to have been reduced.
The reason for this change is unknown, but
the 10-inch rise of sea level locally in
the last 40 years may have been a con-
tributing factor if sediment aggradation

is inadequate.

"Brackish and freshwater zones exhibit
varying seasonal phenomena including
'red tides', the sensory manifestations
of a few species of opportunistic dino-
flagellates. Silt-laden flood waters
following Hurricane Camille destroyed
thousands of bushels of oysters, but
fattened the survivors. More sinister
are the cyanophycean blooms which
reduce ecosystem stability and complexity
in the upper tidal James and Potomac
rivers, of ten raising the photosynthetic
compensation point to the surface. Low
summer DO's plagued blue crabs in 1971,
after summar rains. Perhaps attracting
most concern among the public is that
bane of bathers, the stinging nettle
Chrysaora, a species possibly benefited
by the increasing practice of culturing
oysters in low salinity areas. DPolyps
of this pest occur typically on oyster
shells, although man's litter also pro-
vides increasing durable surfaces which
sarve as substrates.

"Several species seem to have been reduced,
either in numbers of range, in the last

20 years. Examples include the sand dollar
Mellita, the starfish Asterias, the shrimp
ngrides and most notably, the increasingly
restricted areas in which oysters can be
grown commercially. Most mourned is the
croakers decrease in abundance. Record

of great numbers of sturgeon and some
shorebirds before our time seem legendary.

"Introduced species are more prominent:
Rangia, in all major rivers except the

York, contributes most to the biomass.
Minchinia nelsoni, presumed by some to
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be exotic, is the more economically impor-
tant by its impact on oyster culture.
Loxothylacus panopeae from the Gulf of
Mexico markedly reduced Eurypanopeus and
possibly Rhithropanopeus, a doubtful
benefit to oyster culture and decreasing

a food source for diving ducks. Ecteinas-
cidia, if still present, should be welcomed
by teachers because of its see-through test.
Among vertebrates, the cattle egret, glossy
ibis and nutria are highly successful new-
comers, with an ecological impact yet to

be assessed. Eurasian watermilfoil tops
the plant introductions although it has
inexplicably become reduced in speed and
density recently. The Asiatic Aneilema
keisak dominates some swamp floors. Russian
thistle does a bit to retard barrier beach
erosion and Carex kobimugi may ultimately
be the best defense of back dunes.

"In general, large animals are better known
than small ones on Chesapeake Bay, espe-
cially if they are eaten by man. Vertebrates
have established common names which are
often widely used and usually more stable
than scientific names; for example, the
striped bass, hard clam, Virginia oyster,
and ribbed mussel are abundant species
which have had their generic names changed
in recent decades. Birds are the most
conspicuous and easily censused vertebrates;
however, among birds and fish a 'curiosity
phenomenon' operates and rare species often
receive more attention than common ones of
greater economic¢ import.

"Biological sampling has been conducted
more intensively near research centers,

in the most accessible sites and. in the
milder seasons. Thus, angiosperms of
wetlands are quite well known near the
coast, poorly so between the York and
Potomac rivers. Some plankters, includ-
ing scyphozoans, ctenophores, the Acartia
copepods, Neomysis, the diatom, Skeletonema
costatum, and the flagellate, Prorecentrum
micans, have been reasonably studied, but
hundreds of other holoplankters are little
understood. The meroplankton has been
taxonomically studies for most decapod

Appendix 13
_ 21 -



crustaceans but vast knowledge gaps exist for
polychaetes and other groups. The macrobenthos
is taxonomically knownin general but our
awareness of distribution, life history and
ethology of most species is inadequate. Some
groups, e.g., the organisms from 0.1 - 1.0

mm, have barely been touched in the Bay; for
some communities it is already too late to
study the effects of disturbance."
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CHAPTER III

ECOLOGICAL CONCEPTS AND
ENVIRONMENTAL FACTORS

The Chesapeake Bay provides for the needs of man in
many obvious ways: recreation, navigation, fish and
wildlife, water supply, and wastewater disposal. But,
as apparent as the values are, the true vitality of
all that the Bay represents biologically is keyed to
the sometimes more obscure and even invisible biolog-
ical processes. The food chain begins with the
microbes and bacteria which decompose organic material
into food products and nutrients, and provide certain
links in the natural exchange of gases. These factors,
along with the ecological communities and myriad of
life forms, combine in dazzling intricacy and profu-
sion in the Chesapeake Bay Estuary.

It is toward understanding of these basic biological
concepts that Dr. Forrest E. Payne of the Smithsonian
Institution has authored the balance of this chapter.
The work is an element of the Chesapeake Research
Consortium, Inc., contract referenced earlier and is
a continuation of information presented in the Exist-
ing Conditions Report. All references cited in this
chapter are included at the end of Chapter VI.
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ECOLOGICAL CONCEPTS

It is imperative that ecological concepts be understood
by those in position to make water resource management
decisions. It is the managers who have the difficult
duty of deciding, in spite of the limited knowledge
available on dynamic characteristics of an ecosystenm,
whether or not to permit certain actions which may
affect environmental parameters. He will have to
contend with repercussions that arise if his decisions
cause deleterious environmental effects. It is,
therefore, necessary that scientists provide managers
with detailed ecological information as soon as it is
available in order to prevent as many harmful environ-
mental effects as possible.

Also, scientific terms should be so defined that a
basic understanding of the topic under discussion

is established. It must be recognized that '"the
chief difficulty with ecological terminology is ...
that many of the terms have conflicting definitions"
(Hedgpeth, 1957). In spite of differences of opinion
as well as of vagueness of definitions, the terms
ecosystem and community are useful, and according to
Hedgpeth (1957), no one would seriously propose to
abandon either term.

ECOSYSTEMS

One of the most widely accepted definitions of an eco-
system is "any area in nature that includes living
organisms and nonliving substances interacting to pro-
duce an exchange of material between living and non-
living parts...”" (Odum, 1959). This interaction is
called the '"physiology of ecology" by Hedgpeth (19357).
It is important th recognize that circulation, trans-
formation, and accumulation of energy and matter through
various trophic levels are inherent in the ecosystem
concepts (Evans, 1956; Odum, 1959). Abiotic factors
(the nonliving part of the environment, including both
inorganic and organic compounds) circulate their energy
and matter hy such physical processes as evaporation,
precipitation, erosion, and deposition (Evans, 1956).
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Producers, consumers, and decomposers (biotic factors)
utilize such means as photosynthesis, decomposition,
herbivory, predation, and parasitism for energy and

‘matter transfer and storage (Evans, 1956). A manager

must understand this transfer of energy matter from
one level to another. He also must recognize the
regulatory mechanisms which l1imit abundance and influ-
ence their metabolic activities; some of the more
important regulatory mechanisms are ones that affect
growth, reproduction, death and behavioral patterns,
e.g., migration. A disturbance of even one of these
regulatory mechanisms may cause the ecosystem to cease
to exist in its present identity (Evans, 1956).

COMMUNITIES

" The biotic portion of an ecosystem consists of organisms

which form communities. The community concept must
therefore be explored in order to understand the eco-
logical impact of a community on the ecosystem in which
it exists and vice versa. It is not the intention of
this report to present the various ways of defining a
community* nor to delineate a community from a popula-
tion or assemblage, but rather to present a generalized
concept of the interrelationships of organisms for
managers to use in their work.

Odum (1959) defined a biotic community as "any assem-
blage of populations living in a prescribed area of
physical habitat; it is a loosely organized unit to the
extent that it has characteristics additional to its
individual and population components.' He point out that
a biotic community can be further subdivided into major
and minor communities. A major community is able to exist
independently of all other communities because it has all
the necessary components (abiotic substances, producers,
consumers, and decomposers) for maintaining itself, except
for energy from the sun. If the assumption by Reid (1961)
that an estuary is a major community is accepted, then the
organisms associated with one another within an estuary
comprise minor communities. These minor communities are
dependent upon neighboring organisms to a greater or lesser
extent.

* The term biocoenosis should he called to the attention of
managers. Karl Mobius (1877) first used this term when he
expounded on his concept of an ecological community. His
concept is still used by Europeans, basically in the same
context as our use of the word community. It emphasizes
relationships between organisms and between them and the

ico- i rs in theér environment. - B
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Both biological composition and organigation are
included in the community concept (Reid, 1961). Community
composition 1s the aggregation of organisms typically
associated with one another. Evolutionary diversification,
specialization and adaptation to various environmental
conditions has resulted in distinct aggregations. A rec-
ognizable unity therefore prevails among certain organisms.
A pattern, or organizatlon, of these aggregations exists,
determined by the flow of matter and energy (metabollsm)
throughout the community (Odum and Copeland, 1974).

Managers should realize that community composition is
paralleled in different geographical areas. Speciles sub-
"stitution occurring in parallels of the "Macoma" community

in the Arctic, the boreal, and the Northeast Pacific is
illustrated in Figure #6+-4. - Examples of niche substitution
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FIGURE 15-4: PARALLELISM BETWEEN THE ARCTIC, BOREAL,
AND NORTHEAST PACIFIC MACOMA COMMUNITIES
(Thorson, 1957)
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by various invertebrates living in the different physico-

chemical estuarine conditions of the Chesapeake Bay, of San

Francisco Bay and in European estuaries are given in Table 15-1.
Basically, the types of communities found in particular

geographical regions depend upon the energy relationships

of the environment, species characteristics and specles

functions (Reid, 1961).

According to Odum (1959), "Community names like names
for anything should be meaningful but kept as short as
possible. Otherwise, the name wlll not be used", He
classified communlties in three ways: by their major
struetural features, by the physical habitat in which they
live and/or by their functional attributes, such as com-
munity metabolism. The first two means of classification
are presently the most commonly used. A major structural
feature often used to designate a community 1s a dominant
specles or an ecological domlnant, i.e., the organism(s)
controlling the energy flow or producing the greatest pro-
ductivity. Classification of a community by its physical
habitat 1s essentially self explanatory. Two physical
characters by which a bay community can be classified are
salinity gradients and seasonal temperature variations.
Acting individually or together, both of these factors
can restrict both transient and resident community organisms
to particular spatial and temporal distributional patterns
(Swartz, 1972).

The least used means of community classification, by
a functional attribute, is probably the best for comparison
of all communities (terrestrial, freshwater, estuarine and
marine). Thls method was utilized by Odum and Copeland
(1974) in classifying coastal systems. It involves
community metabolism determination including the fixation,
utilization, and transfer of energy through the trophic
levels from primary producers through the carnivores.
Any alteration of a trophic level results in a shift in
community metabollsm which causes a change 1n community
structure. An example of community structure alteration
caused by the modification of food chain relationships
is 1llustrated in Figure 15-3,

An ultimate goal of water resource managers of the
Chesapeake Bay should be the prevention of major alter-
ations of community structure. All human activities have
some lmpact on the environment. Managere of the Chesapeake
Bay should recognize that the disappearance of organisms about
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FIGURE 15-~5: SCHEMATIC DIAGRAM OF THE EFFECTS OF STRESS ON
ENERGY FLOW IN A SIMPLE ECOSYSTEM (Modified
from McErlean and Kerby, 1972).
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which little is known or a change in the abundance of
particular organisms can be critical enough to Jeopardize
the stability of an estuarine community (Swartz, 1972).

LIMITING FACTORS

The survival of an organism and the stability of the
estuarine community in which 1t lives are both 1nfluenced,
positively and negatively, by the environmental factors
with which they interact. These environmental factors
are collectively called "limiting factors" by ecologists.
The concept of limiting factors is based on two basic
principles. Liebig's "law" of the minimum, as stated by
Odum (1959), 1s "the essential material (necessary for
growth and reproduction) avallable in amounts most closely
approaching the critical minimum needed will tend to be
the limiting one". Shelford's "law" of tolerance, on the
other hand, states basically that the well-being of an
organism 1s controlled by the qualitative or quantitative
deficiency or excess of any one of several factors that

approaches the tolerance limit of an organism (Odum, 1959).

In other words, ecological minlma and maxima affect biotic
behavior and even survival. Odum (1959) pointed out that,
although the physical requirements of an organism are
fulfilled, the failure of biological interrelations may
still cause death. Subsidlary principles to these laws

as listed by Odum (1959) are:

1. "Organisms may have a wide range of toler-
ance for one factor and a narrow range for another."

2. "Organisms with wide ranges of tolerance
for all factors are likely to be most wldely dis-
tributed." ‘

3. "When conditions are not optimum for a
species with respect to one ecologlcal factor, the
limits of tolerance may be reduced with respect to
other ecological factors."

4, "The limits of tolerance and the optimum
range for a physical factor often vary geographically
(and also seasonally) within the same speciles."

5. "Sometimes it is discovered that organisms
in nature are not actually living at the optimum
range (as determined experimentally) with regard
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to a particular physical fattor. In such cases
some other factor or factors are found to have
greater importance."

6. "The 1limits of tolerance for reproductive
individuals, seeds, eggs, embryos, seedlings, larvae,
etc., are usually narrower than for non-reproducing
adult plants or animals.

The two laws, Liebig's "law" of the minimum and
Shelford's "law" of tolerance together with the subsidiary
principles constitute the concept of limiting factors.

An example of limiting factors is graphically
illustrated in Figure-3. Three physical factors are acting
on a hypothetlical burrowing animal: salinity, substrate
and tides. The requirements for survival are (1) salinity
not much lower than sea water, (2) a sandy substate and
(3) a limited amount of exposure such as that occurring
between mid and low tide. A study of Figure 15-6 shows that
in the available area, a minimum of two factors limits
the animal to the area described.
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FIGURE 15-6: DIAGRAM TO ILLUSTRATE LIMITING
FACTORS IN THE BED OF AN ESTUARY
(Day, 1951)

Management should be aware of how the limiting factor
concept (as based on Liebig's "law" of the minimum, Shelford's
"law" of tolerance and the subsidary principles) can affect
the structure and survival of Chesapeake Bay communities.
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ENVIRONMENTAL FACTCRS

The major concern of this section of the report is to
discuss the environmental parameters (biological, chemical
and physical) that affect the biota of the Chesapeake Bay.
It is these parameters which act as "limiting factors"”.
Estuarine managers must appreciate the interactions of these
parameters in order to make knowledgeable decisions.

The Chesapeake Bay is considered an estuary which 1s
defined by Pritchard (1967) as "a semi-enclosed coastal body
of water which has a free connection with the open sea and
within which sea water 1s measurably diluted by fresh water
from land drainage". In other words, it i1s an unlque system,
being neither a fresh water nor a marine ecosystem.

Pritchard (1955, 1967) classified estuaries into four
types: A, B, C and D. Chesapeake Bay fits his classiflcation
of a Type B estuary; 1.e., clrculation 1s aided by tidal
mixing of two water layers, causing an increase in the net
volume of water flow. The two water layers consist of an
upper, lower salinity, seaward flowing layer and a bottom,
higher salinity layer flowing toward the head of the estuary.
Thus, the Chesapeake Bay is considered a moderately stra-
tified estuary (Bumpus, Lynde and Shaw, 1973). '

The geographical shape of an estuary is important
because 1t directly affects the actions of the physical factors
within the bay. Figure 15-7 is Day's plan of an ideal estuary.

HEAD UPPER REACHES}MIDDLE REACHES

PARAMETER
Salinity Sppt-5-15ppt— — — — _ _ 15 Bppt = —~ _ 25ppt
S
c:l:::r:to Mud - — - . Sandy Mud ~ — _Sand or Rock
n Slow— — . _ _ _ Fairly Fast . __ —Rapid

FIGURE 15-7: PLAN OF AN IDEAL ESTUARY
Modified from Day (1951)
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The original shape and depth of the Chesapeake basin has
been modified by sedimentation brought down by the rivers,
by tides as they range up the Bay, and by wave action.

These physical factors, individually and in combined action,
affect the fauna and flora and, therefore, the communities.
For example, the shape of the mouth partially determines
the distribution of seawater which entered the Bay with the
tide. The distribution of the biota thus depends upon their
salinity tolerance. The depth of a bay mouth may also
affect the constitution of bay biota since it partially
restricts the ability of organisms to enter and leave the
mouth (Day, 1951). According to Boesch (personal commu-
nication) depth of the Chesapeake Bay mouth is not known

to prevent faunal movement.

PHYSICO~-CHEMICAL FACTORS

Consideration is made in this section of the effects of
physical and chemical variables 6n the Bay's biota.

SEDIMENTATION

Estuarine sediments are unique; they are of marine .and
terrigenous affinities and yet retain their own integrity
(Nelson, 1962). Inorganic sediments originate from a
variety of sources, including the rivers, bordering sea
cliffs, adjacent sea floor, and reworking of the marshes
(Emery and Stevenson, 1957b). Organic sediments are con-
tributed by rivers, the estuary itself, and/or the ocean.
Emery and Stevenson (1957b) considered organic sediment

a "burial assemblage" since it is comprised of dead plank-
ton, pieces of plants, decayed organisms, etc. Organic
sediments are also formed by fecal and pseudofecal pellets
excreted by benthic organisms (Moore, 1955) and by sedi-
mentary particles cast off by burrowing animals in their
search for shelter and food (Carriker, 1967).

The bulk of the sediments ¢Eomes from the rivers. When
freshwater with its suspended sediments enters an estuary,
it flows on top of the more saline water because 6ffthe
lighter density of the former. Generally, coarsest par-
ticles are deposited before finer particles (Carriker,
1967). The silt, making up the majority of the suspended
material, is deposited as soft mud in low salinity zomes
(Emery and Stevenson, 1957a). If deposition is slow, a

. deposition rate may smother the inhabitants (Day, 1951).
The clay portion of the suspended sediment differs from
silt in that it possesses a charge and attracts other
particles, resulting in flocculation (Emery and Stevenson,
1957b).
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Bader (1962) demonstrated the absorption of dissolved
organic materials by clay minerals to form clay-organic
complexes. The composition of these complexes 1s controlled
primarily by the "crystallographic structure of the mineral,
its molecular weight, functional group, and structure and
the molecular weight, functional group, and structure of
the organic compound" (Carriker, 1967). These macroscoplcal
organic-inorganic complexes are often called detritus.
Detritus, an lmportant food source for many estuarine
organisms, occurs in suspension as a locsely aggregrated,
flaky mixture of organic molecules, including "vitamins,
organic colloids and organic fragments intermixed with
various proportions of clay, silt, fine sand and living
microbiota™ (Carriker, 1967). Since the specific gravity
of these organic-inorganic complexes 1s near that of
estuarine water, they can be held 1n suspension a long
time, but eventually this flocculated material falls to
the deeper floors of an estuary.

Sedimentation results from the "reworking" of shallow
tidal beds and tidal channels. Waves and currents keep a
bay in a state of dynamic flux. One of the best examples
of "reworking" was done by Hunter (1912) in the Chesapeake
near the mouth of the Choptank River. He compared maps
made in 1848, 1900 and 1910 and found that erosion on low-
cliffed shores of clay and marsh amounted to as much as
110 ft/yr. Three 1slands were removed by this erosilon
and at 30-ft depths the bottom was deepeneéd or shoaled
by as much as 6 £t (Emery and Stevenson, 1957b).

The sedimentation rate in the Chesapeake 1s determined
by the force of gravity, the vertical turbulence created by
the water, and by the supply of sediments (Carriker, 1967).
Deposition of materials is greater at ebb tide, when current
velocities are slow and flow duration is greater, and also
during neap tides when lower tidal ampllitudes and corre-
spondingly lower current velocities are present.

Macrophytes can change the sedimentation rate by serv-
ing as traps to prevent sediment movement. Wilson (1949)

- described the changes in sedimentation rate in the Plymouth
District, U.K., caused by the loss of eelgrass (Zostera).
Before its loss, the eelgrass had trapped suspended materials
to such an extent that a channel had to be dredged peri-
odically to allow boat passage. Apparently, this dredging
was no longer necessary after the eelgrass loss since the
sediments were not retained, but quickly washed on out to
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sea. Dexter (1944) described changes in the benthiec
organisms comprising the eelgrass community at Cape
Ann when loss of the plant allowed the sediments to
spread unchecked. '

SUBSTRATUM

Estuarine substrata are formed by sedimentation.
Emery and Stevenson (1957b) considered estuaries as areas
with low topographic gradients, active sedimentation and
bottoms composed of muds and sand in various combinatlons.
In general, mud is found at the head of an estuary, whereas
abundance of sand increases near its mouth., In the Chesapeake
Bay, fine silts are found in the deeper waters whereas finer
sediments are found in the channels except where scouring
action 1s heavy, The eastern shore of the Bay 1s sandier
than the western because of the greater river inflow into
the western portion of the Bay (Boesch and Wass, personal
communication).

Carriker (1967) considered the best known substrate
areas as those reglons in the upper reaches and quiet
lateral areas of an estuary. These substrates consist
of clays, silts and organic materials. The areas of the
inlets, the wave exposed shallows, the intertidal zones and
the bottom areas consist of admixtures of sands and coarser
particles because of the presence of wave actlion and/or
strong currents (Day, 1951). Hard surfaces such as rocky
substrates, oyster reefs and shell deposits nearly always

‘are covered by some form of sedimentation except where

strong water action keeps them clean (Percival, 1929; Day,
1951). The flat portions of the floors of estuaries deeper
than three fathoms are often covered by a sediment blanket.
The particles forming this blanket become increasingly finer
as depth increases. This ideal distribution of sediments

1s possible in Chesapeake Bay only because of the rela-
tively flat bottom and the mild wave and current conditions
(Emery and Stevenson, 1957a).

Substrate has long been regarded as a limiting factor,
but little research has been accomplished on the association
of the distribution of organisms with the bottom type.

Brett (1963), McNulty, Work, and Moore (1962), Sanders
(1956, 1958, 1960) and Sanders, Goudsmit, Mills and Hampton
(1962) are among the few researchers performing detalled
investigations of this assoclatlion. A summary of some

of their results follows since it will be useful for
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comparison with studles of community structure in the
Chesapeake Bay.

In Sanders' (1956, 1958) studies he demonstrated
quantitatively that, for both Buzzards Bay and Long Island
Sound, deposit feeders dominate the mud whereas filter
feeders dominate the sandy sediments. On the basis of
these findings, Sanders suggested that the quantity of
clay in a particular system be used as a method for
determining the distributlon of deposit feeders. These-
organisms utilize the complexes formed by clay and organic
material as a primary food source (Grim, 1953; Bader, 1962).
Detritus, as these clay-organic complexes are called, tends 1
to accumulate on muddy sediments. If its concentration is
increased, it willl cause a reduction in the oxygen content
of the water, creating anaerobic conditions. Those
organisms which cannot function as a result of this
reduction will die. For example, a greater than 3% con-
centration of organic material causes a decline in the
population density of infaunal bivalves (Bader, 19504).

Sanders (1958) concluded that hydrodynamic processes
control the distribution of filter feeders in fine sandy
sediments. The densest concentration of organisms was
found in a weak, steady current, which provided a

stable environment and a constant food supply. Sanders
(1960) showed that there was a continuum of benthic species
assoclated with gradual changes in sediment compositilon.

v

In contrast to the above studies, intertidal deposit
feeders were found as dominant organisms in both mud and sand
in Barnstable Harbor, Massachusetts (Sanders, et al., 1962).
Since the substrate in these habitats is stable, dense .concen-
trations of diatoms and dinoflagellates are present and
utllized as a food source. Sanders concluded that sediment
should be used as the indicator of the food source and not
the factor determining the distribution of feeding types.

McNulty, et al. (1962) demonstrated that in Biscayne
Bay, Florida, detrital feeders were more abundant in the
fine sediments whereas deposit and fllter feeders were
more abundant in the intermediate grades. The results
of this investigation indicated that as particle size
increased, so did the body size of deposit feeders (not
detrital or filter feeders) except in the coarse sediments, »
which did not support any type of large population. NG

Brett (1963) working in Bogue Sound, North Carolina,
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found that feeding habits of animals are related to the
hydrodynamic characteristics of the environmment. Basically,
he found detrital feeders in the areas of slow currents with
sediments having a 0.09 mm mean diameter, whereas the
largest populations of filter feeders were in the area

where the mean grain size exceeded 0.09 mm (0.12-0.14 mm).

It must be emphasized that the same research meth-
odology was not used in the studies described above, but
generalizations of the research results can still be made.

A close relationship between the faunal feeding habits, the
amount of organic content and the physical nature of sedi-
ments appears to exist. All three studies indlicated the
importance of movement of the overlying waters and the
important role of sediment as a food source for benthic
organisms. The questions that can arise from the results

of these studies are numerous and point out the definite
need for a great deal more study. The above generallizations
were based mostly on macrobenthos (large organisms). The
relationships of meiofauna (small organisms) and the substrate
are even less well known.

The interrelationships of limiting factors are further
demonstrated by the tendency of the muddy bottom of estuaries
to retain a higher salinity than the overlying water even
though the tide 1s receding. The marine infauna are there-
fore allowed to penetrate farther up an estuary than the
marine epifauna which are restricted by their tolerance of
the salinity fo the overlying water (Figure 15-8). According

WATER SALINITY <€ 1.5
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FIGURE 15~8: DISTRIBUTION OF SALINITY AT LOW WATER IN THE
: MITDDY FORESHORE OF AN ESTUARY
(Emery and Stevenson, 1957a)

to Boesch (personal communication) this factor is important
for "fluctuating” estuaries, not generally for the Chesapeake
Bay which is a gradient estuary.
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Nelson (1962) pointed out that estuarine sediments
and substrata are important in maintaining the chemical
conditions necessary for the survival of the benthos.

In order to fully appreciate an estuarine ecosystem,

managers must realize that "the chemlcal complex consists

of the interdependent factors of texture and structure,

organic content, pure water chemistry, ion exchange

equilibrium, %as equilibrium and microblological activity" &
(Carriker, 1967). The structure and texture of sediment

in 8itu establishes the framework within which chemical

and blotic processes operate.

N

4

WAVE ACTION

The effects of waves on'‘sediments and substrata has
already been mentioned but will be described here in more
detail. The decrease in wave action is probably one of
the most obvious differences between an estuary and the
open sea (Day, 1951). This decrease is caused partially
by the shorter distance for waves to traverse in an
estuary as compared to the ocean, its relatively shallow
bottom (Emery and Stevenson, 1957a) and the shape of the
mouth (Day, 1951). Moore (1958) stated that waves are
ecologically important to the intertidal zone of an estuary
although they are felt to a reduced extent on the bottom
in deeper waters. Furthermore, they do not affect light
penetration in estuaries as much as they do in the ocean,
but they do influence aeration and mixing to a moderate
depth. ~

Day (1951) demonstrated that wave action affects
estuarine fauna and flora. The geographic makeup of a
South African estuary made it possible for him to separate
the effects of wave action from the effects of salinity
and temperature on the biota. By observation of the fauna
and flora of thils estuary,. and of a nearby shore wilth
moderate wave action, Day demonstrated that they had few
.organisms in common., It is doubtful, however, that waves
have as much influence on the biota of the Chesapeake Bay,
as they do in the South African estuary, except possibly
at the Bay mouth.

In the Chesapeake, the wave action which wets the
upper zones of the shore with spray 1s beneficial to some
specles. In sheltered waters the mixing of water by wave
action is extremely important for the prevention of
excessively high temperatures and salinity stratification.

o
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Ecologically, minimum wave action may be important in an
estuary in maintaining wet conditions in the intertidal
zone, in providing sufficient oxygen for resplration, and
in keeping detrital particles in suspension as a food
source. ’ :

TIDES, CURRENTS, AND CIRCULATION

Waves and currents both move water particles, but
their effects on an estuarine ecosystem vary considerably.
Waves directly affect light penetration to some degree
whereas currents 4o not. Currents however do carry suspended
sediments which reduce transparency and hence inhibit light
penetration. Currents do not form splash zones nor do they
cause damage to organisms by impact, but in conjunction
with particles suspended in the water, they can harm delicate
organisms by their abrasive activity. Currents are relatively
stable except when affected by the tidal c¢ycle. If a current
is strong and causes substrate shifting, impoverishment of-
fauna and flora occurs in that area (Moore, 1958). On the
other hand, if a current does not cause the substrata to
shift, the biota may be rich in both abundance and in
number of specles.

The effects of tides on organisms need to be considered
only in relation to exposure and immersion. The duration of
exposure and immersion controls the severlty of such adverse
factors as desiccation, insolation and exposure to high or
low air temperatures as well as of the availability of time
for feeding and for larval release (Moore, 1958).

Both currents and the tidal cycle are bilologically
significant in other ways. They provide mixlng, transpor-
tation and deposition of inorganic and organic nutrients.
"Net circulation™ aids in the retention of pelagic larvae
for repopulation of existing estuarine communities (Carriker,
1967). Other biological aspects affected by water movement
are in "mingling and dispersing gametes, spores, larvae
and minute older stages; in removal of metabolic products
from and bringing food and oxygen to fixed benthos; and in
flushing from the sediment metabolic products of benthic
microbiological activity" (Carriker, 1967). Currents are
often overlooked alds to distribution. They circulate
chemical "eclues" which help predators locate their prey,
distribute benthic organisms that have floated off the
substratum and invertebrates whilch crawl under the surface
film, and gulde current-oriented organisms (Nelson, 1928;
Carriker, 1957).
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Without circulation, as at the bottom of deep estuaries,
stagnation can cause a "desert" area. Depth as a limiting
factor in the provision of oxygen and food to the bottom of
an estuary should be considered only when circulation 1s
absent and insofar as it affects sallinity and temperature.

SALINITY

Salinity is affected by tidal circulation. In the
Chesapeake Bay, salinity increases from near 0 ppt at the
head to near that of sea water (approximately 30 ppt) at
the Virginia Capes (Bumpus, et al., 1973). An overview
of the Bay shows an oblique distribution of salinity
isohalines, i.e., a higher salinity is found on the eastern
shore than on a comparable area on the western shore.
Figure 15-9 shows typical isohalinés of the Chesapeake Bay
as drawn by Prichard (1952). ’
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FIGURE 15-9: TYPICAL SURFACE SALINITIES IN
CHESAPEAKE BAY (Pritchard, 1952)
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The obliqueness of the isohalines 1s caused by the greater
river inflow on the western shore and by the earth's
rotation. The river inflow is also responsible for the
lateral slope of the salinity wedge that can be observed
by facing the mouth; the right side 1s deeper than the
left. :

Estuarine waters are essentially brackish#* with
variable salt concentrations and dissolved salt compositions
similar to that of sea water (Day, 1951). Estuaries are
therefore more saline than freshwater but less saline than
marine. It is important to distinguish the difference
between fresh and estuarine water. Pritchard (1967) indicated
that in the Chesapeake Bay the "estuary proper extends up the
drowned river valley only so far as there is a measurable
amount of sea salt". Some dissolved solids (i.e., salts)
are present in freshwater, but since salts derived from land
differ from those of sea water, the upper limit of the estuary
is sharply delineated by the difference in the major con-
stituents of river and sea water. Prichard (1967) utilized
the ratio of the chloride ion to total dissolved solids of
sea water which 1s about 1:1.8 for sea water compared to
a ratlio of 1:10 to 1:20 for freshwater.

It is generally known that estuarine waters contain
fewer species than either fresh or marine waters, but it
is interesting to note that the placement of the lowest
number of species is closer to freshwater than to marine
water. The reactions of animals to salinity dilution or
increase varies. Remane and Schlelper (1971) described
certain generalized reactions of ecological significance:
that "on reduction of salinity the marine macrofauna
decreases more rapidly than the microfauna", that 'reduc-
tions of species in groups forming a calcareous skeleton is
greater than in their relations lacking such a skeleton", that
"groups which have invaded the saline areas from freshwater

® According to Hedgpeth (1957), the term brackish includes
a connotation of relatively stable conditions whereas the
term estuarine refers to the waters that are subject to
tidal and seasonal varlatlons. Many lnvestigators disagree
with this meaning; however, as yet they have not published
their definitions.
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and have developed distinct species in brackish waters

and in the sea, display the usual reduction of species
where the brackish region starts; but there is no minimum
of species in brackish water or else it is only slightly
indicated”, and that in "some groups there is a complete
gap in the mesohalinikum, that is they exist in high and
in low salinities, but not in intermediate ones". It 1is
still an open question as to why a reduction and poverty
of species occurs, but undoubtedly a partial explanation
'1s that any change in an ecological factor (e.g., salinity)
disrupts the stability of an ecosystem, which in turn
limits the inhabiting organisms to ones tolerant of chang-
ing environmental conditions. PFigure 15«10 ‘illustrates the
distribution of specles in relation to salinity.

FRESHWATER ESTUARY MARINE

Coo0o
00 0900 000%

0) 5 10 1B 20 25 30 35

SALINITY (ppt)

Freshwater Estuarine Marine
‘Ofgmhmn . ‘)Organhmy O Organisms

FIGURE '15-10: A GENERALIZED CONCEPT OF NUMBERS
OF SPECIES IN RELATION TO SALINITV

Water movement in a bay constantly changes salinity
levels. Inhabiting organisms therefore must have efficilent
osmoregulatory mechanisms. Euryhaline organisms, which
tolerate a wide range of salinity, constitute the majority
of total estuarine taxa (Day, 1951; Carriker, 1967). Some
stenohaline organisms which tolerate salinity change only to
a limited extent are also present. The osmoregulatory ability
of individual species will not be described here; this ability
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is mentioned to point out that salinity changes cause
stress situations which can upset community homeostasis,
i.e., equilibrium between organisms and their environment,

Some organisms are able to adjust to gradual shifts

up and down the salinity gradient although sudden changes
may cause lrrevocable damage. Managers must consider this
possibllity when they are faced with a situation that can
cause a sudden shift in the salinity gradient. The effects
of ionic fluctuations (salinity) on the behavior and dis-
tribution of estuarine benthos and on community structure
have not been reported in any detail (Carriker, 1967).

