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PREFACE

This report is part of a series of coamunity profiles produced by the
Fish and Wildlife 3ervice to pravide uﬁatn-ute frnformation on coastal
ecological communities of the tidal freshwater marsh cosmunity along the
Atlantic coast from sowthern Mew Emgland to morthern Florida.

Tidal freshwater marshes occupy the uppermost partion of the estuary
between the of igobhal ine or Tow salinity zone and nontidal freshwater wetl ands.
gy combining the physical process of tidal flushing with the biota of the
freshwater marsh, a dynamic, diverse, and distinct estuarine comunity has
been created. The profile covers all structural and functiond] aspects of the
cosmunity: f1ts geology, hydrology, biotic cooponents, and energy, nutrient
and biomass cyeling.

A najor purpose of the community profile series i to gather and
synthesize the diverse bits of ecological information existing on each
community and, further, to condense this infomsation inte a coherent and
practical habitat guide. The following discussion has heen & true synthetic
effort on the part of the authors. Thelr careful compilation and analysis of
availabie data represent an extensive coopendiun of knowledoe of this
inportant natural resour<e and wildlife habitat.

Questions or cosments concerning this publication or others in the
profile ser{es should be directed to:

Enformation Transfer Specialist
Mtignal Coastal Ecosystems Team
U5, Fish and Hild11fe Service
MASA-511de]] Computer Cooplex
1010 Gagse Boulevard

51del V1, LA 70458



CONTENTS

FIGURES vvevveees R e R G B S
TMLES mEEEEEE R EEEE SRS (EEE TR LR LR NE R R RRERRERE
ﬁmmLEﬂrﬂEHTS GEmEmEEm A BEREEEE RS R R FiEEEEFERSRIRiR AR EESEAEE DE &
COMVERSION FACTOR TABLE .osssvaresmmnas PR RS R AL SRR
m.FLFTER 1' IHmmmIm aadFidsi s EE e & wE #FFEELaEEIE AR RS R e +*
1.1 uﬂf"‘ﬂith}n El'l.lli Lﬂﬂ.t‘lﬂn T AT Ll LR R RN R R L
1.2 &ugraphica] Distribution cecesvnmrananaassnnnnrmnnnns
1+3 'i"lildﬂ.‘-l hp 'I‘ﬁ'l"ll':E IR AR R R AR N R S EE SR LR ]
1.4 Korizontal, Temporal, and Regioral Variations ........
1.5 &UIU?‘CE‘ HIStOrY secinsvnasrssansmnmisn iEdsssEas R mE®
I.-E HHF‘SFI DE'I'EI‘IJFMEI'I".-BJ itl'ﬂ‘l‘.‘ R R RN NN FEE s EEndndE S
1...? Euhitl‘ltﬁ b BB EEI E mEEEE FEFREE B E R TR AT R TSRS
1.8 Hydralogy and Water Quality .......oocecieaens S -
CHAFTER 2. m"ﬂ]“ mPuHEHTS-I PL"'HTE FABAA SIS B mE EEE R
E.l |I'|t'|‘tﬂl.|l:1‘.'|'ﬂl'| FrE T EEmE e dEdESEEREEEE D AR LEE R R R RN
2.2 General Specfes/Habitat DescripLions ...seseeess saans
2.3 Comminity SErUCtUTe cssssssnsssrssssnsnnnnns FreeEssran
2.4 Factors Controlling Plant Demography .....cevcseceenas
E.E 5-EE.5.I:II'IH1 Su‘:mﬂiﬂ'ﬁ ------------------------- s4EsamamE
2.6 Other Aquatic Yegetatiom ....... e T FPCAS R
CHAPTER 3.  ECOSYSTEM PROCESSES ...eves T T TR T
31 Primary Productivity sseccscissssssssssnnananss TITITE
3.2 Decomposition and Litter Production c.ccrssesanenunes
3,3 Mutrient Cycling (Elements other than Carbon) .c..c.ve.
3.4 Cavbon FIUX seevvroriescsasnininnnns B T T
3...5 ETIEF“]' F]ﬂ'ﬂ sErEtFEiEFEAR AN RI R EE AR EREEE B R AR TR
CHAPTER 4. COMMUNITY COMPONENTS: INYERTEBRATES suvernsnss FRRaw
4|1 mnp‘1inktnn iFP@asEavanEn W AR RS s EE R #@EssaasEanas LI
ﬂ-.E Bﬂ‘l“”'l‘lﬂ. ]l‘l.\rET‘I'.l!hr'I.t'ES- T Ll e R R CREE
4.3 Marsh Plant Insect Community ..cecsescnnancanss Engsmai
CHAPTER & COMMUNTTY COMPOMENTS: FISHES ..uucessnssrnanans inen
E.1 Inbtrodyetion ...cccssssnmmmnnas=a FeEspmbnmman ETEEE TR

5.2 The Fauma: Affinities and Natural History of
InparLant spEtiEﬁ P e E  E  F R AR R R L A
B.3 Gﬂl’l’ﬂ.ll'lt'tj’ SEructuT™® sssssrqmasmsrassssranannnnns reema
5.4 Function of Tidal Freshwater Marsh for Figshes ........
5.5 Trophic Associations .....cccccsiannanass. PG o
5. G Eﬂiiﬂﬂll:ltﬂ‘l' sERsmammens frsrasRami b E R BRI R B PEsEEEEE
.7 E'iug*en-graphf e AT F R TR sEsEsEEER AR AR seasas

v

Paga
id
Wi
il
v1[1

1%

P
L g D e KT LT e e



CHAPTER 6.

-

-
A

CHAPTE

"IH

v -

T B e Bt B R et e S R 0 X

*

o mmu'-n-umnum-—

&

o g0 oo

",
=
T
—|
i
=
L =

*

-

WO WD WD I AT
-
LN el P

L ]

CHAATER 10,

10.1
10,2
10.3
10.4

REFERENCES
APPENDLY A:
APPENDIX B:
APPENDI Y C:

APPENDIX D:
APPENDIX E:

COMMUNITY COMPOMENTS: AMPHIBIANZ AND REPTILES ......

silccih ﬂmit‘1u" L R R R R B R R R R L AR AR ENENEN N
Latttudind] DASErIbUtIon .. uviiaccsidinmssaaveiasaarsns
Daily and Seasonal Variability cesessvssnssnnsmsssssnss
Ecalogical Relationships ..cireesrsssesssssass

rrrrrrrrr

COMMUNITY COMPONENTS: BIRDS ..ccicevesnnersnsassnnse

INErOdUCETON csssirssassiarutaisannssasinans ki waia
Floating #nd DHving Waterbirds ceecissssscssrsnnsncsnas
Hﬂ-ding airdg‘ LA L R E R LA LERLN SR ESREEE RS RS LRSS LS EEERQR]

fails and Shorabirds cocevcinaanans R e e e e A e
R L T TN o Bt ] o i
Gulls, Terns, Kingfishes, and Crows ....icescees Eladnda

ﬂ“.bu“M1 E1I'ﬂ!'| LA RS SRS LA LS RS ERT R I FE SN RESRRE RS RN NN QEE ]
Brond 2md Shrub BIrdS . cscscssanammqawianes s e m e s
Energy Flow &nd Avian Community Elrntm‘llrs ..............

COMMUNITY COMPOMENTS: MAMMALS ...cocivcncsmsnavasess

SpecTes DoEUFPENES: | @ st ibassnansiisensinesissnsasn
ROTES AN MATER EEOLOON oiorssnm i b ot wn o bnm s sheshe
[':nnl:lmlt ua-.1“E LA R L R L R A R R L NN

VALUES, ALTERATLONS, AND MAMAGEMENT PRACTICES ..vuves

BT B N g i A 0 e A b PaE el

Connections with Adjacent E:nsrstwﬂi R - P
Al eersiyans by W oo v skl s e s L L

Patential for Sewage fssimflation .coiccevea R R IELH
Best Management Practices ....:cess A S SRS
COMPARTSON OF TIDAL FRESHMATER MARSHES AMD
SMET MARSHES: o vt undnm s danass AR b R
A Generd]l Cotparison .c.ceeismssnsns Sy TR
PRYETCET “COMPAPTBOME i o i o 5 i o o, i e, a7
BinToglcal COmDA S0 o s o e s o b o s 50

Comparison with Nontidal Freshwater Marshes ....veeeess

PLANTS OF THE TIDAL FRESHWATER MARSH ....cssesnnssans
FISH OF THE TIDAL FRESHWATER MARSH ...cescevessscsass
AMPHIBIANS AND REPTILES OF THE TIDAL

FRETHMATER: MIRREH . . o 0 oioia oo s i oo ibin o406, sk i g o i
BIRDS OF THE TIDAL FRESHWATER MARSH ......cccaicciass
MAMMALS OF THE TIDAL FRESHWATER MARSH ....evuieanesass

Paga
L1

66

67
GE

11

71
ie
FiL
I
78
T8
79

79
Bl
2]
85

&6

56
Ba

BY

91
g1

£l
&

a1
95

96

114
120

142
149
174



[+

P Ll
=8

lﬂﬂ:l-‘-ulﬂ'l-ﬂ'lg

FIGURES

The relationship between marsh type and averige

annal SaATIndtY sisusssnsrsssamssssrnnsmnnanrinns -
Representative areas with more than 200 ha (500

acres) of tidal freshwater arsh .oovevrssescssissansss
Tidal freshwater narsh on the Chickahominy Fl‘ivEr Cam
Tidal freshwater marsh on James River in marly