LIGHT AND TURBIDITY

Suspended material, more than any other physical factor,
determines the distance light will penetrate iIn an estuary
(Day, 1951). The quantity of light that reaches the bottom
is highly variable because of its dependence upon the dis-
charge of muddy streams and rivers, variations in plankton
blooms and changes in solar radlation striking the estuary

(Carriker, 1967). This variabllity is often related to

seasonal changes. In 1938 Cooper and Milne stated: "In
water, therefore, the region of optimum transmission will
result from two opposing factors - absorption by suspended
matter cutting out the blue and green, and absorption by
the molecules of water and the dissolved salts cutting

out infrared and much of the visible red". ’

It is extremely difficult to individually consider
the factors of light penetration and turbidity in an
estuary. Turbidity, caused by the river water discharges,
reduces the amount of light penetration. Wave action,
current and tides all aid in the transportation of this
suspended material throughout an estuary, thus maintain-
ing the turbid conditions. Since estuarine waters are more
turbid than marine waters, their bottoms consequently
recelive less light than the sea bottoms (Day, 1951; Carriker,
1967). This absence of 1light may be beneficial to photo-
negative benthic organisms since they can come out during
daylight hours and feed. In contrast, turbid conditions
are hazardous for light-sensitive organisms that use shadows
cast by predators as a warning to withdraw into areas of
safety.

It has been suggested by several investigators (Nelson,
1916 and 1926; Thorson, 1957, Carriker, 1961; Haskins, 1964)
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that light plays an important role in the behavior and
distribution of the pelagic larvae of benthic organisms,
depending on their degree of light sensitivity (Carriker,
1967). Little information is available on the specific
effects of light on organisms and the portion of the
spectrum effectively useful to these organisms. Haskin
(1964) discovered that oyster larvae respond to salinity
changes only under light with a maximum transmission of
575 u and passage through a yellow-grain filter.

Light 1s necessary for photosynthesis. However, the
harmful effects of 1light, especially in the violet and
ultraviolet parts of the spectrum, must be recognized
(Moore, 1958). They include the rapid breakdown of certain
vitamins and the restriction of plankton during the daytime
to a depth considerably below the water surfacé (Moore,
1958). Some of the planktonic crustaceans are restricted ‘
by a diurnal vertical behavioral pattern, i.e., the migration
of organisms to the surface at night and to deeper depths
at mlidday. This phenomenon is influenced both by 1llumlna-
tion and by temperature, but it 1s still not completely under-
stood (Moore, 1958; Reid, 1961).

Turbidity limits the depth at which photosynthesis can
occur (Day, 1951). If turbidity 1s great, then the distri-
bution of plant 1ife is limited because of the restriction
of photosynthetic activity. This restriction of plant life
- (especially plankton in the open estuary), will reduce the

benthiec and zooplankton populations which in turn will.
reduce the amount of fish productivity.

Natural turbidities should be determined for the
Chesapeake Bay in order to predict the potential annual
productivity of the Bay. Managers should not allow any
effluent to enter the Bay which affects the aquatlc biota
in a detrimental manner by:'.the changes 1t causes in turburdity
and/or color.

OXYGEN

In the presence of light and carbon dioxide, plants
produce oxygen, and animals take in oxygen and glve off
carbon dioxide as they respire. At night, both plants
and animals give off carbon dioxide in their respiratory
activities; therefore, the oxygen concentration of an
estuary 1s at its minimum at night and at its maximum
during the day. The reverse situation 1s true for carbon
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dloxide. The oxygen content of an arm of the Chesapeake
Bay showed 85% oxygen saturation before daylight and 115%
saturation in the late afternoon (Newcombe, Horne and
Shepard, 1939).

Another source of oxygen in addition to 1ts production
as a byproduct of photosynthesis is the atmosphere. Oxygen
diffuses across the water-air interface. It then 1is tran-

ported throughout an estuary by turbulence, sometimes

caused by wind, and convection currents (Day, 1951).
Benthic and planktonic organisms are responsible for the
removal of some oxygen from the water. Another source

of oxygen removal 1s the bacterial decomposition of large
quantities of organic matter present in suspension and/or
on the bottom of estuaries (Day, 1951). This decomposition
of organic matter can cause anaeroblc conditions which can
result in death for many aquatic inhabitants.

Oxygen appears to be a limiting factor in respiratory
activities of estuarine organisms when it reaches a low
of 1.0 to 2.0 ml/liter although some organisms survlive at
concentrations as low as 0.1 ml/liter (Emery and Stevenson,
1957a). The distributlion of dissolved oxygen at a depth

of 10 ft in the Chesapeake Bay 1s illustrated in Figure 15-11.

(Kester and Courant, 1973). Newcombe, et al.(1939) found
that the deeper waters of the Chesapeake contain 2 ml/liter
during fthe summer months when the stratification of the
water inhibits turbulent mixing of oxygen to the bottom
(Emery and Stevenson, 1957a). This figure is not accurate
for the summer of 1973, especially in the upper estuary
close to Baltlimore, for two reasons: an extremely long
heat spell and chemical dumping. "In industrial areas

the situation can be further aggravated by the dumping

of chemically reduced wastes that take up oxygen from

the bottom water during their oxidation" (Olson, Brust

and Tressler, 1941; Tully, 1949). The phenomenon of low

dlissolved oxygen 1s typical in the Severn, Potomac, and
Eastern Bay in the summer. In the main portion of the
Bay, anoxic conditions® have not yet been observed (Kester
and Courant, 1973).

* Kester and Courant (1973) defined anoxic conditions as
"undetectable oxygen concentrations and the presence of
sulfide”.
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FIGURE 15-11: DISTRIBUTION OF DISSOLVED OXYGEN AT A
DEPTH OF TEN FEET (Kester and Courant,
1973) :

‘Appendix 15
46



o

&3

Oxygen concentration varies 1lnversely to water tem-
perature. This knowledge has caused much of the concern
regarding the discharge of heated effluent from power
plants. This heat, if not strlctly controlled, can
cause deleterious effects on communities. Nature herself
creates unfavorable environmental conditions, such as high
temperatures. The heat spell at the end of August, 1973,
in the Potomac and Rappahannock Rivers resulted in low
oxygen concentrations in their bottom waters, causing
oyster kills at a depth below 17 ft (Wass, personal
communication). Sewage pollution also causes the reduction
of oxygen concentration in the water. Scme organisms are
able to tolerate low oxygen concentrations. For example,
Mya arenaria can survive an absence of oxygen for a period
of eight days. As a result, however, it suffers a decrease
in glycogen content and a poor growth rate (Ricketts and
Calvin, 1948; Moore, 1958).

Managers should note that the higher the water
temperature, the greater the respiration rate of inhabit-
ing organisms. They should also realize that water retains
more oxygen at lower than at higher temperatures. Animals
can therefore tolerate lower oxygen concentratlons longer
at lower temperatures. Managers must not forget that in
an estuary they also must concern themselves with varying
salinities. The higher the salinity, the lower the oxygen
saturation level and the greater the respiration rate. It
is obvious therefore that a decislon based on conditions
in the upper regions of an estuary cannot necessarily be
applied to a problem at its mouth. It 1s true that oxygen
is less affected by.changes in salinity than by changes in
temperature, but their combined action can reduce oxygen
concentration to such an extent that a disaster will occur
(Moore, 1958).

CARBON DIOXIDE AND pH

Harvey (1945) discovered that sea water contains more
alkaline radicals than strong acid radicals. This base
excess 1s important because it retains a carbon dloxide
reserve, 1in the form of bicarbonate and carbonate, for
use in photosynthesls, With this reserve a faster photo-
synthetic rate 1s possible and more food and oxygen are
released for animal consumption (Day, 1951). This excess
base also acts in a buffering capacity 1in estuarine waters
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to prevent pH chan%es caused by thé addition of aclds
or bases (Reid, 1961).

The pH of surface sea water ranges between 8.1 and
8.3 and 1s very stable (Reid, 1961). The pH of the mouth
of an estuary is within this range, but more variation
exlsts in the upper reaches of an estuary where the ,
river systems enter. The water of a river trans- >
porting large quantities of humic material in colloidal
suspension is slightly acidlic in nature. As this water
enters the estuary and contacts higher salinities, the
colloidal particles flocculate, causing the pH range to
shift toward that of normal sea water (Reld, 1961).
Flocculation per se was descrlbed in the discussion on
sedimentation.

Generalities regarding the Ilnterrelationships of
carbon dioxide (CO,), pH and oxygen are that the dis-
tributional pattern of COp 1s expected to be the reverse
of oxygen and that pH 1s expected to vary inversely to
free COo content and directly to dissolved oxygen con-
centration (Day, 1951; Reid, 1961). Low pH is found in
the areas of abundant organic matter because bacterial
decomposition of this materlal releases carbon dioxide.
High pH is found in areas where plants are abundant
because of oxygen production (Reid, 1961).

Moore (1958) did not consider pH as an important
limiting factor. However, hls examples were restricted
to individual specles studied in the laboratory. Again
it must be emphasized that limiting factors rarely ever
act alone. Thelr combined effects on biological communities
have been researched only to a limited extent.

TEMPERATURE;’SEASONALITY;‘AND LATITUDE

The effects of temperature, latitude and seasonality
on estuarine blota are interrelated to such an extent
that they are extremely difficult to separate. For this
reason, these physical factors will be considered together.

Estuaries are covered by a relatively thin layer of
water in comparison to the ocean and therefore are affected
more by atmospheric temperature variations (Emery and
Stevenson, 1957a). Because the mouth of an estuary is ES
close to the sea, it has a relative stable temperature
as compared with the upper reaches of an ‘estuary, which

&
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are considerably affected by meteorological conditions
and somewhat affected by the temperatures of the rivers
draining Into it,

Some heat is required by all organisms for the
functioning of metabolic processes (Kinne, 1970). These
processes are restricted, however, to a particular tem-
perature range. Kinne (1970) stated "with regard to life
on earth temperature is - next to light - the most important
environmental component”. Temperature affects living
organisms in three basic ways: (1) "It determines the
rate and mode of chemical reactions and hence biological
processes, (2) it affects the state of water, the basiec
life-supporting medium, and (3) it modifies basic prop-
erties of living matter" (Kinne, 1970).

Investigatlons have shown that the total number of
marine invertebrate species increases from the polar region
to the tropics; the species with pelagle larvae increase
up to 85% (Thorson, 1957). A seasonal effect associated
with upper latitudes is that the benthlic intertidal organisms
may freeze or ice may scour them away. It has been shown
that the metabolic rates for a particular species found
in both the northern and southern latitudes is about the
same (Thorson, 1950; Bullock, 1955; Dehnel, 1955). These
studies have also demonstrated that if comparison 1s made
of organisms from southern and northern latitudes retalned
at the same temperature in the laboratory, then the more
northern organism will have a higher metabolic rate.

Dehnel (1955) studied growth in a shallow-water
euhaline gastropod in areas separated latitudinally by
1900 miles. His investigation revealed that the growth
rate of encapsulated embryos and larvae was two to three
times greater in the northern latitude than that of the
southern populations at comparable temperatures. Carriker
(1967) implied that this increased growth rate might have
been a latitudinal effect, but Dehnel (1955) speculated
growth effects (e.g., better yolk quality) in the northern
sphere of the study.

In the Chesapeake Bay the annual temperature range
is from about 0°C to approximately 29°C (Bumpus, et al.
1973). Schubel (1972) demonstrated that temperatures in
the Virginia region of the Bay avarage about 0.5°C warmer
than in the Maryland region,

Appendix 15
49 -



A large volume of literature is available on tem-
perature effects on individual marine and bracklish water
organisms, but extensive literature on the effects of
temperature on the supra-organismal level (e.g., eco-
system or community) does not exist. One exception to
this statement 1s that some information on microbial
"communities" is known, but corresponding information
on the individual bacteria comprising these colonies is %
not known,

Certain generalitles regarding the effects of tem-
perature on biota have been determined. For example, at ‘
summer temperatures in the temperate latitudes, certain M
mollusks have higher mortality rates when the salinity
level decreases. However, if the temperature is low and
the salinity remains low, they can survlive for a longer
period of time (Carriker, 1967). In contrast, some
transient crabs and shrimps can survive at low salinlties
when the temperature level is high (Pearse and Gunter,
1951: Kinne, 1964). ‘

In 1972, the Chesapeake Bay softshell
clam industry suffered considerably from the salinity
decrease caused by Tropical Storm AGNES. The. situation
grew worse at the onset of a heat spell. The clams were
therefore stressed by both low salinities and high tem-
peratures. Their respiration rates inecreased, forcing
them to pump water even though normally they could cease
pumping, thereby avoiding adverse environmental conditions.
All of these examples display the interaction of salinity
and temperature.

Temperature causes a variation in water density,
resulting in changes in stratification and the circulation
rate in a two-layered estuarine system such as the Chesapeake
Bay. Since the surface layer of the water 1s alternately
warmed and cooled throughout the year, several vertical
temperature structures are possible. Seitz (1971) pos-
tulated four, and observed three, temperature-salinity
structures for the Bay: "From March to August warm-fresh
water overlies colder-saltier water. From September to
December cold-fresh water overlies warm-saltier water.
During January and February cold-fresh water overlies
cold-saltier water. The fourth possiblility of warm-fresh
water overlying warm-saltier water may be a temporary
condition near the end of August or early September”
(Bumpus, et al. 1973).

A

{

Appendix 15
ppend]



€

Although some information on the hydrodynamics of
non-tidal water circulation is known, no attempt has
been made to relate it to the spawning of benthos in late
spring and early summer in the temperate and boreal regions
(Carriker, 1967). Neither has the relationship between
seasonal change in the temperature of an estuary and the
migration of animals to and from the sea been studied.
The movement into and out of an estuary is related to
feeding and spawning requirements of the migrant organisms.

The migration of some fishes and decapod crustaceans
appears to be related to both temperature and salinity
factors; salinity tolerance 1s greater at higher temperatures
(Day, 1951). Broekema (1941) demonstrated that Crangon
crangon (a shrimp) is more éfficient in its osmotic regu-
lation at higher than at lower temperatures. This animal .
can therefore maintain, at higher temperatures, a greater
difference between 1ts internal salt concentration and
that of the surrounding water (Day, 1951).

NUTRIENTS

Moore (1958) believes that most of the elements required
by estuarine organisms are present in sufficient enough
quantity that they need not be considered as limiting
factors. Concentrations of trace elements are probably
more significant than concentrations of nitrogen, phos-
phorus or silica. Lund (1969) stated that phosphorus
and nitrogen deficlencies in lakes may not be as important
as excess quantities of these elements. Excesses may cause
eutrophication. Although eutrophication can be beneficial,
if enrichment occurs too quickly, the body of water involved
may suffer. "Artificial"” eutrophication sometimes elim-
inates desirable species, encourages the growth of obnoxious
algae and causes anoxic conditions from the decay of intro-
duced material and of dead organisms (See p.393 for a more
detailed discussion).

Phosphorus 1is present in an estuary only as a phosphate
compound (Kinne, 1970). 1In 1living tissue (e.g.s phytoplankton)
this element is malinly found in organic compounds., It is '
released back into the water in particulate or soluble form
either by excretion or by decay of the organism after death
(Moore, 1958). Figure 15-12 illustrates a highly simplified
model of the phosphate cycle within a relatively isolated,
water mass. I
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FIGURE 15-12: SIMPLIFIED CYCLE OF PHOSPHORUS
TRANSFORMATION (Emery and Stevenson,
1957a)

Rochford (1951a, 1951b) reported that in deep waters
where there is not sufficlent light for growth or oxygen -
for animal respiration, phosphorus concentrations tend
to increase (Emery and Stevenson, 1957a). Thils increase
1s partially caused by the release of phosphate from the
sediment after anaerobic bacterial decomposition of the
organic material (Stevenson, 1951). Phosphate concen-
trations also tend to increase from the mouth of an
estuary to 1ts head because rivers discharge high concen-
trations of phosphorus into a bay.

In general nit%ogen, like phosphorus, increases with
depth (Collier, 1970). Four processes occur in the
utilization of nitrogen: nitrogen fixation, nitrification,
denitrification and ammonification. Detalls of ‘these
cycles are well known for terrestrial reglmes, but little
is known about them in aquatic systems (Collier, 1970).

A great deal of research on specific organisms and thelr
"blochemlstry is needed in order to fully understand all
the nitrogen pathways in an estuary. A generallized scheme
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of the nitrogen cycle in the ocean is illustrated in
Figure 15-13 C61lier,1970). It 1s important to recognize
that an estuary can receive both elemental nitrogen and
nitrate from the atmosphere (Moore, 1953). Different
sources of nitrogen can be utilized by different organisms,
but many prefer nitrate. Nitrogen and phosphorus may act
as limiting factors in freshwater tidal marshes. It has
been discovered recently that nitrogen is more likely than
phosphorus to limit growth of phytoplankton in coastal
waters (Flemer, 1972).
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Silica, in the form of silicate, has been found in

higher concentrations in Chesapeake Bay than in the surface
water of the ocean (Emery and Stevenson, 1957a). Diatoms
utilize silica to build their frustules. If the concen-
tration of silica is limited, they possess thinner walls
(Moore, 1958). Little else is known about the effect of
low concentrations of silica on organisms.

Other nutrients apparently important to the survival of >
organisms are iron, manganese, potassium, bromine, vanadium,

and beryllium. The effects of these elements as limiting

factors have not been studies intensely, but managers

should recognize their importance. N

BIOLOGICAL FACTORS

Up to this point limiting factors have been discussed
mainly in the physico-chemical sense. Now attention is
being turned to biological "limiting factors.'" This
discussion will involve topics in most biological séience
subdivisions (e.g., physiology, ecology, biochemistry).
It is inherent that biological factors are intimately
associated with physicochemical factors. Limiting bio-
logical factors will be discussed mainly in regard to the
concept of trophic relations, i.e., in community metabo-
lism. . When various ecological concepts were discussed
earlier, the various trophic levels of producers, con-
sumers, and decomposers were mentioned; they will form
the basis of this discussion.

Food webs and/or food chains indicate the organisms
involved and the energy flow sequence in a particular
biological system. A Water flow, invisible pathways of
physical and chemical elements, and various organiza-
tional mechanisms which interrelate the parts are all
involved (Copeland, 1970). Material flow is cyclic
whereas energy flow is linear: it Ilows from the green
plants through the various levels of consumers to the
bacteria, fungi, and other microorganisms (Figurel5-14).
An ecosystem (or major community ) is dependent upon only one
outside energy source, solar energy. Vertically, then,
an ecosystem is divided into two major zones dependent
upon the light energy entering the system. In the upper
zone, the dominant process is photosynthesis whereas in
the lower, more shaded zone, food consumption and con-
sequently mineral and carbon dioxide release are the
dominant processes (Copeland, 1970).

¥
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It is necessary to understand primary productivity,
community production and respiration in order to under-
stand the functioning of energy flow in an ecosystem.
Primary productivity is the energy fixed’ by photosynthesis
and chemosysthesis as organic material. The existence of
all other organisms is dependent upon the production of
this material. Respiration is used here in its broadest
definition, i.e., the respiratory consumption of food

and oxygen which measures the magnitude of work involved
in self maintenance (loss of energy) (Copeland, 1970).
Community production, including both primary and secondary
productivity, under stabilized conditions equals community
(i.e., both plants and animals) respiration. If community *
production (P) exceeds community respiration (R), then

organic material accumulates in an estuary. If R exceeds

P, then energy is lost from the system (Swartz, 1972).

If a community is in an early stage of development or is

disrupted in some manner, (e.g., addition of pollutant)

then the P/R ratio is less than or greater than unity.

The most efficient energy pathways are, therefore, not

being used. Measurement of these two factors, production

and respiration, and determination of their inequality

can provide valuable evidence of environmental change

(Odum, 1969; Swartz, 1972).

Vascular plants (e.g., eelgrass, marsh grass) are a
major source of primary productivity in an estuary.

This plant material decomposes and enters the water as
organic detritus. Decomposition occurs slowly enough
that a continuous supply of food is available. Useful
nutrition is provided mostly by the bacteria, fungi,
protozoa, micro-algae, etc., adsorbed onto this detritus.
Diatoms and filamentous green algae are known to provide
10 to 20% of the diet of many detrital feeders. For this
reason, Odum (1970) feels that these feeders should be
called "detritus-algal consumers.' Amphipods, isopods,
mysids, small crabs, insect larvae, caridean shrimp and
some fishes use detritus and absorbed microorganisms as
their principal source of energy. In addition, this
material serves as an emergency food supply for other
organisms when their normal food source is not available.
A predator often can sonsume detritus and survive, but
its growth rate will be hampered (Odum, 1970).

Phytoplamkton form the base of an important esutarine

food chain (Figure 15-15). Some juvénile estuarine fish,
spawned at sea, feed on zooplankton. As they migrate,
into an estuary, they continue to use zooplankton (which
-feed on phytoplankton) as their primary food source. They
gradually shift their feeding habits to benthic organisms, -
plants and detritus (Odum and Copeland, in press; Odum, 1970).

This example illustrates another important prineiple of

=
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energy flow. An effective ecosystem circulates the products
of one trophic level to another, either by taking advantage
of naturally occurring c1rcu1at10n patterns or by organlsm
movement (Copeland, 1970).

It should be recognized that energy is naturally lost

as unavailable heat during each biochemical reaction. In

addition, potential energy is lost when commercial species

are harvested, when migratory forms move out of the estuary, .
and when organic matter is buried and removed permanently
from participating in the chemical reaction of the system.
If man interrupts an established energy flow, he may cause
additional energy losses as well as other detrimental
biological effects. The decline or demise of a desirable
species may occur, or its niche may be claimed by a less
desirable species as a result. Man's activities may cause
the loss of a marsh area and/or detritus-producing area,
resulting in a decline of the organisms which primarily
feed on detritus. A loss of this nature directly affects
the next higher trophic level, thereby starting a chain
reaction throughout the food web. (Odum, 1970).

rd

Estuarine food chains are vulnerable to interrruption
apparently because they are basically short and simple
(refer back to Figure 15-15) (Odum, 1970). Generally,
in estuaries, there is a great deal of dependence of
larger organisms on a few key smaller organisms that
utilize detritus and micro-algae for food.

A classic example of the effects of man on a food

chain is demonstrated in "The Great South Bay Duck Farm
Incident" (Ryther, 1954). Duck farms were established

on the tributaries of the Great South Bay in Long Island
Sound, New York. As a consequence, a great amount of duck
manure was flushed into the Bay. Low circulation allowed’
it to accumulate, causing artificial eutrophication and3
consequently, algal blooms. The type of producers present
shifted. Prior to the establishment of the duck farms,
the phytoplankton consisted of mixed diatoms, green flag-
ellates and dinoflagellates. These dominant orgaaisms
were replaced by small green flagellates of the genera
Nannochloris and Stichococcus. Becuase they could not
utilize these flagellates as food, oysters which had

lived in the Bay for years began to decline in abundance.

P

Trophic relationships represent only one aspect of
species interactions occurring in an estuary. Species
interaction refers to the sum total of all interspecific
and intraspecific relationships of the biota, including
food procuring, mating and reproducing, spacing between -
organisms, shelter seeking and physiologically adapting
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to surrounding physico-chemical parameters. All of
these processes are significant at some stage in the
ecological life history of an organism.

The changes as a result of successful artificial intro-
duction of species into an established estuarine system

are dependent primarily upon species interactions. Although
these introductions may be beneficial, they have also
harmfully affected existing communities. For example,
Gryphea (Crassostrea) angulata, the Portuguese ogster, was
transplanted into English waters, but inadvertently intro-
duced at the same time was Urosalpinx cinerea, an oyster
drill now recognized as an extensive predator. A present

threat to the James and Delaware Rivers is the Chinese

clam, Cordicula manilensis, which clogs industrial intake
pipes and causes significant pollution problems by periodic
mass die~offs and decay (Boesch, personal communication).

Extensive research on the interactions of organisms is
definitely needed. Some interesting information has already
been learned, e.g., that chemicals released into the water
by some species attract their own kind. It has bheen pos-
tulated that this chemical release provides the basis

for the development of oyster bars. On the contrary, some
species repel by various methods settling of their own
kind. Thorson (1957) noted that Spisula larvae are
attracted to clean sand., Once settled, their feces accu-
mulate and act as an inhibitor to the settling of other
Spisula larvae (Carriker, 1967). It is known that many
planktonic larvae "explore' the bottom in order to find
one suitable for metamorphosis (Carriker, 1967). The
environmental clues detected by an organism indicate
whether or not the bottom is a suitable one on which to
settle. Additional research is needed to thoroughly
understnad this mechanism. Managers should recognize

that survival time of larvae is limited. If they are
unable to find a suitable substratum on which to develop
further, they will die. The greater the number of unsuit-
able habitats in the Chesapeake Bay, the greater the reduc-
tion in kinds and numbers of individuals, and consequently
in communities.

This chapter has attempted to provide a basis for under-
standing an appreciation of the intricacies of the Chesa-
peake Estuary. If a bridge can be provided between know-
ledge of physical, man-induced changes, and resulting
anticipated effects on the estuarine biota, both short

and long-term and both monetary and non-monetary interests
can be served, inhanced and protected in the interest of
all generations of Bhy Area citizens.
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CHAPTER IV

IMPORTANT SPECIES IDENTIFICATION

As a result of increased compétition by man for use of
natural resources, biological integrity has often been
compromised in Chesapeake Bay. Managers are in need of
biologists' knowledge concerning the relationships between
organisms, their environment, and the effects of man-

- induced changes, as discussed in Chapter III. It was

felt that a key second step toward this goal would be an
identification of "important' species in the Bay.

Therefore, as a part 6f the Chesapeake Research Consortium
(CRC) effort referenced earlier, a survey was conducted
of prominent Bay Area scientists (see Table 15-2) to solicit

‘their candidate for the important species. As stated by

Hayes T. Pfitzenmeyer, of the University of Maryland,
coordinator of the inventory:

"The task of selecting the important species is
formidable when one considers the biological com-
plexities of the Chesapeake Bay system. Individ-
ual species and their relationships with each
other, their associations with unrelated species,
their direct value to man, and the effect they
have on the environmental community are but a

few of the more perceptible considerations

which must be weighed. The state of our know-
ledge on any one of these aspects is ndét com-
rlete, and much research remains to be done
before our understanding of the interrelation-
ships and importance of individual species is
final.

"With these facts in mind, we have attempted
to complete a list of those species in the Bay
system which, so far as our knowledge exists,
are important for water reseurce management
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TABLE 15-2

LIST OF SCIENTISTS RESPONDING TO QUESTIONNAIRE

Richard Anderson
Jay Andrews

John Bishop
Donald Boesch
T. E. Bowman
Robert Burchard
Victor Burrnell
Martin Buzas
David Cargo
Rita Colwell
George Grant
Donald Heinle
Harold H. Humm
H. P. Jefferies
Frederick Kazama
James Kerwin
Donald Lear
Robert Lippson
Frank Maturo
Patricia Orris
Frankljn ott
Charles Rawls
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American University, Wwashington, D.C.

Virginia Institute of Marine Science
Gloucester Point, Virginia

University of Richmond, Richmond,
Virginia

Virginia Institute of Marine Science
Gloucester Point, Virginia

Smithsonian Institution, Washington,
D.C.

University of Maryland, Baltimore,
Maryland

Dept. of Wildlife, Charleston, South
Carolina

Smithsonian Institution, Washington,
D.C.

Chesapeake Biological Laboratory,

Solomons, Maryland

University of Maryland, College Park
Maryland

Virginia Institute of Marine Science
Gloucester Point, Virginia

Chesapeake Biological Laboratory,
Solomons, Md. _

University of South Florida, Tampa,
Florida

University of Rhode Island, Kingston,
Rhode Island

Virginia Institute of Marine Science
Gloucester Point, Virginia

Patuxent Wildlife Center, Laurel,
Maryland

- Environmental Protection Agency,

Annapolis, Maryland

National Marine Fisheries Service,
Oxford, Maryland

University of Florida, Gainesville,
Florida

University of Maryland, College Park,
Maryland '

Virginia Institute of Marine Science
Gloucester Point, Virginia

Chesapeake Biological Laboratory,
Solomons, Maryalnd



Dr.
Mr.
Dr.
Dr.
Dr.
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Dr.

TABLE 15-2 (cont'd)

LIST OF SCIENTISTS RESPONDING TO QUESTIONNAIRE

Colin Rees
William Shaw
Eugene Small
Victor Sprague
Stephen Sulkin
Frank Schwartz
W. Van Engel
Marvin Wass

Austin Williams

University of Maryland, College Park,
Maryland

National Marine Fisheries Service,
Oxford, Maryland :

University of Maryland, College Park,
Maryland

Chesapeake Biological Laboratory,
Solomons, Maryland

Chesapeake Biological Laboraotry,
Solomons, Maryland

University of North Carolina,
Morehead City, N. C.

Virginia Institute of Marine Science
Gloucester Point, Virginia

Virginia Institute of Marine Science
Gloucester Point, Virginia

Smithsonian Institution, Commerce
Department, Washington, D.C.
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purposes. Asisstance in selecting these
species was sought by questionnaires sent

to scientists who were familiar with a par-
ticular group or groups of Chesapeake Bay
flora or fauna. A copy of the questionnaire
and accompanying letter is included as
Attachment 15-A. Several species were
listed on the form for consideration when

it was sent to the respective authorities
and they were requested to add and evaluate
other species which they believed important."

&

Table 15-3 lists the 126 species representing 12 phyla
considered important to the Bay for water resource
management purposes. Each species was carefully examined
for its inclusion in the list. An attempt was made at
first to assign a numerical value to each of the 15 cri-
teria on the questionnaire and to use this method as a
menas of selecting important species. This was later
rejected for several reasons. The relatively few criteria,
purposely kept at a minimum to get maximum response, and
the decision to include any speéies if it qualified for
one of several criteria, made an empirical evaluation
probably just as valid. For example, a species would
qualify as an "important species" if it were either a
commercial species, a species pursued for sport, a
prominent species important for energy transfer to a
higher trophic level, a mammal or bird protected by
Federal Law, or if it exerted a deleterious influence

on other species important to man.

In addition to these criteria, many others entered into

the selection process. Several species were eruptive in
their reproduction and thus great ecological significance;
others were tolerant of pollution or nutrient enrichment

to the point of being a nuisance. Many, particularly
fishes and birds, are migratory and thus their significance
is felt only seasonally. Zoogeography of the estuary was
considered in attempting to find species representative

of as many areas and habitats as possible, including fresh-
water tidal reaches. Some species were listed because

they were introduced or had recently undergone a rapid
increase. Some have been chosen fior significance in
certain communities, particularly the wetlands and eelgrass
communities.
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TABLE 15-3

IMPORTANT CHESAPEAKE BAY SPECIES

Common Name

Scientific Name

Importance

Blue-green alga
Diatom

Diatom

Diatom

Diatom
Dinoflagellate
Dinoflagellate
Dinoflagellate
Sea lettuce
Green alga

Red alga

Vascular Plants (Marsh and aquatic)

Widgeongrass
Cordgrass
Eelgrass

Horned pondweed
Wild rice
Cattails
Pondweeds
Arrow-arum
Wild celery

Stinging nettle
Hydroid

Comb jelly
Comb jelly

Algae

Anacystis spp.
Skeletonema costatum
Rhizosolenia spp.
Nitzschia spp.

Chaetoceras spp.
Polykrikos kofoidi

Cochlodinium heterolobatum

Gymnodinium splendens
Ulva lactuca
Enteromorpha spp.
Agardhiella tenera

Ruppia maritima
Spartina alterniflora
Zostera marina
Zannichellia palustris
Zizanla aquatica
Typha spp.

otamogeton spp.
PeItanéra virginica

Vallisneria spiralis

Cnidaria

Chrysaora quinquecirrha

certularia argentea

Ctenophora (comb jellies)

Mnemiopsis leidyi
Beroe ovata

Nuisance
Food chain
Food chain
Food chain
Food chain
Toxic
Toxic
Toxic
Nuisance
Nuisance
Cover

Food chain
Food chain
Food chain
Food chain
Food chain
Cover

Food chain
Food chain
Food chain

Nuisance
Nuisance

Predator
Predator
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TABLE 15-3 (cont'd)

IMPORTANT CHESAPEAKE BAY SPECIES

Common Name Scientific Name Importance
Platyhelminthes (flatworms)
Flatworm Stylochus ellipticus Predator
Annelida (Worms)
Bloodworm Glycera spp. . Food chain
Polychaete worm Nephtys spp. Detrital breakdown
Clam worm Nereis succinea Food chain

Polychaete worm
Polychaete worm
Polychaete worm
Oligochaete worm

Eelgrass snail
Oyster drill
Marsh periwinkle
Hooked mussel
Ribbed mussel
Oyster

Hard shell clam
Coot clam

Brackish water clam

Balthic macoma
Stout razor clam
Razor clam

Soft shell clam
Asiatic clam

Paraprionospio pinnata
Scolecolepides viridis

Polydora ligni
imnodrilus spp.

Mollusca (Shellfish)

Bittium varium
UrosalpinX cinerea
Littorina irrorata
Brachidontes recurvus
Modiolus demissus
Crassostrea virginica
Mercenaria mercenaria

. Mulinia lateralis

Rangia cuneata

acoma balthica
Tagelus plebius

Ensis directus

Mya arenarla
orbicula manilensis

Detrital breakdown

Food chain
Nuisance

Detrital breakdown

Food chain
Predator

Food chain
Food chain
Food chain
Commercial
Commercial
Food chain
Food chain
Food chain
Food chain
Food chain
Commercial
Nuisance

Arthropoda (Crabs, shrimp, and other crustaceans)

Barnacle
Copepod
Copepod
Opposum shrimp
Cumacean
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Balanus eburneus
Eurytemora atfinis
Acartia spp.
Neomysis americana
Leucon americanus

Nuisance

Food chain
Food chain
Food chain
Food chain

"
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TABLE 15-3 (cont'd)
IMPORTANT CHESAPEAKE BAY SPECIES

a

. "_'!

Common Name Scientific Name Importance
Arthropoda (Continued)
Isopod Cyathura polita Food chain
Isopod Paracercels caudatum Food chain
Amphipod Ampithoe longimana Food chain
Amphipod Ampelisca spp. Food chain
Amphipod Corophium spp. Food chain
Amphipod Leptocheirus plumulosus Food chain
Amphipod Gammarus spp. Food chain
Sand flea Talorchestia longicornis Detrital breakdown
Grass shrimp Palaemonetes pugio Food chain
Sand shrimp Crangon septemspinosa Food chain
Xanthid crab Neopanope sayi Scavenger
Xanthid crab ithropanopeus harrisii Scavenger
Blue crab Callinectes sapidus Commercial
Urochordata
Sea squirt Molgula manhattensis Nuisance
Pisces (Fish)

Cownose ray Rhinoptera bonasus Predator
Eel Anguilla rostrata Commercial
Shad, herring Alosa spp. Commercial
Menhaden Brevoortia tyrannus Commercial
Anchovy Anchoa mitchilli Food chain

Variegated minnow
Catfish, bullheads

Hogchoker
Killifish
Silverside
White perch

Striped bass
Black sea bass

Weakfish
Spot

Blenny

Goby
Harvestfish

Cyprinodon variegatus

Ictalurus spp.
Trinectes maculatus
Fundulus spp.

Menidia menidia
Morone americana
Morone saxatilis
Centropristis striata

Cynoscion regalis
Leiostomus xanthurus
Chasmodes bosquianus

Gobiosoma spp.
- Peprilus paru

Food chain
Commercial
Predator

Food chain
Food chain
Commercial
Commercial
Commercial
Commercial
Commercial
Food ,chain
Food chain
Predator
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TABLE 15-3 (cont'd)

IMPORTANT CHESAPEAKE BAY SPECIES

Appendix 15
68

Common Name Scientific Name Importance
Pisces (Fish) (Continued)
Flounder Paralichthys dentatus Commercial
Northern puffer Sphoeroldes maculatus Commercial
Oyster toadfish Opsanus tau Predator
Reptiles

Snapping turtle Chelydra s. serpentina Commercial
Diamond-backed

terrapin Malaclemys t. terrapin Commercial

Aves (Birds)

Horned grebe Podiceps auritus Protected
Cattle egret Bubulcus 1bis Protected
Great blue heron Ardea herodias Protected
Glossy ibis Plegadis falcinellus Protected
Whistling swan Olor columbianus Protected
Canada goose Branta canadensis Game
Wood duck AlX sponsa Game
Black duck Anas acuta Game
Canvasback Aythya valisineria Game
Lesser scaup ythya affinis Game
Bufflehead Bucephala albeola Game
Osprey Pandion haliaetus Protected
Clapper rail Rallus longirostris Game
 Virginia rail Rallus limicola Game
American coot Fulica americana Game
American woodcock Philohela minor Game
Common snipe: Capella gallinago Game
Semipalmated sand-

piper Ereunetes pusillus Protected
Laughing gull Tarus atricilia Protected
Herring gull Larus argentatus Protected
Great black-backed

gull Larus marinus Protected
Forster's tern Sterna forsteri Protected
Least tern Sterna albifrons Protected



TABLE 15-3 (cont'd)
IMPORTANT CHESAPEAKE BAY SPECIES

Common Name Scientific Name Importance

Mammalia (Mammals)

Beaver Castor canadensis Commercial
Muskrat Ondatra zibethicus Commercial
Mink Mustela vison mink Commercial
Otter Lutra canadensis . Commercial
Raccoon Procyon lotor Commercial
White-tailed deer Odocoileus virginianus Game

- Endangered species

Shortnose sturgeon Acipenser brevirostrum. Potomac River.

Atlantic sturgeon Acipenser oxyrhynchus. Anadromous, juveniles
estuarine all year.

Maryland darter Etheostoma sellare. Endemic to Swan Creek,
near Havre de Grace. :

Southern bald eagle Haliaetus leucocephalus leucocephalus.
Generally decreasing. '

-American peregrine falcon Falco peregrinus anatum. Decreasing,
extirpated as a breeding bird in Eastern U. S.

Ipswich sparrow Ammodramus sandwichensis princeps. Rare dune
nester; winters 1n vVirginia.

Delmarva fox squirrel Sciurus niger cinereus. Occurs only on
Eastern Shore of MaryIland, mostly in counties bordering
Chesapeake Bay. Endangered by development.

Appendix 15
6o



&

CHAPTER V

BIOLOGICAL . SUMMARIES OF
SIGNIFICANT BAY ORGANISMS

Of the 126 species identified as "important" in Chapter IV,

"funding constraints permitted a detailed examination and

life history summaries of only 32 individual species.

Eight of these summaries were included in the "Sample
Inventory" (Tables C-VII-15 through 22) of the Existing
Conditions Report. The species discussed were Corollospora
pulchella (ascomycete fungus); Ruppia maritima (ditch-grass);
Myriophyllum spicatum (Eurasian watermilfoil); Acartia

tonsa (copepod); Chrysaora quinquecirrha (stinging nettle);
Mya arenaria (soft-shell clam); Sagitta elegans (arrow
worm); and Hyla cinerea (green tree frog).

An additional 24 species are presented in this report.

The summaries were prepared by persons familiar with

the particular species or group. Summaries of the biology
of these species were taken from the literature, either
published or unpublished, and from the knowledge of the
person writing the inventory. Included are a genus of
diatoms, 9 invertebrates, 5 fish, 2 turtles, and 7 birds.

Guidelines for systematlc compilation of information

on Chesapeake Bay organisms were proposed by L. C. Kohlenstein .
in 1972.(1) It will be of value, he wrote, "to scientists
seeking information on species unfamiliar to them, to
modelers attempting to pull together a broader understand-
ing of the function of an ecosystem, to scientists,
engineers, and resource managers attempting to assess

the impact 6f a proposed change affecting the Bay.'" He
proposed an outline to be followed for compiling descrip-
tive ecological information on biological entities. It

(1) Kohlenstein, L. C. 1972. Systems for storage,
retrieval and analysis of data. Chesapeake Sci.
13 (Suppl): 157-168.
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was the opinion of those completing the outline that
much modification was needed since it was not suitable
for all phyletic groups. It is doubtful if any one
outline, with sufficient detail to be of any value,
can fit all of these groups.

The species summaries prepared for this report follow
the general outline as proposed by Kohlenstein.
Although category numbers have been omitted to save
space, the order is the same. The specialists pre-
paring the summaries were given liberty to modify the
- form to fit the entity with which they were working.

The completion of these biological summaries of several
important Bay organisms contributes to our pool of
readily accessible information which may be used by
scientists, engineers, or laymen. Now that a fourth

of the 124 species defined as mo&t important in the
Chesapeake Bay have been summarized, it is hoped that
the rest may be similarly treated in the near future.
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Category: Lower Plants *In order to save space, numbers

‘are used for citations in this
summary - Editor

Common Name: Diatom

Inventory Prepared by: Daniel E. Terlizzi
Natural Resources Institute
University of Maryland
Solomons, Maryland

Classification

Phylum: Chrysophyta

Class: Bacillariophyceae

Order: ‘Centrales

Family: Chaetoceraceae _
Genus : Chaetocerus (Ehrenberg, 1844)

Species: Griffith (2) described 23 species.
Present review of literature indicates 43 species (Table 15-4.)

Distribution
Known range: Cosmopolitan

Distribution in Chesapeake Bay: Poole's Island to mouth of
Bay extending over Continental Shelf.

Population
Reproduction (see generic description)

Life Stages

Physical appearance: Cells with oval section to almost or
rarely completely circular in valve view; in broad girdle
view quandrangular with straight sides and concave, flat,
or slightly convex ends, Valve with a more or less flat
end surface or valve surface and a cylindrical part or
valve mantle which are bound together without a seam. A
long thick or thin seta, bristle or awn, at each end of
the long or apical axis of the valve on the corners., The
opposite setae of neighboring cells touch one another
near their origin, usually directly or sometimes by a
bridge, and fuse firmly at a point near their base hold-
ing the cells in chains, usually with large or small
‘apertures or foramina between the cells, Basal portion
of the setae parallel to the pervalvar axis, or directed
diagonally outward with the outer portion frequently
perpendicular to the axis of the chain. In most species,
the length of the chain is limited by the formation of
special end cells, terminal setae, usually shorter and
thicker and more nearly parallel to the chain axis than.
the others. In relatively few species are cells solitary,
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Cell wall formed of two valves and one or two girdle
bands. Two frequently unequally developed girdle bands
always present in most-species. Intercalary bands pres-
ent in some species, usually difficult to see without
special preparations.

Cytoplasm either forms a thin layer along the cell wall
or fills the greater part of the cell. Nucleus against
the cell wall or central. Chromatophores vary greatly in
number, size, form, and position in different species;
may be one to several, small or large, but are constant
for a given species and consequently indispensable for
species demarcation. In many species, pyrenoids are
distinctly visible. _ :

Resting spores formed in most neritic species. Only

one spore formed in a vegetative cell, usually in cylin-
drical part near the girdle band of the mother cell, in
some species near the cell end. Free ends of spores
often armed with spines or spicules. Each spore with
two valves, but only primary valve provided with a valve
mantle. Younger resting spores often 'smooth. If spore
-lies near end of cell, one valve may be in common with
that of mother cell, with valve mantle rudimentary and
setae shorter and thicker than in vegetative cells.

Such spores always in palrs, formed in adjacent cells
simultaneously.

Auxospores known in only a few species. Contents of
cell empty laterally and form a large globule or bladder
within which the new daughter cell is formed

Microspores known in several species. Formed by repeated
divisions of nucleus and cytoplast. Contain organized
chromatophores. Locomotion observed in some species.

Great variations may be observed in chains of the same
species from different localities and at different times
of the year, Cupp (1943). .

Ecology
Habltat (physical/chemical)

Sa11n1ty range: No entirely freshwater spec1es known
(Cupp, 1943). Cosmopolitan distribution in oceans and
estuaries indicates tolerance of euryhaline conditions
at least for some species.

Temperature range: Variable within genus. Mulford
(1972) observed C. socialis as an autumn-winter species.
C. subtilis was obsérved during the warmer months, and
. affinis was observed from May to December.
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Importance

Size: Although Van Valkenburg and Flemer (In press) have
reported nannoplankton to be responsible for the bulk
of carbon fixation in the Bay, the genus Chaetoceros is
often reported as a dominant in the ''net phytoplankton,"
(Mulford 1972; Mulford and Norcross 1971; Marshall’
1967). Its contribution is therefore significant.

I ¢
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Category: Invertebrates

Common Name: Silver hydroid (edit. suggestion), 'grass" by
watermen,; "white weed'" in England.

" Inventory Prepared by: D. G. Cargo

Natural Resources Institute
University of Maryland
Solomons, Maryland

Classification:

Phylum: Cnidaria

Class: Hydrozoa
Order: Leptomedusae
Family: Sertulariidae

Species: Sertularia argentea L.

Distribution

Known range: Arctic Ocean to North Carolina and Louisiana
(Calder, 1971).

Distribution: Lower Bay and tributaries (Clark, 1882;
Fraser, 1944).

Occurrence elsewhere: Extends into mid and upper Bay
areas (personal observation).

Pogulation

‘Abundance: Abundant on a variety of substrates, shells,
rocks, crustaceans, annelid tubes, barnacle shells
(Calder, 1971).

Affecting factors: Temperature - annual

Reproduction:

Method: Separate d and ¢ colonies exist. Sexual breeding
in summer produces planulae, Hydroids 70 mm and larger
were able to breed. '

Seasons: gonophores - Nov., to May (Calder, 1971)
gonangia - in summer, June-August (Hancock et al., 1956)

Fecundity: 100% of colonies breed in peak summer spawn-
ing (Hancock et al,, 1956)

Life Stages

Early stages
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Early stages (Continued)

Physical features: Planulae .5 mm long, blunt anterior
end (Hancock et al., 1956)

Development: Settled planulae reached polyp stage in 12
days. Growth: .3-1.3 mm/day in quite young colomnies
in summer. .2- mm/day for older colonies in winter
(Hancock et al , 1956),

e

Survival: Regeneration possible at all levels in hydro-
thecae (Hancock et al., 1956)

Behavior: Planulae do not swim near surface - swim near
bottom, Swim 2-3 days,

Adult stage

Physical appearance: Calder (1971) gives an explicit
description: '"Colony consisting of a monosiphonic
hydrocaulus reaching 35 cm or more high, branches
arising from all sides in a regular arrangement,
Branches dichotomous with a hydrotheca in each axil,
Hydrotheca sessile, alternate quite distant, fusiform,
being widest in the middle somewhat less than half of
the adcauline wall; free, distal portion curved grad-
ually outward, but hydrothecae facing upward. Oper-
culum of two valves, 2 prominent teeth, abcauline
caecum present, GonOphores fixed, gonothecae arising
from the upper surface of the branches near the base
of the hydrothecae; arrow shaped with one or two prom-
inent shoulder spines distally and a short collar
bordering the terminal opening."

Survival: Temperature - regresses in summer, resurges

when temperature drops to 209C and below from old
growth, Growth rapid (Calder, 1971),

Ecology
abitat

Physical/chemical
Substrate: Sandy or shelly bottom
Salinity range: Meso-polyhaline (Wass, 1972).

Associated communities: Serpulid polychaetes, sand
dollars, sea urchins (Calder, 1971)

Food Requirements : @

Food: Minute animal material; protozoans, dinoflagellates,
planktonic organisms.
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Consumers

Natural predators: Hancock, et al (1956) observed Idulia
on Sertularia in England, but did not see it feeding on
the hydroid,  However, Browne (1907) observed Tergipes
grazing on Syncoryne.

Man: '"White weed" industry prominent in Thames estuary
of England. Hydroid is processed and dyed to use decora-
tively, mainly in the United States, Fishery concentrated
in Thames estuary (Hancock, et al.,, 1956).

Non-nutritional Roles

Competition: Membranipora encrusts fronds. Other hydroids
may attach to it. Peritrichous ciliates are abundant on
it. Developing bivalve larvae find it a haven (Hancock
et al., 1956).

Protection: Furnishes cover and food for gastropods and
crustacea,
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Category: Invertebrates

Common Name: Green anemone (editor)

Inventory Prepared by: Leo L. Minasian Jr,
Department of Biology
Florida State University
Tallahassee, Florida

&

Classification: Original description with subsequent revi-
sions according to taxonomic review in Hand (1955).

Phylum: Cnidaria ®
Class: Anthozoa

Order: Actinaria

Suborder: Nynantheae

Tribe: Thenaria

Subtribe: Acontiaria

Family: Diadumenidae

Species: Diadumene leucolena (Verrill, 1866)

Distribution

Known range: Cape Cod Bay to Beaufort, N. C.; San Francisco
Bay area

Distribution: In Chesapeake Bay; generally abundant in the
poly- and mesohaline regions of the Chesapeake Bay,
extending from the mouth of the bay north to the Severn
River area, salinity patterns permitting.

Population

Density: Population densities vary seasonally; peak
densities can be as high as 2000 individuals per square
meter (Minasian, unpublished).

Dynamics

Trends and fluctuations: Peak settlement of these anem-
ones occurs during the summer in the Patuxent River
estuary (Cory, 1967). Population abundance may peak
during the autumn months prior to a precipitious
decline in temperature (Minasian, unpublished).

Affecting factors: Population abundances are dependent
upon seasonal trends in temperature and salinity.

Reproduction
Method: Dioecious; fertilization is internal, although

external fertilization.may also occur. Planulae are
sometimes visible within the maternal coelenteron
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Method (Continued)

- (Mecca, 1969). Asexual reproduction is by budding and
longitudinal fission, according to Mecca (1969).

Seasons: Sexual reproduction in the Chesapeake Bay
occurs during the summer months. If a group of anenm-
ones is kept in the laboratory at this time, individual
females may release clutches of eggs, usually already
fertilized, within a day or two (Minasian, unpublished).
Cory's (1967) project also showed settlement of D.

leucolena larvae to be heaviest during the summeT
season,

Fecundity: Individual females may release several hundred
eggs. : ‘

Life Stages

Early stages: Eggs show cleavage patterns soon, if not
immediately, after being released, A coeloblastula
results, which invaginates to form a gastrula, The
planula stage is reached in about two days. The plan-
ulae of this anemone swim actively by means of cilia,
and possess an obvious apical tuft of very long cilia
(flagella?) at the aboral end, which contacts the sub-
stratum in settlement. The planula has a well developed
stomodeum and gut, but is not known to feed during its
brief existence in the plankton,

Adult stage: Mature adults may vary in size, but large
individuals are 20 - 25 mm in length, with a diameter
of 8 - 12 mm. When expanded, the length of the column
may be four to six times its diameter (Hand, 1955).
Cinclides, holes in the body wall through which the
acontia are extruded, are present on the upper part
of the column. There are usually four to six cycles
of tentacles, numbering over 200 in larger animals.
Individual tentacles are filiform, and as long as 2 cm.
Inner tentacles are longer than outer ones (Hand, 1955),
A single "catch tentacle", about 4 cm long, is present
on a few individuals. About 8% of the specimens of D,
leucolena at Solomons Is., Md. possess this catch tenta-
cle (Mecca, 1969). These anemones vary in color from a

- vary pale pink to various shades of green., The green
color is due to the presence of a gastrodermal algal
endosymbiont, '

During the winter months, these anemones are quiescent,
fully contracted, and covered by a secreted mucous film
and surface growth (Mecca, 1969). This dormant condition
%s de;cribed as "encystment" by Sassaman and Mangum
1970).
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Ecology
Physical/chemical

Classification: D, leucolena is a brackish-water form,
and is most abundant at estuarine salinities, It is
epifaunal, the most typical substrate being oyster
shells.

Salinity range: D, leucolena shows at least 50% survival
in salinities ranging from 6 - 33% (Pierce and Minasian,
1974).,

Temperature range: Sassaman and Mangum (1970) found that
exposure to a water temperature of 40°C for more than 2
hours is lethal for this species. At the opposite
extreme, D. leucolena withstands low water temperatures
near the Treezing point,

Dissolved oxygen range: D. leucolena is sensitive to low
0, concentrations, which are lethal in less than 24
hours, .According to Sassaman and Mangum (1973), this
anemone consumes all available O; in solution, and then
shuts down its O; uptake when the environmental 0; con-
centration falls to Z ppm. Beattie (1971) found no
metabolic adjustments in D. leucolena which could indi-
cate anaerobic function,

Associated communities: This anemone is one of the primary
organisms which exists as part of the oyster (C. virginica)
community in the Chesapeake Bay.

Food Requirements

Food: D, leucolena is kpnown to prey upon any organisms of
suitable size, ranging from zooplankters to polychaetes.
~Thus, it is a consumer, showing several possible trophic
relationships,

Feeding: D. leucolena feeds in the typical manner of all
coelenteraté predators: by seizing the prey with special-
ized microscopic organelles called nematocysts. Nemato-
cysts entangle, adhere to, and puncture the prey tissues
while injecting a toxin. Subsequent tentacular movement
and ciliary currents function in ingestion. D. leucolena
has three different nematocyst types, with two additional, 3-
different nematocyst types on the catch tentacle, if
present (Hand, 1955).

Consumers N

Natural predators: The most probable predators of D.
leucolena are fish which graze on epifauna of the oyster

Appéndix.15
90



4

Natural predators (Continued)
community, and certain predaceous gastropods (e.g.
Epitoniidae, Pyramidellidae). :

Non-nutritional Role

Competition: D. leucolena is' in competition for space with
certain other epifaunal species, especially hydroids and-
bryozoans.
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Category: Invertebrates

Common Names: Bloodworm, beakthrower, bloods

Inventory Prepared by: Hayes T, Pfitzenmeyer
Natural Resources Institute
University of Maryland
Solomons, Maryland

-
Classification
- Phylum: Annelida
Class: Polychaeta
Order: Eunicida Y
Family: Glyceridae
Species: Glycera dlbranchlata Ehlers .
Other species: G, capitata, G. americana and G, robusta
Distribution

Known range: Gulf of St. Lawrence to Florida, Gulf of
Mexico (Florida, Texas); central California to Lower
California and Mexico (Pettibone 1963).

Distribution in Chesapeake Bay: Probably limited to saline
areas 13 to 15 o/oo. Species disappeared in mid-bay areas
after salinity decline as a result of hurricane in June
1972,

Population
Structure: Female to male ratio, 1.24:1 (Creaser 1973)
Density: Variable, 18-220/m2 (Wass 1972).

Dynamics

Trends and fluctuations: Very variable, may be long-term
or short-term, year to year fluctuations.

Affecting factors: Changes in physical characteristics
of mud flats in Canada. Populations in Chesapeake Bay
are very variable. Yearly fluctuations appear related
to changes in salinity pattern.

v,

Reproduction

Method: Sexually mature worms, epitokes, emerge from
sediment and swim to water surface. Males emit sperm ,
from posterior end while swimming at surface. Body : .
wall of females ruptured near the posterior one third
of worm and eggs liberated. All worms probably die
after spawning, Remaining cuticle and atrophical
organs called '"ghost worm."
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Reproduction (Continued)

Seasons and conditions: Spawning begins in June at
13-14°C, and is completed by August in Maine. ‘Began
2 hrs before high water and continued during high
tide. Possibly two breeding seasons per year in
Maryland - June-July, and again in November-December
(Simpson 1962).

Fecundity: Worm 22-24 cm may contain 1,5-2,.0 million
eggs (Canada), whereas in Maine it would contain
3.0-3.5 million. Become sexually mature and spawn
as 3-yr olds (Klawe and Dickie 1957).

Life Stages

Early stages

Physical appearance: Swimming blastulae develop after
about 22 hrs, and at 32 hrs the trochlear ring is
formed. At this stage, the larvae alternate short
periods of rest on bottom with vigorous swimming.
Pelagic larvae soon elongate and the buccal aperature
becomes strongly ciliated (Klawe and Dickie 1957).

Development: Smallest specimens found in Canada were
3 cm long and suggest these were probably 1 yr of
age. -Late larval and post larval stages were not
found., Three-yr olds are 21 to 29 cm, 4-yr olds
average 31 cm, _

Survival: Changes in habitat, especially bottom types,
affect commercial abundance.

Behavior: Larvae believed not pelagic in all stages
since none were collected in plankton tows (Klawe
and Dickie 1957).

Adult stage

Physical appearance: Length up to 370 mm. Width up to
11 mm, Segments up to 300. Parapodia with 2 sharply
conical presetal lobes throughout the length of the
body. Two shorter, bluntly conical postsetal lobes

" in the anterior reglon the upper being shorter and
rounded; the lower one longer and bluntly conical; in
the middle region the 2 postsetal lobes are both bluntly
conical, the upper one shorter than the lower one. In
the posterlor parapodia there may be a single rounded
postsetal lobe with a conical tip. Branchiae 2, digit-
iform to ligulate, nonretractile; the upper one occurs
between the dorsal cirrus and notopodlum the lower one
occurs anterior to the ventral cirrus; they are thin
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Physical appearance (Continued)

walled and contractile, with a thin layer of spiral
muscle fibers, Proboscis with proboscidial organs

are similar, small, conical, flattened, with a central
core and surface marked with oblique furrows.(Pettibone
1963). Vascular system lacking, but have corpuscles

containing hemoglobin in the coelomic (body cavity) e
fluid.

Development: Mean lengths of potential male and female
spawners between 32 and 36 cm. (3-4 yrs) (Maine);

spawning worm length is 14-20 cm in Maryland. ¥

Survival: Maximum age - 5 yrs in Maine, Growth appar-
ently does not occur during June to August.

Behavior: Perform lateral movement in sediments. Appar-

ently emerge from sediments only during period of
spawning activity,

Ecology
Habitat (Physical/chemical)

Substrate: Typical flat consists of soft dark mud about

12 inches in deep over hard, dark gray, mud sand mixture
(Canada)

Salinity range: Lower limit probably 10 o/oo

Temperature rénge: Summer temperatures probably critical
since no growth takes place,

Depth/pressure: Near high tide line on beach to 100
fathoms. .

Associated communities: Common in eelgrass communities
(Wass 1972), and sand bottom communities,

Food Requirements: Organic detritus feeders. Rarely found
in clear, sandy soils.

Consumers

Natural predators: Herring gulls and striped bass consume
large numbers when the worms are pelagic during spawning,

v

Man: Bait-worm industry in Maine and Canada, In 1954 and
1955 annual landings of 4 million worms were valued at %
$40,000 to Canadian diggers. The 1970 production in o
Maine amounted to 808 ,186 1bs, valed at $1,381,676.
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Category: Invertebrates

Common Name: Coot clam, dwarf surf clam

Inventory Prepared by: Hayes T, Pfitzenmeyer ‘
Natural Resources Institute
University of Maryland
Solomons, Maryland

Classification

Phylum: Mollusca

Class: Pelecypoda
Order: Eulamellibranchia
Family: Mactridae

Species: Mulinia lateralis (Say)

Pistribution

Known range: Maine to northern Florida, south to Texas
and Mexico.

Distribution in Chesapeake Bay
Areas of greatest density: Upper meso- and polyhaline
(above 8 o/o00)., Peak populations in silt areas but
low reservoir populations apparently in nearshore sand
(Wass, 1972).

Occurrence in other areas: Also found where salinity is
less than 8 o/00 but populations are temporary.

Population

Structure: Sex ratio 50:50; maximum longevity appears to
be 2 years.

Densities: In Tangier Sound 22,000/sq. m. (Wass, 1972)
Dynamics

Trends and fluctuations: Opportunistic species with
highly variable densities.

Affecting factors: Ubiquitous set in sand and mud sedi-
ments of Pamlico River but adverse dissolved oxygen’

levels prevented permanent establlshment in mud (Tenore,

1970).
Reproduction

Method: Sexes separate, eggs and sperm expelled into

water mass where fertilization takes place at 16 to 20°C.
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Behavior: Sirce it is a shallow burrowing : :ecies, it is
subject to wind-wave actiu which oftenti: s washes tre-
mendous nuihers in windrc along beaches.

Ecology
Habitat (Physiccl/chemical)

Substrate: Prcbably prefers ind bottom: ut large
numbers may be found in sili/clay sedir ts,

Salinity range: Usually -~ v+ ? o/oo FuL been found
as low as 5 o/oo.

Temperature range: No sig. "f: L mu lity at 21 to
279C in early developmen! 1 .ages; . s of sensitive
cleavage stages would be «liwinated in 4 min, in water
at 26 to 38°C (Kennedy et al., 1974),

pH range: 7,25 to 8.25 (Calabrese and Da» s, 1970).
Dissolved 6xygen range: Tolerances unknown but mass mor-
talities in channel areas attributed tov summer oxygen

deficiencies,

Food Requirements

Food: A primary consumer which probably fce'!s on phyto-
plankton and detrital matter,

‘Feeding: Filter feeder which cxtends its s:phon to water-
sediment interface and pumps large quanti:ies of water
from which it extracts its food,

Consumers

Natural predators and parasitc : Highly in!csted with
digenetic trematode cercaris -nd metacercaria., Cercaria
imbecilla and granosa (Gymno, :allinae) Hu!liman™ (1961).
Provides food for fish, startish, oyster Jrills, and
waterfowl (Calabrese, 1970). ’

Man: No direct value to man

Influence of Toxic Substances

Thermal shock: LCsg between 30 and 33°C for specimens
acclimated between 2 and 25°C (Kennedy, 1971).

Other toxins: No information available in published
literature on the influence of toxic substances. How-
ever, Pfitzenmeyer (1971) did not find Mulinia in a
biological study of Baltimore Harbor, whereas they were
abundant in the Chester River. It is believed that this
species is sensitive to man-induced pollutants.
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Category: Invertebrates

Common Name: Brackish-water clam (other proposed names have
been marsh clam, Gulf clam and wedge clam - editor).

Inventory Prepared by: Hayes T. Pfitzenmeyer
Natural Resources Institute
University of Maryland
Solomons, Maryland

Classification

Phylum: Mollusca

Class: Pelecypoda
Order: Eulamellibranchia
Family: Mactridae

Species: Rangia cuneata Gray

Distribution

Known range: Pleistocene - New Jersey to northern South
America; recent - Maryland to Mexico,

Distribution in Chesapeake Bay

Greatest density: Areas of most dense populations were
first found in upper Potomac River in 1964 (Pfitzenmeyer
and Drobeck). Large specimens taken in oligohaline part
of James River in 1963; introduced in Rappahannock River
later.

Occurrence elsewhere: Small populations are found in most
major tributaries of Chesapeake Bay. Since low salinity
conditions associated with storm AGNES in June 1972 were
correlated with spawning season, populations may be
found over a wide area. No established populations
found in Patuxent or York rivers.

Pogulation

Structure: Populations quite often made up of singie year-
class. Healthy populations should include several year-
classes., ' -

North Carolina and Maryland. (Average lengths). :
1 yr. - 15 mm, 2 yrs., - 30 mm, 3 yrs.. - 40 mm, 4 yrs, - 45
mm, 5 yrs. - 50 mm (Wolfe and Petteway, 1968).

Louisiana - 1 yr. - 15 mm, 2 yrs., - 20 mm, S‘Yrs. - 24 mm.
Texas - 1 yr., - 19 mm, 2 yrs. - 31 mm, 3 yrs, - 41 mm, 4
yrs. - 48 mm, 5 yrs, - 51 mm

Clams 5 to 7- year -old are up- “to 63-64 mm in length,
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Reproduction (Continued)

Seasons and conditions: Spawning completed by end of
Sept. or early Oct. in Long Island Sound. Some ripe
clams found at all seasons, but gametogenesis most
active mid-July through August (Calabrese, 1970).
Shaw (1965) reported setting throughout summer (May
to Nov.) in Maryland. Fall set in Pamlico River .
(Tenore, 1970).

Fecunditf: Three to 4 million eggs produced at one
spawning.

Life Stages

Early stages

Physical appearance: Larvae usually slightly pale or
light. No apical flagellum or pigmented eyespots,
Hinge undifferentiated except for faint irregularity
at either end. Posterior ligament appears at about
200 u, Rounded umbos at 80-100 u; becoming higher
and angular at 130-160 u; anterior end longer,
slightly more pointed than posterior. Metamorphosis
from 185 to 240 u (Chanley and Andrews, 1971).

Development: Larvae grew satisfactorily within salinity
range from 20 to 30 or 32,5 o/oo; 25 o/00 optimum,
Temperature range of satisfactory growth was from 20
to 30°C; 27.59C optlmum (Calabrese, 1969).

Survival: Maximum development of fertilized eggs to
straight hinge larvae and maximum growth of larvae
occur at 20 and 27°C, respectively (Calabrese, 1969),

Adult stage

- Physical appearance: Up to 20 mm in shell length, Beaks
quite prominent and near the center of the shell and
pointing toward each other, Exterior whitish to cream
and smoothish except for a fairly distinct, radial ridge
near the posterior end (Abbott, 1954).

Development: Life-span appears to be about 2 years.
Overcrowding probably affects growth rate., Generation .-
period approximately 60 days (Calabrese, 1969). ‘

Survival: Large numbers of set can be found in soft
bottoms of deep water (>25 ft) of Chesapeake Bay. i
These usually die-off following summer during oxygen e
depletion in these deep areas. Trematodes in various
stages must have some effect since infections up to
100% have been observed.
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Population (Continued)

Densities: Variable; maximum reported in upper Chesapeake
Bay averaged 1,200 m2, This was single year-class aver-
aging 23 mm in shell length, Multi-aged populations
average up to 600/mZ. Maximum length about 52 mm,

Dynamics

Trends and fluctuations: Spawning and setting not
successful every year due to adverse environmental
conditions. Prolonged salinities near 0 or above

* 15 o/oo are also detrimental. Winter kill is also
a factor in northern range.

Affecting factors: Adult populations made up of single
age-classes may be found in areas where salinities are
between 1 and 15 o/oo., These may not all be breeding
populations but were set and survived during periods
when conditions were more optimal. A change in salin-
ity, either up from near 0 or down from 15 o/oo0 is
necessary to induce spawning (Cain, 1972),.

Reproduction

Method: Sexes separate. Eggs and sperm expelled into
water where fertilization takes place. Eggs 69 microns
in diameter. Develop into veligers in 24 hrs.,, 75 to
130 microns long (Chanley, 1965).

Seasons and conditions: Spawning takes place in summer
months when ambient temperature probably above 229C, -
Spawning can be induced artificially by raising temper-
ature a few degrees and/or raising the salinity up from
near 1 o/oo or down from near 15 o/oo,

 Fecundity: James River clams in 14-20 mm length group
(1.yr.) had recognizable sex products (Cain, 1972).:
Adult may produce 1 to 3 million eggs.

Life Stages
Early stages

Physical appearance: Hinge teeth lacking; umbo round,
inconspicuous. Straight-hinge line 55-60 u long,
Height 5-10 u less than length. Umbo develops at
120-130 u, Larvae dark yellow, with a conspicuous
apical flagellum in all pelagic stages. Larvae develop
a foot and metamorphose at 160-175 u (Chanley, 1965).
Set wider (20-30 u less than length) than all other
species (Cain, 1972). '

v
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Early stages (Continued)

Development: Straight-hinge larvae stage is reached after
24 hours (75-175 u). Set occurs after 6 to 7 days as
veliger larva (ave, 300 u). Rangia set are tolerant to
temperature and salinity changes and grow at same rate
up to 41 days (Hopkins et al., 1973).