5pr1w A OEGEEEE S N aEmmEmEN ERUE I I IR R R
Tidal frestwater Il.a.rsh an James Itwer in Tate sumer ..
mttﬂrﬁﬂﬂu mﬂ!:}' HFE LEEEEEEREEEEERELEREREREREEERE N "
Arrow-arum pickerelweed comminity Lype ..cecicccnnianes
H'I'Ed T“I-c.ﬂ' ﬂmn'lt_f t_'."PE -------------- FRAFERFRFE BRI A W
Cattall comunity TYPE sssssrssssrssssnsansnnnnnnsnnnn
Giant cubtgrass comunity TYPE cecssssvssnsrnnssnsnnnnns
Mixed aquatic community T¥Pe sissasssssnnssmnnncnsninna
E'ﬁ :ﬂr‘dgra$$ I:I:l'rl'tl.iﬂ'llf !._ﬂl! ------ A AEEREEREE SRS B SR
Bald cypress/black qus community L¥De ....eciencecanina
Profile of mid-Atlantic tidal freshwater mArsh ..cc.s:4
Profile of northeastern tidal freshwater marsh cocovees
Winter and summer scenes of the same nmarsh on

thi P‘Dtn’m-’.ﬂ ﬂ:"\'ﬂ"l' FAaRESEE FF RIS FEEFERIBER IR AR R N B EE BT
Common submerged aguatic plamts coeecvesssnans PR
Decomposition curves for high 2nd Tow marsh plants ....
Changes in N and P during decomposition ..ceeeisescann
Ganeral model of nutrient cycliing (N and P) ..ivennannn
Hrp’l:ltnet1c&] p&l’.ﬂua.j! af I!ﬂEr'g_'_h' ﬂn' npad pm RS EREE E SR
Era:iﬂg hy t.h'E mh1’pnﬁ. Garmarus fﬂﬁtfituﬁ- EEEBEE RS TR
Seaward change fn microfaunad .sssssnisnsssansinnnsnsns
Distributions of different types of flshas by

iﬂliﬁitlf IOTIEE: Lhes bmaw e GmrE R B AR RS RS Ed e eSSBS EREEEEE R
Etfipﬂi 1]3.5'5- (R E R IR EEEREELSEELEIE LN NEERENERJEJ]E IR B
Movement of estuarine-dependent Tish Tarvae seescssvsns
Comparison of seasonal wariation in fish numbers

in Chrae river SYSEoMS ssssscsssssssnbrssnnrnanns wmsaea
Mixed assemblages of geese and ducks fn tidal
freshuater MATSHAY . ccissaa st sadanasds senseemmsnmnss s
GEEBET DTN IO e s m mn s s g mm ok s e e
White-tailed deer feeding in a tidal freshwater

luldr".'.h T AR R R R R EE R R R R R N N R L LR N
Beaver dam on tidal freshwater marsh stredam ..cccecesss
A.hﬂﬂd.ﬂﬂ'ﬂd- I"-'EE fiE.‘ds (EEETENENEEEENENEREREREES.EERE 3 5N B



o
I
-

LB oo e g LT S fed Pl

2la
£ lb

22
23a

24

TABLES

Acreages of tidal freshwater marshes on the east coast ...
Cancentrations of chemicals in marsh so0ils and
I R T R TAT MBI o ain o im0 0 o] i o om0

Water qual ity parametBIrs ... ccccsessassanss P S
Comman tidal freshwater mr-sh PIANES cowgans -
Species composition of marshes along the Patuxent RivEr ..
Salinity tolerances of submerged aquatics ..cevicuierannss

Peak standing crop and anpudl production estimates .......
Two groups of plants based on rabes of deconpos 1100 ..aus
Trpil:ﬂj t'idlﬂ] FI'HHHIEEF Hﬂpﬂlﬂﬁilﬂ-ﬂ- FEAF S S B EFE AR SR B R EEEE
Rapresentative benthic macrofauna from tidal freshwater ..
Characteristics of amadrompus and semianadromous Fishes ..
Patterns of use of tidal freshwater habitat by fishes ....
Muzarically dominant fishes. in tidal freshwaters ..cosevss
Fishes reported fo spawn in tidal freshwater .........c00.
Fishes usind tida]l freshwaters as AUTSErY Qrounds .s.ssees
Population densities and biomass of twrtles and

pthar 'I'E"'tﬂb'l"ﬂt'ﬂs- EAmEEm AT AT R R EEE EE R R RER R AR P A
Efficiency of secondary producktion ....c.ciccivsnscsisnnss
Distribution of waterfowl 1n various regions of

'llll"l':iil'”ﬂ. ---------------------------- (R E R RN RN EEEELNEEEL 3
Percentage of total species found im tidal freshwater

in upper Chesapaake BaY civsssrssnssrsrrropansssnasncnnnns
Ereiﬂth n'f diEt. af H.!tEI‘fﬂ-‘H'.I in £1d4al fresmEter ..ccccees
Resident manmals fn tidal Treshwater marshEs .ceoesvervones
Mamnals using tidal freshwater marshes on feeding

fﬂl"'a-_'l's R
Harvest of furbearers by marsh BypE ...ceenviavcnennnenmnss
Commercial fish harvest from the tidal Potomac River .....
Commercial fizh harvest from the entire Potomac River ....
Hypothetical comparison of tidal freshwater and salt

e [ Rl e e el e e R St AN L St S PR G

wil

Page

10
11
15
29

42
43
52
a7
60
Gl

B3

6B
69

74
74
b
Bl

Bl
85

BE
L



ACKNOWLEDGMENTS

This publication owes 1ts existence to a number of individuals and
organfrations. Significant contributfons of fnformatfon, unpublished data,
and helpful advice came from J.B. Birch, Glen Carawam, Bob Christfan, Domenic
Ciccone, Tom Curtis, Charlene 0'Avanzo-VYan Raalte, Michael Dumn, Larry Gerry,
Bob Harriss, Dan Holder, Marjorie Holland, Erik Kiviat, Roy Lewis 111, Harold
Olson, Mick Roark, Steve Ross, Fafrfas Settle, Catherine Turner, Mency Yan
Uyke, Mike Weinztein, Tom Wolaver, and Patricia Young.

We particularly appreciate the unselfish help of Ed Pendieton, Wilaey
Kitchens, and the staff of the Mational Coasta) Ecosystems Team of the U.S.
Fish and Wildlife Service. The draft manuscript was reviewed for sclentific
content by Ralph Andrews, Breck Bowdan, Glenn Kinser, James Kirkwood, John
Organ, Gena 5flberhorn, Robert Simpson, Ralph Tiner, Dennfs Whighan, and Boh

Zepp.  All of these reviewers provided finformation as well as critical
comants.

We would 1ike to especially thank David Brime of the Virginia Game and
Fish Commission. Without his help and suppart our research on the tidal
fresiwater wetlamds of the Chickahominy Wildlife Management area would not

have been possible. It is this research which provided the basis for much of
this book,

Factwal errors and faulty conclusiens are the sole responsibility of the
authors. Carole Mclvor has taken primary responsibility for Chapter 5; Tom
sith for Chapters 6, 7. and B: John Hoover for Chapter 2 and Section 3.1; and
B1}1 Udum for the roenainder of the book, including general  arganization.
Ul ess otherwise noted, photegraphs and figures were produced by the authors.

Final copy of this manuscript was prepared by the staff of the Mational
Loastal Ecosystems Team. Barbara Carney, Dafsy Singleton, and Wonie Wilson
typed the profile. Charlotte Willett edited the report, and Rae Ann Martin
proofread ft., Graham Golden drew several of the final figures and designed
the cover. Sue Lauritzen prepared the final layout of the camera-ready
manuscript,



Hul tiply

aillineters (mm
centineters (cm
netars (m)

kilometers (k)

square neters f_rn }
square kilometars {hl )
hactares (ha)

liters (1) 3
cubic meters {n3:l
cubic meters (a7)

nilligrams (=)
grams (g}
kilograns (kg)
metric tons (mt)
metric tons (mt)
kilocalories (kcal )

Celsius degrees

inches

inches

feet (Fr)

fathoms

niles (mi)

nautical miles {mmi)

square feet {fr.EJ
acras

square miles Lr.izj

gallons [gal) 3
mibic Teat (ft~)
aere-feet

BUNCEs En:
pounds {1k
short tons {ton)
BTU

Fahrenheit cegrees

CONVERSION FACTORS

Metric to U.5. Custonary

By

0.03837
0. 3937
1.281
0.6214

10.76
0, 3861
2.47]

0. 2642
35,31
0. 0008110

0. 00003527

. 03827

2.20%
2205.0

1. 102

3.964

1.8{c*) + 32

U.5. Customary to Metric

25.40
2.54
0, 3048
1.829
1.603
1,852

D.0929
0.4047
2,590

3.78%5
0.02831
12330

28,135
0.4536
0.9072
0.2520

0.55656(F" = 32)
ix

To btain

inches
fnches
foet
miles

sguare fect
square miles
ACFBEE

gallans
cubic fest
acre-feet

Ounces
DUunces
pounds
mounds
shart tons
BT

Fahrenheit degrees

mill imeters
cent imeters
neters
meters
kiloneters
kKiloneters

square meters
hectares
square kiloneters

1iters
cupic meters
Eubie meters

qrams
kflograms
metric tons
Kilocalories

Lelsius degrees



CHAPTER 1. NTRODUCTION

1.1 DEFINITION AND LOCATION

Tidal freshwater wetlands are a dis-
tinctive type of ecosystem located u
stream from tidal saline wetlands (salt
marshes) and downstream from nontidal
freshwater wetlands (Figure 1). They are
characterized by (1) near freshwater con-
ditions {average annual salinity of
0.5 ppt or below except during periods of
extended drought), (?) plant and animal
communities  dominated by freshwater
species, and (3) a daily, lumar tidal
fluctuation.