Survival: Embryos and early larvae can survive best in Y

salinities between 5 and 10 o/oo, and 20, 25, and 30°C

(Cain, 1972). .

Behavior: Recruitment of clams into marginal non-repro- »
ductive areas is by selective swimming or by passive
_transport of larvae in a water mass,

Adult stage

Physical appearance: Shell highly variable in size, 20
mm in length and depth to about 70 mm in length and 60
mm in depth, obliquely ovate, very thick and heavy,
Exterior whitish but covered with a strong, smoothish,
gray-brown periostracum, Interior glossy, white and
with blue-gray tinge., Pallial sinus small, but moder-
ately deep and distinct (Abbott, 1964).

Development: Maximum length of about 74 mm reached in
approximately 10 years (Wolfe and Petteway, 1968).
Largest size attained in lower salinities, Sand is
more favorable substrate than clay-silt. High phos-
phate and high organic concentrations gave greater
growth in sand (Tenore et al., 1968).

Survival: High densities of single year-classes often
found. However, mass mortalities often occur as pop-
ulation exceeds food supply or encounters adverse
seasonal factors.

Behavior: Natural position in bottom is with anterior-

end pointing downward, siphon-end vertical with its

tip just above sediment surface so umbones, lunule,

and most of shell buried, No lateral movement, only
vertical in sediment for purposes of burial (Fairbanks,

1963).

Ecology : ’
Habitat (Physical/chemical)

Substrate: Greatest percentage found in sand, clay, and _
silt, in that order. High concentrations of organic =
matter and phosphates beneficial in sand but harmful
in silt-clay (Tenore et al., 1968).
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Salinity range: 1 o/o0o0 to 15 o/oo, mainly oligohaline

Temperature range: 0.5 - 31.3°C - Maryland
2 - 40°C - Louisiana
4 359C - Texas
30 359C is critical range

Dissolved oxygen range: Consumption highest at 5 and 10
o/oo (Hopkins, 1973). Found in 5,36 to 13.22 mg/1
(Cain, 1972).

Benthic composition:

Scolecolepides viridis Brachidontes recurvus
Cyathura polita Congeria leucophaeta
Corophium lacustre | Chironomid larvae
Gammarus sp. Leptocheirus plumulosus
Macoma mitchelli Nerels succilnea

Turbidity/light: Commonly found in highly turbid
environment,

Fluctuations effects: Short-term changes in salinity as a
result of increases or decreases in freshwater inflow
determine the success of recruitment.

Associated communities: Occupies the low salinity brackish-
water zone which overlaps the typical freshwater community
upstream and slightly overlaps the oyster bar community
towards the seaward border (Hopkins et al., 1973).

Food Requirements

Food: A filter-feeder which also utilizes detritus, Lar-
vae grow well on mixture of unicellular algae, probably
Isochrysis and Monochrysis (Chanley, 1965)., Dunaliella
peircel used as food in controlled experiments,

Consumers

Natural predators and parasites: Food for fishes, shrimps,
crabs, and waterfowl. Trematode sporocysts and cercaria
in gonads (Fairbanks, 1963), probably Fellodistomatidae
and Bucephalidae.

Man: Shells utilized in place of gravel for roadbeds
(Gooch, 1971). Also calcium carbonate in manufacturing
of water purification apparatus. Meat used for food in
North Carolina (Hopkins et al., 1973).

Influence of Toxins

Heavy metals: Mercury, copper, and chromium are toxic to
Rangia at all salinities. Copper was most toxic ion in
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Heavy metals (Continued)

freshwater and chromium a close second (Olson and Harrel,
1973).

Radionuclides: Concentrations of caesium-137 variable
depending on rainfall’ and amount of potassium in water
(Wolfe, 1967), '
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Category: Invertebrates

Common Name: Copepod

Inventory Prepared by:

Classification
Phylum: =~ Arthropoda
Class: Crustacea
Order: Copepoda
Suborder: Calanoida
Family: Temoridae

Rogers Huff

Natural Resources Institute
University of Maryland
Solomons, Maryland

Species: Eurytemora affinis (Poppe, 1880)

Distribution

Known range: Northern Hemisphere. Coastal and estuarine
waters of Eastern North America from the Gulf of St.
Lawrence to the Florida Keys; the Baltic, North, and
Caspian Seas, freshwater lakes in Central Asia and
Eastern North America, and rivers and estuaries of the

Gulf of Mexico.

Distribution in Chesapeake Bay: Entire Bay into fresh-

water tributaries.

Present year-round in upper regions

of brackish tributaries. In higher salinities (up to
20 o/00) it occurs in significant numbers from January

to May.

Population

Structure: Adult population usually predominantly male;
up to 5:1 ratio. Age-group structure changes from over-
wintering adults and copepodites to predominantly nau-

pliar stages in the

late spring and summer.

Densities: Density ranges from 1,000 up to 3 x 106 per
m”, with highest populations recorded in sediment trap
regions during March and April.

Dynamics: Numbers highest in late winter and early spring.
Highest densities in tributaries and upper Bay.

Trends and fluctuations: Large, high-salinity winter
population in years when Acartia clausi populations
are low, Spring population peaks in low salinity

succeeded rapidly

with emergence of Acartia tonsa.

Controlling factors are probably competition with,
and possible predation by, Acartia spp., and predation
by finfish and Neomysis ameTicana in the spring months.
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Reproduction

Method: Reproduction sexual. Male attaches spermato-
phore to urosome of female. Female carries eggs in a
clutch until they hatch. Female requires fertilization
before each clutch of eggs. ‘

Seasons and conditions: Capable of reproduction from 2
to 26°C and at salinities ranging from 0 to 35 o/oo. *

Fecundity: Egg clutches vary from 10 to over 100 eggs.
Egg development time ranges from 12.5 days at 5°C to 1
day at 259C, New clutch of eggs is immediately ready
to be laid upon hatching or release of -the previous
clutch,

Life Stages

Stages of life cycle: Life stages 13, egg, six naupliar,
and six copepodite, The final copepodite is the adult,

Early stages

Physical appearance: LSéé Davis (1943) - Larval stages
of the calanoid copepod Eurytemora hirundoides./

Naupliar stage: Usual calanoid form, Approximately
2:1 length:width ratio. Living nauplii nearly
colorless except for blue-red eye spot. Preserved
specimens usually opaque, Distinguished by unequal
development of caudal spines in Stages II through
VI. Size range approximately .1 mm (Stage I) to
.375 mm (Stage VI).

Copepodite stage: Division into cephaldsome, metasome,
and urosome; generally resembles adult form, Sexes
separable by Stage IV. Length .475 mm to 1.275 mm to
1.275 mm (Stage V female).

Development: Duration of developmental stages equal at
constant temperature. Stage I nauplius molts to Stage
II within six hours at 20°C. Growth rates (days per
stage) range from approximately 6 days at 5 C to 1 day
at 259C., Length and length-weight relation is dependent
on food concentration.

Y

Survival: Assumed to be nearly 100% in the absence of
predation,

Behavior: Nauplii hatched free-swimming and independent -
of mother, Feeding begins with the development of mouth i
in the Stage II nauplii. Vertical migration data
unavailable. :
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Adult stage (see Davis, 1943)

Physical appearance: Male 1.4-1.65 mm, Females 1.5-1,8
mn, Female with nine segments; male eleven, Adult has
two sets of antennae, mandible, two sets of maxillae,
maxilliped, four pairs of swimming legs, and sexually
dimorphic fifth legs. Right first antennae modified
for grasping in the male. Fifth legs asymmetrical and
longer in the male. Fifth thoracic segment modified
into pointed "wings" in the female and the first uro-
somal segment (genital) is swollen on the female.

Development: Little or no growth as adult. Animals
maturing at higher rate due to higher temperature are
smaller and of lower weight at all stages.

Survival: Mean survival time at 2°C over 3 months for
females, 80 days for males. Decreases with increasing
temperature., At 23.5°C adults live for 10-16 days.
Mortality largely due to predation.

Behavior: Swim by several different techniques, using
swimming legs, antennae and urosome for propulsion,
Considered planktonic, but adults, particularly fe-
males, may be concentrated, .clinging to litter and
aquatic plants on the bottom. This behavior may
partially account for the preponderance of males in
plankton tows,

Ecology
Habitat
Physical/chemical habitat

Classification: Planktonic, true estuarine species.
Salinity range: Tolerates 0-35 o/oo.
Temperature range: Tolerates 1-30°C,

Dissolved oxygen range: Resistant to very low dis-
solved oxygen concentrations--as low as .04 ug/l.

Turbidity/light: Occurs under lighted and turbid
conditions.

Depth/pressure: Essentially a shallow water species,
but occurs at all depths in the Chesapeake Bay.

Effects of fluctuations: Range expands seaward with
lowered salinity/temperature in winter and retreats
with increasing temperature and salinity in spring.
Reproduces most successfully at 5-15 o/oo salinity
and up to 20°C., Growth rate higher than Acartia tonsa
below 12-15°C.
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Food Requirements

Food: Herbivorous, grazing on phytoplankton. Large early
spring blooms could not be supported by the existing
phytoplankton populations. Animals are therefore acting
as detritovores or feeding on protozoan and bacterial
communities associated with detritus. Utilizes particles
from 2-63 um, Feeding efficiency lower than in marine
copepods.

Feeding: Probably feeds continuously throughout the day on
an intermittent basis. Filter-feeder, selective in its
ingestion. Filtering rates and selectivity under study,.

Consumers

Natural predators and parasites: Consumed by larval stages
of most estuarine fish and by adult zooplankters, both
filter and individually selective feeders, including cten-
ophores, medusae, and many other invertebrates. Quantita-
tive data on predation does not exist., Parasites include
Zoothamnium and other protozoans.

Non-nutritional Role

Competition: Competes with other estuarine filter-feeding
herbivores and detritovores.

Non-nutritional Role of Other Species

Competition: Other filter feeders compete.

Protection: In presence of Acartia tonsa and predators,

Eurytemora concentrates on the bottom, using vegetation
or litter for protection.

Influence of Toxic Substances

Biocides: Pesticides under study, also effects of chlorine
in secondarily-treated sewage.

Thermal shock: Exposure to a temperature of 30°C for 24
hrs killed all animals acclimated at 250C. Eurytemora
adults acclimated at lower temperatures, 5, I0, I5, and
20°C, showed higher tolerance for thermal shock, with
maximum survival at 10-15°C,
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Category: Invertebrates

Common Name: Grass, or glass, shrimp (collectively with
-~ otheérs of this genus)

Inventory Prepared by: D. G. Cargo A
Natural Resources Institute
University of Maryland
Solomons, Maryland

Classification

Phylum: Arthropoda

Class: Crustacea
Order: Decapoda
Family: Palaemonidae

Species: Palaemonetes pugio (often confused with P,
intermediuS where ranges overlap.

Distribution

Known range: Massachusetts to Port Aransas, Texas
(Williams 1965)

Distribution in Chesapeake Bay: Bay-wide, especially in
vegetation,

Population
Structure: Sexes even, life span annual,
Density: Abundant in quiet, weedy areas.

Affecting factors: Abundance of vegetation, especially
Zostera and Ruppia.

Reproduction
Method: Sexual by copulation, eggs carried by female.
- Seasons: May through'September
Fecundity: '200-300 - personal estimate
Life Stages

Stages of life cycle: Zoea, post larvae, adult

Early stages:
| Physical appearance: Elongate zoea unarmored except for

rostrum, Prezoeal molt occurs prior to hatching.
Approx., 2.6 mm long. Abdomen of 6 somites, telson with
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Early stages (Continued)
Physical appearance (continued)
16 spines. Nine more zoeal stages, Tenth 6.3 mm; post
larval 6.3 mm, Similar to P vulgaris in many respects.
Abdominal somite 2 has a palr of chromatophores, lacking
in vulgaris (Broad 1957a, 1957b).

Development: Developmental rates variable, depending on
larval diet (Broad 1957a).

Survival: With no food or unicellular algae, 2 molts -
100% mortality. Survival past 7 molts with Artemia
nauplii, <20% mortality (Broad 1957b).

Behavior: Very seasonal in Chesapeake Bay. Young
numerous in late spring.

Adult stage

Physical appearance: Lobster like, small chelae dn 1st
and 2nd walking legs,

Development: With adequate diet, 7th inter-molt yielded
post larvae at. 18 days after hatch (Broad 1957b).

Behavior: Adults abundant in late summer, especially in
beds of vegetatlon' hibernation appears to be initiated
at about 10°C.

Ecoiogy
Habitat (Physical /chemical)

Substrate: Estuarine - weedy areas,

Salinity range: Oligo-polyhaline (Wass 1972). 5.4 o/oo
to approx. 30 o/oo.

Temperature range: 30-30°0C, hibernates at 10°C and below.
pH range: 7-8.5°
Benthic composition: Weeds, muddy sand

Effects of fluctuations: Presence or absence of weed beds
appears to have a major effect upon local abundance.

Associated communities: Shallow Zostera and Ruggia.

Food Requiremehts

Plant and animal, scavenges, eats detritus algae and
plant food alone is inadequate (Broad 1957b).

Appendix 15
U111



Consumers

Natural predators and parasites: Fish and jellyfish, para-
sitized by Probopyrus -pandalicola.

Man: Small local fisheries in Chesapeake Bay for sport
fish bait in recent past; minor use now,

Non-nutritional Role

Protection: Rostrum, telson spines and armored periopods.

Influence of Toxins v

Biocides: Probably very susceptible to insecticides.

Heavy metals: Cadmium chloride (0.42 mg/1), lethal to 50%
of P, vulgaris (Eisler, 1971).

Thermal shock: LD50-(24 hr)-32-37.5°C depending on acclima-
tion temp. (Mihursky, et al., 1971).
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Category: Invertebrates

Common Name: Sand shrimp, salt and pepper shrimp

Inventory Prepared by: David G, Cargo

Natural Resources Institute
University of Maryland
Solomons, Maryland

Classification

Phylum: Arthropoda

w Class: Crustacea
‘ Order: Decapoda
Family: Crangonidae

Species: Crangon septemspinosa (Say), Crago septemspinosus
(old name) was changed by Holthuis, 1 .

Distribution

Known fange: Baffin Bay to eastern Florida, Alaska and
Japan (Whiteley, 1948).

Distribution in Chesapeake Bay
Areas of active reproduction: Tributaries and Bay proper
from Swan Pt. to outside Bay mouth; more abundant in
lower Bay (Wass, 1972); 4.0-31.5 o/oo,
Occurrence in other areas: Farthest upriver in summer
Population

Structure: Sexes even; spawn at 1 year (Whiteley, 1948;
~Price, 1962); may live to age 3.

Dynamics

Trends and fluctuations: Size varies - seasonally
Reproduction

Method: Sexual

Seasons: Ovigers found at all seasons; in deeper waters
in winter. Most abundant in summer (Price, 1962).

D

Fecundity: At 70 mm length, 3-4 thousand eggs/season,

> Life Stages
Early life stages
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Early life stages (Continued)

Physical appearance: At least 2 zoeal stages, reaches
2nd zoeal stage at 5 days after hatching.

Development: Hatching time 6-7 days at 21%c, 30 days at
16°C and 90 days at 5°C |
. R}
Adult stage
Physical appearance: Lobster-like, no chelae

Development: Time of hatching and embryonic development
controlled by temperature.

Survival: Boreal, not present in N, C, in summer.

Behavior: Surface swarming of juveniles has been observed
in spring (Solomons, 1974, Cargo).

Ecology
Habitat (Physical/chemical)

Substrate: Marine to mesohaline - sandy bottoms and
hydroids, not confined to benthos,

Salinity range: 4-31.5 o/oo0
Temperature range: 0-26°C
Depth/pressure: Shoal to 180°

Food Requirements

Food: Detritus, crustaceans, molluscs, invertebrate eggs,
also scavengers.,

Consumers

Natural predators and parasites: Fish, skates (Raja) and
rays (Price, .1962), (Fitz, 1956).

Non-nutritional Role

Competition: Probably competes with xanthid crabs, por-
tunid crabs and other decapods for living space and food.

2

Influence of Toxins

Biocides

Chlorinated/hydrocarbons: Very susceptible to malathion
and methoxychlor in amounts of 33-83 ppb (Eisler §
Weinstein, 1967),
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Heavy metals: Sensitive to cadmium and mercury at .32 mg/l
much more so after long exposure.

Thermal shock: More sensitive than other local decapods
to high temps., 31C max. even under high temperature
acclimation (Mihursky et al., 1971).
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Category: Invertebrates

Common Name: Mud crab (Miner, 1950)

Inventory Prepared by: Robert E. Miller
Natural Resources Institute
University of Maryland
Solomons, Maryland

R

Classification
Phylum; Arthropoda
Class: Crustacea o
Division: Eucarida '
Order: Decapoda
Suborder: - Reptantia
Tribe: Brachyura
Subtribe: Brachygnatha.
Superfamily: Brachyrhyncha
Family: Xanthidae
Species; Rhithropanopeus harrisii (Gould)
Distribution

Known range Netherlands; Schleswig-Holstein, West Germany;
Copenhagen, Denmark; Vistula mouth and adJacent waters,
Poland; northwestern France; southwestern France (once)
Black Sea, Sea of Azov; Caspian Sea; W. Coast of Atlantic,
in estuaries from Nova Scotia to Mexico; northeastern
Brazil; W. coast of America in San Francisco Bay and in
Coos Bay, Oregon (Christiansen, 1969 and Williams, 1965).

Distribution in Chesapeake Bay: Primarily in the upper Bay
and in tributaries of the lower Bay in depths of 0 to 10
meters. Specimens have been found in waters ranging from
fresh to 18.6 o/oo. Larvae have been found in water from
4 to no higher than 28.5 o/oo salinity. Surface to 15

meters (Christiansen, 1969; Williams, 1965; and Ryan,
1956).

Population: During the years 1945 to 1951, approxlmately
% ,000 specimens were collected at 113 stations in Chesapeake
Bay (Ryan, 1956).

Reproduction

Method: Sexual .

Seasons and conditions: Ovigerous females are taken from
May through September. Copulation occurs at tempera-
tures between 14°C and 32°C. Molting immediately before -
copulation is not required for this species as it is for
many other hard shell crabs (Turoboyski, 1973).
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Reproduction (Continued)

Fecundity: Females taken in the Dead Vistula had between
1,280 and 4,800 eggs. These females averaged 3.51 mm
wider in carapace width than those in the Chesapeake
Bay. The egg mass varied with the size of the females.

Life Stages

Stages of life cycle: Four zoeal stages and one megalopa.
Early life stages

Physical appearance: Typical xanthid zoea. A very long
rostral spine and second antennal spines serve as dis-
tinguishing features. The number of setae on the ex-
opodite of the first and second maxillipeds increases
as molting into successive stages occurs (Connolly,
1925 and Hood, 1962).

Development: The normal rate of development for the
larval stages of R. harrisii from hatching to crab stage
is about 18 days at Z5 C and 25 o/oo of salinity
(Costlow, Bookhout, and Monroe, 1966). The initial
portion of this period is marked by four zoeal stages,
each about 72 hours duration.

Eyestalk removal affects the rate of development in R.
harrisii (Kalber and Costlow, 1966).

The removal of eyestalks also causes production of one"
or two supernumerary zoeal stages. Injection of a
variety of extracts had little effect on normal larvae
(Costlow, 1965).

Survival: Under 1aboratory conditions, the rate of sur-
vival for R. harrisii is very good (Costlow, 1965).
Bousfield T1955) found good retention of zoea in the
Miramichi Estuary but little other work has been done
on survival rates. :

Behavior: Retention of crab larvae in an estuary is
effected by the vertical distribution of the larvae.
This vertical movement is the result of behavioral
responses which place the larvae in water currents
beneficial to estuarine retention (Bousfield, 1955).

Adult stage

Physical appearance: Two transverse lines of granules
on each protogastric region, one on mesogastric region
interrupted at middle, two branchial, one of which is
opposite the tip of the posterior 1ateral tooth. Front
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Adult stage (Continued)
Physical appearance (continued)

little produced, edge nearly straight, channeled, upper
and lower margins granulate; median notch triangular,
Lateral teeth not prominent; a sinus in coalesced tooth;
third and fourth teeth pointing obliquely forward; last
tooth smaller. Outer orbital hiatus a nearly closed
fissure opening on a broad shallow notch, No subhepatic
tubercle,

In old crabs the chelipeds are nearly smooth. In small
specimens the wrist is rough with lines and bunches of
granules, distal groove deep; two granulate ridges on
upper margin of palm; upper edge of fingers granulate.
Fingers slender, prehensile edges evenly dentate. Legs
long, slender, compressed,

The third segment of the male abdomen does not touch
the coxae of the last pair of legs; terminal segment
subquadrate.

Color: Brownish, paler below; fingers white., Yellow
‘with red spots (Rathbun, 1930).

Development: Ryan (1956) summarized life history data
for R. harrisii in the Chesapeake Bay area. Ovigerous
females were collected from June to September (also in
April in Louisiana and Brazil). Though juveniles were
found in all months of the year, they occurred most fre-
quently in samples taken from July to October. Immature
forms of undetermined sex ranged from 2.2 to 2.6 mm in
width, Immature males ranged from 3,2 to 5,0 mm and
similar females ranged from 3.3 to 5.7 mm in width,
Ryan considered maturity to be reached the following
summer at a carapace width of 4.5 mm for males and 4.4
to 5.5 mm in females,

Adults continue to grow and molt after maturity is
reached, and males finally attain a larger size than
females (up to 14.6 and 12.6 mm wide, respectively).
No concrete data on number of instars throughout life
are available but it is estimated that there may be
four instars between attainment of the S5 and 10 mm
carapace widths (Williams, 1965).

Ecology
Habitat (Physical/chemical)

Substrate: Ryan (1956) found this species in some kind
of shelter - oyster bars, living and decaying vegeta-
tion, old cans, and other debris.
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Habitat (Continued)

Salinity range: Fresh to 18.6 o/oo (Ryan, 1956 and
Pinschmidt, 1963). Bousfield (1955) found larvae
from 4 to 25.5 o/oo.

Temperature range: 0 to 34.1°C,

Benthic composition: Shelter of some type, oysters,
cans or vegetation needed.

Turbidity/light: It has been suggested that R. harrisii
larvae exhibit a reversed pattern of diurnal vertical

migration dependent on a persistent internal rhythm
modified by lighting conditions (Forward, In press).

Water flow: Bousfield (1955) concluded that current
flow was utilized by R. harrisii zoeae to maintain
their horizontal distribution within the estuary.

Associate biological communities: R, harrisii are often
found in oyster bar communities,

Food Requirements

Food: Probably dead organic matter of animal origin and

several aquatic plants in the detritus stage (Turoboyski,

1973).
Consumers

Natural predators and parasites: The oyster toad is a
natural predator. R. harrisii is cannibalistic when
finding a soft-shell crab, personal observation in ten-
gallon aquariums. Eaten by several diving ducks.

A common parasite in the Chesapeake Bay is the sacculinid

barnacle, Loxothylacus panopaei.

Non-nutritional Role

Concentration of toxic substances: Not applicable; work
done on several other species of xanthid crabs but not
R. harrisii, ‘

Non-nutritional Role of Other Species

Fertilization: Loxothylacus castrates the sexual organs.
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Category: Fish

Common Name: Blue-backed herring

Inventory Prepared by: Linda L. Hudson and Jerry D. Hardy, Jr.
Department of Natural Resources
University of Maryland

Solomons, Maryland

Classification
Class: Osteichthyes (bony fishes)
Order: Clupeiformes
Family: Clupeidae
Species: Alosa aestivalis (Mitchill)
Subspecies: None currently recognized
Synonyms : Clupea aestivalis Mitchill, 1815

Alosa cyanonoton Storer, 1857
Pomolobus aestivalis (Mitchill) Jordan §
Everman, 1896-1900 -
Pomolobus cyanonoton Storer, Dean, 1905
Other common names: Menhaden, glut herring, blueback,
summer herring, blackbelly, kyack.

Distribution

Known range: New Brunswick and Nova Scotia, Canada to
St. Johns River, Florida (Hildebrand, 1963 Scott and
Crossmann, 1973).

Distribution in Chesapeake Bay: Occurs throughout the
region (Hildebrand and Schroeder, 1928).

Area of active reproduction: Spawns in both fresh and
brackish water in rivers and ponds (Davis, 1973;
Hildebrand, 1963; Raney and Massmann, 1953). Chittenden
(1972) reported spawning 105 kilometers above the tide
in the Delaware River,

Occurrence in other areas: Outside the spawning season
occurs in a narrow band of coastal water offshore at
the bottom (Hildebrand, 1963; Hildebrand and Schroeder,
1928; Bigelow and Schroeder, 1957)

PoBulatlon
Dynamics

Affecting factors: Hildebrand (1963) has noted that
overfishing, pollution, and impassable dams have
diminished the abundance of "alewives."
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Population (Continued)
Reproduction -
Method: External fertilization.

Seasons and conditions: Late April through early May in
Potomac River (Hildebrand, 1963). Spawning takes place
at temperatures of 14 to 259C, Streams used for spawn-
ing typically have relatively deep ingresses, swift
currents, and rocky substrates (Bigelow and Schroeder,
1953; Loesch, 1970). .

Fecundity: Probably an average of 100,000 (Smith, 1907).
Life Stages
Stages of life cycle: Egg, larva, juvenile, adult.

Physical appearance: Eggs demersal; adhesive; stick to
sticks, stones, gravel and other objects with which
they come in contact (Scott and Crossman, 1937);
average diameter about 1.0 mm; yellowish, semi-trans-
parent; perivitelline space about %th egg radius;
capsule finely corrugated; yolk granular; oil globules
very small, scattered. Hatching length about 3.5 mm,
Body of larva long, slender; anus about 5/6th of body
length from snout; pectorals absent at hatching, con-
spicuous at 4.0 mm; dorsal finfold never extended to
head; chromatophores over yolk mass, along intestine

. and, toward end of stage, at base of ventral finfold
posterior to vent. At 5.2 mm, yolk absorbed, mouth
open, auditory vesicles greatly enlarged. In juveniles
between lengths of 20.5 to 25.0 mm, the body depth
increases markedly and pigment develops on the head,
dorsum, and upper sides. Scales develop at about 45
mm, and in specimens of this size, the tongue is pig-
mented laterally and the peritoneum is usually dark
(Hildebrand, 1963; Kuntz and Radcliff, 1917; Mansueti
and Hardy, 1967). :

Development: Hatching occurs in about 2 to 3 days at
temperatures of 22.2 to 23.99C (Scott and Crossman,
1973). When reared at '"laboratory temperatures', eggs
develop as follows: early blastomeres large, spheri-
cal: three somites visible just prior to closure of
blastopore (16 hrs after fertilization); at 24- to 26-
somite stage embryo about 2/3rds around yolk, optic
and auditory vesicles developed; just prior to hatch-
ing, embryo longer than yolk circumference, relatively
opaque, slightly pigmented (Kuntz and Radcliff, 1917),
Young may reach a-length of 30 to 50 mm in 1 month
(Scott and Crossman, 1973), Hildebrand and Schroeder
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Development (Continued)

(1928) presented the following growth data for the
Potomac River: In June, 30 to 37 mm; in July, 30 to
59 mm; in August, 34 to 64 mm; in September, 40 to
69 mm; in October, 40 to 74 mm; in November, 50 to
74, Hildebrand recorded lengths of 65 to 120 mm at
1 year.

Behavior: In the Chesapeake Bay area, the young remain
in upstream 'nursery areas' until late summer or fall
(Hildebrand, 1963; Hildebrand and Schroeder, 1928;
Bigelow and Schroeder, 1957). Davis et al, (1967),
working in North Carolina, found that the seaward
migration is associated with increased water level
and decreased temperature. Some young may remain in
lower Chesapeake Bay during their first or possibly
their second winter (Hildebrand and Schroeder, 1928).
North of Chesapeake Bay, the movement to sea apparently
occurs much earlier: Scott and Crossman (1973) found
a rapid downstream movement when the young were 30-to
50-mm long. Perlmutter et al. (1967) and Chittenden
(1972) found '"young" in brackish water in summer.
Warrinner and Miller (1970) have presented detailed
data on the distribution of young in the Potomac River.

Adult stage

Physical appearance: Dorsal 15 to 20, anal 16 to 21,
ventral 10 to 11, pectoral 14 to 18. Body elongate,
laterally compressed; depth 22.1 to 25.2% of total
length; lower jaw extended beyond upper jaw; maxil-
lary to below middle of eye; scales large, deciduous;
lateral line not developed; ventral scutes well devel-
oped; prepelvic scutes 18 to 21; postpelvic scutes 12
to 16. Back grayish, bluish-green or dark blue; sides
and belly silvery; rows of scales on back and upper
sides with distinct dark lines; shoulder with a dark
spot usually followed by several other discrete, dark
spots; fins greenish or yellowish., Maximum length
380 mm. (Scott and Crossman, 1973; Hildebrand, 1963;
Mansueti and Hardy, 1967).

Development: Marcy (1969) found that 47% of the males
first spawn at age group III, 50% at age group IV;
75% of the females mature at age group III. Hildebrand
(1963) stated that maturity occurred at 205 mm or less.

Behavior: A schooling species, In Chesapeake Bay re-
gion, move up to spawning areas during first half of
April (or when temperatures reach 70 F), remain until
June 1lst or later, return to sea after spawning
(Bigelow and Schroeder, 1953; Hildebrand, 1963).
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Behavior (Continued)

There is some evidence that this species may overwinter
near the bottom (Scott and Crossman, 1973).

Ecology
Habitat (Physical/chemical)

Classification: Fresh, brackish, and marine waters.

Salinity: Fresh to full-strength sea water, Chittenden
(1972) found this species to be highly tolerant to
abrupt changes in salinity.

Temperature: Minimum reported, 6 to 79C (Recksick and
McCleave, 1973). Gift and Westman (1971) have dis-
cussed responses to increasing thermal gradients.

Dissolved oxygen: Mortalities in excess of 35% occurred
when test animals were held at 02 concentrations of 2

to 3.0 mg/liter for 16 hours (Dorfman and Westman,
1970).

Food Requirements

Food: Mostly crustaceans and crustacean eggs; also cope-
pods, cladocerans, ostracods, amphipods, hydracarina,
dlpterans (and presumably other insects), insect eggs,
fish eggs and larvae (Davis et al., 1967; Scott and
Crossman, 1967). Brooks and Dodson (1965) have studied
feeding habits in a fresh-water population and list

. various fresh-water zooplankters including XcloEs
~and Daphnia,

Consumers

Predators and parasites: Alosa aestivalis is preyed upon
by predatory fish inhabiting fresh, brackish, and marine
" waters; this appears to be especially true of the weak-

fish, Cznosc1on regalis (Hildebrand, 1963). Parasites
includé The acan thocephalan, Echlnor_ynchus acus, the

nematode, Heterakis foreolata and the copepod, Erga511us
clupeidarum. The species may ’also be infested with the
colonial hydroid, Obelia commensuralis (Gudger, 1937;
Sumner et al., 1913; Johnson and Rogers, 1972).

Man: Utilized by man, but generally not distinguished from
alewife, Alosa seudoharen us, and therefore exact catch
statistics not available (ﬁiIdebrand and Schroeder, 1928).

Influence of Toxins

Other: Jensen (1969) points out that some blueback eggs
and larvae are lost through power-plant intakes.
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Category: Fish

Common Name: Mummichog

Inventory Prepared by: Linda L. Hudson and Jerry D. Hardy, Jr.
Department of Natural Resources
University of Maryland
Solomons, Maryland

Classification
Class: Osteichthyes (bony fishes)
Order: Atheriniformes
Family: Cyprinodontidae
Species: Fundulus heteroclitus (Linnaeus) 1766

Subspecies: Several subspecies have been proposed (fonti-
cola, bermudae, macrolepidotus, grandis, and badius). Of.
these, onIy‘bermudae of Bermuda 7is recognlzed

Synonyms Cobitus heteroclita Linnaeus, 1766

Cobitus macrolepidota Walbaum 1792

Cobitus KilliIish Walbaum, 1792

Esox pisciculus Mitchill, 1815

Esox pisculentus Mltchlll 1815

Hydrargyra nigrofasciatus LeSueur 1817
Hydrargyra ornata LeSueur, 1817

Hydrargyra swampina Lacepede 1803

Poecilia caenicola Bloch and Schneider, 1801
Lygonectes funduloides Evermann, 1891
Fundulus bermudae Gunther, 1874’

Fundulus. rhizophorae Goode, 1877

Fundulus viridescens DeKay, 1842

Fundulus zebra DeKay, 1842

Fundulus fToridensis Girard, 1859

Fundulus mudfish Lacepede, 1803

Fundulus nisorius Cope, 1870

Fundulus heteroclitus macrolepidotus (Walbaum)
Fundulus heteroclitus badius Garman, 1895

Other common names:  Common mummichog, common killifish,
salt-water minnow, mummy, minnow, pike minnow, mud-
minnow, mud-dabbler, cobbler,

Distribution

Known range: Newfoundland and Nova Scotia to Mantanzas
River, Florida; Bermuda (Briggs, 1958; Collette, 1962;
Livingstone, 1951; Miller, 1955; Scott and Crossmann,
1964). Introduced into Ohio River drainage in western
Pennsylvania (Raney, 1938),

Distribution in Chesapeake Bay: Found throughout the Ches-
apeake Bay region (Hildebrand and Schroeder, 1928).
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Distribution in Chesapeake Bay (Continued)

Area of active reproduction: Spawns in salt, brackish,
and fresh water in ponds, shallow pools, rivers, and
"pure' sea water.