In a classification system based on
salinity, these wetlands lie between the
ol fgohaline zone and nontidal Frashwater
(Figure 1)]. The lack of dominance by
estuarine marshgrasses (Spartina) differ-
entiates tidal freshwater marshes from
ol igohaline and higher salinity marshes.
Oligohaline estuarine marshes tend to be
daminated by big cordgrass (5.
cnesuroides) and saltier  estuarine
marshes By saltmeadow hay (5. patens! and
snooth cordgrass (5. alterniflora), Tidal
frestwater marshes, on the other hand, are
characterized by a large and diverse group
of broad-leafed plants, grasses, rushes,
shrubs, and herbacegus plants (see Table
4, Appendix A).

This wetland type has been variously
classified as tidal freshwater (Ddum et
al. 1978; Lippson et al. 1979}, freshwater
tidal (Whigham et al., 1978), transition
marsh  combined with  arrow-arum  and
plckereTweed marsh (Dafber st al, 1976},
coastal shallow fresh marsh (Shaw and
Fredine 1956), fresh marsh combined with
intermediate marsh  (Chabreck 1972},
ettuarine river sarsh (Stewart 1062}, and
palustrine emergent wetland (Cowardin
et al. 1979). A1l of these terms are
basically synonymous. MWe have chosen to

use tidal freshwater marsh beciuse it s
copvenient and widely used.

In the U.5. Fish
Service's classification
wetlands (Cowardin et al.
freshwater marshes are classified as
efther of the following: (1) system:
palustrine; class: emergent wetland; sub-
classes: persistent and nonpersistent, ar
(2} system: riverine; class:  emergent
wetland; subclass: nonpersistent. Water
regime modifiers for afther classification
are:  permanently flooded-tidal, reaularly
flooded, or Seasomally flooded-tidal, The
system selected depends on the position of
the sarsh with respect to the river chan-
nel. High back marshes with parsistent
vegetation are more properly termed palus-
trine; fringing low marshes alomg river
edges are properly clessified as riverine.

gnd  Wiltdiife

sysiem of
1979), tida)

l.2 GEDGRAPHICAL DISTRIBUTION

The most extensive development of
tidal freshwater marshes in Morth America
gccurs on the United States east coast
petween Georgia and southern New England.
The two regions with the greatest area of
this type of wetland are in the mid-
Atlantic States and South Carolina and
Georgia (Table 1).

The distribution of extensive tracts
of tidal freshwater marshes follows an
interesting pattern [Figure 2), They
ippear to be best developed in lacations
which have (1} a major influx of fresh-
water, usually a river; [2) a datly tidal

litude of at Teast 0.5 m {1.5 ft), and
E[L'ﬁ a geomorphological structure which
constricts and magnifies the tidal wave in
the upstream partion of the estuary.

In southern New Emgland, where large
river systems are relatively scarce, ex-



Figura 1.
dpproximate only).

tensive tidal freshwater marshes are dn-=
comnon. They occur along the Hedson River,
fommecticut River, and a Ffew smaller
rivers such as the Mystic and the North
Rivers. In northern New England and much
of eastern CTanada, geomarphological condi-
tions [steep, rocky coastlines) are not
conduciva for tidal fresheater marsh
deyelppment on 2 large scale. Ome excep-
kfon 45 the 5t. Lawrence Hiver system
which haz & tidal freshwater zone with
marsh areas as large as 400 ha (1,000

The relationship between narsh type and average annual salinity
Terninology s based on Cowardin et ai. (1379).

gssg

<TECS—Bm

(values are

acres) (Read 1973).

From Mew Jersey south to Virginia and
throughout the Chesapeake Bay region, tid-
il freshwater marshes are abundant and
often extensive in size. A noteworthy gap
in the distribution sccurs through much of
Morth Carolina (Figure 2). In this region
most estearies 1ie hehind closely spaced
barrier island systems (e.q., the Duter
Banks). This results in 4 greatly damp-
ened tidal amplitude within the lower
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Figure 2. Representative areas with more than 200 ha (500 acres) of tidal freshwatar

marsh.
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reathes. of coastal rivers such as the
Neuse and Pamlico. A% a result, almost
all North Carolina coastal river systems
have sections which are both tidal and
frastwater, However, the tidal range is
slight; and tides are dirregular, and
greatly affected by the wind. Therefore,
in Worth Carolina the types of plant com-
munities. typical of most east coast tidal
freshwater sites (see Chapter 2} are
restricted in size and are replaced by
tidal swamps. The one major exception in
North Caralina {s the Cape Fear River sys-
tem. It enpties directly into the Atlan-
tic Ocean, has & one-meter tide, and has
extensive areas of typical tidal fresh=
walar marshes.,

South Caroling and Georgia contafn
numerous and often axtensive bidal fresha
witer marshes. Many of these marshes and
associated swamps were diked, impounded,
and converted to ricefields during the
i6th and first half of the 19th centuries.
Some of Ehese dmpoundments remain virtu=
ally intact. However, in others the dikes
have broken and the {mpoundmentz have
reverted to tidal marsh. A difficult
management decision needs to be made as to
whether the intact {mpoundnents should be
mardged far wat2rfowl or should be a1Towed
e revert to tidal marsh (discussed in
Chapter ).

The most southern major river system
an the coast, the 5&, Johne Bivar in
Florida, has tidal influence for over 150
kilometers (93 mi| inland (L. Gerry, Jack-
sonville Watar Contral District, Palatka,
Florida; pers, comm.). Due to its unusual
morphology (narrow  mouth, broad  upper
reaches), the tidal amplitude in the tidal
freshwater stretch s minor, and typical
plant communities are absent or restricted
to amall areas.

Tida| fFrestwater emvironments [in-
cluding some mangrove areas) exist fn
south Florida. However, they are geper-
ally too restricted in 3ize or too season-
al in otcurrence (e.g., the Everglades
estudry) to be included in this report.

Similar ftypes of tidal freshwater
marshes occtur on other coasts of the
United States. For sdample, Louisiana has
extensive stretches of tidal, freshwater
wetlands, However, these wetlands have a

tide that 1s Irregular, of Tow amplftude,
and wind driven. This makes bath the com-
minity structure and ecosystem processes
dppear to be zomawhat different [Chabreck
1972, Hopkinson et al. 1978). Tidal
freshwater marshes are relatively rare on
the Pacific coast. They do occur exten-
sivaly, however, in Alaska (McRoy and
Goering 1974), in Californta in assocta-
tion with sevaral Jlarge river systamns
including Ehe Sacramento (Kelley L966),
and betwean Washington and Oregon in asso-
ciation with the Columbia  River.
(Clairain et al. 1978).

1.3 YISUAL APPEARANCE

Tidal freshwater marshes Took strik-
ingly different from either salt marshes
or nantidal freshwater marshes.  Plant
diversity is nuch higher than that found
in higher salinity estuarine marshes, The
result 5 & highly heterogeneous plant
assemblage (Figure 3) gquite different in
dppearance from the almosi monospeci fic
Sparting marshes found pearer the south of
the estuary. Zonation is present [dis-
cussed in Chapter 2) but 4is mot as
sharply defined as in salt marshes. The
so-called low marsh is dominated by a few
broad-leaved, fleshy plants such as spat-
tardock (Nuphar luteum] and pickerelweed
and by w rice Zania aquatica) and
giant cutgrass (Zizaniopsis millaceae).
The higher sections of the tidal fresh-
water marsh contain mors species than the
Tow marsh and may be dominated by a varfe-
ty of plants fincluding cattail ({Typha
spp. ), smartweeds (Polygonums =pp.), rose-
mallow [Hibiscus nmcﬁ&utusi. sweet flag
{Acorus calamus), and burmarigeld (Biden
£Pp. ). n species such as arrow-arum
are found Ehroughout the marsh.

The tidal freshwater marsh has plants
in flower through much of the spring and
smmer.  In the spring wild dris ziris
spp.) blooms in the high marsh. In edrly
summer, pickerelweed sends up a spike of
Furp!ei flowers. {Hjﬂﬁﬂ'm-|1w, Jewe lweed
Impatiens capensiz], and the spectacular
FEEiml‘ finwars o marignld blgon later
fn the summer.

One of the most striking Features of
the tidal freshwatar marsh is the pro-
nounced seasonal sequence of vegetation



Figure 3.

[discussed at length in Chapter 2): Ihe
low marsh undergoes particularly exXtreme
changes. There s a period of wirtually
hare mud in late winter and early spring.
Then there is a period of domination by
broad-leaved plants (e.g., arrow=arum} n
the late spring, and Finally in late sum-
mer there is a period dominated by grasses
and herbaceous plants {Figures 4d-.|2la.l.

Conspicuous organisms in  the tidal
frestwater marsh include freshwater snakes
g turtles, adult and larval  insects,
ducks and geese, and muskrats. A casual
gxamination of the fauna of the tidal
freshwater marsh roveals few bivalves,
erustaceans, or polychaetes, organisms
which dominate the higher salinity marshes
in the lower estuary.

In summary, the tidal Ffreshwater
marsh appears superficially different from
the nearby salt marches. In Chapter 10 we
dizeuss Wwhether these apparent differences
actuzlly exist and whether thay include
aspacts of comsunity structire and BCOSYS-
taln arocesses.

Ti{dal freshwater marsh an the Chickahoming River, Virginia, during nidsummer,

1,4 HORIZONTAL, TEMPORAL, AND REGIONAL
VARIATIDNS
Tida! freshwater ecosystems form a

complex gradient with freshwatar on one
side and oligohaline and higher salinity
sgtyring conditions on the other S7de.
Concentrations of dissolved oxygen, par-
ticulate and dissolved carbon, dissolved
heavy metals, nitrite, nitrate, ammonid,
and pther chemical and physical water ana
sadipent parameters change dramatically as
salinities increase from 0.1 to 1.0 ppt
IMorris et al. 1978). Fish, plant, and
jnvertebrate communities change signifi-
cantly as the salinity rises above 1 pot.
farely are conditions homogeneous over @

very great distance. For this rEason,
general statesents about t dal fFroshwatep
marshes and associated bodies of watar

must always be made with gradient condi-
tions in mind.