Occurrence in other areas: All salinities from fresh to
salt water, In inshore areas, recorded from large
rivers, fresh-water streams and creeks, lakes, salt
marshes, barrier beach ponds, and ditches., Detailed
descriptions of the habitat are available in the fol-
lowing papers: Brown (1957), Carr and Goin (1955),
Chidester (1920), Fisher (1920), Fowler (1912, 1952),
Greeley (1935), Heilner (1920), Hildebrand and Schroeder
(1928), Hoedeman (1954), Livingstone (1951), Moore
(1922), Newman (1914), Raney (1950), Scherzinger (1915),
Seal (1908), Tracy (1910).

Population

Struéture: Schmelz (1964) observed a sex ratio of 0.985
females to one male.

Densities: Munro (1973) found that Fundulus heteroclitus
comprised 81.5% of the total fish Tauna in her study area.
The density appeared to vary considerably with the tide,

Reproduction
Method: External fertilization.

Season and conditions: April to August., Peak activity
variously reported: late May or late June (Chidester,
1916; Fowler, 1916; Hildebrand and Schroeder, 1928;
Newman, 1919; Schwartz, 1967). Spawning takes place
in shaded areas over gravel or hard bottom having
sparse to dense vegetation; also among emergent vege-
tation so close inshore that eggs may be stranded by
tide (Fanara, 1964; Fowler, 1906; Moore, 1922; Newman,

130;; Nichols and Breder, 1927; Pearcy and Richards,
1962).

Fecundity: Estimates of the number of mature eggs vary
from 4 to 800 (Hildebrand and Schroeder, 1928; Kagan,
1935; Moenkhaus, 1904; Munro, 1973; Schwartz, 1967).
Munro estimates 4 to 215 mature eggs in specimens from
the Patuxent River, Maryland. Ehnle (1910) pointed out
that a maximum of 30. eggs are deposited during one
spawning. :

Life Stages

Stages of life cycle: Egg, larva, juvenile, adult.
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Early stages

Physical appearance: The eggs are demersal, sometimes:
attached to plant stems and to one another; sometimes
under algal mats and exposed to air; and sometimes
buried in mud (Battle, 1949; Bigelow and Schroeder,
1953; Breder, 1917; Brinley, 1938; Carranza and Winn,
1954; Chidester, 1916; Newman, 1918; Ryder, 1886;
Schwartz, 1967; Pearcy and Richards, 1962; Solberg,
1938; Stockard, 1921; Tracy, 1910). Eggs spherical;
d1ameter 1.5 to 2,5 mm yellowish, amber, or almost
colorless, essentially transparent; chorion heavy,
firm, adhesive in newly deposited eggs, and with or
without (depending on geographic location) a thick
mat of attachment filaments; oil globules opaque,
unequal, small, numerous (Armstrong and Child, 1965;
Battle, 1944; Bigelow and Schroeder, 1953; Brinley,
1938; Brummett, 1966; Kuntz, 1918; Nelson, 1953;
Newman, 1908, 1915, 1918; Nichols and Breder, 1927,
1929, Ryder, 1886 Stockard 1915a, 1915b, 1915c,
1921; Solberg, 1938 Tracy, 1910). Hatchlng length
4,0 mm or less to 7.3 mm (larger individuals may hatch
without yolk). Total myomeres, about 35. In yolked
hatchlings, head flexed over yolk; o0il globules still
evident; pectoral rays developed; origin of dorsal
finfold over midpoint of body; urostyle oblique; a
double line of melanophores mid-dorsally and mid-
ventrally, and a series of red chromatophores mid-
laterally; yolk sac pigmented. In more advanced
larvae, a triangle of chromatophores on head and
scattered chromatophores along mid-dorsal ridge.
Towards end of larval stage (up to 20 or 25 mm),

6 to 8 vertical pigment bars on flanks. Juvenile
males olive above, yellow below; young females

paler than males. This composite, brief description
is based on information presented by Agassiz, 1882;
Armstrong and Child, 1965; Bancroft, 1912; Blgelow
and Schroeder, 1953; Carpenter and Slegler, 1947,
Chidester, 1916; Cooke, 1965; Denny, 1937; Evermann,
1901, Gabriel, 1942; Gilson, 1926; Hildebrand and
Schroeder, 1928; Jordan and Gilbert, 1883; Newman,
1900; Oppenheimer, 1937; Richards and McBean, 1966;
Sm1th 1892; Solberg, 1938a 1938b; Stockard, 1907a,
1907b, 1907c Truitt et al., 1929, In our own recent
1aboratory studies, we have not observed the mid-
lateral red chromatophores described by earlier
workers. We have noted, in very recent hatchlings,
the presence of large white chromatophores on the
body and at the base of the pectoral fin, and a

mass of yellow spots on the body just behlnd the
anus.
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Early stages (Continued)

"Development: A number of authors have presented detailed
developmental sequences or have commented on certain
aspects of development (Bancroft, 1912; Gilson, 1926;
Hyman, 1921; Jones, 1939; Kagan, 1935; Manery et al.,
1933; Milkman, 1954; Moenkhaus, 1904, 1911; Newman,
1908, 1914; Oppenheimer, 1936a, 1936b, 1936c, 1937; *
Solberg, 1938; Stockard, 1915, 1921; Richards and
Porter, 1935; Rogers, 1952; Wyman, 1924)., The follow-
ing condensed description is based on the Solberg
series (1938). Rearing temperature was 25°C,
1 hour - blastodisc formed; 2 hours - 4-cell stage;
4 hours - 64-cell stage; 10 to 14 hours - blastula
flattened into yolk; 17 hours - embryonic shield
formed; 24 hours - eye and brain divisions evident;
26 hours - blastopore closed; 28 hours - 4 somites
formed; 33 hours - auditory placodes formed; 38 hours -
optic lobes formed; 40 hours - pigment on yolk;
42 hours - pigment on embryo; 44 hours - heart
pulsating; 46 hours - circulation established;
60 hours - otoliths developed; 72 hours - 35 somites;
78 hours - pectoral buds evident; 84 hours - eye pig-
mented; 90 hours - liver evident; 102 hours - pectorals
rounded; 114 hours - peritoneum pigmented; 126 hours -
caudal rays formed; 144 hours - gas bladder formed;
168 hours - vertebrae well-differentiated; 192 hours -
head noticeably more straightened than in earlier
stages; 240 hours - mouth open; 264 hours - hatching,
Incubation varies with temperature as follows: At
25°C, 11 days (Solberg, 1938); at 24,5°C, 9 to 20 days
(Gabriel, 1942); at 19.4 to 21.4 C, average 17 days
(Scott and Kellicott, 1917); at 13 to 17°C, about 24
days (Ryder, 1886). The maximum incubation period is
40 days, but no temperature was specified (Scott and
Kellicott, 1917)., Nothing is known concerning the
growth of the young fish,

Behavior: Newly hatched larvae are phototropic and
remain off bottom. More advanced larvae swim at the
surface, but will occasionally make forays to the
bottom, Juveniles have been recorded from eelgrass
along sandy beaches; in warm, shallow pools; and in
ditches associated with salt marshes (Armstrong and
Child, 1965; Bean, 1903; Fisher, 1920; Moore, 1922;
Richards and McBean, 1966; Stockard, 1907).

AN

Adult stage

Physical appearance: Dorsal 10 to 14; anal 9 to 12;
caudal 17 to 20; pectoral 16 to 20; ventral 6 to 7.
Body robust, deep, short. Teeth pointed and in
villiform bands. Dorsal origin somewhat anterior to
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Physical appearance (Continued)

anal origin., Typically olivaceous to dark green above,
pale to yellow-orange below, but color highly variable.
Scales sometimes with white spots arranged in vertical,
longitudinal, or diagonal stripes; dorsal fin sometimes
with a dark ocellus; sides of females with 13 to 15
crossbands (Bigelow and Schroeder, 1953; Brown, 1954;
Carpenter and Siegler, 1947; Carr and Goin, 1955;
Chidester, 1916; Garman, 1895; Hildebrand and Schroeder,
1928; Hubbs, 1926; Parker, 1925; Schwartz, 1961; Scott
and Crossmann, 1973; Smith, 1892, 1907; Truitt et al.,
1929). -

Development: ''Yearlings' may possible spawn in late
August, otherwise probably mature during 2nd winter,
Females mature at a minimum of 28 mm SL; males at a
minimum of about 32 mm TL (Chidester, 1916; Hildebrand
and Schroeder, 1928; Schmelz, 1964; Tracy, 1910).

Behavior: Typically a schooling species. Apparently
ubiquitous in some areas, but showing marked preference
for muddy water and muddy bottom in some areas. Some-
times moves overland or buries in mud when stranded by
tide; can remain out of water for up to 4 hours., Some-
times found in extremely foul water, Migratory, moving
into marshes and fresh-water creeks when spring temper-
atures reach 15 C (sometimes as early as March). Peak
migrations in mid-April. Run in and out with the tide.
Hibernate in deep holes near mouths of rivers or bury
6 to 8 inches in mud in salt marshes or sheltered la-
goons in winter. Seldom more than 100 yards from shore
or in water deeper than "a couple of fathoms' (Bean,
1902; Bigelow and Schroeder, 1953; Butner and Brattstrom,
1960; Carranza and Winn, 1954; Chidester, 1916, 1920,
1922; deSylva et al,, 1962; Fowler; 1914; Hildebrand
and Schroeder, 1928; Moore, . 1922; Newman, 1908, 1918;
Nichols and Breder, 1927; Radcliff, 1915; Schwartz,
1961; Smith, 1907).

Ecolog
Habitat (Physical/chemical)

Classification: Fresh, brackish, and marine waters.

Salinity: Loeb (1900) found that newly hatched larvae
could survive in distilled water, but died in sodium
chloride solutions equal in strength to seawater.
Maximum salinity, 35 o/oo (deSylva et al., 1962).
Burden (1956) has shown that Fundulus heteroclitus
can withstand abrupt salinity changes.
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Habitat (Physical/chemical) (Continued)

Temperature: Eggs can be reared at 26 to 27°C with only
2% mortality (Solberg, 1938). Advanced eggs can sur-
vive temperatures as low as 0 to 2°C for rather long
periods, but early eggs are killed or develop abnor-
mally at reduced temperatures (Kellicott, 1916; Loeb,
1915). Garside and Jordon (1968) found an upper lethal %
temperature for adults of 33.9 C (at a salinity of 14 '
o/00). Umminger (1969, 1970a, 1970b, 1970c, 1971) and
Benziger and Umminger (1973) studied physiology and
biochemistry at temperatures near freezing (minimum
acclimation temperature minus 1.5°C). Pickford et al. e
(1971) noted that mummichogs become comatose when
adapted at 209C and immersed for 3 minutes at 1°C.
McNabb and Pickford (1970) studied thyroid function
as it is affected by high and low temperatures. Gift
and Westman (1971) studied responses to increasing
thermal gradients.

Dissolved oxygen: Bigelow and Schroeder (1953) noted
that this species is resistant to "a lack of oxygen.,"
Voyer and Hennekey (1972) found that dissolved 0
concentrations of 0.74 to 0,89 were lethal to 50%
of their experimental adult animals, They presented
similar data for eggs. '

Food Requirements

Food: Diatoms, foraminifers, amphipods, and other crusta-
ceans, mollusks, insect larvae, fish eggs, small fishes,
and vegetation, Mud is sometimes ingested, but this 'is
probably by accident (Scott and Crossmann, 1973; Linton,
1901; Schmelz, 1964).

Consumers

Natural predators and parasites: Predators include blue-
fish (Grant, 1962), chain pickerel (Meyers and Muncy,
1962), white perch (Schmelz, 1964), brook trout, bull-.
frogs, otter, mink, and kingfishers (White, 1953; White
et al,, 1965). Hoffman (1967) found that mummichogs
were infested with protozoans, trematodes, nematodes,
acanthocephalids, and crustaceans, Stromberg and Crites
(1972) recorded the cucullonid, Dichelyne bullocki, from
the species, and two parasites, Distomum sp. and Gyro-
dactylus sp. were recorded by Stafford (1907) and

owanlock (1927), respectively. More recently, Lawler
(1967) described a new parasitic dinoflagellate, Oodinium
cyprinodontum, which occurs on the gills of heteroclitus. *

L3

Man: While this species is not consumed by man, it is
sometimes harvested in large numbers for bait (Richards
and Castagna, 1970),

Appendix 15
132



tal

“

Influence of Toxins

Biocides: Eisler (1970a, 1970b) and Eisler and Weinstein
(1967) studied the effects of several insccticides on
Fundulus heteroclitus under a variety of experimental
conditions.

Heavy metals: Data on the toxicity of veryllium, cadmium,
copper, lead, mercury, and zinc has lbcen presented by
Eisler (1968, 1971), Eisler and Gardner (1973), Eisler
et al, (1972), Gardner and LaRoche (1973), Garside and
Yevich (1970), Jackim, (1973), Jackim et al, (1970) and
White (1912). Gardner and Yevich (1970) found patholog-
ical changes in the intestinal tract, kidneys, and gills
after exposure to 50 ppm of cadmium, Gardner and LaRoche
(1973) found that hatchlings of Fundulus heteroclitus
were much more sensitive to copper toxicity than were
adults. Fletcher et al. (1971) studied the effects of
yellow phosphorus waste production on the species.

Radionuclides: Angelovic et al. (1969) studied the effects
of cobalt-60 and sodium-22, and pointed out that mummi-

chogs become more sensitive to radiation as temperature
or salinity increases.
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Category: Fish

Common Name: White perch

Inventory Prepared by: Linda L. Hudson and Jerry D. Hardy, Jr.
Natural Resources Institute
University of Maryland
Solomons, Maryland

Classification
Class: Osteichthyes
Order: Perciformes
Family: Percichthyidae
Species: Morone americana (Gmelin)
Subspecies: None currently recognized.
Synonyms: Perca americana Gmelin, 1789

Perca immaculata Walbaum, 1792
Morone rufa Mitchill, 1814
Morone pallida Mitchill, 1814
Roccus americanus (Gmelin)
Other common names: White perch, silver perch, sea perch,
blue-nosed perch, gray perch, black perch,

Distribution

Known range: New Brunswick, Nova Scotia, and Prince Edwards
Island to Georgia (records from Florida and the Gulf Coast
are questioned). Introduced into the Great Lakes, into
freshwater lakes and ponds in New England, and into lakes
and rivers in Nebraska (Mansueti, 1964; Woolcott, 1962;
Webster, 1942; Thoits and Mullan, 1958; Raney, 1965;
Dence, 1952; Larsen, 1954; Scott and Christie, 1963;
Hergenrader and Bliss, 1971).

Distribution in Chesapeake Bay: Found throughout the region
(Hildebrand and Schroeder, 1928).

Area of active reproduction: In Chesapeake Bay region in
tidal fresh or slightly brackish water, mostly in lower
parts of large rivers on sand and gravel bars, on rocky
ledges, or under banks or debris (Mansueti, 1961, 1964;
Woolcott, 1962; Webster, 1942; Smith, 1971; Hildebrand
and Schroeder, 1928, Raney (1965) suggested that spawn-
ing takes place at the surface, while Mansueti (1961)
felt that it occurred under shelters beneath the surface.

Occurrence in other areas: Bays, estuaries, brackish and
fresh-water ponds, lakes, unprotected coastal waters,
creeks, and streams (Woolcott, 1962; Raney, 1965;
Radcliff and Welsh, 1917; Whitworth et al., 1968;
Miller, 1963). Congregates around piers, timbers,
bridges, and water lilies. Hibernates in deep water
or bays (Goode et al., 1884; Smith, 1971).
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Pogulation

Structure: Reported sex ratios vary from 0.76 to 0.89
males to 1 female (Cooper, 1941; Thoits and Mullan,
1958). : '

Densities and totals: A total of 13,259 pounds of white
e perch were recovered from a 185-acre lake. This repre-
sented 51% of the total weight of fish recovered (Thoits
and Mullan, 1958)., In other ponds, white perch accounted

for less than 1.0% of the total fish population (Stroud
and Bitzer, 1955).

Dynamics

Trends and fluctuations: The white perch tends to become
over-populated when stocked. This results in conspic-
uously stunted growth (Everhart, 1950; Stroud, 1955a;
Thorpe, 1942).

Factors affecting density: Biological and physical con-
ditions of the enviromment, fishing pressure, spawning
success, and predation may all influence population
densities (Stroud, 1952, 1955b).

Reproduction:
Method: External fertilization.

Season and conditions: Over entire range, late March
(Mansueti, 1961; Dovel, 1971; Conover, 1958) to late
July (Mansueti, 1964). In Chesapeake Bay region late
March (Mansueti, 1961), but in some years, eggs not
evident in upper Bay until early April (Radcliff and
Welsh, 1917; Rinaldo, 1971; Johnson, 1972). Winter
spawning in lower Chesapeake Bay has been suggested
(Hildebrand and Schroeder, 1928), but Mansueti (1961,
1964) has questioned this. Estuarine populations gen-
erally spawn in April and May and fresh-water popula-
tions in May, June, and July (Raney, 1965; Richards,
1960; Lagler, 1961)., Spawning takes place during
daylight hours or at dusk (Mansueti, 1961; Raney,
1965). Spawning congregations typically occur in
lower reaches of large coastal rivers in estuarine
populations (Woolcott, 1962); also in fresh-water
spillpools of larger creeks (Smith, 1971). Spawning
usually occurs over fine sand or gravel, but has also
been observed over pulverized snail shell, and over
predominantly clay bottom (Webster, 1942; Thoits and
Mullan, 1958; Richards, 1960). Spawning temperatures
vary from 10 to 19°C (Mansueti, 1961, 1964; Smith,
1971); in York River, Virginia, peak activity was
observed at 11 to 16%C (Rinaldo, 1971). The maximum
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Seasons and conditions (Continued)
salinity in which spawning has been observed is 4.2
o/oo (Smith, 1971). A report of spawning in oceanic
water (Schwartz, 1960) is questioned.

Life Stages

Stages of life cycle: Egg, larva, juvenile, adult,

Early stages

Physical appearance: Eggs demersal, usually attached to
grass, rocks, and debris, either singly or in small
clumps or thin layers (sometimes, however, not attached
and float from point of deposition). Eggs spherical;
diameter 0.65 to 1.09 mm; chorion thick, tough, yellow-
ish-brown to brownish-grey, rarely transparent, occa-
sionally opaque; eggs initially adhesive but with
adhesiveness varying greatly during development; yolk
usually with a single large amber oil globule 0.20 to
0.44 mm in diameter; sometimes several to many addi-
tional smaller oil globules; perivitelline space about
24% egg diameter (Schwartz, 1960; Mansueti, 1964;
AuClair, 1958, 1960; Everhart, 1958; Dovel, 1971; Wong,
1971). Hatching length 1.7 to 3.0 mm, Total myomeres
11 to 14, posterior myomeres 10 to 12. Body tadpole-
like, mouth and pectoral buds lacking at hatching.
Yolk sac not projected beyond head. At hatching,
virtually without pigment. At about 2.8 to 3.0 mm
(age 1 day) larvae transparent with orange and brown
chromatophores; pigment concentrated on head, anterior
region of o0il globule, posterior part of yolk sac,
ventral edges of hind gut and trunk, and sparsely on
dorsal edge of trunk, Yolk absorbed by 3.4 mm, At
3.4 to 19,0 mm, anus 55% of body length, At 12,0 to
14,0 mm, pigment very sparse. Juveniles at 20,0 mm
have small chromatophores scattered on snout, head,
operculum, dorsolateral part of body, entire posterior
part of trunk, on spinous and soft dorsal, anal, and
caudal, and along lateral line, At ca, 25 to 75 mm,

5 to 7 dusky vertical bars on sides and, sometimes,
faint horizontal stripes, Young-of-the-year have
dark brown horizontal stripes on sides which are lost
by age group I. "Young" less than 100 to 125 mm long
are usually silvery-grey and lack blue pigment on the
head (Mansueti, 1964; Webster, 1942; Raney, 1965;
Taub, 1966; Hildebrand and Schroeder, 1928).

Development: A typical developmental sequence follows,
based on a temperature of 65°F, About 10 minutes -
perivitelline space developing, About 20 minutes -
one- and 2-cell stages. About 45 minutes - two- and
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Development (Continued)

4-cell stages; 1 hour - 4- to 16-cell stages; 2 hours -
some approaching 32-cell stage; 3 hours - blastoderm
berry-1ike, up to 64 cells; 6 hours - morula stage; 10
hours - blastoderm over ! yolk; 14 hours - blastopore
closed; 18 hours - embryo surrounds 3/4th of yolk; 24
hours - embryo pigmented, somites visible; 30 hours -
tail free; 36 hours - pigment increased, tail longer;
44 hours - prehatching embryo, about 25 somites; 44-50
hours - hatching (based on Mansueti, 1964). The incu-
bation period varies greatly with temperature as follows:
At 459°F, "little-development" (Thoits and Mullan, 1958).
At 52°9F, about 6 days (Conover, 1958). At 589F, about
3 to 4% days (Thoits and Mullan, 1958; AuClair, 1956;
Richards, 1960; Foster, 1919). At 606F, variously
reported: 24 to 30 hours (AuClair, 1956); 48 to 52
hours gTitcomb, 1910); 72 hours (Schwartz, 1960). At
ca. 63°F, about 48 hours (Raney, 1965). At 65°F, 44 to
50 hours (Raney, 1965). At ca. 65°F, 44 to 54 hours
(Mansueti, 1964). At 68°F, 24 to 30 hours (Foster,
1919; Richards, 1960; Thoits and Mullan, 1958). At 68
to 779F, 20 to 42 hours (Taub, 1966). Hatchlings grow
rapidly and the yolk is absorbed in 4 to 13 days
(Rinaldo, 1971; Mansueti and Mansueti, 1955) and the
young reach lengths of about 37 to 62 mm by July and
August (Thoits and Mullan, 1958). By the end of the
first year of growth, the average length is about 80

to 85 mm (Wallace, 1971).

Survival: At temperatures of 50°F or lower, few eggs
survive. At normal temperatures, a sudden drop of 4
or 5°F may destroy the eggs (Auclair, 1956, 1960;
Rinaldo, 1971). Egg mortality can also result from
siltation (Morgan, Rasin, and Noe, 1973). In some
areas, "young' white perch are preyed upon by various
species of gamefish (Cooper, 1941),

Behavior: Yolk-sac larvae settle to bottom and lie on
their sides. Larvae remain in the spawning area., Spec-
imens 8 to 13-mm long over mud bottom; also recorded
from quiet water in shore zone and on current-swept
sand and gravel bars. Maximum depth for larvae, 12
feet. As larval development proceeds, there is a gen-
eral downstream movement (Mansueti, 1964; Mansueti and
Mansueti, 1955; Raney, 1965; Webster, 1942; Rinaldo,
1971). Juveniles remain in the nursery areas to at
least 20 or 30 mm, or sometimes apparently to an age
of one year. Generally found along shore line in
shallow sluggish water over silt and mud bottom or
among plants; also sometimes along sandy shoals and
beaches, particularly at evening. Juveniles may form
large schools, Estuarine populations remain in schools
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Behavior (Continued)

during summer months, but move toward brackish water
between August and late November, at which time the
schools break up. Juveniles up to 75-mm long move
inshore in evening and when water is rough or turbid
(Mansueti, 1964; Woolcott, 1962; Webster, 1942; AuClair,
1956, 1958; Raney, 1965; Brice, 1898; Goode, 1888;
Abbott, 1876; Dovel, 1971; Rinaldo, 1971; Richards,
1960; Smith, 1971).

Adult stage

Physical appearance: First dorsal with 8 to 11 spines;
2nd dorsal with 1 spine and 11 to 13 rays; anal 8 to
10 rays; pectoral 10 to 18 rays; ventral 1 spine and
5 rays. Body oblong, ovate, compressed; back moder-
ately elevated. Teeth small, pointed. Two dorsal
fins barely connected. Silvery, greenish, greyish
or almost black above, sometimes brassy., Large indi-
viduals with bluish lustre on head. Sides paler and
sometimes with indistinct lateral stripes. Belly
silvery-white, immaculate. Melanophores on rays
and membranes of all fins. Anal and ventrals some-
times rosy at base (Woolcott, 1962; Hildebrand and
Schroeder, 1928; Thoits and Mullan, 1958; King, 1947;
Whitworth et al., 1968; Richards, 1960; Scott and
Christie, 1963; Raney, 1965). Maximum length 485
mm (Taub, 1966).

Development: Size at maturity varies greatly. The
minimum size at maturity is 72 mm for males and 98
mm for females (Miller, 1963). Mansueti (1961),
working with Chesapeake Bay material, found 50% of
the males mature at 100.3 mm SL and 50% of the fe-
males mature at 105.5 mm SL. In Lake Ontario, the
smallest male was 140 mm FL and the smallest female
172 mm FL (Sheri and Power, 1968). Maturity occurs
in age groups II to IV (Mansueti, 1961, 1964; Thoits
and Mullan, 1958; North Carolina Wildlife Resources
Commission, 1962).

Survival: Meyers (1967) reported on an extensive kill
of white perch, He attributed this to the bacteria
Pasteurella sp.

Behavior: A schooling species usually found in summer
at depths of 15 to 30 feet during daylight hours and
at 3 to 4 feet at night; and, in winter, at depths of
40 to 60 feet, Maximum depth - 138 feet. Maximunm
distance from shore, 10 miles. Anadromous or semi-
anadromous in some areas but not in others (in Patuxent
River, may move up to 60 miles during spawning run).
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Adult stage (Continued)
Behavior (continued)

Marine and estuarine populations move shoreward and
generally upstream in spring, entering tidal creeks
and fresh-water areas. Summer movements are generally
local and random, although adults may move inshore at
night when water is rough or turbid. Apparently con-
gregate in large numbers to spawn. Hibernate in deep
waters of Chesapeake Bay (Thoits and Mullan, 1958;
Schwartz, 1960; King, 1947; AuClair, 1956; Richards,
1960; Miller, 1963; Hildebrand and Schroeder, 1928;
Woolcott, 1962; Raney, 1965; Goode et al., 1884;
Smith, 1971; Lagler, 1961; Mansueti, 1961; Webster,
1942; Anonymous, 1953).

Ecology
Habitat (Physical/chemical)

Classification: Fresh, brackish, and marine waters.

Salinity: Larvae usually at less than 1.5 o/oo (Rinaldo,
1971), experimental upper limit 8 o/oo (Mansueti,
1964). '"Young" (larvae or juveniles?) collected at 13
o/oo (Dovel, 1971). Juveniles mostly at less than 3
o/oo (Rinaldo, 1971). Adults at maximum salinity of
at least 30 o/oo (Smith, 1971).

Temperature: 2.0 to 32,59C, but optimum highly variable.
In some areas seldom above 15.5°C, in other areas sel-
dom below about 27°C, In still other populations, mor-
tality results from temperatures close to about 27°C,
if sustained for several days (Smith, 1971; Richards,
1960; AuClair, 1956). On the other hand, Dorfman and
Westman (1970) were able to hold white perch at temper-
atures up to 87°F, and found that they could survive
brief exposures (2 minutes) to 100°F. Meldrin and Gift
(1971) noted that avoidance responses to temperature .
increases ranged from 44 F to 95°F, depending on time
of year and acclimation temperature. Avoidance re-
sponses to decreased temperatures occurred at 3 to SOF
below ambient acclimation temperature. McErlean and
Brinkley have correlated temperature tolerance and
thyroid activity,.

Dissolved oxygen: Prefer 02 content of over 3 ppm
(Thoits and Mullan, 1958), but experience 50% mortal-
ity in 02 concentrations of 0.5 to 1.0 mg/liter; growth
is impaired when diurnal fluctuations of oxygen average
less than 3,8 mg/liter (Dorfman and Westman, 1970).

pH range: 6 to 9 (Richards, 1960).
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Benthic composition: Larvae sometimes over sand and
gravel bars; juveniles over silt, mud, sand, or vege-
tation (Woolcott, 1962; Raney, 1965; Goode, 1888;
Richards, 1960; Smith, 1971).

Turbidity/light: Schubel and Wang (1973) found that
concentrations of suspended sediment up to 500 mg/
liter did not influence hatching success. Morgan, p
Rasin, and Noe (1973) found that suspended sediment ;
levels as high as 5,250 ppm did not effect hatching
success, but that levels above 1,500 ppm did increase
the incubation period.

Depth: Maximum depth for larvae, 8 to 12 feet (Webster,

1942), for adults, 138 feet (Hildebrand and Schroeder,
1928).

Water flow: Morgan, Ulanowicz, Rasin, Noe, and Gray
(1973) have presented data on the effects of water
movement on eggs and larvae of this species.

Associated biological communities: TFound in close asso-
~ciation with all species of fish with which it shares
its environment (Anonymous, 1917; Thorpe, 1942),

Food Requirements

Food: "Fry" feed on plankton (Hover, 1948; Stroud, 1955b).
Adults primarily insectivorous: mayfly nymphs, caddisfly
larvae, dragonfly nymphs, midge larvae, Also eat fish
(smelt, yellow perch, white perch, young eels), fish
eggs, crabs, crayfish, fresh-water shrimp, and small
amounts of vegetation (Cooper, 1941; McCabe, 1944-45;
Thorpe, 1942; Goode, 1888; Alsop and Forney, 1962; Reid,
1972; Linton, 1901).

Feeding: Appear to feed mainly during evening (Webster,
1942).

Consumers

Natural predators and parasites: In some areas, young of
the white perch are preyed upon by game fish (Cooper,
1941)., The following parasites have been recorded from
the white perch: Ergasilus sp., Lernaeca cruciata, -
Glochidia sp., Piscicolaria sp., Leptorhynchoides 7
thecatus, Neoechinorhynchus cylindratus, Crepidostomum
cornutum, Crepidostomum cooperil, Bunodera sacculata,
Bunodera lucioperca, Clinostomum marginatum, Diplostomulum
scheuringi, Posthodiplostomum minimum, Azygia angusti- @
cauda, Poteocephalus ambloplitis, Abothrium crassum,

opinitectus gracilis, Spinitectus carolini, Metabronema
Sp., Lamallanus truncatus, Dichylene cotylophora,
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Natural predators and parasites (Continued)

Dichylene robusta. This list is based on the works of
DeRoth (1953), Hunter (1942), McCabe (1953), Meyer (1954),

and Thorp (1942), as well as the review table by Thoits
and Mullan (1958).

Man:; Widely utilized by man as sport and food fish, Total
Chesapeake Bay catches for 1953 amounted to 1,364,000
pounds (Anderson and Power, 1956).

Influence of Toxins

Biocides: Morgan, Fleming, Rasin, and Heinle (1973) doc-
umented sublethal changes in blood morphology and bio-
chemistry in white perch from Baltimore Harbor water

which contained, among other pollutants, the insecticide
dieldrin,

Heavy metals: Morgan, Rasin, Noe, and Gray (1973) and
Morgan, Fleming, Rasin, and Heinle (1973) discuss mor-
tality rates and sublethal changes in blood morphology
and biochemistry resulting from water from various
sources known to contain cadmium, chromium, copper,
iron, mercury, and zinc. Rehwoldt et al (1971) pre-
sented data on the toxicity of copper, nickel, and
zinc, Zitko et al (1971) recorded 0.75 to 1.07 ppm

(wet weight) of methyl-mercury in muscle tissue of
white perch,

Petroleum: Mortalities of white perch in Baltimore Harbor
resulted from the effects of a combination of pollutants,

one of which may have been petroleum waste (Morgan, Ra51n,
~Noe, and Gray, 1973).

Other: Tsai (1970) commented that spawning runs of white
perch in the Patuxent River were probably blocked by the
outflow of chlorinated sewage effluents.
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Category: Fish

Common Name: Spot

Inventory Prepared by: Linda L. Hudson and Jerry D. Hardy, Jr,
Department of Natural Resources
University of Maryland

Solomons, Maryland *
Classification
Class: Osteichthyes
Order: Perciformes *
Family: Sciaenidae
Species: Leiostomus xanthurus (Lacepede)
Subspecies: None currently recognized.
Synonyms: Mugil obliquus Mitchill, 1815

Sciaena multofasciata Le Sueur, 1821
Leiostomus humeralis Cuvier and Valenciennes,
1330
Other common names: Spot, Norfolk spot, flat croaker,
silver gudgeon, goody, Lafayette, chub, roach, jimmy,
spot croaker, oldwife (Dawson, 1958).

Distribution

Known range: . Coastal waters from Massachusetts Bay to Bay
of Campeche, Mexico (Bigelow .and Schroeder, 1953; Springer
and Bullis, 1956).

Distribution in Chesapeake Bay: Found throughout the area
(Hildebrand and Schroeder, 1928). '

Areas of active reproduction: Moderately deep offshore
oceanic waters (Hildebrand and Schroeder, 1928; Dawson,
1958).

Occurrence in other areas: Inshore when not actively
spawning.
Population

Structure: A sex ratio of 50 females to 61 males has been
reported (Thomas, 1971).

Densities: Large yearly fluctuations apparently occur in
population densities (Thomas, 1971).

Reproduction

EN

Method: External fertilization.,
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Reproduction (Continued)

Season and conditions: In Chesapeake Bay region November
to February, but mainly December and January (Hildebrand
and Cable, 1931); in South Carolina October to March,
peak December and January (Dawson, 1958); on Gulf Coast
October through March (Gunter, 1945; Pearson, 1928).

Fecundity: 70,000 to 90,000 (Dawson, 1958), with several
sizes of ova present in the ovary simultaneously
(Hildebrand and Cable, 1931).