Tidal freshwater wetlands vary Len-
porally as well as spatially. Dafly, sea-
sonal, and long=-term changes may OCCUr at
a given site 1n respanse to tidal or wind
influences and as & result of annual or



Figure 4a. fresmwater

dinmes River in early spring.

Frechwater
late summer,

Figure 4b,
James Jivar in

Tongar-term variations in frashwater run-
off. A marsh that experiences higher
salinities during periods of drought may
siEch to tidal freshwater characteriskics
after prolonged radns. B glight fncrease
in salinity during one summer may chanoe
the plant composition of a tidal Fresh-
water marsh for several years. Tidal
freshwater marshes lie in a dynamic tran-
sition zone between freshwater and salt-
water.,

Although we treat the tidal Frech-
water marsh 45 a general wetland type on
the Atlantic coast, there are clear re-
gional differences in flgra, fauna, and
physical characteristics. For example,
Hew Emgland marches appear to have more
peat than mid-Atlantic marshes, The musk-
Fat 15 a plentiful herbivares in mid=
Atlantic marshes but 45 absent in the
coastal marshes of South Carolind and
Georgia [discussed in Chapter B). The
brackish water fiddler crab (Ucz ninax)
poeurs  throughout tidal freshwater in
south Carolina and CGaorgia (J. Birch,
Institute of Ecology, !Infversity of
beorgia, Athens; pers. comm.), bhut 1=
usually found in aligohaline ané higher
salinities in  the Chesapeake region
(Kerwin 1971, and our personal phserva-
tions). The bowfin and the pirate perch
are pledtifu] mesbers of the fish communi-
Eles throughout tidal freshwaters of South
[arolina and Georgia, but are generally
restricted to nontidal Freshwater in the
Lhesapeake reglom  (see Sectiom K.7).

1.5 GEOLOGICAL HISTORY

It 1z difficult to generalize about
the genlogical history of tidal freshwater
enyironments on the Atlantic coast becauss
tonsioerable wariability exists from one
region to the next. New England river
systems such as the Connecticut and Hudson
are incised into highly resistant Paleczo-
ic and Lower Mesozoic bedrock. (Frey and
Basan 1978). Clay minerals are in rela-
tively shart supply, Further south. along
the coasts of South Carolima and Geargia,
coastal river systems have cut into bed-
rock which s mainly Upper WMesozoic and
lenozic., Thick, well-developed saprolites
(mineral s0ils) of the southern Piedmont
provide abundant elay Ffor redistribution
into both tidal freshwater and estuarine
marshes along the coast.



In general the river systens of the
mid-Atlantic and south Atlantic Coastal
Plains tand To be mara AURErous, DOre Bx=-
tansive, and fed by greater quantfties of
runoff. For these reasans, the tidal
fresiwater marshes in Maryland, Virginia,
Beorgia, and South Carolina are much
yaster than the states north of Bew
JErSRY.

For a variety of reasons (E.g..
slogwer deconposition rotes, freezing of
marsh surfaces during the winter, and
differences in  veyetation), most few
England coastal marshes tend to have more
peat than southern cpastal marshes [Frey
and Basan 1978). Southern marshes, on the
ather hand, have sediments with a higher
glay and siit content.

In spite of these regional diffaer-
ences in geology and sediments, the recent
geplogical history of east coast tidal
freshwater marshes is similar., Virtually
a1l contemparary marshes are wery recant
in origin (Holocene), They 1le in river
valleys which were cut during Fleistocene
periods of lowersd sea level. As sed
lave]l rose during the post-Wisconsin peri-
od of the Holocens (5,000 to 15,000 Before
Present [BP]), both tidal Freskwater and
astuarine marshes expanded rapidly as the
lower stretches of drowned river systems
were inundated (Eilfson and Nichols 1976).
here 5 excellent evidence (Froomer
1980a, 1980b) which suggests that coastal
marsh expansion has continued at a rela-
tively repid rate to the present. In
fact, Froomer (1980b) concluded that the
rate of coastal marsh building in the
mid-Atlantic regfon has been accelerated
gvar the past three centuries due to
fncreased soil  runoff associated with
man‘s activities. He reported an average
vertical growth in marsh sediments of 27.4
crfcentury for estuarine and tidal fresh-
water parshes in the morthern portion of
Chesspeake Bay. Becauss of these high
rates of deposition, many tida]l freshwater
marshes have started and have grown to
considerable extent im only the last few
centuries.

The recent geological history of
tidal freshwater marshes can be denonstra-
ted by exanining a vertical profile taken
from corings through & contemporary marsh.
A typical sequence through a mid-Atiantic

marsh could show (1) & hard bottom con-
sisting of & Pleistocene erosion surface
lbedrock) cut during a glacial poriod of
lowered sea lavel; (2] wvarying layers of
river, astuarine, and marsh sediments; and
{3 a cap of recent tidal freshwater marsh
csediments warying in thickness from lass
than 1 m (3 f£) to more than 10 m (30 ft).
Of course, very young marshes might be
underlain by layers of sand or clay and
have only a thin Tayer of marsh sediments
an the top.

Even though contemporary tidal fresh-
water marshes are generally less than
15,000 years of age and most are much
younger, this does mot mean that this type
of wetland did not sxist in earlier geo-
logical periods. Certainly, durimg Pleis-
tocene periods of reduced sea level, all
typee of coastal marshes were relatively
reduced in extent. There is ample evi-
dence from coal deposits, however, which
showe that early equivalents of our
present-day tidal  freshwater marshes
oxfsted hundreds of nillions of years ago.

1.6 MARSH DEVELOPMENTAL STAGE

In the same way that all wetlands
pass through wvarious stages of develop-
ment, tidal freshwater narshes havae cer-
tain  geomorphological gnd  ecalogical
characteristics which tend to reflect
their geological age. Frey and Basan
{1978) have classified coastal estuarine
marehes into three categories: (1) young
marehes which are largely low ar inter-
tidal marsh, {2) mature marshes which are
a mixture of low and high marsh, and (3)
ald marshes which are largely high marsh.

We Feel that this classification sys-
tem, while sooewhat simplistiec, is squally
useful in  studyd tidal frashwater
marshes. Young tidal freshwater marshes,
of a few hundred years of age or less, are
typically low-1ying, largely fintertidal,
and dominated by vegetation of the low
marsh (spatterdock, arrow-arum, and wild
rice}. 4 marshes are generally all high
marsh [except along creek banks and around
depressions), nay mt be flooded at all by
neap tides, and are doninated by high
marsh vegetation (e.g., cattafls, marsh
mallow, and fTris). Mature marshes are



intermediate in appearance and have a mix-
ture of Tos and high sarsh plants and geo-
morphology.

0f course, the spparent age of a
specific marsh 15 influenced by more than
fts time of existence. Factors such as
local physiography, latitude, rates of
Tocal subsidence, rates of Tocal sea level
change , degree of wave and current action,
suspended  sediment Toadings, wegetation
type, alterations by man (e.g., conversion
to rice fialds in South Carolina), and
1ocal rates of net primary production all
influence the stage or age of the marsh.
Taking these Factors Tnto consideration
and remanbering that apparent chronologi-
cal age may be misleading, it s stild
convenient to use . the concept of young,
mature, and old in describing the visual
state of a spacific marsh,

1.7 SUHSTRATES

Sediments  undaviying most tidal
freshwater marshes are tyofcally dark-
colored and sticky with a high content of
silt and clay. Usually, the marshes are
located in the section of the estuary with
the fhighest rates of sediwentation
{Nichols 1372). This accreting material,
largely clays and $ilts, combines with
large quantities of organic detritus to
form a dark, mcky soil. From the ¥iew-
point of the U.5. Fisn and Wildlife
Service (Cowardin et al. 1979), the low
marsh can generally be ragarded as having
a winerzl 5011 [less than 50% organic mat-
ter) and the high marsh a wmixture of
mineral sails and organic soils {greater
than 50% organic matier], depending on the
location within the marsh.

Peat may be present fn the Typha-
dominated high marsh in  northern  Hew
England marshes and in the glant cutgrass
marshes of the Southeast. However, it is
not as commom as in salt marshes., Bacause
tidal freshwater marsh sedimeats have a
jower biomass of plant roots and peat
(particularly in the low marsh}, they are
pore erndable than estuarine marsh sedi-
ments (Garofalo 1980). Areas covered Wwith
drrow=arum and spatierdock appear to be
particularly vulnerable to winter erosion.
Because of their erodible banks, tidal
fresmwater creeks tend to hive Towar

weander amplitudes (sinuosity) than salt
marsh creegks (see Chaptar 10).

Generally, tidal freshwater marsh

sedfsents have & high organic content
which may vary considerably with depth and
locations. MWhigham and Sispson (1975
found that the marsh soils along the tida
freshwater portion of the Delaware River
varfed from 14% to 40% organic matier on a
gry weight basis. Organic contenlt was
lower in  the arrow-arum=dominated low
marsh (14% to 30%] compared to the sweet
flag-cattall-dominated high marsh {30% to
40‘5?. ¥olatile solids (a parameter relat-
ed to organic content) from a James River
marsh ranged from 100 to 208 (Lunz 1978).
In other Wirginfa tidal freshwater marsh-
e5, we haye found a range in soil organic
matter from 20F to 50%. The highest val-
ites were found in the high marsh (Hoover
1963). fowden (1982) reported that tha
50i1s of the MNorth River marsh iIn
Hassachusetts had from 308 to 75% organic
mattor: this difference From more souther-
1y marshes may reflect efther a dominance
by different plant species or 3 slower
annual rate of decomposition.

Water content temds to parallel or-
ganic content. For example, the James
River marsh soils typically contain 50%
water ([Lunz 1978}, 0On the other hand,
water may compose as much as EBY of ths
fresh weight of Korth River mirsh soils
(Bowden 1982).

The corbination of ample organic mat-
tar and fron along with at Teast some sul-
fur produces sediments which are usGally
anzerohic just below the surface. The
degree of reducing conditions in Eidal
freskwatar darsh sediments is difficult to
determine. Since the reaction pairs for
the pxidatign-reduction resctions zre not
@5 obvious as the sulfur reduction reac-
Eions §n salt marshes, classical redox
(Eh) estinatas have 1ittle obvious meaning
for tidal freshwatar sediments. The scant
syidence which s available from nur own
resgarch (presence of methansgens, nega-
tive Eh readings) has led us to conclude
that tidal freshwater marsh sadiments are
moderately to strongly reducing.

Typical pH walues for tidal Ffresh-
water sedimentz range from 6.0 t0 6.5
(Schwartz 1976, Lunz et al. 1978]. Wetzel



and Powers (1978) measured the cation ex=
change capacity of sediwments from a James
River marsh and found values ranging From
39.6 to 67.3 meg x 100 g dry weight. This
iz & relatively high wvalue cospared to
coastal plain and pledmont =ails. but typ-
fcal for highly organic, high clay wetland
sediments (personal observation). These
high values of cation exchange Capacity
also indicate & young, =1ightly weathared
sediment with high nutrient availability.

B range of sediment nutrient concen-
trations is shown in Tabla 2. It should
be noted that these Timited data come from
palluted sites. It s possible that un-
palluted sediments =ight have lower nutri-
ent concentrations.

As fin other wetland sediments, ammo-
nium is the most abundant form of inorgan-
fc nitrogen (Table 2}. MWitrate and ni-
trite usually do not accumilate in ansero-
bic s6ils. This is because altrification
proceeds slowly while denitrification pro-
ceeds rapidly. Sowden [1982), who worked
in the tidal freshwster marshe:s of the
Worth River, Massachusetts, found that the
anoynt of apmonium that fs free in the

Table 2.
tidal freshwater marshes,

the sofls and
ng = not available, + = one standard deviation.

Concentrations of chemicals fin

interstitial water i3 often less thar the
apoynt of ammonium adsorbed loosely onto
sediment particles. Consequently, the
ponl of available ammonfum is probably
mach greater than the pool of free ammoni-
um. Bowden also presents evidence that
the amount of ammonium in tidal freshwater
marsh sediments may be highest in midsum=
mer and Towsst in late spring, coincident
with heavy demands for nfbtrogen from new
yegetation. He found the highest concen-
tratfons near the surface (3.7 mg/l).
Lower concentrations were found at 20-cm
{B=inch) depth (0.9 mg/1), and an increase
(2.0 mg/1) was found at 60-cm {28-inch)
gepth,

In summary, from limited nformation
it appears that the sediments of tidal
freshwater marshes typically have (1) a
high arganic content. (2) & pH in the &.0
to 6.5 range, (3) moderate to Strong
reducing conditions; (4) & high cation
exchange capacity, énd (5) Interstitial
nutrient concentrations which are high fnm
ganonium and low in nitrate and nitrite,
Sediment and water nutrients are discussed
further in Ssction 3.3.

interstitial water of three

Sai Interstitial watarp
Location and Tokal N Tatal P HYy? ND + HO  Total dissolved P

reference (% dry wt.) (% dry wt.) ta/1) {a/1) la/1}
Herring Creek Marsh,
James Hiver, Va. {Lunz 1.5:0.8 0.70.4 160041200 100250 180+100
et al,. 1978)
Borth River Marsh,
Mass. (Gowden L982) 1.6:1.9 0.1-0.3 a00- 3700 0-170 na
Hamilton and Woodbury
Creak marshes. Delaware 0.5-1.0 0.04-0.7 na i na
River (Simpson et al.
1981)
Ha=ilton marshas,
lelaware Rivar 1.03=1.68 0.17=0.35 na T ni

{Whigham et al. 1980)




1.2 HYDROLOGY ARD WATER (UALITY

The hydrology of tidal freshwater
irarshes ard associated streams and rivers
15 poorly studied. Presumably, this envi-
ranmant 1s more strongly influenced by the
effects of inflowing riverine Freshwater
than the lower part of the estuary which,
in most cases, is sirongly influenced by
oceanic tides. We have observed that
changes in wind direction and wvelocity
appear to have a greater effect on the
daily tides at tidal Freshwater s{tms than
further down the estuary.

Cartainly, more informatfon is needed
on the relative effects on tidal fresh-
water environments of upstream floods,
droughts, ocean=induced tides, and wind.
Perfiaps mgst important of all, we nesd to
kriow Bhe &xtent to which the tidal fresh-
water marsh rome s able to absark and
buffer inputs of floodwater from upstream,

Water gquality data from a variety of

Table 3.

tidal freshwater sites are shown in Table
i, Unfortumately, all but one of these
locations are highly eutrophic. The one
exception, the Ware Creek marshes on the
fork River din Virginia, 15 a relatively
pristine site, hut has salinities slightly
higher {annual average = 7 ppt) than a
typical tidal freshwater marsh, However,
the Wire Creek data have been included
since the vegetatfon in these marshes con-
tafins many freshwater species.

Comparison of the nitrogen and phos-
phorpus data fn Table 3 with the criteria
presented by Wetzel (1975) suggests that
these tidal freshwater <ites range From
autrophic [Ware Creek) to hypereutrophic
(the remaining sites). Certainly, there
are more than adequate nutrient levels to
support  high phytoplamkton production.
The geperally high chiorophy1l concenfra-
tions {Table 3) give further proof of a
eutrophic emvironment. 'Wmpublished data
(T. Wolover, University of South Carnlina,
Georgetown, pers, comm,) confirm that even

Weter quality parameters from a variety of tidal freshwater locations arranged

in approximate order of increéasing sutrophication. DOC = total dissolved organic carbon,

POC = total particulate organic carbon, TEN = total Kiehldahl nitrogen.
D0 = dissolved oxygen,

ticulate and disenlved phosphorous.

TP = tota]l par-
na = nogt available. Where

two values are given, one above the other, the upper value = summer, the lower value {in

parentheses) = winter.
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unpolluted tidal Freshwatar sites have
high levels of dissolved nitrogen and
phosphorous compounds during much of the
year.

Since disselved nutrient levels are
nore than adequate to support high phyto=-
olankton production, the factor 1imiting
production fs probably water clarity. In
Fact, most tidal freshwater regions are
considerably more turbid than nearhy up-
stresm freshwater areas (authors’ parsonal
observations). This relatively great tur-
bidity can be largely attributad to high
suspended sedinent loads and high phyto=-
plankton standing crops. — Adams (1978)
reported  suspended solid values of
96-27 mg/1 for water flushing the Herring
Cresk Marsh on the James River. Elllson
and Nichols (1978) give a range of 5.7 to
93,0 mg/1 for suspended sediment fin
Virgimia tidal freshwater reqions. They
also reported typical Secchi disc readings
of 0.2 to L2 m (0.7 to 3.9 Tt).

Examination of Table 3 also shows

12

relatively high copcentrations of dis-—
solved and particulate organic carbon.
The conbined effects of high syspended
sediment lsads, high organic content sedi=-
ments, high nutrient levels, and high phy-
toplankton production can cause Tow dis-
solved oxygen values in the summer (Table
3). fur observations suggest that 1t s
not umusual to have dissolved oxygen {oo})
values below 2 ppm fn pristine stratches
af small tidal freshwater cresks during
the early morning hours of summer nanths.
Even lower concentrations cam ociur in
Tocations n wnich pollutants add further
kiplogical oxygen demand (80D} lopadings
{e.g., Tinicum Marsh near Philadelphia,
Grant and Patrick 1970). This suggests
that conditions may be limiting for many
fishes in tidal freshwater marshes at
timaes during tha sSummer.

The 1imited data summarized above ‘n-
dicate that nid=Atlantic tidal freshwaters
are generally (1} eutrophic or hypereutro-
phic, (2) contain high levels of suspended
sediments, and (3) may have depressed oxy-
gen concentrations during tha summer.




CHAPTER 2. COMMUNITY COMPONENTS: PLANTS

2.1 INTROOUCT JON

The physical chardcteristics which
distinguish tidal Freshwater wetlands (see
Section 1.1) exert considerabie influence
on plant community development. Nearl y
all of these wetlands ave riverine. The
tack of stressful salinity levels facili-
tates utilization of this habitat by many
more plant species than are found in
coastal or inland brackish marshes, Such
high disersity produces a complex and
seasonal ly variahle miature of Tife forms.
Unlike pontidal piparfan wetlapds where
marsh wvegetation iz confised to & narrow
bamd paralleling channels. regular inunda-
tion in tidal freshwater regions serves to
laterally extand thabitat boundaries.
Plant commnities visibly stratify across
this broadened niche space, although dis-
tinct zomation is not readily apparent.

fo kmown plant species appears exclu-
sively in the tidal freshwater habitat.
Most aarshes are dominated by a combina-
Lion of annuals ard perennials, the major-
ity of which are common to freshwater wet-
lands over mich of North fmerics {Fassett
1957, Cowardin et al. 1979:; S{lberharn
1582). Latitudina)l differences in ¢l {imate
as well as local varfation in physiography
and gealogy produce distinct heterogenaity
within tidal freshwater marshes. Marshes
in respective regions of the Atlantic
coast differ markedly in plant species
composition, relative diversity, and com-
munity structurs 3z 2 result of this vari-
ation, Although tidal freshwater marshes
share much fn common with other wetlapnds
as & whole, anly & Vlimited amount of
availahle information pertains specifical-
ly ta the flore &nd ecology of this
hﬂuTtl’ti