Life Stages

Stages of life cycle: Egg, larva, juvenile, adult.
Early stages:

Physical appearance: Eggs undescribed. Hatching length

- unknown., Smallest specimen described 1.5 mm., In lar-
vae of this size, yolk absorbed; mouth well developed,
very oblique; peritoneum dark; sometimes a row of dark
chromatophores along venter posterior to anus, and
another mid-laterally; few scattered chromatophores
on head. At 4.0 mm, urostyle usually oblique, caudal
rays developing, finfold still prominent. At 7.0 mm,
dorsal and anal rays developing, pectoral and ventral
fins forming, dark peritoneum still visible, a dark
chromatophore slightly in advance of anal origin, and
pigment spots in row mid-ventrally., At 15 mm, dark
peritoneum no longer visible, In juveniles at 20 mm,
dorsal outline convex, margin of caudal concave. At
25 mm, body proportionately deeper, pigmentation no-
ticeably increased. At 30 mm, preopercular spines
absent; lateral line and scales well developed; lower
parts silvery; body with. dark chromatophores which
extend onto fins; sides usually with row of dark
blotches; back sometimes with faint saddlelike
blotches. At 50 mm, form and color adultlike
(Hildebrand and Cable, 1931). Sundararaj (1960)
has described juveniles in which the scales are
visible at ca 22 mm,

Development: Growth rate varies considerably. For
example, Welsh and Breder (1923) recorded a total
length of 80 - 100 mm at 1 year, 170 - 220 mm at 2
years, and 240 - 290 mm at 3 years. Pacheco (1957)
obtained an average of ca 196 mm at the end of the
first year and 247.9 mm at the end of the 2nd year,

Behavior: "Fry" (larvae?) found throughout the water
column, but are most abundant on the bottom; from
"February to Apri;, schools of young occur along shore,
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Behavior {Continued)

particularly in protected coves and around breakwaters
and jetties; later on, fish about 25 mm long and longer
are abundant in vegetation; "“young' ascend brackish-
water ditches to fresh water in spring and early summer;
immature fish remain in channels in shallow water or,
sometimes, over shallow-water grass flats throughout
winter, except during extremely severe cold snaps.
Apparently only immature fish move northward as far

as Massachusetts (the northern limit of the range),
making the trip in fall (Hildebrand and Cable, 1931;
Daiber and Smith, 1970).

Adult stage

Physical appearance: First dorsal triangular and with
10 spines, 2nd dorsal with 1 spine and 30 to 34 rays.
Caudal concave. Pectorals pointed. Body bluish-grey
with golden reflections above, silvery below, and with
12 to 15 oblique yellowish cross bars. A conspicuous
black spot behind upper corner of each gill opening.
Fins yellowish or dusky (Bigelow and Schroeder, 1953).
Maximum length 330 mm (Sundararaj, 1960).

Development: Spot apparently reach maturity in two
years, In the Chesapeake Bay region, the minimum size
at maturity is about 214 mm; on the Gulf Coast, 170 mm
(Hildebrand and Schroeder, 1928; Pearson, 1929),

Behavior: A schooling species. In late September and
October, migrate from Chesapeake Bay to North Carolina
to spawn (Hildebrand and Cable, 1931; Pacheco, 1962a).

Ecology
Habitat (Physical/chemical)

Classification: Estuarine, marine, and fresh-water,

Salinity range: 0 to 6010/00 (Massmann, 1954; Tagatz,
1968; Hedgpeth, 1967).

Temperature: 5 to 36,7°C (Dawson, 1958; Hildebrand and
Cable, 1931).

Dissolved oxygen: Thus far, recorded in a range of 3.8
to 10.8 ppm (Thomas, 1971).

Benthic composition: 'Young" in low salinity water over
bottom of thick loose mud (Reid, 1955).
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Food Requirements

Food: A benthic feeder (Thomas, 1971). Worms, crustaceans,
ostracods, copepods, mysids, amphipods, isopods, decapods,
shrimp, mollusks, echinoderms, fish, mites, insect larvae,
and plants (Dawson, 1958)., Roelofs (1954) found that, in
"young'", the diet consisted of 50% copepods and 25% anne-
lids. Hildebrand and Cable (1931) found that, up to a
size of 25 mm, the food consists wholly of small crusta-
ceans (principally copepods), but that, beyond that size,
young ingested plant fragments and sand. Plant material
may constitute up to 70% (by volume) of the stomach con-
tent; generally about 30% of the volume of the stomach
content consists of copepods (Thomas, 1971).

Consumers

Natural predators and parasites: Predators include sharks
(Dawson, 1958) and striped bass (Hollis, 1952), as well
as, to a very slight degree, other game fish (Knapp,
1950). Worms occur in the gut (Hargis, 1957; Huizinga
and Haley, 1962; Korathe, 1955a, 1955b) and parasitic
copepods on the gills (Dawson, 1958).

Man: Man consumes large quantities of spot, for example,
up to 8,000,000 pounds per year in Virginia (Pacheco,
1962b).,

“Influence of Toxins

Biocides: Lowe (1964, 1967) has studied the effects of
sublethal concentrations of toxaphene and prolonged
exposure to Sevin,

Radionuclides: Baptist (1966) studied the uptake of mixed
fission products on spot.
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Category: Fish

Common Name: Northern puffer

Inventory Prepared by: Linda L. Hudson and Jerry D. Hardy, Jr.
Department of Natural Resources
University of Maryland
Solomons, Maryland

Classification
Class: Osteichthyes
Order: Tetraodontiformes
Family: Tetraodontidae
Species: Sphoeroides maculatus (Bloch and Schneider)
Subspecies: None currently recognized
Synonyms: = Tetraodon hispidis var. maculatus, Bloch and

Schneider, 1801
Tetraodon turgidis, Mitchill, 1815
Sphaeroides maculatus, Fraser-Brunner, 1943
Other common names: Puffer, swellfish, swell toad, sea
squab, balloonfish, bellowfish, globefish.

Distribution

Known range: Atlantic coast of North America from Bay of
Fundy, Canada, to Flagler County, Florida (Bigelow and
Schroeder, 1953; Shipp and Yerger, 1969a).

Distribution in Chesapeake Bay: North at least to Love
Point, Maryland (Hildebrand and Schroeder, 1928),

Areas of active reproduction: Shoal waters close inshore
(Bigelow and Schroeder, 1953).

Occurrence in other areas: A typically inshore species,
usually not found in water over 20 meters deep or more
than a mile or two from land. May run up into nearly
fresh water (Hildebrand and Schroeder, 1928; Shipp and
Yerger, 1969a). :

Population
Reproduction
Method: External fertilization.
Seasons and conditions: Spawning begins in mid-May in
Chesapeake Bay. In Massachusetts, it begins somewhat

later (early June) and continues through summer
(Bigelow and Schroeder, 1953),

Apvendix 15
164



Reproduction (Continued)

Fecundity: 1In a 268-mm specimen, about 176,000 eggs
(Bigelow and Schroeder, 1953).

Life Stages

Stages of life cycle: Egg, larva, juvenile, adult,
Early stages

Physical appearance: Eggs demersal, adhesive, trans-
parent, spherical; diameter 0,85 to 0.91 mm (average
0.874 mm); chorion finely reticulated; perivitelline
space narrow; yolk with numerous oil globules forming
clusters 0,34-mm wide. Hatching length, about 2.4 mm,
At hatching, pectorals formed; minute tubercles over
most of body; red, orange, yellow and black chroma-
tophores scattered over body; iris and anterior part
of yolk sac with purple chromatophores. By age of
one day, red chromatophores reduced, orange and yellow
more prominent., Mouth open at two days. At this age,
green pigment forming, especially in iris; a prominant
chrome-yellow spot on tail; dorsal pigment limited to
a few black chromatophores on head. At 7.35 to 7.80
mm fins formed, young essentially adult-like in appear-
ance (Welsh and Breder, 1922; Bigelow and Schroeder,
1953; Hildebrand and Schroeder, 1928).

Development: Incubation takes about 112 hrs at 19.5°C
(Welsh and Breder, 1922); 3% to 5 days at about 20°C
(Bigelow and Schroeder, 1928).

Adult stage

Physical appearance: Dorsal 8, anal 7, pectoral 15-17.
Body heavy anteriorly, tapering to a noticeably slender
caudal peduncle; depth 3 times in length., Mouth small
and lacking teeth, Eyes near top of head. No ventral
fins, caudal fin weakly rounded, but with angular cor-
ners, Parts of body covered with small close-set prick-
les. Dark green, ashy, or dusky above; sides with 6 to
8 vertical bars posterior to pectorals; belly white; in
mature specimens, dorsal and lateral surfaces with tiny
jet-black spots. Maximum length about 356 mm., (Bigelow
and Schroeder, 1953; Shipp and Yerger, 1969b).

Development: Welsh and Breder (1922) noted that a 140-mm
male was mature, Shipp and Yerger (1969b) mention
"mature specimens'" 70-mm long.

Appendix 15
165



Adult stage (Continued)

Behavior: Sometimes runs into estuaries having low
salinity; may make seasonal inshore-offshore move-

‘ments in areas north of Chesapeake Bay (Bigelow and
Schroeder, 1953).

Ecology ©
Habitat (Phy51ca1/chem1ca1)

Classification: Estuarine, coastal marine.

Depth: Not much beyond 20 meters (Bigelow and Schroeder, -
1953).

Food - Requirements

Food: Primarily crabs, shrimp, isopods, and amphipods;
also mollusks, annelids, barnacles, sea urchins, and
seaweed. Young feed on copepods as well as crustacean

and molluscan larvae (Bigelow and Schroeder, 1953; Welsh
and Breder, 1922; Linton, 1901).

Consumers

Natural predators and parasites: No natural predators are
known. Linton (1901) listed the following kinds of para-
sites: Acanthocephala, cestodes and trematodes.

Man: The puffer is consumed by man, but only in 11m1ted
numbers. Popular in Virginia.

Influence of Toxins

Biocides: Eisler and Edmunds (1966) studied the effects of
endrin on blood and biochemistry of puffers. Johnson
(1968) reported a lethal concentration of 0.0031 ppm
based on 96 hrs exposure. Eisler and Weinstein (1967)
and Eisler (1967, 1970) commented on mortalities and
physiological and behavioral changes resulting from
exposure to methoxychlor and methyl parathion, and
presented toxicity levels on seven organochlorine and
six organophosphorus insecticides., Endrin was found
to be most toxic, methyl parathion least toxic.
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Category: Reptile

Common Name: Snapping Turtle

Inventory Prepared by: Herbert S. Harris, Jr. and Jerry D,
Hardy, Jr.

Natural Resources Institute

University of Maryland

Solomons, Maryland

Classification
Class: Reptilia "
Order: Chelonia
Family: Chelydridae
Subfamily: Chelydrinae
Species: Chelydra serpentina serpentina Linnaeus

Subspecies: serpentina (North America and Mexico)
sceoIa (Peninsular Florida)
tossignoni (Guatemala to Costa Rica)
acutirostris (Panama to Ecuador)
Synonyms: Chelydra lacertina Schweigger, 1812
Testudo longicauda Shaw, 1831
Chelydra emarginata Agassiz, 1857
Other common hamés: Common snapping turtle

Distribution

Known range: Southern Canada to Ecuador. Range of the
subspecies serpentina southern Canada through Mexico
(Conant, 1958; Carr, 1952).

Distribution in Chesapeake Bay: Found in appropriate
-habitats throughout the region (McCauley, 1945; Harris,
1969).

Areas of active reproduction: Mating takes place in bays,
tributaries, ponds, creeks, and ditches. Eggs are
deposited on land at various distances from water
(Carr, 1952).

Occurrence in other areas: Found in almost any aquatic
situation, but prefer habitats with soft muddy bottom
(Carr, 1952).

PoEulation

Structure: The sex ratio is approximately 1:1. In two .
different studies ratios of males to females were 27 to
28 and 74 to 77 (Mosiman and Bider, 1960; Lagler and %
Applegate, 1943).
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Population (Continued)

Densities and totals: Lagler (1943a) estimated approxi- -
mately 2 snapping turtles per acre of surface in a
Michigan lake, Hammer (1969) estimated a total of
2,415 adult turtles in a South Dakota marsh, with an
average of 1 turtle per 2 acre area., The species
congregates in large numbers to hibernate (Carr, 1952).

Reproduction
Method: Internal fertilization (Carr, 1952),

Season and conditions: Mating may take place from late
April to November, but eggs are apparently deposited
only between May and October. Deposition occurs on
land (Carr, 1952).

Fecundity: Eleven to 87 eggs with averages reported as
25 and 37 (Carr, 1952; Hammer, 1969; Yntema, 1970),
Bleakney (1957) reported that a 362 mm specimen con-
tained 83 eggs. Larger females apparently produce
larger eggs (Yntema, 1970).

Life Stages
Stages of life cycle: Eggs, juveniles, adults.

Early life stages

Physical appearance: The eggs are round and vary from 23
to 32 mm in diameter with an average of 26.8 mm (Yntema,
1970). Juveniles approximately 30 mm long at hatching
and similar to adults (Conant, 1958).

Development: Incubation period normally about 60 to 90
days. The young usually remain in the nest no more
than 10 to 15 days, although both eggs and juveniles
have been known to overwinter in the nest (Carr, 1952;
Ernst, 1966; Hammer, 1969; Toner, 1933; Yntema, 1960),

Survival: Gibbons (1970) reported an average growth rate
of 32 mm per year through the first 6 years. Survival
of young is affected by predators and climate. 1In a
marsh in South Dakota, 59% of the nests were destroyed
by skunks, minks, and raccoons, In the same area,
hatchlings emerged from less than 20% of the undis-
turbed nests (Hammer, 1969). Ernst (1966) pointed
out that severe drought conditions may hamper hatchling
success, Yntema (1970) found that snapping turtle

embryos did not survive sustained temperatures of
349C or more,
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Adult stage

Physical appearance: A large dark-brown or black turtle
with a long tail. The shell has three keels and is
serrate posteriorly. The plastron is very small and
cross-shaped (Conant, 1958). Yntema (1970) and Lagler
and Applegate (1943) give average lengths of about 265
mm.

Development: Sexual maturity is attained at a carapace
length of about 200 mm (Mosiman and Bider, 1960).

Behavior: The snapping turtle is primarily restricted to o
the aquatic environment, although Gibbons (1970) col-
lected a number of individuals on land using pitfall
traps, Klimstra (1951) reported a maximum distance
from water of 610 yards., Hammer (1969) reported that
there was '"little movement'" in this species; but re-
corded a movement of 3.75 miles in 3 years in one
specimen, and pointed out that one female moved 2.1l
miles in ten days, Carr (1952) mentioned that snapping
turtles congregate in large numbers to hibernate,
Langlois (1964) found hibernating individuals beneath
damp soil. Breeding behavior has been described by
Hamilton (1940) and Pell (1941). McBride (1963) re-
ported on apparent defense behavior in a large male,

Ecolog
Habitat (Physical/chemical)

Classification: Fresh and brackish water, also terrestrial.
Salinity range: Fresh to "brackish" water (Neill, 1958).

Temperature range: Upper lethal temperature 38 to 41°C
(Baldwin, 1925; Boyer, 1965).

Food Requirements

Food: Omnivorous: principal food - fish and aquatic plants
(Lagler, 1943a; Alexander, 1943). Other animal food in-
cludes other reptiles (snakes and young alligators),
frogs, tadpoles, salamanders, birds, small mammals, and
a variety of invertebrates, as well as carrion. Plant
food includes algae, duckweed, waterlilies, and skunk .
cabbage (Carr, 1952; Lagler, 1943b; Brown, 1969), Bush <.
(1959) recorded a population which consumed 75% (by
weight) of crayfish (Cambarus sp.) and 25% (by weight)
of tree frogs (Hyla versicolor). He pointed out that
the amount of plant material eaten varied from 36.2 to ¥
80.2%. Pell (1941) believed the species was carnivorous
in spring and largely herbivorous in summer, Coulter
(1957) found that snapping turtles destroyed 10 to 13%
of the duckling population in a South Dakota marsh.
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Food Requirements (Continued)
Feeding: Opportunistic (Conant, 1958).
Consumers

Natural predators and parasites: Predators include bull-
% frogs, fish, reptiles, crows, hawks, skunks, minks, and
raccoons (Brown, 1969; Conant, 1958; Korschgen and
Baskett, 1963), The snapping turtle is parasitized by
nematodes, trematodes, and leeches (Ernst et al., 1969;
Brown, 1969).

Man: Both the eggs and flesh are consumed by man (Brown,
1969; Conant, 1958), .

Non-nutritional Role

The shell is utilized by various species of algae (Dixon,
1961).

Influence of Toxins

Meeks (1968) reported high accumulations of DDT in the fat,
liver, and testes of snapping turtles 15 months after
application.
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Category: Reptile

Common Name: Diamondback terrapin

Inventory Prepared by: Herbert S. Harris, Jr., and Jerry D.
Hardy, Jr.

Department of Natural Resources

University of Maryland

Solomons, Maryland

Classification
Class: Reptilia
Order: Chelonia
Family: Testudinidae
Subfamily: Enydinae
Species: Malaclemys terrapin terrapin Schoepff

Subspecies: terrapin (Cape Cod to Cape Hatteras)
centrata (Cape Hatteras to northern Florida)
tequesta (east coast of Florida)
thizophorarum (the Florida Keys)
macrospilota (west coast of Florida)

ileata (Florida and Louisiana)
littoralis (Texas and possibly Mexico) :

Synonyms: Malaclemys terrapin terrapin Lindholm, 1929
Testudo concentrica Shaw, 1802
Testudo ocellata Link, 1807
Emys macrocephala Gray, 1844
Malaclemys tuberculifora Gray, 1844

Other common names: Northern diamondback terrapin

Distribution

Known range: Cape Cod, Massachusetts to Mexico. The sub-
species terrapin ranges from Cape Cod to Cape Hatteras,
North Carolina (Conant, 1958).

Distribution in Chesapeake Bay: Found throughout the re-
gion (McCauley, 1945; Harris, 1969).

- Area of active reproduction: Copulation takes place in
the water (Carr, 1952).

Occurrence in other areas: Coastal marshes, tide flats,
coves, estuaries, along inner edges of barrier beaches;
generally any sheltered and unpolluted body of salt or
brackish water (Conant, 1958), also probably in tidal-
fresh water (Warden, 1920)

Population

Structure: Hildebrand (1932) reported a sex ratio of 1
male to 5.9 females in a captive breeding population.
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Structure (Continued)

He also stated that a ratio of 1 male to 8 females would
ensure fertility in his captive breeding program,

Dynamics

Trends and fluctuations: Overexploitation has caused
serious fluctuations in population density. In 1891,
the total Maryland catch was estimated at 89,150
pounds; in 1920, the total catch was 823 pounds and
the species was apparently close to extinction in the

b area (McCauley, 1945).

&

Affecting factors: Diamond-back terrapins are killed by
man and several other predators. Pollution and destruc-
tion of the wetlands habitat are serious threats to the
species.

Reproduction

Method: Internal fertilization, promiscuous; females
produce fertile eggs for three or four years from a
single mating (Hay, 1907; Hildebrand and Hatsel, 1926).

Season and conditions: Mating takes place in spring;
eggs are deposited on sandy beaches from May to August
(Hay, 1904; Hildebrand and Hatsel, 1926; Schwartz,
1967).

Fecundity: 5 to 18 (Hay, 1904; Truitt, 1939).
Life Stages
Stages of life cycle: Egg, juvenile, adult.
Early stages

Physical appearance: Eggs oblong; average size 31.1 x
21.2 mm; pinkish-white when deposited; shell fragile,
easily dented. Hatchlings are about 30 mm long and
similar to adults (McCauley, 1945),

Development: Hatching occurs (in various subspecies) in

i 61-90 days (Cunningham, 1939; Hay, 1904; Reid, 1960).

B Allen and Littleford (1955) observed a growth rate of
31.28 mm in the first year and 27.70 mm in the second
year. Hay (1904) stated that the young grow an inch
a year during the first 5 years.

Survival: Hay (1904) states that the hatchlings spend
the first winter buried in marshes. When they emerge,
they are especially vulnerable to predation.
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Adult stage

Physical appearance: Body color light-grey on brown;
plastron yellow to greenish-grey. Carapace with a
central keel; concentric grooves and ridges on all
large dorsal scutes (Conant, 1958; Schwartz, 1967).
Maximum length of Chesapeake Bay female, plastron

8.1 in, (206 mm); male about 2/3 size of female
(Carr, 1952).

Development: Maturity is reached at an age of 5 years
(Hildebrand and Hatsel, 1926).

Survival: Both Hildebrand and Hatsel (1926) and Truitt
(1939) point out that adult diamondbacks have no impor-

tant enemies except man. Crab traps cause death of
many in Va. (Editor).

Behavior: An aquatic species which frequently bask out
of water. In winter, hibernates at bottoms of ponds
and rivers (Hay, 1904; Reid, 1960; Schwartz, 1967).
Ecology
~ Habitat (Physical/chemical)

Classification: Salt, brackish, or, rarely, tidal-fresh
water (Conant, 1958; Worden, 1920).

Salinity range: Possibly fresh water (Worden, 1920) to
full-strength sea water (Neill, 1958).

Temperature range: Upper lethal temperature for eggs

959F; development of eggs temporarily stopped at SSOF
(Cunningham, 1959).

Food Requirements

Food: Omnivorous (Reid, 1960). Primarily.crustaceans and

molluscs, also insects and plant material; in captivity
eat cut-up fish (Carr, 1952),

Time: Feed most actively while the tide is in (Truitt,
1939).

Consumers

Natural predators: Fish, birds, rats, muskrats, skunks,

raccoons (Hildebrand and Hatsel, 1926; Schwartz, 1967
Truitt, 1939).

Man: During the early part of the 20th century, the diamond-
back terrapin was heavily exploited by man; since that
time, it has been less actively sought and the species

is now making a strong comeback (Conant, 1958; Reid, 1960).
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Man (Continued)

A number of authors have described culture methods for
the diamondback terrapin (Hildebrand and Hatsel, 1926;
Hildebrand, 1929, 193Z; Truitt, 1939; Hildebrand and
Prytherch, 1947).

Infiuence of Toxins

In 1960, the senior author observed a number of diamondback
terrapins in Baltimore Harbor which were dying after being
heavily coated with oil and grease.
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Common Name: Whistling Swan Scientific Name: Olor columbianus

Prepared by: Marvin L. Wass
Virginia Institute of Marine Science
Gloucester Point, Virginia

Seasonality:

Fall migration: Oct. 15-25 to Nov. 20-30, with peak
falling between Oct. 25 and Nov. 20. Spring migration:
Mar. 1-10 to Apr. 20-30; with peak falling between Mar. 10
and Apr. 5 (Stewart, 1962). Usually migrates in flocks of
5 to 200 or more.

Preferred Habitat

Generally restricted to fairly extensive areas of open
estuarine waters not more than 5 ft. deep; locally will occa-
sionally inhabit saltwater estuarine bays.

The 1955-58 Fish & Wildl. Serv. average ecological
distribution of wintering population reads as follows:
brackish estuarine bays - 76%, salt estuarine bays - 9%,
fresh estuarine bays - 8%, slightly brackish estuarine
bays - 6%, coastal impoundment-bay complex - 1%, fresh &
brackish estuarine bay marshes - t%.

Fall & spring migration: occur regularly in open shallow
tidewater areas of fresh & slightly brackish estuarine bays
(Stewart, 1962).

Nesting

Large bulky mass of sticks, moss, grass, rubbish and
other materials, lined lightly with feathers or down, placed
on ground near water; in artic regions usually on a small
island in a secluded area or a bank marsh close to pond
(Bailey, 1913).

Food Habits

Rarely dives but obtains food by extending head under
water and sieving. Primarily aquatic plants, also: grasses,
sedges, eelgrass, wild celery and foxtail grass (the latter
3 being preferred during winter as Back Bay, Va.); grain,
tadpoles, frogs, small fish, worms, insects and shellfish
(Bailey, 1913). Recently began feeding in wheat fields in
Md., Del., N.C., and Va. .

Reproduction

_ Mate for life when 3 years old, begins nesting at ages
4 to 6 (Banko and Mackay, 1964).

Season: Late May and early June; incubation period
about 32 days.
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Clutch Size: 4-7, usually 4; 1 brood per season (Banko
and Smith, 1964).

Fledging Period: 50 to 60 days (Reilly, 1968).

Reproductive Success: Between 2 and 3 survive to fly
(Banko and Mackay, 1964).

Growth Rate _
Age at maturity: 4-6 years (Banko and Mackay, 1964).
Longevity: Swans live long lives, some living as long

as ‘70 years in captivity (Brooks, 1922). Record in nature
19 years.

Mortality
Predation: Coyote (minor cause)

Natural: Storms destructive to nests and young: early
winter storms "ground" large numbers. Aquatic vegetation
apparently much reduced in estuaries in recent decades. High
mortality from visceral gout, lead poisoning, heart worm and
aspergillosia.

Man-made: Natives in artic region, limited hunting season
in Western U.S. and minor illegal harvest elsewhere.

Mortality rate: Unknown, probably under 30% after age 1.

Competition

Ducks and geese also eat aquatic vegetation and grain crops.
Abundance

In area: Large numbers migrate through, and winter in,
upper Ches. Bay region - F.&W.S. 1953-58 wintering populations
~given as 17,000 in 1958 to 71,600 in 1955. -Atlantic Flyway
population in 1974 was 64,200, up 12% from 1973 (Ferguson and
Smith, 1974).

Over total range: Breed in Arctic islands or ponds north
of Arctic Circle from n. Alaska to Baffin Is., s. to barren
grounds of Canada, Alaskan Peninsula and St. Lawrence Islands.
Maximum density ca. 1 pr./sq. m. Winters - mainly Ches. Bay,
Back Bay and Currituck Sound N.C., Del., Texas and in n. Calif., =
Nev. and Utah (Banko and Mackay, 1964). : A

Known reasons for decline or increases: Protected by
law (except Arctic natives allowed to take them. This has
resulted in steady increases. All-time high Christmas Bird s
Count was 37,670 set at Sacramento, Calif. in 1973 (Monroe,
1973). Use of upland food habitats may reduce winter mortality
caused by lack of nutrition.
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Common Name: Canada Goose Scientific Name: Branta canadensis

Prepared by: Marvin L, Wass
Virginia Institute of Marine Science
Gloucester Point, Virginia

Seasonality

Migrate Feb. - Apr. with peak Mar, 10 to Apr. 10; Sept. -
Dec. with peak Oct, 15 to Nov. 5 (Stewart, 1962).

Preferred Habitat

Water shallow enough to allow easy feeding. Also deeper
water near open fields where grasses & other vegetation offer
sufficient food.

Nesting

Variety of situations: usually hollow in ground or mound
of grasses, reeds, etc. lined with feathers, occasionally high
on cliffs, rarely in old crow and eagle nests., Now frequently
on artificial platforms in United States. Nest usually well-
made structure, well-hidden,

Food Habits

Great variety of aquatic plants § roots, grain and grasses;
also small vertebrates and invertebrates, including frogs,
toads, fish, worms, crustaceans and mollusks, Feed either on
shore or brlng food up from bottom by thrusting head and neck
under water. Probably most of winter feeding is now in grain
fields.

Reproduction

Pair for life, young usually mate before migration of second
or third year.

Season: Apr. - June,

Clutch: 4 to 10, usually 5 or 6; 1 brood/season (Bent,
1925), .

Incubation: 28 to 30 days by female only (Bent, 1925).

Fled%lng Period: Young leave nest shortly after hatch- >
ing, una to f1y for 50 days or more (Reilly, 1968).

Reproductive success: Nests 64% successful in southern
end of range, up to 87/% in Arctic (Hansen and Nelson, 1964). a

Growth Rate

Age at maturity: Mate in 2nd to 4th year.
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Longevity: Up to 33 years (Kortright, 1943),.
Mortality

Predation: Crows, raccoons and skunks in southern end
of range; jaegers, gulls and foxes in Arctic. Predation
little in Arctic except when lemmings are low (Hansen and
Nelson, 1964). ‘

Natural: Parasitic diseases, botulism, storms, over-
crowded nesting grounds.

Man-caused: Shooting, unstable levels in impoundments;
spills and lead poisoning.

Mortality rate: Unknown, likely under 30% after first
year 1in most populations.

Competition

Competes with other geese, including brant and swans,
also plant-eating ducks and coots,

Abundance

In area: Some bred in captivity in Ches. Bay area, esp..
at Patuxent Refuge. Has also bred at Chincoteague NWR,

Over total range: Most widely distributed of water-
fowl; Trom Atlantic to Pacific Oceans, and from Gulf of Mexico
to Arctic Coast. Formerly bred from n. North America south
to c. Calif., Mont., se, Canada; now breeds south to St,
Marks, Fla. Although all-time CBC high was set in 1950 at
Sacramenta, Calif,, species is still increasing. Winter
survey in 1974 showed Canada Goose up to 19.3% over 10-yr.
average in Atlantic Flyway (Ferguson and Smith, 1974).

Known reasons for increase: Benefits have come from
increased numbers of refuges and greater food supplies from
farm fields.
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Common Name: Black Duck Scientific Name: Anas rubripes

Prepared by: Marvin L. Wass
Virginia Institute of Marine Science
Gloucester Point, Virginia

Seasonality

Sept. 10-20 to Dec. 1-10, peak around Oct. 20 - Nov. 25;
Feb. 15-25 to Apr. 15-25, peak around Feb., 25 - Mar. 25.

Breeds throughout area in suitable salt marshes (Stewart,
1962).

Preferred Habitat

Bottomlands, swamps, freshwater impoundments of coastal

plain, estuarine and coastal bays and marshes

Nesting

Nearly 60% in wooded areas, 18% on duck blinds, 16% in
marshes and 5% in cultivated areas and borders,

Food Habits

Consumes about 3 times as much animal food as the mallard
does, Examination of 390 stomachs showed plants 76%, animals
24%. Plants (%) included pondweeds 32, grasses 11, sedges 11,
smartweed 5, seeds of burr reed, watershield, water lilies and
coontail 9, miscellaneous 13, Animal percentages were molluscs
12, crustaceans 8, insects 2, fishes 1, miscellaneous 1.

Duri?g summer and autumn, food is 90% vegetable (Kortright,
1942),

Reproduction

Season: Breedlng Mar, - m1d -Aug. Apr. - June peak;"’
peak egg dates: last Apr. - first May, hatching mainly May -
June,

Clutch: In Kent I., Md. study, average clutch (360
clutches) declined from 10.9 early in season to 7.5 near end;
max. 14.

Incubation: Average 26,2 days (51 clutches).

Fledging Period: Eight to nine weeks.

Reproductive success: Of 574 nests, 38% hatched one or
more eggs, 11.5% were deserted and 50% were destroyed (34% by
CTOWS) . In Md., 5.1 young were produced per nest.
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Growth Rate

Age at maturity: One year, but not all breed during
first year, - '

Longevity: Up to 10 yrs. (Kortright, 1942),
Mortality

Predation: Mainly on eggs by fish crow in Md.; less by
common crow and raccoon.

Natural: Storms, botulism, parasitic diseases. Tidal v
flooding caused 30% of nest desertion in Md. (Stotts and
Davis, 1960).

Man-caused: Hunting, pesticides, and lead poisoning; loss
of nesting habitat probably most important. Humans collected
eggs in 1955 in Md. (Stotts and Davis, 1960).

Mortality rate: From hatching to flying, 9.2%; of adult
females 50%, few surviving to age 4 or 5 (Stotts and Davis,
1960).

Competition

With Canvasback, Mallard and other waterfowl for aquatic
plants and upland grains.

Abundance
In area: Breeds s. to se, Va, and upper James, Up to

21 pairs per acre on some islands in Eastern Bay, Md. (Addy,
1964).

Over total range: Breeds from Hudson Bay east to n.
Lab. § NfId., s. to Great Lakes § e. N.C. ’
Winters from Ont., Quebec, Prince Edward I. and
Nfld., south to Gulf coast and Fla. Atlantic Flyway popula-
tion now at lowest point in 20 years (Ferguson and Smith,
1974). All-time CBC high was 36,000 at Oceanville, N.J. in
1966; 3.5 times the 1974 high.

Known reasons for increase or decline: Species is now
one of the 70-point ducks, which allows only 2 per day to be N
taken, However, numbers in Atlantic Flyway were down 10.5% >
(to 246,700) from 1973 population, which still made it
second in duck numbers, but only a third of the Canada Goose
population. )
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Common Name: Bufflehead Scientific Name: Bucephala albeola

Prepared by: Marvin L. Wass
Virginia Institute of Marine Science
Gloucester Point, Virginia

Seasonality

-

Fall migration: Oct., 20-30 to Dec. 10-20; peak: Nov. 1-
30.

Spring migration: Mar. 10-20 to Apr. 20-30; peak: Mar.
25-Apr. 15 (Stewart, 1962). ‘

Late migrant both fall and spring; usually travels in “
flocks of 20 to 50 during peaks of migration (Reilly, 1968).

Prefefred Habitat

Ponds, lakes and rivers; estuarine and inshore marine
waters in winter, and Great Lakes.

Nesting

Almost entirely dependent on holes made by flickers in
poplars, cottonwoods and Douglas fir in the boreal-montane
coniferous forest biome., Use of nest boxes is increasing
(Erskine, 1971).

Food Habits

Mainly insects on freshwater, crustaceans on saltwater,
Plant material may predominate in autumn (Erskine, 1971),
Overall - 80% animal, 20% vegetable (Cottam, 1939).

Reproduction

Season: Late April through July.

Clutch Size: 5-17, usually 5-11; 9 being most common
(dump-nesting possible in large clutches). Clutches started
Apr, 23 - May 31 in B.C. Largest clutches laid first week in
May, Late clutches may be renestings (Erskine, 1971),

Incubation Period: 28-33 days after last egg hatched,
usually between 29-31 days (Erskine, 1971).