The discussion which Follows will
focus wpon those plant specles which most
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comnonly occur in tidal freshwater mirsh-
es. Emphasis will be placed on descrip-
tions of community structure and those
phystcal and ecological processas {nflu-
encing plant desography and succession.
Habitat wariability on a regional basis
will be discussed, although in most in-
stances: the tidal marshes of the mid-
Atlantic States will serve as 3 general
mdal. Plant species are addressed by
Ccoemon names i the text; scientific names
are Tisted 1n Appendiz A,

2.2 GENERAL SPECIES/HASTTAT NESCRIPTIONS

The btulk of tidal freshwater marsh
flora consists of [1) broad-leaved emer-
gent perennial macrophytes [spatterdock
arrow=arum, pickerelwesd, arrowheads), [Ei
mrerbaceous annuals  (smartweeds, tear-
thumbs, burmarigolds, jewelweed, giant
ragwesd, water-hemp, water-dock), (3] an-
nial and perennial sedges, rushes and
?rasses (bulrushes, spike-rushes, umbrel-
a-5edges, rice cutgrass, wild rica, giant
cutgrass), {4) grassiike plants or shrub-
farm herbs {sweatflag, cattail, rose-
malTow, water parsnipl, and (5] a handful
of "?‘frﬂphrtil: shrubs  [button bush, wax-
myrtle, swamp rose} (Whigham et al. 1976
Tiner 1977: McCommick and Somes 19A2:
Metzler and Rosza 19823 Silberharn 1982).

Reqfonal wariations in species com-
position and diversity persist, but have
never  been  described  comparatively.
Marshes of the mid-Atlantic and Georgia
Bight regions can contain as many a: 50 to
Gl species at a single locakion, and aras
comprised of & mumber of codominant taxa
(Odum 1978; Sandifer et al. 1980). Afidng
the more conspicuous species ocourving in
ooth reqlons are arrow-arun, plckerslvesd,
Wild rice, and cattails. However, there
are notable differences between the Eidal



freshwater marshes of these respective
regions. Briefly, l.r:gﬂtatiun communities
in South Carolina and Georgia are of ten
gither 4 nearly monospecific stand of
giant cutgrass or a mixed community domi-
nated by one pr more of the aforementigsned
species  plus  sawgriss, alligatorwesd,
plumegrass, giant cordgrass or soft-stem
bulrush. In Wirginia, Maryland, and New
Jersey, giant cutgrass becomes less prava-
Tent, and plants such a5 spatterdock,
various smariweeds and tearthumbs, sweet-
flay, rice cutgrass; anpd bormarigolds
become more prolific.

The wegetation conminitizs in Mew
England tidal marshes generally harbor
fewer species with pevennial sedges and
grasses beooming more conspicuous consbit-

gents. Important compoments of these
northern marshes include reed bentgrass,
various rushes and sedges, oarrovhesds,
cattails and spiked loosestrife (Kiviat
197825 Bowden 1982; Hetrler and Rosra
1582).

Tidal freshwater swamps prevail along
many tidal rivers from Virginia south, and
are often closely associated with tidal
freshwater  marsh. Occurring  primarily
landward of the marsh, thessa forested
areas are dominated by teees such 2s bald
cypress, red maple, black gum, -and tupelo
gun (SiTberharn 1382). In addition, tidal
swamps bypically harbor an understory of
anergent herbs amd shrubs, many of which
pecur Tn the marsh. Some of these species
include arrow-arum, jewelweed, royal fern,
Tizard's tail, MAsiatic spiderwort, wax-
myrtle, and aldsr,

In areas where salinities periodical=-
ly extend into oligohaline ranges (0.5 to
5 parts per thousand [pptl), species such
ay big cordgrass, common threesquare,
narrow=leaved cattail, various smartweeds,
arrow=arum, wild rice, marsh mallow, and
witer-neop become the most prevalent com=
munity components (Phillip and Brown 1965;
Sandifer et 41. 19805 Fearren et al, 71981;
Silbarhorn 1932) .

& survey of the Titerature on vascu=
Tor plart populations fn tidal Freshwater
inarshes indicates an inherant varfability
in the composition apd spatfal distribu-
tion of plant communities. However, sev-
aral dozen specles occur consistently at
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many locatjons on the Atlantic Coastal
Plain, A 13¢ting of comson tidal fresh-
witer wetland species plus their genaral
characteristics amd hahkitat oreferonces
are given in Table 4. A more extensive
listing of coomon and rere species apoears
in Appendix A,

2.3 [OMMUNITY STRUCTURE

Species Composition

Flant communities can be classified
by a numbar of characteristics including
growth form dominance, species dominance,
and species composition., Generally these
characteristics define arbitrary bounda-
ries between community types, but never-
theless are useful fn describing vegeta-
tion patterns {Whittaker 1975). Although
tidal Freshwater marsh flora {5 not par-
ticulariy well-suited to zuch & classifi-
cation scheme due to 15 wnusially high
diversity, many attempts have been made to
describe marshes in this manner (McCormick
19703 McCormick and Ashhaugh 19723 Whigham

and Simpson 1975; Shima et al. 19767
Doumlele and STlberhorn 19783 McCormick
and Somes  1942), in most JInstances,

spacies dominance has been used as a pri-
mary means of classiffcation, wsually
because vegetation units represented by
nearly oure stands of a species are easily
mapped. (ur synthesis of this information
has resulted 1Tn the claszificatian of
eight major Tlorisiic assaclations occur-
ring in tidal Ffreshwater wetlands Ffrom
Massachusetts to northern Florida, Each
of these associations, or community types,
presumably results from reponse to a
gpecific st of environmntal conditions or
seasonal changes (see Sections 2.4 and
2.5) and can be descrited as follows:

1) Spatterdock Cosmunity type - Spatter-
dock can be found in distincEly pure
stands (Figure 5}, espacially dn late
spring, in areas of the marsh adjacent to
ppen water. Lenerally these areas are
below the level of mean Tow weter; thers-
fore, during high tide, spatterdock stamis
dare submerged rather deeply. Each period
of inundation can be extansive, GSprouting
from thick wnderground rhizomes, this
species forms dense clonal colonies often
covering submerged moint hars on tidal
creak meanders. As the growing season
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progresses, some plants w111 be overtopoed
by other species commonly {nhabiting the
Tow intertidal zone such @s arrow-arum,
pickerelwaad, and wild rice,

2] Arrow=arum/Pickerelweed Cewrmmmi i 1y
Type = Arrow-arum 15 an sxtremaly cosmo-
politen sSpecies growing throughout the
intertidal zone of many marshes, This
species forms its purest stands 9m the low
intertidal partions of the marsh §n spring
or garly summar, Pickerelweed, a conmon
associate; 15 equally as likely to dopi=
nate or codominate this Tower marsh zone
{Flgure 6}, although fits distribution is
waually more clumped than arrow-arum.
doth species tolerate Tong pertods of qin-
undation. Other species associated with
this commuinity type, especially in more
elevated sections of the marsh, {include
burmarigolds apd wild rice, and less fre-
quently, Aarrowhead, sweetflag, and smart-
weeds .,

31 Wild Rice Community Type - Wild rice is
conspicuous and wWidly distributed through=
out the Atlantic Coastal ?laim. This an-
nual grass can completely dominate a given
marsh, producing plants  which attals
heights in excess of 4 m {13 Fft} in August
and Saptember (Figure 7)., Wild rice is
not noticable unt!l midsummer when 4t
begitns to averton a discontinuous canopy
general 1y Compasad of B FrOW=a Fim,
pickera lwesd, spatterdock, arrowhead ,
smartweed, and burmarigolids.

4) Cattail Commnity Type - Cattails are
anong  the most ubiquitous of wetland
plants and are principal components of
many tidal freshwater marshes. The cat-
tail community type (Figure BR), which
includes several species of Typha in the
mid-Atlantic region, 15 mostly confined to
the upper dntertidal zone of the marsh,
Cattafls arve wswally found with one or
more common associates---arrpw-arem, rose-
mallow, wmartweeds, jewelweed, and arrow-
head=-==hiut wWill also form dense monospe-
cific stands. Cattall comunities are
alsa prevalent in disturbed arpas, where
they often are associated with common
read.

] Giant Cutgrass Commundity Type - Giant
cutgrass, also kpown a5 southern wild
rice, 15 an aggressive perennial confined
predoainantly to wetlands south of ¥irgin=

-

Floare: 5. Spatterdock commuiaity type. ia and Maryland. This species dominated
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many of the tidal freshwater marshes of
this reglon, often conpeting  With other
plants Eto their ezclusion. Hhen not in
pure stands, this grass assocfates with a
viriety of other emergent macrophytes in-
cluding sawgrass, catkails, wild rice, 4l-

ligatar wEErl witer parsnip, and Arrow=
grim [Figure 9.

G} Mixed Aguatic Commnity Type = The
mixed @sguatic community consists of an
extremely variable conglomeratfon of

freshwater marsh wegetation [Figure 10},
Genarally occurring in the upper inter-
tidal zoneé of the marsh, & is composed of
a mumber of codomimant species which form
an fntricate mosaic opver the marsh sur-
Face. Important 4pecies Gnclude arrow-
arum, rose-mallow, sartwesds, water-hemg,
burmarigoles, sweetflag, cattails, rice
cutgrass, loosestrife,. arrowhead, and jew-
glweed. Cerfain components of the mixed
aquatic type dominate on a seasomal basis.

7] Blg Cormdgrass Community Type = Blg
cordgrass is often seen growing in nearly
pure  stands in narrow bands alang tidal
crosks dnd sloughs, or on levee povtions
of oligohaline marshes (Figure 11).
Arrow-arum and pickerelwesd are associated
with biy cordgrass in these locales, but
when stands extand further up onto the

marshs Th1s species wWill Intermix wWith
cakttails, commn resd, rice cutgrass, and
wild rice.