&

Fledging Period: 50-55 days (Erskine, 1971).

Reproductive success: Nest success averages 75-80%,
much higher than for ground-nesting ducks. Hatching in R
- successful nests was 90% in B.C., Probably only 50% or less “
of young survive to flight age (Erskine, 1971).
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Growth Rate

- Age at maturity: Breed at age 2, although less success-
fully than older birds do (Erskine, 1971),

Longevity: 4 banded at Kent I.,, Md. lived from 11% to
13% yrs,

Mortality

Predation: Once preyed on by Peregrine Falcon (Kortright,
1942).

Natural: Summer storms may cause loss of young; fowl cholera;
1970 (Locke, et. al., 1970).

Man-caused: Some shooting, grouped with ducks valued .at
25 points, thus only 4 may be legally shot in one day. Cutting
of nest trees possibly most detrimental. O0il spills are significant.

Mortality rate: 72% first year, 53% thereafter, calcu-
lated from banding data. Annual adult mortality probably only
about 30% (Erskine, 1971).

Competition

Competes with goldeneyes and scaups for food in summer
and winter; with starlings, tree swallows, squirrels, and

goldeneyes for nests in parts of range (Erskine, 1971).

In area: Migrant and wintering flocks common in upper
Chesapeake region (Stewart, 1962). Population holding better
than any other duck, being 34.8% above 10-yr, average in
Atlantic Flyway (Ferguson and Smith, 1974).

Over total range: Breeding: from Hudson Bay to Alaska
& B.C,, s. to Calif. (Reilly, 1968); probably 2/3 of total
population breeds in the interior of B.C. and Alberta
(Erskine, 1971).
Winter: Gulf Coast and Calif.; north to British
Columbia, Ontario and Nova. Scotia.

Known reasons for increase or decline: Recent increase
likely due to less hunting and natural predation. It is also
largely unaffected by drouths, Coastal refuges and inland
reservoirs also help it., Permanent decline since 19th’'cen-
tury largely due to loss of 100 x 800 mile “parklands" in w,
Canada.
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Common Name: Oldsquaw Scientific Name: Clangula hyemalis

Prepared by: Marvin L, Wass
Virginia Institute of Marine Science
Gloucester Point, Virginia

Seasonality

Oct. 20-30 to Dec. 10-20; peak: Nov. 5-Dec. 5.
Mar, 1-10 to Apr, 20-30; peak: Mar., 15-Apr. 15,
(Stewart, 1962). '

Preferred Habitat

Ponds on tundra in summer; Great Lakes, estuaries and
coastal waters in winter,

Nesting

Hollow lined with down from breast of female, located on
ground of tundra of sub-Arctic regions (Bent, 1925).

Food Habits

In examination of 227 stomachs: crustaceans - 48%,
mollusks - 16%, insects - 11%, fishes - 10%, miscellaneous
animal food - 3%; grasses - 3,5%, pondweeds - 1,5%, mis-
cellaneous plant food - 7% (Cottam, 1939). Able to dive to
depths of 200 feet,

Reproduction

‘Season: ‘May to July, occasionally as late as Aug.

Clutch size: As many as 17, usually 5 to 7; 1 brood/
season, with as many as 2 replacement sets (Bent, 1925).

Incubation period: 3% weeks, by female alone; male
stays close by until hatched,

Fledging period: Age at first flight unknown (Reilly,
1968). :

Reproductive success: Unknown, apparently low recently,
down 29% on Atlantic Flyway in 1974 from 1973.

Growth rate

Age at maturity: Around 2 years (Kortright, 1942).

Longevity: Unknown, possibly 15 years,
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Mortality

Predation: Dogs, foxes, Jjaegers, gulls, and coyotes
destroy eggs and young (Bent, 1925).

Natural: Storms during breeding season. Fowl cholera,
1970. (Locke, et. al., 1970).

Man-caused: Although not very tasty, many are still hunted
during duck season because of their quick flight which presents
a challenge. Bag limit is 7-10 per day (since this is a 10-pt.
duck), and season is over 3 months long; oil spilis and gill nets.

Mortality: Unknown, probably currently high. e

Competition

Competes with scoters, goldeneye and bufflehead for food.
Large blue crab population possibly detrimental.

Abundance

In-area: Common transient and winter resident along
coast and throughout brackish/salt estuarine bays of Chesapeake
region (Stewart, 1962).

Over total range: Circumpolar; breeds on all Arctic tundras
from Atlantic to Pacific s. along mountains into extreme n. B.C.;
winters s. to Calif. and Fla. (rarely), also Great Lakes. All-
time CBC high of 35,500 set on Lake Michigan in 1956. Atlantic
Flyway count was 7,900 in Jan., 1974; down 29% from 1973 (Ferguson
and Smith, 1974).

Reasons for increase or decline: Early decline due to large
kills by gill nets in Great Lakes. Dead hen found in Ware R.,
Va., 1972 had 6 lead shot in gizzard; 4 would probably kill this
species. O0il spills and fowl diseases also a factor.

Literature Cited

Bent, A. C. 1925. Life histories of North American wildfowi.
Part II. U. S. Nat. Mus. Bull. 130: 1-314.

Cottam, C. 1939. Food habits of North American diving ducks.
U. S. Dept. Agr. Bull. No. 643: 1-139.

Kortright, F. H. 1942. The ducks, geese and swans of North
America. Amer. Wildl. Inst., Wash., D. C. 476 p.

L2

Locke, L. N., V. Stotts, and G. Wolfhand. 1970. An outbreak
of fowl cholera in waterfowl on the Chesapeake Bay. Journ.
Wildl. Dis. 6: 404-7.

Reilly, E. M., Jr. 1968. The Audubon Illustrated Handbook
of American Birds. McGraw-Hill, New York, N. Y. 524 pp.

Stewart, R. E. 1962, Waterfowl populations in the upper
Chesapeake Region. F. & Wildl. Serv., Spec. Sci. Rep. -
wildl. No. 65. 208 p.

Appendix 15
102



Common Name: Ruddy Duck Scientific Name: Oxyura jamaicensis

Prepared by: Marvin L. Wass
Virginia Institute of Marine Science
Gloucester Point, Virginia

Seasonality

Sept. 15-25 to Dec. 5-15; peak: Oct. 25-Nov, 30.
Mar, 1-10 to May 10-20; peak: Mar. 15-Apr. 10.
(Stewart, 1962).

Preferred Habitat

Freshwater ponds, lakes, marshes; enters marine waters
in winter (Reilly, 1968).

Nesting

Nests near prairie sloughs wherever vegetation provides
a thick cover; forms a basket-like structure of materials from
surrounding vegetation, cleverly matching it with environment;
built about 8 inches above water level and attached firmly to
reeds (Kortright, 1942).

Food Habits

Diet mostly vegetation, for which it dives to bottom,
Examination of 181 stomachs yielded: pondweeds - 30%, sedges -
18%, muskgrass - 4%, wildcelery - 2.5%, smartweeds - 1.5%,
watermilfoils - 1%, grasses - 1%, miscellaneous plants and
gravel - 13%; animal content: insects - 22%, mollusks - 3%,

crustaceans - 1,5%, miscellaneous - ,5% (Cottam. 1939). piet
mostly animal in brackish waters of Ches Bay (Stewart, 1962).

Reproduction

Season: Apr. - Aug.

Clutch size: As many as 19 or 20, usually 6 to 9 or 10;
eggs are very large; 2 broods may be raised per season
(Bent, 1925). '

Incubation period: Unknown, probably around 30 days by
female alone, but contrary to other ducks, male remains near
until young are fully grown.(Bent, 1925).

Fledgling period: Age at first flight around 52-66 days
(Reilly, 1U68).

Reproductive success: Unknown, probably near 6 per nest,.

Growth rate

Age at maturity: 1 year (?) (Kortright, 1942).
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Longevity: May live up to 20 years (Kortright, 1942),
Mortality

Predation: Foxes, dogs, coyotes, raccoons, mink; prob-
ably higher than for hole and Arctic nesting species,

Natural: Storms

Man-caused: Lead poisoning, oil spills, chemicals, destruc-
tion of wet lands, sport kill likely less than for most other ducks.

Mortality rate: Unknown | -,

Competition .

Apparently not great, food similar to that of Bufflehead,
but containing more plant material.

Abundance

In area: Migrant and winter resident along Ches. region;
= aice
common 1in many areas.

. Total range: Breeds mainly in prairie states and prov-
inces from Nebr. to n. Sask. and from B.C. to Minn., rarely
on e, coast. Winters from B.C. to Guatemala, incl. most of
Mexico; and from N.J. to s. Fla,.

Reasons for decline or increase: Increasing, only common
duck setting an all time high on a Christmas Bird Count in the
United States since 1968 (in 1971 and again in 1974). Atlantic
Flyway population 28% above 10-yr. average in Jan., 1974
(Ferguson and Smith, 1974).
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Common Name: Osprey Scientific Name: Pandion haliaetus

Prepared by: Donald W. Meritt
Center for Estuarine and Environmental Studies
Chesapeake Biological Laboratory
Solomons, Maryland

Seasonality

In the Chesapeake Bay area, birds occur from March
through November (Stewart and Robbins, 1958). Main migration
occurs late March through early April, and mid-September
through early October. Some immatures start south as early
as late August (Henny and Van Velzen, 1972).

Preferred habitat

Along the Coast in bays, rivers, and estuaries. Inland
near lakes or rivers,

Nesting

Formerly in trees (Reese, 1969), but adapt well to
available man-made structures (duckblinds, channel markers,
telephone poles); occasionally on the ground. Chesapeake
site selections are broken down as follows: trees (31.7%);
duck blinds (28.7%); channel markers (21.8%); other man-made
structures (17.8%) (Henny et al., 1974); often nesting in
loose colonies,-

Food habits

Diet made up almost entirely of fish: menhaden, eels,

killifish, hogchoker, and toadfish. Seldom, if ever, feeds
upon dead fish, .

Reproduction

Season: Late March through late August (peak, late
April through early July) (Stewart and Robbins, 1958).

Clutch size: 2-4; 1 clutch normally laid; relaying may

occur 1f eggs are removed or destroyed early in the season
(Reese, 1970),

Incubation period: Bent (1938) and Ames (1964) give
incubation periods of 28-33 days. Garber and Koplin (1972)
report California ospreys incubating as long as 38-43 days.
Thirty-eight day incubation periods have also been recorded
in Chesapeake populations (Reese, pers. comm,). Both sexes
are known to incubate (Garber and Koplin, 1972; Reese, pers.

comm.) with the male incubating about 308 of the time (Garber
and Kop11n 1972),
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Fledging period: About 48-59 days (Reese, pers, comm.;
Statts and Henry, 1975). ’

Reproductive success: Number of birds fledged per
active accessible nest; .64 to 1.16 (527 nests, Talbot Co.,
Md., 1963-69) (Reese, 1970); .87 to 1.43 (422 nests, Talbot
Co., Md. 1970-73) (Reese, pers, comm,); .43 to .81 (88 nests,
Queen Annes Co., Md. 1966-69) (Reese, 1970); .87 (20 nests,
Queen Annes Co., Md. 1973) (Reese, pers., comm,); .73 to 1.25 .
(86 nests, Choptank River Md. 1968-71) (Reese, 1972); 1.43 Y,
(28 nests, Choptank River, Md. 1973) (Reese, pers., comm.);
.45 to ,98 (104 nests, Potomac River, Md. 1963, 1967-68)
(Reese, 1970); .70 (46 nests, Potomac River, Md. 1970)
(Wiemeyer, 1971); 1.6 (46 nests, Smith's Pt,, Va., 1934 P
(Tyrrell, 1936).

Production rates required to maintain a stable popula-
tion are estimated at 1.22 - 1,30 young per active nest,
Maryland osprey populations are currently declining 2-3%
annually (Henny and Ogden, 1970). Preliminary 1974 data
indicate Va. nests increased to near 600; fledge rate near
1.2 (vs. .75 in 1972), Several nests fledged 4 young in
1974 whereas none did so before 1972, However, James R.
had no nests in 1974, following 5 years of complete hatching
failure. Nest on navigation aids are twice as successful
as other nests. ’

Growth rate

Age at maturity: At least 3 years. Although some birds
return to the nesting grounds and build nests as 2-yr olds,
no eggs are laid (Henny and Van Velzen, 1972},

Longevity: Band recoveries indicate ospreys live at
least 18 years (Henny and Wight, 1969),

Mortality

Predation: Adults have few problems with predators;
eggs and young are more vulnerable, crows and rats have been
seen in the act of egg robbing, and raccoons, otters, snakes,
muskrats, diamond-backed terrapins, gulls, herons, owls, and
foxes are probable or potential predators (Reese, 1970).

Natural: Violent summer storms with heavy rain, high
winds and tides take a major toll of eggs and young (Reese,
1970); exposure to the sun is also known to cause nestling 3
mortality (Tyrrell, 1936).

Man-caused: The U.S. Coast Guard, through maintenance
to navigational aids, has caused substantial egg and nestling
losses (Reese, 1970); water-oriented recreational activities
disturb nesting ospreys and reduce egg hatchability and nest-
ling survival (Reese, 1970; Ames and Mersereau, 1964).

-
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Mortality Rate: 53.3% for the 1st year;‘19.6% for 2nd
through I5th, for 29.6% overall (Henny and Wight, 1969).

Competition

Bald Eagles rob ospreys of fish but this is not a major
factor due to the small population of eagles in the Chesapeake
system.

Abundance

In area: 1450 + 30 pairs estimated in Chesapeake Bay

area (Henny et al., 1974).

Over total range: Cosmopolitan; American subspecies P.
h. carolinensis breeds from N, Alaska to Baja California and
Sonora, east to S. Labrador, Newfoundland, and south to
Florida, Winters from southern United States to South America
(Bureau of Sport Fisheries § Wildlife, 1973). Population
declining over most of the United States at a rate of 2-14%
annually with the exception of the Florida Bay population,
which is stable (Henny and Ogden, 1970).

Known reasons for increase or decline:  Major reason for
population declines in the U,S5, is egg failure (Reese, 1970;
Ames and Mersereau, 1964; Kury, 1966); chlorinated hydrocar-
bons have been shown to cause thinning in eggshells which
could account for eggs being broken (Hickey and Anderson,

1968 Porter and Wiemeyer, 1969; Wiemeyer and Porter, 1970).

Maryland osprey eggs have been shown to contain chlorinated
hydrocarbon concentrations of 3,0 microgrammes per milliliter
of total egg volume. (Ames, 1966),
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CHAPTER VI

ECOLOGY OF SELECTED CHESAPEAKE BAY COMMUNITIES

To complement information on species life histories,
presented in Chapter V, consideration is made here of
two of the more important biological communities.

The community concept recognizes that many of the
plants and animals in an aquatic environment are
dependent in various degrees on one another, and that
interrelationships between even microscopic life forms,
and other subtle environmental variables, may have
crucial effects on higher animals in the community.
Thus, in an effort to provide water resource managers
with a foundation for their decisions regarding human
activities which influence community stability, the
following was prepared by Dr. Forrest E. Payne of

the Smithsonian Institution.

STATUS OF KNOWLEDGE

Delineation of the various types of Chesapeake Bay
communities is a formidable task because an overall,
concrete community concept does not exist. It is

not unusual for one investigator to designate a

group of organisms living together as a community,
whereas another investigator will consider this same
group as either several distinet communities or

merely as a subdivision of an even larger community.
Scarcity of literature on estuarine community structure
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is another obstacle. A few studies on Chesapeake Bay
community structure have been conducted (e.g., Stone,
1963; Marsh, 1970; Boesch, 1971; Orth, 1971; and
Richardson, 1971), but they deal with communities
found only in limited Bay Regions, whereas information
on other Bay localities and other Bay communities is
practically nonexistent. A few more inclusive works
on general estuarine community structure and on
detailed descriptions of particular communities exist
(e.g., Allee, 1934; Day, 1951; Thorson, 1957; Carriker,
1967; Sanders, 1968; Remane and Schlieper, 1971).

Some information included in these publications can

be directly applied to Chesapeake Bay communities,
thereby increasing the knowledge base.

An attempt will be made in this chapter to describe
in detail the interactions between organisms that
compose the community and the interactions between
the community and its environment. A correspondent
of H. T. Odum, B. J. Copeland and E. A. McMahan
(1974) expressed the problems associated with a
study such as this when he stated:

What needs emphasis is that we have almost
none of the hard, detailed information
which is needed to intelligently manage
most of our shore areas. Written material
like this is likely to give would-be man-
agers the illusion that they know a whole
lot, and can now proceed with safely pre-
dictable results. It seems to me this
could lead to great damage. What these
managers really need is a brochure set-
ting out the complexity of the problems

to be faced, and pointing out the neces-
sity of making detailed local studies of e
each particular situation before making
drastic changes therein!

This chapter attempts to demonstrate the complexity
of the problem for water managers. The Zostera
marina (eelgrass) community and the Crassostrea
virginica (oyster) community will be discussed in
detail. The fish, bottom and plankton communities
will be reported in more generalized terms. Choice
of the communities studied in detail was not solely
because of economical importance but also for their
economical significance, trophic relationships, vul-
nerability to stress and/or spatial distribution.
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Although the two communities are discussed rather
thoroughly, it must be emphasized that much of the
information utilized in their preparation was not

from research concerned with the Chesapeake Pay.
Therefore, a water manager must not accept statements
verbatim but must conduct his own investigation in

the locality where a decision will be nothing more

than an educated guess; but if he attempts to utilize
all channels of available information, then the chances
of an unfavorable decision are greatly diminished.

CHESAPEAKE BAY COMMUNITY STRUCTURE

In Chapter III of this appendix the concepts of community
and "limiting factors' and the environmental parameters
that act as "limiting factors" were reviewed. It is
these basic ideas and parameters that are the foundation
of this report. Hopefully, it is understood that one
cannot deisgnate the boundaries of a Bay community as

one would a community of people. If a person says he

is from Baltimore, a specific geographical region is
brought to mind. However, mention of a specific Bay
community, e.g., the Nepthys-Ogyrides-Retusa community,
may provide a different picture in the mind of a Maryland
investigator who usually thinks only in terms of upper
Bay communities than in the mind of a Virginia researcher
who usually considers only lower Bay communities. In
other words, managers must recognize that community
boundaries are not only indistinect, but often form a
continuum and also that '"one" community can be dis-
tributed in many localities throughout the Bay.

This section will present the major ecological communities
found in the Chesapeake Bay. The basis of classification

for these communities was given in the discussion of the

community concept, i.e., by physical habitat or by a
dominant structural feature. The use of energy flow,
as a means of classification, was not attempted at this
time. Copeland (1970) used this method for generalized
separation of estuarine system types. He based this
separation on the major energy source factors of each
system. For example, the major energy source(s), of

a grass bottom is light, of a clam flat is circulation,
and of a marsh is (are) light and land runoff.
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The criteria necessary for the Chesapeake Bay classi-
fication scheme are demonstrated in Table 15-5. This
system is based on the division of the estuary into geo-
graphical divisions. Four of these divisions were first
designated by Day (1951) in his discussion of an ideal
estuary. Carriker (1967) added one other division: the
lower reaches of the estuary. Both investigators based
their division on salinity, water movement and substrate.
It must be emphasized that neither Carriker nor Iay
intended these divisions to be precise boundaries, but
rather rough approximations. Carriker (1967) character-
ized the central regions of these divisions thusly:

1. "Head of estuary - where fresh water enters
the estuary from streams, and salinity during
high spring tides may reach a maximum of 5 ppt.
Currents and substrate vary broadly and are
dependent on the physiography of the region."

TABLE 15-5 _
CLASSIFICATION OF APPROXIMATE GEOGRAPHIC
DIVISIONS, SALINITY RANGES, TYPES, AND
DISTRIBUTION OF ORGANISMS IN ESTUARIES
(Carriker, 1967)

Venlice system . Ecologlcal classification
Divisions Salinity Types of organisms and approximate range of
of ranges distribution in estuary, relative to divisions

estuary 1 Zones and salinities
River 0.5 imetic Limnetic 4
Head 0.5-5 oligohaline oligchaline T
Upper Reaches 5-~18 meschaline mixohaline
‘ true
Middle Reaches 18-25 polyhaline estnf\-me
Lower Reaches 25-130 polyhaline T
Mouth 30— 40  euhaline sterchaline euryhaline  migrants

marine marine
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2. "Upper reaches of estuary - muddy bottoms,
slow movement of water, and salinitles from 5 to
18 ppt."

3. '"Middle reaches of estuary - sandy mud bottoms,
fairly fast movement of water, with salinities from
18 to 25 ppt."

L, "Lower reaches of estuary - sandy mud to
clear sand or gravel bottoms, fast movement of water,
and salinities from 25 to 30 ppt."

5. "Mouth or inlet of estuary - clean sand,
gravel, or rock bottom, very rapld flow of water,
with salinities above 30 ppt and depending on the
salinity of neritic water outside."

In addition to delineating geographical divisions,
zones and salinity ranges of organisms in estuaries,
Carriker (1967) also demonstrated the approximate range
of distribution of types of estuarine organisms in
relation to these criteria. The terminology Carriker
used in classifying estuarine organisms has been applied
in this revlew to Chesapeake Bay organisms. For example,
an oligohaline organism is one that generally does not
survive a salinity content greater than 5 ppt, whereas a
- true estuarine organism can survive 1in a range of about
0.5 ppt to 30 ppt. "True" estuarine specles have marine
affinities, but do not occur in the sea or in freshwater,
They have adapted to the estuarine environment and require
its conditions for their survival. Euryhaline organisms,:
by definition, tolerate a wide range of salinities, 1i.e.,
they can live 1in seawater and in salinitles sometimes as
low as 5 ppt. On the contrary, stenohaline organisms do
not tolerate a wlde salinity range, e.g., stenohaline
marine organisms are limited in their penetration into
estuaries by a salinity content no lower than 25 ppt.
Migrant organisms are characterized as those organisms
that move 1n and out of a community and/or which only
spend a portion of their life in a bay. Distribution of
salinity zones in Chesapeake Bay is illustrated in Figure 15-16,
This scheme 1s arbltrary and subjJect to change. Using
these definitions, salinity 2zones and divisions, an attempt
has been made to classify Chesapeake Bay communities.

It 1s not the intention of thils report to present
a rigid classification of Chesapeake Bay communities
because it 1s not unusua; for different communities to
overlap and form ecotone communities. Instead, a

An ecotone 1s the area of overlap between two more or
less diverse communities (Odum, 1959)
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WASHINGTON
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SALINITY
L1ONES

1. Bay Mouth = BM
2.Polyhaline = P
3.Mesohaline = M
4.0ligohaline = 0
S.Fresh Water= FW

sca.e in mhes
» [] "w io

CHESAPEAKE
BAY

NORFOLK

FIGURE 15-16: SALINITY ZONES OF CHESAPEAKE BAY
From Boesch (unpublished).
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generalized scheme of community delineation by means of

salinity zones is glven (Table 15-6).

The decision by which communities were chosen for
investigation was arbitrary. It may appear that a partic-
ular community was not important since it was not initially
chosen for further study. On the contrary, all Bay commu-
nities are important because of the complex interactilons
between inhabiting organisms of a community and between
one community and another. It 1s our purpose to present as
complete a picture of certain Chesapeake Bay communities
as possible to enable an estuaqrine manager to make perti-
nent and timely declsions.

ZOSTERA COMMUNITY

The Zostera community derives its name from the domi-
nant species of a distinct assemblage of organisms. Re-
member that the dominant species is one way of naming a
community. In this case, Zostera (eelgrass) is
the dominant species. It is also the comptroller of the
energy flow among the specles living in the community. A
water manager, therefore, must understand the natural his-
tory of eelgrass in order to appreciate the intricacies of
community relations.

One question a water manager will ask when he is faced
with a decision that could result in the removal of a
Zostera bed is: "Why 1s eelgrass important?" Orth (1971)
listed several reasons, both physico-chemical and bio-
logical:

(1) It provides a habitat for a wide variety
of microorganisms.

(2) It provlides a substrate for epifauna.
(3) It is utilized as a nursery ground by fish.
- (4) It is a food source for ducks and brant.

(5) The organic detritus formed by Zostera, plus
the microorganisms absorbed on it, represent the mailn
energy source for animals living in the Zostera com-
munity and for animals outside the community to which
detritus 1is transported.

(6) The plant physically acts as a stabilizing
factor for bottom sediments, which allows greater
faunal diversity.

(7) It plays a role in reducing turbldity and
. erosion in coastal bays.
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GEOGRAPHIC DISTRIBUTION

Hedgpeth (1957) stated that Zostera 1s widespread in
the cooler temperate regions of the northern and southern
hemispheres and is present in the warm latitudes. On the
east coast of North America, Zostera has been observed
from Hudson Bay to Cape Hatteras, North Carolina (Phillips,
1969). Cottam and Addy (1947) reported the distribution of
eelgrass from Maine to North Carolina. Their report was
written after Zostera started recovering from the "wasting
disease"”.

Ostenfeld (1918) observed eelgrass as far as 65°N
during his investigations for the Danish Biological Station.
In general, eelgrass 1s distributed along Denmark's east
coast and extends into the Baltic Sea (Ostenfeld, 1908).
Apparently growth is not as luxurlant in the Baltic (a
brackish environment) as in the true marine environment.
Segerstrole (1957) reported Zostera in the Baltic and
Black Seas. The Zostera beds along the French Atlantlc
coast have been investigated by Blois, Francax, Gaudichon
and LeBris (1961) and Ledoyer (1964). Aleem and Petit
(1952) reported eelgrass in the Canet Marshes of Southern
France. Casper (1957) and Zenkevich (1957) investigated
Zostera from the Mediterranean, Black, Caspian, and Aral
Seas. Casper (1957) reported extensive beds of Zostera
marina and Zostera nana in the northewestern part of the
Black Sea on sandy-clay bottoms. Zostera is widely dis-
tributed in the Caspian, especially along the Eastern shore.

Millard and Harrison (1952), Scott, Harrison and Macnae
(1952), Day, Millard and Harrison (1952) and Day (1967)
have observed Zostera in South African estuaries, such as
the Knysna, Richards Bay and the Klien River Estuary.

Many excellent studies on the community structure of
Zostera have been conducted in Japan. Kikuchi (1966) in-
vestigated Z. marina in Tomioka Bay, southwest Japan.
Sando (1964) worked in Aomori Bay at the northern end of
Honshu, whereas Fuse (1962), Kita and Harada (1962),
Kitamori, Nagata and Kobayashi (1959), Nagata (1960) and
Azumo and Harada (1968) conducted research in the Seto
Inland Sea.

The saline water habitat of Z. marina provldes it with
a ready "vehicle" for passive dispersion. Detached eelgrass
may be carried by currents into a new, suitable locallity
(Tutin, 1938). Setchell (1929) observed that Zostera bed
formation can be initiated by floating rhizomes settling in
a locality suitable for growth, but not conducive to seed
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production. Therefore, to keep the bed thriving, a contin-
uous supply of live plants from an outside source is nec-
essary. McRoy (1968) observed that the reproduction stem
of Zostera, on which the seeds are found, can become detached,
along with several leaves. The entire unit is capable of
floating, thereby providing a means of transporting seeds

to a new site. This structure (stem, leaves and seeds) has
been observed in turtle grass several hundred miles from the
coast (Menziles, Zaneveld, and Pratt, 1967). Another form

of passive dispersion 1s by ducks eating Zostera and ingest-
ing the seeds. Arasakl (1950) recovered seeds that had
passed through duck alimentary tracts and found that a high
percentage of germination could be obtained. Likewise,
marine animals have been observed to be seed carriers
(Ostenfeld, 1914).

McRoy (1968) believed that Zostera marina originated
in the western Pacific and reached the Atlantic by one of
two routes. One theory, less accepted by McRoy, is that
eelgrass was dispersed from the Pacific through the Indian
Ocean to both sides of the Atlantic in early Tertiary times
when the Tethys Sea covered much of the Eurasian continent.
A second theory 1is that eelgrass migrated through the Arctic
reglon when the climate was milder. McRoy holds to the
latter theory because relict populations exist in the White
Sea, the Barents Sea, the Kara Sea and Hudson Bay. This
theory is also alded by the location of its fossil ancestors
and because some marine invertebrates have a simllar dis-
persal pattern (McRoy, 1968).

Within the Chesapeake Bay, Zostera marina is found in
the polyhaline zone of the lower and middle reaches of the
Bay. Its distribution in the lower Bay can be described
with some accuracy. In the summer and fall of 1973, Robert
Orth (personal communication) observed and reported the
destruction of Zostera beds by cownose rays. Personnel at
the Virginia Institute of Marine Science, concerned over
the destruction, conducted aerial flights and ground obser-
vations to determine the extent of the loss. These obser-
vatlons were compared with high altitude photographs taken
by NASA in October 1971. Dr. M. Wass, using the NASA photo-
graphs, results of the aerial and ground observations and
his own extensive knowledge of the Bay, provided a descrip-
tion of eelgrass distribution before and after the destruc-
tion of the beds by the rays.

Before October 1973, eelgrass beds were generally
~dense around the Guinea Marshes; the north side of the York
River up to Clay Bank, areas of Ellen and Mumfort Islands,

south. side of the York around the VEPCO plant; and along
Goodwin Neck and Goodwin Islands. By October, little eel-
grass was present 1n the York, and it was quite sparse in
the Guinea Marshes.

Appendlx 15
208



In 1971, Zostera was present along the Severn, Ware,
North and East Rivers and within Mobjack Bay. By October
1973, it was sparse on the south side of Mobjack Bay and
around the Ware and North Rivers. However, there are some
fairly dense beds 1n Brown's bay.

Zostera was not sighted in the Piankatank River or the
Rappahannock River in October 1973. In 1971, it was abundant
around Gwynn's Island, along the north and south shore of the
Piankatank River up to Ginny Point. In the Rappahannock, it
was present up to Whiting Creek on the north side and to
Monaskon on the south side.

Between the Back River and Tue Marsh there are sparse
patches in the vicinity of the Drum Island flats and the
Poquoson flats. In October of 1973, Zostera beds were
densest along the eastern shore of the Bay, in particular
from the south side of Pocomoke Sound to Cherrystone Inlet.

The above-mentloned distribution cannot be taken at
face value because Zostera dies off in October and November;
therefore, some of the sparse areas may be more representative
of normal die-off condltlions rather than cownose ray actlvity.
A survey willl have to be made when Zostera 1s at its growth
peak (i.e., in May or June 1974) to determine the true extent
of damage caused by the rays.

In Figure 15-17,the black circles (®) represent appro-
priate locations of eelgrass beds in the lower Bay as of
fall 1973. The symbols do not represent abundance. This
information was made available by the Virginia Institute
of Marine Science. Also in Figure 17 are circles enclosing
numbers. These symbols are representative of locations
where eelgrass beds were observed between 1971 and 1973.
This information was made available through the courtesy of
J. Kerwin and R. Munro of the Migratory Bird and Habitat
Research Laboratory of the Department of the Interlor. Table

correlates the numbers with the location of the bed within
the Bay. The frequency percentage for 1971, 1972 and 1973
also 1s reported as well as the number of samples taken at
each station. The only exception is location number 24 in
the Potomac. Nelther Kerwin and Munro nor the Virginia
Institute of Marine Science reported any beds in the
Potomac River; however, one bed has been observed in the
Potomac (May, personal communication).

Scientists cannot always keep abreast of the development

and decline of eelgrass beds. Therefore, it is Imperative

that sltes of "development" be checked for the organisms
present. Just because an organism has not been observed at

a specific site, does not necessarily mean 1t has not settled
in the location.
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ey ® Approximate locations of eelgrass
oy beds. Information from Dr.Marvin
Y Wass of the Virginia Institute of
Marine Science

@"'@Appvoximate locations of eelgrass

: - beds. Information from J. Kerwin
and R. Munro of the Migratory Bird
and Habitat Research Laboratory-
Department of the Interior

@Infom.nion from Elizabeth May
personal communication

FIGURE 15-17: DISTRIBUTION OF EELGRASS IN THE CHESAPEAKE BAY
(From M. Wass, J. Kerwin and R. Munro, personal
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DEPTH

There is not a "clear cut" range of depths where eelgrass
is found, Tutin (1938) observed the lowest depth limit
of growth in England to be U meters below the low spring
tide. Moffit (1941) reported eelgrass at a depth of 10 meters.
Along areas of the Pacific coast, eelgrass has been reported
at depths greater than 10 meters: 20 meters in the Black
Sea (Caspers, 1957) and 30 meters on the slope of La Jolla
Submarine Canyon in Californla (Cottam and Munro, 1954).
Ostenfeld (1908) found that eelgrass grew in the coastal
waters of Denmark at a maximum depth of 11 meters in clear
water and 5.4 meters in turbid water. In Puget Sound, 'Y
Phillips (1969) observed that eelgrass was limited to the o
same maximum depth at high tide that Ostenfeld observed for
clear waters (11 meters). This water level 1s equlvalent
to 6.6 meters below mean lower-low water. To some extent,
the depth of occurrence appears to depend on light pene-
tration and substrate.

Apparently a correlation can be made between leaf size
and depth. (In the next discussion, on substrate, it will
appear that a similar correlation can be made between leaf
size and substrate.) In a study by Phillip and Grant (1965)
it was reported that there is a change in leaf characteristics
with tidal zones. Narrow-leaved plants were found in the
intertidal zone and wide-leaved plants in the sublittoral
zone. They conducted field transplanting experiments and
found that intertidal narrow-leaved plants would grow wide
leaves when placed in the sublittoral zone and vice-versa.
McRoy (1966), also, found a correlation between leaf width
and nlant density with depth. Subtidal depths illustrated
wide leaves of Intermediate characteristics. McRoy stated
that gradient in the physical environment determines the
charactersitics of the eelgrass beds.