A} Hald Cypress/Black Gum Community Tyne =
The bald cypress/Black gum type [Figura
12) generally represents an scotonal com-
munity forming the boundary between the
marsh 1tself and wooded swamp or upland
forest. Situated in the mo=t Tandward
portions of the tidal freshwatar marsh at
approximately the level of mean high
wakar, this community consists of a mix-
ture of herbs, shrubs, and trees. Other
averstory species include tupelo gum, rod
miple, and ash, a5 well as shrubs such as
wai=myrLia and buttonbush. Uadarstory
species Include typical marsh plants, al=
though their diversity amd denssity s
reduced bacause of shading.

Zanation
The presance of reaccurring groups of

spacies which form recognizable patterns
in mary wetland habitats has encouraged



Figure 9. Giant cutgrass community type,
Fhotograph by Charles Hopkinson.
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the description of plant species distribu-
tions in termns of zZonet. lonation in
tidal freshwater marshes 15 Tess distinct
than in many other ajuatic or welland
enviroments. This Is partiailly a fune-
tion of the complexity of the major tidal
freshwater commaunity types. A numbar of
species comsistently fTorm pure or mixed
stands which do not necessarily occur in
regular patterns from maersh to marsh
(Whigham et al. 1976, (dum 1978). In soma
instances, individual species or groups of
species have 1ittle or no organizational
pattern, appearing to be distributed in a2
randon fashion over the marsh surface.

The existence of zromation 15 support-
ed by some studfes. In Virginia tidal
narshes on the Chickahominy ®River, Cat-
tails #nd rose-mallow regularly appear In
the landward half to one=third of the
narsh profile. Precise surveying of =ome
af these areac indicates that this natural
vagetation boundary coincides with a 20 to
M em (8 to 17 inch) rise in the marsh
surface (Hoover 1981), Parker and Leck
(1979) described two major zones in & New
Jersey marsh dominated by annials. The
1ow marsh zone contained water smartweed,
clearweed, and water-hemp, 8nd th= high
march zone eontained  tearthumb, bup-
marignid, and jewelweed. Seedling trans-
plant studies indicated that high marsh
species could not tolerate prolonged peri-
pds of fnundation in the lTow marsh Zong,
Concurrentiy, conpetitive Interactions
seemingly contributed to the exclusion of
the Tlow marsh dominates from the high
marsh zong.

Winighan (Chesapeske Bay C[enter for
Environmental Studies, Edgewater,
Maryland, pers. comm.) notes that a varl-
ety of annual species tend to congregate
in the upper intertidal reaches of mid-
Atfantic coast marshes. He postulates
that the ability of many of these species
to produce adventitious roots above the
marsh substrate may be a mechanisn allow-
ing greater species packing. As such,
plants with this adaptation (e.9., bur-
marigold) can avoid anaerobic substrate
conditions yet exploft a Jow, humid, and
densely shaded layer Just above the marsh
surface.

In 4 freshwater marsh kabitat nflu-
enced by artificial water lewel fluctua-
tinns on the Connecticut River, van Raalte
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(1982) found that plants grew in distinct
zones. Pickerelweed dominated the low
thtertidal zone Followed by oore Tandward
sands of arrowhead and rice cutgrass.
Transplant experiments Tndicated that ele-
vatfon, interspecific competition, and

24

|
| )
'y '\
du-1t Ca WS W
"'._ 5 o - Tl I
1 - i i
l'\ | 5 q-\'-q*#‘-:a"l
i1 % § b,
|

L o Y
\ Y N L_T ]

el
'1,-:.-'

N ! Burmarigold |

Mixed aquatic community.

sbvious

herbivory all esntributed to this

Zondtion patiern, Cahoon (1982} dis=
covered that the biomass allocation pats

tern of individual rose-mallow plants was
tnfiuenced by salinity, water depth, and
tail temperature. The existence of wvari-



Figure 12, FRald cyoress/black gum conmu-
Figure 11. Big cordgrass community Cype. nity typa.

24



aole physlogninfes Tn this species might
be considered onalogous to  the helght
furms of smooth cordyrass which delipeate
zones 10 salt marghes,

Wnere Zzopatfon, as an organizational
axpression of species distributions, actu-
ally exists in the tidal freshwater marsh
rabitat, it s probably controlled by a
combination of physical variables and eco-
lugical processes,. Preliminary =vidence
suggests that there may be a certain de-
grea of consistency in the zonation found
in tidal frestwater marshes, However, the
extent of this patterning with respect to
variods commnity types, as well as its
ragularity from location to Tocation, s
LM ETwW 5

Tha Margn Profile

fucept for the mest ocbyious community
types, 1t i3 diffigult to place a given

species within a general structural frame-
work for tidal freshwater wetiands. As a
first aoproximation to cosmunity structure
within this habitat, most of the commoniy
pEcurring vegetation Falls into ang of the
following categories: (1} submarged or
floating=leaved plants, (2) emergent
plants with basal leaves and/or leafless
stems, (3] emergent or damp sail herbs
with stems bearing alternate or opposite
leaves, (4) grazslike or rushlike planmts,
and (5) broad-leaved shrubs and trees
{Mage= 1981]. By recognizing the aporox-
imate modal distributfons of comnon plant
species or  community-tyoe indicatar
species within these structural subgroups,
i typical marsh profile can he visualized
and described.

The narsh profile depicted in Figure
13 is most characteristic of wmid-Atlanmtic
tidal marshes. Beds of submerged, rooted
aquatic plants (see Section 2.6) make up

| i I
SM.DD'F'HEES-BL#THE‘.M | i —
I I I
I | :
| ——
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| |
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] |
1 | 1
1 SPATTEROCCK s | :
i T
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1 i :
_ | : | WOODED SWAMP
CPEN WATER i LOW MARSH i HIGH MARSH j| FORESTED LIPLAKD
I | :
Figure 13, Characteristic profile of mid-Atlantic tidal freshwater marsh.
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an invisible, suspended mat of vegetation
at the €ant of the marsh whers inundation
it econstank, Merging with thiz subtidal
Taver and pxtending variable distances up
onto the muck surface of the marsh are a
host of fleshy=leaved; emergent macro-
phytes: spatterdock, arrow-arum, pickerel-
weed, and arrowhead. These species, plus
wild rice, big cordgrass, and numerous
sedges and rushes, comprise the bulk of
low marsh vegetation. The transition from
low toa high marsh is generally marked by
an Increase in species number, presumahly
due to reduced periods of imundation. The
predominant components of the high marsh
zone fnclude Tow swards of tangled grass
{rice cutgrass), erect or sprawl ino herba-
ceous thickets (burmarigald, tearthumb,
jewelwond, smartweed), tall grasses or
grasslike plants (giant cuotgrass, wild
rice, cattail, sweetflag), and shrub] tke
thickets (rose-mallow, swamp rose, l00se-
strife). The most landward extent of the
marsh usually coincides with the mean high
water mark and 1s Indicated *:-tr'm:’c.ur:n'lﬁI
by a dense wall of shrubber [wa:-l:-ﬂ;]r'r'ﬂn.;
and assocfated overstory (bald cypress,

Yariatians on this schame are numer-
pus, and are often associated with the
physingraphic characteristics of the marsh
profila. One physiographic feature con-
sfstently found in the tidal freshwater
habitat 1s an elevated levea forming the
crest of the channel bank., This feature
creates @ niche for facultative hydro-
phytes or less water-tolerant species
within the low marsh zome. Plant spacies
commonly taking advantage of the levee-
niche in Virginia are water-hemp, common
threesquare, squarestem spike-rush, rose-
mallow, giant ragweed, and other high
marsh herbs. Similarly, subsidence areas
within the high marsh rene can create a
niche for obligate hydrophytes, This
phonomencon can usoally be attributed to
genlogic saturation of riverine and estu-
arine wetlands (see Section 1.6).

Metzler and Mosza [1982) describa a
marsh profile for northeastern Atlamtic
coast tidal freshwater wetlands. For com=
parisen, 1t is presented in Figure 14.
The definition and extent of zonas is
quite similar to that described for mid-

black gum, red maple) and understory |Jjew- Atlantic wmarshes, although there are
elwead, Asfatic spiderwort] species. significant differences in species compo-
sition.
i | |
| i i
M | ! i -r"/f.
ARLEAAS —— —+ 1 _-_-_——-_

i Tt il e .
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ZONE DESCRIPTION SPECIESCHARACTERISTICS
I3 SUETEOAL PFOKDWEEDS, WATEAWEED, HORKWORT
LOWER IMTERTIDAL ARROWHEADS., SEEOBOL, BULRUSHES
G BID-TIDAL MARSH BULBUESHES WATER HEMP, WATEH PAASMIP,
BOADER SHEELEWEED, BMOOT BURMARIGOLD, wiLO
RICE, MCKERELWEED, afRDWMHEADS
o HIGH MARSH SWEETFLAG, CATTAIL, SWAMF ROSE, AEED
BENTGRASE
E UPFLAMD RED MARLE WATER WILLOW, ARRCWW-NO0D
Figare 14, Northeastern marsh profile. Modified from Metzler and Rosza [1982),



2.4 FACTORS CONTROLLISG PLANT DENOGRAPHY

The distribution of plant species
populations 1n any matural situation re-
flects the response of individual species
to specific environmental parameters. In
wetland habitats these parameters are
espacially varied, primarily due to the
influence of water on habitat gradients,
fiologically-mediated interactions hetween
plant species furthar complicate the per-
ception of physical agradients. Much of
the information concerning the causes For
observed spatial distributions of vascular
flora in these marshes 15 anecdotal, al-
though encugh exists to warrant a gensral
discussion.