In Puget Sound, the upper limit of Zostera is the mean
lower-low water (Phillips, 1969). -Arasaki (1950) found the
upper limit 1n Japan to be 10 cm below low tide. Keller
and Harris (1966) determined that the upper 1limit of eelgrass
occurrence depended on the length of exposure of the plant
to air. To survive and grow, it could not be exposed to air
any longer than 15% of the time. For optimum growth, Zostera
should not be exposed longer than 5% of the time. Keller
and Harris (1966) stated that in those areas where growth -
is most luxuriant, eelgrass stranded during low tide 1s *
capable of retarding the water dralnage, thereby preventing
its own dessication. They believe the area of optimum
depth for eelgrass to be -1.0m below mean lower-low tlde
s
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During their study, Keller and Harris (1966) calculated an
eelgrass resource index. They determined for South
Humboldt Bay that 90% of the total biomass of eelgrass and
about 60-67% of the eelgrass~producing acreage occurred
below mean lower-low tide. Therefore, they contended

that "in any management program designed to sustain eel-
grass stocks for waterfowl or other reasons, it would be
imperative that at least those portions of the bay below
mean lower-low tlide should be preserved in an undlsturbed
state". The valldity of thils statement needs to be deter-
mined for Chesapeake Bay.

Marsh (1970) determined in Chesapeake Bay that although
most of the epibiotic specles were common to all stations,
there were differences in their relative abundance at each
station in relation to depth. An average of 70 species
was collected from station A (0.7 m at mean low water);

76 from B (1.2 m at mean low water) and 88 from C (1.6 m

at mean low water), (Note: Marsh collected all his samples
at Mumfort Island, which is site 3 in Figure 21). These data
plus the average humber of organisms/g of Zostera (A=96.8
organisms/g; B=114.3 organisms/g and C=192.0 organisms/g)
suggests that depth either directly or indirectly influences
the composition of the eelgrass community. It must be

pointed out that,statlstlically,statlon B did not differ from
station A (Marsh, personal communication). More detalled work
will have to be completed before the generallity Marsh observed
can be appllied over the entire Bay area where Zostera is
found,

SUBSTRATE

Tutin (1938) conceived the typical substratum for Zostera
to be firm, muddy sand, often covered wlth a layer of coarse
sand. Caspers (1957) found Zostera exclusively in the sandy-
clay substrate of the northwestern part of the Black Sea.
Ostenfeld (1908) found eelgrass in firm sand and soft mud
substrates. Contrarily, Phillips (1969) never observed
eelgrass in pure sand substrate. Both Marsh (1970) and Orth
(1971) found that fine sands or very fine sands were an inte-
gral part of the total substrate composition in the areas
where they sampled in the Chesapeake Bay and York River.

Orth (1973) noted that dense beds of eelgrass can increase
the amount of finer sediments in the substrate by hindering
wave action and trapping fine grain fractlons.

It was reported on page 2-63 that there appears to be a
correlation between leaf size and depth. Ostenfeld (1908)
discovered that a correlation also exists between leaf silze
and the nature of the substrate. On wave-exposed coasts, he
found a narrow-leaved plant in the firm sand as deep as six
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fathoms. Conversely, in the sheltered areas, he found a
narrow-leaved form in a mixed sand and mud substrate and

a wide-leaved plant 1in the deeper waters where mud was the
dominant substratum.

As simply a note of interest, Phillips (1969) always
noted an odor resembling hydrogen sulfide 5-6 cm below the
surface of the substrate. Boysen-Jensen (1914) almost ‘
always found ferrous sulfide in the muddy substrate of '
eelgrass. Wood (1959 a and b) belleves that Zostera sp.
is normally found in reducing conditions, which are c¢on-
ducive to the acceleration of sulfate reduction by Microspira
(sulfur bacteria). Phillips (1969) stated that "eelerass .
conditions the substrate and is also an integral interacting
part of it. Careless treatment (e.g. additions of pollutants,
etc,) of the marine soil may render it unfit for colonization
by seagrasses."

SALINITY

Orth (1973) observed eelgrass in the York River at a
salinity as low as 13 ppt and in the Bay as high as 26.5
ppt. Figures 15 and 16 present the relationship of salinity
and Zostera distribution. Figure 16 is not representative
of total Zostera distribution. Ostenfeld (1908) considered
10-30 ppt to be the optimum growth range. Arasaki (1950)
determined that eelgrass grows best in the salinlity range
of 23.5-30.7 ppt. The growth rate was poor at 18.0 ppt and
non-existent at 9.1 ppt although death did not occur (Arasaki
1950). Salinitles as high as 42 ppt were tolerated in an
English bay, and in the laboratory the plants have tolerated
fresh water for two days (Tutin, 1938). Martin and Uhler
(1939) found eelgrass extending upstream in estuaries with
salinities of 8.5 ppt. Osterhout (1917) at Mount Desert
Island, Maine, found eelgrass distributed in a locality
where there was an alternate change of fresh and sea water
every six hours. The peculiarity of the environment led him
to propose the possibility of physiological types of Zostera.
That 1is, there might be a type of Zostera that cannot survive
when exposed to fresh water, whereas another type can. His
experiments revealed that the protoplasts of the leaf cells
from marine waters were affected detrimentally by freshwater,
whereas those from the mouths of streams withstood freshwater
for several hours. Root cells from either area were killed
after exposure to freshwater for Just a few minutes. Dif-
ferent reactions to different salinities by the various
structural parts of eelgrass were also observed by Arasakl
(1950).

Biehl and McRoy (1971), when investigating eelgrass
taken from Izembek Lagoon, dlscovered that the osmotic
resistance of eelgrass over a 24-hour period ranged from

¥
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distilled water to seawater three times that of normal sea-
water (normal seawater for the experiment = 31 ppt). When
the salinity went above three times normal seawater (93 ppt),
the leaves were completely dead within 24 hours. Biehl and
McRoy (1971) also observed that within the salinity limit of
93 ppt for 24 hours, photosynthesis decreased in distilled
water, reached its maximum in normal seawater (31 ppt) and
then decreased again as the salinity concentration became
greater,

Once again, "hard and fast" limits cannot be established
for an environmental factor. To make decisions in regard to
the Chesapeake Bay and the role of salinity in Zostera pro-
duction, wagter managers will either have to (1) conduct
investigations themselves, (2) talk to scientists that have
worked directly upon the Bay and not published thelr results
or (3) make value judgements from available literature.

TEMPERATURE

Setchell (1922) proposed that the normal distribution
range for Zostera marina is in the North Temperate zone
where waters average summer temperatures from 15° to 20°C,
Any extension northward is possible because of 1lnsolation
of shallow enclosed waters, and any extension southward is
possible because of seasonal temperature lowering during
winter and spring. According to Setechell (1922, 1929), a
temperature range of 15° to 20°C is necessary because it
is required for reproductive growth. He divided seasonal
succession into 5° increments:

1. Cold rigor period - lowest temperature
experienced-below or to 10°C ‘

2. Vegetative period - 10° to 15°C
3. Reproductive period - 15° to 20°C

4. Heat rigor period - 20° to the highest temp-
erature experlenced

5. Recrudescent rigor period - 20° to 10°C

Setchell was emphatic in his belief that the various
stages of growth and reproduction are dependent on tempera-
tures, not on a particular length of 1llumination. On the
other hand, Phillips (1969) disputed Setchell's hypothesis
on the grounds that not enough emphasis has been placed on
illumination and its relationship to the flowering eelgrass
plant. In Puget Sound, Phillips observed flowers when the
temperature was well below Setchell's. 15°C; flowering was
initiated during April and May, months of 1lncreasing day
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length. Apparently, there was no correlatlion between plant
activity and water temperature. However, in Izembek Lagoon,
Alaska which is still farther north and where one would

expect the water to be even colder than Puget Sound, McRoy
(1966) observed that tidal pool plants flowered after the

pool warmed about 15°C. He credited the warming to isolation
of shallow water areas instead of illumination. On this basis,
McRoy accepted Setchell's temperature regimes. In Newburyport
Harbor, Ispwich River, Barnstable Harbor and to some extent
Cape Cod Bay, flowering and fruiting were observed occurring

at temperatures of 24-25°C in July and August (Addy and
Aylward, 1944), This observation again does not fully agree
with Setchell's hypothesis; therefore, some doubt exists as v
to the usefulness of Setchell's temperature regimes in all
localities. Investigations wlll have to be conducted in the
Chesapeake Bay to determine the validity of Setchell's regimes.

Zostera marina is an eurythermal plant. Blehl and
McRoy (1971) observed eelgrass experimentally survived temp-
eratures from-a low of =6°C (12 hours) to 34°C (12 hours).
However, extended periods of exposure at either temperature
extreme can result in death. A point of interest arising
from Biehl and McRoy's investigation isthat tidepool Zostera
and subtidal Zostera exhibit different survival rates. Another
interesting aspect 1s that other environmental factors also
can affect the rate of survival, because of temperature
fluctuations. For example, Biehl and McRoy (1971) observed
that an increase in salinity allows a slightly higher resis-
tance of tidepool eelgrass to increased temperatures. Among
other temperature observations, McRoy (1969) found live eel-
grass under 1ce 100 cm thick with an additional 50 cm of snou
on top. In the Chesapeake Bay, Marsh (1970) and Orth (1971)
observed live eelgrass in the winter when the water temper-
ature was at 0.0°C and a thin layer of ice formed on the sur-
face, and at 31°C during late summer at low slack water. An
investigation similar to that of Biehl and McRoy (1971) needs
to be done for the Chesapeake Bay to determine both the
maximum and minimum temperatures that can be withstood by
Zostera and the duration of survival.

OXYGEN

In Holland, eelgrass beds were observed to become anoxic
for several hours at night (Broekhuysen, 1935). The anoxic
condition did not seem to affect the plants in a detrimental -

manner. McRoy (1969) reported that eelgrass in Safety Lagoon, ¢
Alaska tolerates anoxic conditions for several weeks or

months. As already mentioned, eelgrass has been observed

under 150 cm of snow and ice. McRoy (1966) determined that

7Zostera is capable of active anaerobic respiration (ferm- £

entatIon). During anoxic conditions, this metabolic pathway
may be important for plant survival. McRoy (1969) believes
that some slow photosynthesis may occur when the plant 1s
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under ice and snow, but it will be very slow. The photo-
synthesic rate is dependent upon varying temperature and
light. Rellef from anaerobic conditions may occur from the
oxygen produced and stored in the leaves' lacunal system
from which oxygen can be recycled in respiration during
anoxic conditions.

When McRoy (1969) investigated anoxic conditions under
ice, he also took a few bottom samples from which he recovered
a gastropod, a blvalve, a polychaete and a filamentous alga,
How these organisms lived in anoxic waters is an intriguing
question. :

pH

Shelford and Fowler (1925) observed a diurnal pH range
of 8.8 to 7.7 for eelgrass in the San Juan channel and
adjacent areas of Washington. In general, the pH of the
water bathing eelgrass is more basic during the day because
of photosynthesis (Cameron and Mounce, 1922). Cameron and
Mounce (1922) almost always found that the water covering an
eelgrass bed was higher in pH than the water outside the
bed. Allee (1923 a) concluded that pH has a greater effect
than dissolved oxygen on the occurrence and behavior of
organisms living in an eelgrass bed. His investigations
indicated a vertical pH gradient in the bed in the mid-
afternoon. From bottom to top of the bed, the pH ranged from
7.3 (substrate level) to 8.5 (24 inches off the bottom) to
9.0 (30 inches off the bottom). A similar gradient was
observed at low tide, but only in the absence of a moving
tide. McRoy (1969) observed a pH of 7.09 in the eelgrass bed
buried under 150 cm of ice and snow. This pH is low for the
marine environment; it reflects the anoxic conditions present
in the bed when McRoy made his observations. Apparently,
the effects of pH as an environmental factor have been con=-
sidered less in Zostera research than salinlty and temperature
factors.

WAVE, SURGE, AND CURRENT

One of the prerequisites that Ostenfeld (1908) reported
as necessary for the growth of Zostera was shelter. Where
the waves beat heavily, eelgrass 1s not found because the
water motion prohibits the establlishment of a substrate
stable enough for the plant to become established. Ostenfeld
observed plants in regions of strong wave action, but the
leaves were narrow and short, the root-stock was strong and
the flowering shoots were not observed as often as in sheltered
bays. Phillips (1969) agreed with Ostenfeld that persistent
shock will uproot and destroy the plants, but he also
observed luxuriant growths of eelgrass in areas where there
is a moderate current (up to 3.5 knots).
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NUTRIENTS

The Zostera community plays an important role in the

cycling of nutrients., When nutrients enter the community,
‘they become "caught up" 1in what Reid (1961) describes as

-a cycle of "biological assimilation, decomposition and
inorganic processes"., Figurel518 illustrates the basic
principles of nutrlent cycling in the Zostera community.
Nutrient X enters the community from a "reservoir pool".
This "reservolr pool" is defined by Odum (1971) as a large,
slow-moving, generally nonblological component of nutrient
cycling (biogeochemical cycles). Examples of nutrient
sources within a reservolr pool in Figure 15-18 are

runoff, weathering, wastes and evaporation. In a broad
sense, it 1s physico-chemical reactions that move nutrients
from a point a to a point b. Once a nutrient 1is assimilated,
it becomes part of an "exchange or cycling pool", another
descriptive component of nutrient cycling designated by
Odum (1971). It is a smaller, more intense cycle, represented
inFigure 15-18 by the solid black circle. Within thils cycle,
a nutrient 1s actively exchanged between organlsms and the
environment. The efficiency of the system 1s proportional
to the loss of the nutrient into the "reservoir pool".

At the International Seagrass Workshop in Leiden, the
Netherlands, Fenchel (1973) chaired a group of sclentists
whe concerned themselves primarily with nutrient c¢yecling.
They belleve that the sediments assoclated with eelgrass are
important sites of nutrient regeneration and that the
anoxic layer (reducing zone) of the sediments might act as
a nitrogen sink. Depicted in Figure 15-19is amodel conception
based on the one Fenchel's group proposed. It depicts how
the sediments interrelate to seagrass and the water column.
The sediments receive nitrogen as either organlc nitrogen
in detritus or as dissolved organic nitrogen from the water
column. This organic nitrogen (amino acids, polypeptides
and/or proteins) is returned to the ecosystem via decomposi-
tion and as nitrogenous animal waste. Decomposition results
in oxidation of nitrogen to ammonia in both the oxic layer
(layer where oxygen is available) and anoxiec layer (layer
where oxygen 1is not avallable. Ammonia can diffuse into the
water column, be further oxidized into nitrate or nitrite,
adsorbed onto sediment particles, thereby being retained in
the interstltial waters, or bound to metals present in the
sediments. Nitrate and nitrite can be further denitrifled
to molecular nitrogen. Part of the N_can, in turn, by
nitrogen fixation, become ammonia. Iﬂ fact, several aquatic
macrophytes and algae are capable of nitrogen fixation,
McRoy (1973) tested a theory that epiphytes living on the
leaves and bagcteria assoclated with the roots, might supply
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seagrasses with a nitrogen supply by nitrogen fixation.

His results did not reyeal any measurable nitrogen fixation
associated with Z. marina. Zostera can utilize nitrate,
nitrite, ammonia and/or dissolved organic nitrogen for
plant growth, '

A water manager may say "Yes, this 1s very interesting,
but what does it mean to me?" Boysen-Jensen (1914) was able
to show that Zostera 1s a primary contributor of nitrogen to
the sea bottom 1n the sheltered waters of fjords. His
analysis revealed that the nitrogen content of Zostera
was about 3%. A similar 1lnvestigation should be conducted in
the Chesapeake Bay to determine if nitrogen is made avail-
able to the areas outside the bed as was observed in Boysen-
Jensen's (1914) study.

When conducting a study of sulphate reduction in Zostera
mud flats, Woods (1953) found that autoclaved Zostera, placed
in autoclaved sand and seawater, yields ferrous sulphide.
Further investlgations showed that living Zostera could
cause the reductlon to occur. Zostera 1s partially comprised
of a nitrogenous base and a sulphur compound, responsible
for Zostera's reduction capability. Wood (1953) believed that
these two substances were of "great importance in Zostera
muds in two ways: they may produce ferrous sulphide directly,

‘and may also bring about reducing conditilons that greatly

accelerate sulphate reduction by Microspira" (a bacteria).
Wood's investigation was a "break through" into understanding
the process of sulphur cycling in eelgrass beds, although

it does not explaln the complete cycle. '

-Zostera roots are normally in the reducing environment
of the anoxic sediment layer. 1In fact, its root hairs are
often in actual contact with hydrotolite (FeSH(OH)) particles
(Wood, 1959). It is known that certain bacteria (i.e. sul-
phate reducing bacteria, thiobacteria, purple bacterla and
green bacterla) are components of the sulphur cycle. Such
algae forms are alsc important. The specific pathways for

the cycling of sulphur are not well known and should be
investigated.

The phosphorus cycle is probably the best-known nutrient
cycle in the aquatic environment because of the investigations
of McRoy and Barsdate (1970), McRoy, Barsdate and Nebert
(1972), and Pomeroy (1960), Pomeroy, Johannes, Odum, and
Roffman (1969), and Pomeroy, Smith and Grant (1965). Phos-
phates generally accumulate where there 1s a great deal of
metabolic activity (e.g. an area of cell division). Great-
est blomass of benthic plants (including eelgrass) in Great
Pond, Massachusetts was correlated with areas of highest
phosphate concentration (Conover, 1958). Large standing
crops of eelgrass were correlated by Rockford (1951) to
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high concentrations of phosphates in interstitial waters.

McRoy and Barsdate (1970) determined sites of phospho-
rus uptake and subsequent transport by the use of radloactive
phosphorus (P), Thelr studles indlcated that phosphate
absorption occurred in both roots and leaves, the leaves
having the greatest absorption rates. There is a tendency
for phosphate to accumulate in the roots or the leaf base +
since these are the areas of the most rapild cell division.
McRoy and Barsdate (1970) were able to show that although
sediments pool phosphorus, the roots can pick it from the
sediment and transport 1t to the leaves which release it
into the water., Therefore, a positive feedback mechanism 3
keeps the phosphorus cycling. It must be pointed out, how-
ever, that the dlrection of transport depends upon the
relative concentration of phosphorus in the water column
and in the sediments (McRoy, Barsdate and Nebert, 1972).

McRoy, et al. (1972) demonstrated that there was a
net movement of phosphorus out of Glazenap Pass from Izembek
Lagoon to the Bering Sea. This movement makes phosphorus
avallable for phytoplankton production in the open ocean.
Although there 1s a flux of phosphorus out of the eelgrass,
the sedimentatlion rate 1s so rapid in the bed that ‘there
is also local internal recycling.

Pomeroy, Smith and Grant (1965) demonstrated that
phosphate was exchanged between the water and sediments by
two processes. The first process, absorption, consists of
two steps. The more rapld of the steps is 1nitial absorption,
whereas the slower is the reaction of phosphate with the
clay lattice work. The second process 1s a biological process:
mlcroorganisms control the exchange between the water column
and sediments. Pomeroy, et al. (1965) demonstrated the blo-
logical process by poisoning sediment samples. In the polsoned
samples, absorption was the only process observed, because
it is a physico-chemical process not dependent on micro-
organisms. In the unpolsoned samples, the microorganisms
were involved in the exchange of phosphate between the water
column and sediments. Pomeroy, et al. (1965) ascertained that
the blologically controlled exchange was trivial because
the organisms involved live only in the oxidized zone of
the sediment below the surface where they exchange phosphate.
with the interstitial water, which in turn diffuses slowly
into the overlying water. The two mechanisms of exchange are a
sufficient to provide benthic plants and phytoplankton with
enough phosphate for utilization even during periods of
great production (e.g., blooms) and increased flushing (e.g.,
spring tlde or runoff), Figure 15-20illustratesa conceptual
idea of phosphate cycling by Fenchel, et al. (1973).
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McRoy (1970) discussed the elemental composition of
eelgrass. Table 15-8 lists those elements he identi-
fied through his own experimentation or through liter-
ature research.

TABLE 15-8
ELEMENTAL COMPOSITION OF EELGRASS (McROY, 1969)

Major Elements Minor Elements Trace Elements

Oxygen Sodium Bromine
Hydrogen Chlorine Bubidium
Carbon Magnesium Fluorine
Phosphorus Potassium Nickel
Nitrogen Sulphur Barium
Calcium Molybdenum
Boron Cadmium
Silicon Copper
Iodine Cobalt
Zinc Beryllium
Iron
Aluminum
Manganese



SEASONAL ACTIVITY OF ZOSTERA MARINA

Because of the lack of informatlion about the seasonal
development of Zostera marina var. typica, which is the
variation found along the Atlantic coast, Setchell's (1929)
observations on development of wvar., latifolia, found along
the Pacific coast, will be extensively used in thils report.

In Paradise Cove, Californla, Setchell (1920) observed
seed germination in February. Phillips (1969) observed
seed germination in Puget Sound in June and July, whereas
Arasaki (1950) noted it between April and May in Japan.
Taylor (1957) observed germination off Prince Edward Island,
Canada in May and early June. In Japan, Arasaki (1950)
determined that the best germination rate occurred in low
salinity waters at a temperature range of 5-10°C (Taylor,
1957). However, continued low salinities checked the growth
of seedlings.

When the seed germinates, the ribbed seed covering
splits longitudinally, and the embryo protrudes. The
caulicle® elongates, carrying up the cotyledon which covers
the primary leaf bud (plumule of the embryo). (Figure 15-21A4)
After the sheath ruptures, the plumule expands and projects
beyond 1t. At the same time, two adventitious roots with
root hairs grow out from the opposite side of the first
node. (Figure 15~21B) As growth continues, the first turion
(A bundle of 6 to 7 leaves) and two bundles of roots are
formed., (Figure 15-21C) After formation of the first '
turion, the first season of growth generally c¢an ge consid-
ered closed for var. typica. Figure15-22is & schematic
generalization of Setchell's (1929) diagram illustrating
progressive development of Zostera through four seasons.
From the scale-like, outermost leaves of the first turion
will grow a short plant of 6~7 internodes which will later
elongate and terminate into either another turion, or
develop an erect stem on which the reproductive structures
will be produced (Figure 15-21 D & E).

In var. latifolia, there is no rest period between
the first and second stages, but apparently there is in var.
typica. Ostenfeld (1908) found seedlings in July and August
which were known to be less than a year old because they had
not put forth a visible creeping shoot. He expected seed
germination to occur the following spring., From Ostenfeld's
(1908) information, Setchell (1929) believed var. typica might
have a shorter season of growth than latifolla. Theretore,
var. typica would go through the first growth stage the first
season, then through a period of quiescence with the onset of
unfavorable environmental conditions, and finally into the

*¥Caullcle: The initial area between the radicle (rudimen-
tary root) and the cotyledons of the embryo.
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FIGURE 15-21: PROGRESSIVE DEVELOPMENT OF ZOSTERA MARINA
(modified from Setchell, 1929).
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end of 3rd season

FIGURE 15-22: DIAGRAM OF PROGRESSIVE DEVELOPMENT OF EELGRASS

Explanation: (lst season) The seed germinates and the first turion
develops. The plant enters a period of quiescence with
the onset of unfavorable conditions (2nd season). The
2nd turion develops with lateral buds. Again, the plant
enters a quiescence (3rd season). The 2nd turion gives
rise to the erect stem with its productive structures
(inflorescens) on alternate branches. The lateral buds
of the 2nd season become turiomns 3 with lateral buds
(end of 3rd season). The 2nd turions with erect stem
becomes disjunct. The 3rd turion and its rhizomes are »
left behind. (From Setchell, 1929). )
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FIGURE 15-22 (cont'd)

Explanation (cont'd): The terminal bud of the 3rd season
- (3) becomes the turion with the erect fruiting
stem. The two lateral buds of the previous
season are now the terminal bud (end of &4th
season). Erect fruiting stem and rhizome have
become disjunct.
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second period the following growing season, Whenever the
second period of growth for either variety occurs, it is
characterized by elongation of the internodes of the old
turion, with a corresponding loss of leaves along the elon~
gated rhizome with at least two lateral turions, Figure 15-22
(second season) 1llustrates the formatlon of the second
turion with lateral turions. The new terminal turion may
have six to seven leaves; whereas, the laterals have fewer

leaves when they develop. Variety typica may produce fewer
internodes.

Both var. latifolia and var. typica undergo a perlod
of quiescence. However, var. latifeolia and var. typica
differ 1n the degree to which the quiescence is enforced.
Variety typica's qulescence is generally enforced by
severe conditions of the environment, whereas the conditions
that enforce quliescence in var. latifolia are mild in com-
parison. In Zostera marina, it 1s during the quiescent
period that the earlliest produced internodes of the rhizome
die. This dying off 1s represented in Figure 15-22 by broken
lines in the Zostera plant at the end of the third season.

Differentiation occurs with the advent of the third
. season of growth., As the terminal turion matures, the

internodes elongate, resulting in separation of leaves
(this event may occur in the second or third season, de-
Pending on the varlety). Reproductive structures (inflorescence)
are produced on alternate lateral branches of the turlon (Figure
15-22, third season). The lateral buds of the plant will
become terminal buds which in turn become the terminal turion
in the next growth season. Pollination and maturation of the
seeds continues as long as environmental conditions remain
favorable. Stems of Zostera marina var. typica reach a
length of 1-U4 feet, with seven internodes and 1-5 branches.
When conditions become unfavorable, the plant again enters
a period of qulescence. Disjunction of the older portion
of the rhizome may occur during the period of growth (par-
ticularly when sampled), but the disjunction 1s increased
during the qulescent period. As unfavorable conditions set
in, not only do older plants of the rhizomes dle and decay,
the erect fruiting stem and its assoclated rhizome also
die. As the stem and rhizome die, the plant hold within the
substrate is loosened. Often, windrows of Zostera are ob-
served on shore, the result of the reproductive stems float-
ing off after the rhizomes hold on the substrate has been
loosened. In the previous discussion of geographic distrib-
ution, it was pointed out that these floating reproductive
stems of Zostera are one means of dispersion,
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When the new season begins, the lateral turions
of the previous growing season develop 1n the same manner
as the termlinal turion of the previous season. The leaf
structures assoclated with the internode detach themselves,
and a terminal turion forms wlth 6-7 leaves and two smaller
lateral turions Figure 1522 fourth season). The erect
fruiting stem forms; the reproductive structure matures
and pollination occurs. The lateral buds of the new ter-
minal turion become terminal buds. When unfavorable conditions
set in, qulescence occurs and disjunct stems and rhizomes
float away. The followlng season, the same cycle willl occur,
Barring any adverse actlons by the environment on the beds,
a geometrlc progression of turions should occur, and the
bed will continue to increase ad infinitum.

COMMUNITY COMPOSITION AND TROPHIC STRUCTURE

Community composition is the crux of this part of the
report on eelgrass. All previous information was presented
so that water managers would have a grasp of the ecological
factors that regularly affect Zostera marina because these
same ecological factors impinge on each and every organism
found within the Zostera bed. In the final analysis,
community structure at a particular time or place depends on
the ability of the assembled 1ife stages to adapt physilo-
loglcally to the prevailing environment.

As mentioned previously, there are two definitive
investigations of the Chesapeake Bay region, Marsh, 1970
and Orth, 1971. It is fortultous that these works comple-
ment each other, Marsh studled eelgrass epifauna for 14
months in the lower York River Estuary in the vicinity of
big Mumfort Island, whereas Orth collected infauna in the
York River Estuary, in Back River and from both sides of
the Eastern Shore of Virginia. Figure15-23 indicates the
approximate areas investigated.

Other studies have been conducted on fauna assoclated
with eelgrass, such as Dodd's (1966) and McKeough's (1968)
research on the epiphytes and epizoans of Zostera blades in
Great South Bay, Long Island, New York. In Japan, Kikuchi
(1966, 1968) conducted excellent research on the ecology of
the animals living within the Zostera community located in
Tomioka Bay, Kumamoto Prefecture on the west coast of Kyushu.
Hatanaka and Iizuka (1962) studied the fishes that utilize
Zostera as a habitat. Work on microalgae and small animals
.of the Zostera communlty was conducted by Kita and- Harada
(1962) studied the fishes that utilize Zostera as a habitat.
Work on microalgae and small animals of the Zostera community
was conducted by Kita and Harada (1962). Japanese scientists
have produced several significant works related to Zostera
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and its associated fauna. This may in part be because of
their greater dependence on estuaries and the sea as a
protein food source. There has been some work on eelgrass
communities in Europe and North Ameican such as Blois,
Francax, Gaudichon and LeBris (1961) and Ledoye (1964 a,
and 1964 b). Ostenfeld (1908) reported on some of the
organisms assolcated wlth eelgrass on the Danish Coast.
However, European and American scientists have not 1lnvesti=-
gated the eelgrass communlty as extenslvely as have the
Japanese. :

Marsh (1970) collected 112 epibiotic invertebrate
species plus 28 macroalgal specles in the Zostera beds.
His collection does not include such organisms as diatoms,
nematodes ostracods, copepods, and other small inverte-
brates which were not retalned by a 0.5 mm mesh selve.
Orth (1971) collected 117 infaunal invertebrate species.
Table 15-9 represents a composite of the organisms observed
during the two investigations assoclated with the eelgrass
community. The value of Table15-19 to water managers 1s not
intended as a "laundry 1list" of scientific names, but as
a revelation of the complexity of the community. However,
finding an organism in both the iInfauna and epifauna, does
not necessarily indicate a normal situation.- For example,
Marsh found a very small Callinectus sapidus (blue crab)
one time 1n the epifauna although 1ts normal habitat is on
the bottom. Table 15-19 is.not complete. The fish associated
with eelgrass beds are not llsted because that information
1s not available in the literature. Other investigations
are necessary to provide a complete list.

The five most abundant epifaunal organisms in Marsh's
study were Bittlum varium, Paracercels caudata, Crepldula
convexa, Amplithoe longlimana and Erichsonells attenuata.
These organisms constituted 59% of the total fauna observed.
The 22 most abundant epifaunal organisms accounted for
95.5% of the fauna. In terms of dominant taxa 43.2% were
Gastropoda, 18.5% Amphipoda, 16.7% Isopoda and 15% Poly-
chaeta. Orth (1973) reported that Polychaeta constituted
36% of the total infaunal population, Amphipoda 16%, )
Gastropoda 11% and Bivalvia 7%. The remaining percentage
belonged to varlious other taxa., Although most of the
epibiotic specles of Marsh's study were common at all stations,
differences in thelr relative abundance in relation to depth
were evident. An average of 70 specles were collected from
station A, 26 from B, and B8 from C. This data and the
average number of organisms/g of Zostera (A - 96,8
organisms/g, B - 11U4.3 organisms/g and C - 192.4 organisms/g)
suggest that depth elther directly or indirectly influences
the composition of the eelgrass community. It must be
pointed out that statistically Station B did not differ
from Station A (Marsh, personal communication).

Appendix 15
P 233



TABLE 15-9
ORGANISMS OF THE CHESAPEAKE EELGRASS COMMUNITY
(MARSH, 1970, and ORTH, 1971)

Marsh (1970) ©Orth (1971)

Porifera
1. Microciona prolifera X
2. Haliclona loosanoffi X
3. Halichondria bowerbanki X
4. Mycale sp. X
5. Prosuberites microsclerus X
Cnidaria
6. Edwardsia sp. ‘ X
7. Dynamena cornicina X
8. Halocordyle tiarella X
9. Hydractinla arge X
10. Aiptasiomorpha luciae X
11. Diadumene leucolena X
Platyhelminthes
12. Euplana gracilis X
13. Stylochus ellipticus X
14, Zygonemertes virescens X X
15. Tetrastemma elegans X
16. Amphiporus ochraceus X X
17. Amphiporus bloculatus X
18. Cerebratulus lacteus b <
19. Tetrastemma sp. b ¢
20, Tubulanus pellucidus X
21. Nemerteans (unidentified) x
Bryozoa
22. Electra crustulenta X
23. Bowerbankia gracilis X
24. Membranipora tenuis X
Polychaeta
25. Nereis succlinea X X
26. Platynerels dumerilii X X
27. Sabella microphthalma b ¢ X
28. Polydora 1ignl X x
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29.
30. -
31,
32.
33.
34,
35.
36.
37,
38.
39.
uo.
ull
42,
43,
Ly,
us.
46,
47,
L8,
49.
50.
51.
52,
53.
54,
55.
56.
97,
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71,
72,
73.
T4,

TABLE 15-9 (cont'd)
ORGANISMS OF THE CHESAPEAKE FELGRASS COMMUNITY
(MARSH, 1970, and ORTH, 1971)

Brania clavata
Hydroides hexagona
Podarke obscura
Nereiphylla fragilis
Exogone dispar

Pista palmata
Odontosyllis fulgurans
Lepidonotus variabills
Amphitrite ornata
Asabellides oculata
Clymenella torquata
Eteone heteropoda

L. eactea

Diopatra cuprea
PhyllodocIdae (unidentified)
Glycera amerilcana

G. dibranchlata
Glycinde solitaria
Gyptis vittata
Heteromastus filiformis
Hydroides dianthus
Lepldonotus sublevis
Loimia medusa
Lumbrineris tenuls
Melinna maculata
Parahesione luteola
Paraprionosplo pinnata
Pectinarla gouldill
Phyllodoce fragilis
Prionospio heterobranchia
Pseudeurythoe pauclbranchiata

Sabellaria vulgaris
Scoloplos acutus
Ampharetidae (unidentified)
Capitellld A (unidentified)
Scoloplos armiger

S. fragllls

S. robustus

S. sp.

Spioc filicornis

S. setosa

Spiochaetopterus oculatus

Spiophanes bombyx
Stre