Inundation

Thera sgens to be @ general consensus
amang researchers investigating plant de-
mography in the tidal freshwater habltat
that the frequency and durakion of flosd-
ing 5 the primary factor governing spe-
cles distributfans (Kiviat 1378a; Doumlele
and Silberhorn 1978; Ferren et al. 1981;
mctommick and Somes 1932), Despite the
fact that the wvast majority of plants
pccurring in these marshes muast axperi-
ence flooding on a daily basis, species
vary greatly in thair ability to withstand
inundation. For some species, extensive
flooding seems to he a physiological ra-
quirement for subsistence, wherpas for
others, it can be & detriment to normal
growth and development. Sculthorpe (1967)
notes that nuuerous terrestrial plants are
able to survive long periods elther com-
pletaly or partially submerged., It s
conceivahle that facultative hydrophytes
have evolved n arder to avoid competition
or to exploit open niches in habitats such
as these,

In the progréssiom from open water
channels to the sarsh-upland boundary, the
Epecies composition of wascular  flora
changes noticeably, even over almost m-
perceptable wvarfation in marsh surface
elevations (Hoover 1983}, It 45 known
that common and narrow-leaved cattails
will seqregate along 2 gradient of water
depth  In nontidal habtitats, the latter
species found in deeper water {Grace and
Wetzel 1981), Comman reed and wild rice
also respond to varying inundation, each
species producing fewer and <omewhat

stuntad progeny in deep-water experimental
plots (Yamisaki and Tange 1981). Mary
other researchers working in salt marzh,
mangrave swamp, and fFreshwater Take enyi-
romments have concluded that fdmundation
effectively contributes te segreqation of
plant species populations along an alevi-
tional gradient [Mandossian and McIntosch
1960; Adams 1963; Sculthorpe 1987: Kerwin
and Pedigo 1971; Odum 1971). &As yet, this
phenomenon has not been quantitatively
detarmined for tidal freshwater marshes.
However, evidence from nther wetland sity-
ations suggests that tidal Freshwater
plant comunities segregate along fnunda-
tion gradients as well.

Substrate

The s0il im tidal freshwater marshes
can be described as a waterlogged organic
mick with varying amounts of sand, sflit,
and clay (see Section 1.7). Diffarences
in -soil stability., sofl moisture reten-
tion, and s01] nutrient availability are
a1l related to the physical characteris-
tics of a4 given substrate and may influ-
ence spacies distributions directly, The
spatial hetsrogeneity of substrate charac-

terfstics is not sufficient to explain
dlstributions or species perfarmance
(Whigham and Simpson 1575; MWetzel and

Powers 1978). Wetzel and Powers (1978)
concluded that substrate characteristics
affect plant demography only in Tocalized
zones within the marsh, and then, these
subtle differences are Targaly ohscured hy
major enyironmental gradients actfng to
produce species distributions (e.g., ele-
vation and tidal Jnundation). In our
opinion, this is an area which needs
considerably more research.

Surrent Flow

Low-gradient river courses of the
Atlantic Coastal Plain tend to flow rather
sluggishly except during extreme starm or
flood avents. Aside from channel dis-
charge, however, tha dafly ebb and flood
of tidal water onto and off the marsh sur-
face can produce significant current
velocities., Much of this water becomes
channeiized into dendritically-shaped
creeks within the marsh. Thesa creeks
deliver ground water from high marsh to
low aarsh to channel long after the tide
has ebbad (Hoover 1983). Concentratad



water movement may (1) impair
of somds, seedlings,
jrow and develop and (2) may confine the
dispersion of particular seeds to portions
of the marsh with 11ttle or no water Tlow,

the ability
gr adult plants to

several studies provide evidence to
support these ideas. Whigham et al.
(1979} noted that armow-arum seed]ings,
Which develop uniformly throughout most
cections of the marsh, were absent firom
streambank areas. dAigher rales of water
sovenent along the streambank apparently
prevented seeds from establishing then-
selves, since seeds collected from these
same areas were found to be physiological-
1y capabie of germination. In contrast,
pickerelwesd is known 10 prefer streasbank
locations, taking advantage of greater
sai] surface temperatures on Che gxposed
gud as well as reduced competitive pres-
sures in this area {Garbisch and Coleean
1974) .

Lalinity

The variahility and complexity of
wetland plant communities increases with
decreasing salinity. Anderson et al.
(1968), studying a ab.mile stretch of the
Fatuxent Hiver estuary in Maryland, i1Mus-
trated this fact by guantifying plant spe-
cies' diversity at sites witn differant
salinity regimes (Table 5y, Ay defini-
tion, the tidal freshwater habitat should
pot  encounter average Water sal inities
greater than 0.5 ppL. Howevar, this
houndary between tidal fresh and oligoha-
1ine waters has bean seen to migrale con-
siderable distances over the cCOUPSE of &
year in response to drought and Flood
periods, Marshes which {ntermittently
come into contact with plevated water
salinfties may harbor slightly less
diverse plant communities dosinated by
Facultative halophytes (see Section Bl =
frestwater species which appear to drop
aut of the plant commnities in these
argas include spatterdock, sueetflag,
nlueflag, various sedges, and giant cut=
grass.

Physialogical Capabili ty/Anaerobic Toxins

ralinirary ovidence supgests that
tidal freshwater marsh enils are not A5
reduced 25 some salt marsh substrates, at
least in the surface horfizon [gee Section
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1.7}, Presumably, the extent af  oEyoen
deficiency fs not homogensous avar the
entire marsh profila, being less intense
in those arsas which drain reqularly with
gzch tidal cycle. Hevertheless, soils and
mceociated microbial populations shift
their predominant metabolic pathways under
anoxic conditions, affecting both inprgan-
jc and organic soil constituents --- this
can have important conseguences for wet=
Tand plant 11fe.

The bipavailability of most nutrients
and toxims responds to the owidation-
reduction conditions of wetland soils
{Gambrell and Patrick 1978Y,. Increased
lavels of soluble iron and managanese in
some reduced soils are reported to ba tox-
fc ta plants (Armstrong 1975}, and fur=-
thermare, may facilitate the formation of
ingrganic-oxide layers around roots which
gotentially impedes the transport of nu-
trients from soil to plant (Armstrond and
Boatman 1967; koweler 1373). Eatremaly
raduced soils with appreciable organic
carbon may develop toxic sul fide com-
PO UTES -

Many wetland plants have adapted fo
rhese extreme conditions, developing means
af metabolizing anserobically and exclud-
ing toxins From roots. The provision of
air-space or aerenchymatous tissue i5 one
mechanien enabling plants to transport
atnospheric gas to anoxic rhiznspharas,
The functioning of this pressurized. flow-
through system has been documented in
detail faor spatterdock (Dacey 1980), a
species which typically thirves in the
most waterlogged portions of the marsh.
Other seergent macrophytes which possess
aerenchymatous tissve include arrow-arum,
pickerelyeed, and even certain grasses and
sedges. Most of these spacies will be
found 40 the lower intertidal zomes in
tidal freshwater marshes.

Comgetition

From an ecological point of view, the
diverss flora indigenous to tidal Fresh-
witer wetlands would seem to have a high
potential for gpecies-species interac-
tions. A conspicuous feature of many
plant communities that ja often considered
evidence of competitive displacesent Is
the segregation of species along a habitat
grajient. N thougn species segregations




| Table 5. Species composition of five marshes alang the Patuxent River in Mary-

land. The marshes have been designated by their respective salinity regimes.
This table 1s modified from Anderson at al. (1968).

: Zalindty regines
Species 13-17 ppt  6=10 ppt 3.7 ppt 0.5 ppt 0.7 ppt

— = TN

Aster tenaifol fus
Distichlis spicata
Fimbristylis castlanea
Juncus gerardi
thrum [ineare
triplex patula
iVd TrULESCENsS
Scirpus ribustus
sparting patens
#rﬂga turniflaora
uchea camphorata
aparting cynosurgides
Teucrium canddense
HeTiotus alha
Baccharis halimifalia -
Fanicut ¥1rga tum
Serurus cernuus
Flthaea gﬂh:fnuﬁs

farex crimta
:|Ir__ngs Virginicus

rica gale

WX Crispus
Typha angustifolia
tleocharis palustris
Cephalanthus oceidentalis

aranthus cannabinus
Asclepias incarnala
ETelmmr'la :_;'I indrica

cuta maculata
Wibisc it dechiulos
PeTtandra virginica
Phiragmites australis
Hota palustris
SC1FpUS auéricanus
Apes americana
Eupatoriua serotinum
JURCLS acuminatus
Rumex yerticillatus
fernonia novepnracenci s
Cassfa fasciculata
pomnel ing communis
Gallum tinctorium
Lycopus americanus
Mentha arvensis
RCIrpuS Cyparinus
5cirpus validus
LOTAIUS anamui

Fehnochlos wal teri
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Table 5.

Concludad.

Species

5alinity %Tmﬁs
=17 ppt  &-1U pp =T ppt 0.3 ppt

0.7 ppt

Mikania scanoens

Fontederia cordatd

o1 yaonam ard Fol tum

=2 YOO ﬂn?f;a’ttﬂnm
Twagonum &a  }

F iﬁmllun capil laceun

.l.inus serrulata

Cares lurida

ﬁre:n E[lEate

Becodaon verticillatus

Dulichium arundinacéus

Fupatorium perfolistum

Gratiola virgindana

ricum d155imulatum

Lepreia UEEID‘!EEE
CArginalis
5

Lobelia
E:E'I ﬂh Eg|u5fr|
Huphar 1

E uLeum
i umi | &
Gagittaria |atifolia
- anium eurycarpum
Typha latifolia
Jirania aguatica
Tcer rubrufi
EFEI'. alata
Carex ﬂlEﬂlLlT.EEE-EﬂE
Cared anmectens
EI‘E: Comosa
Larex quu|1na
Galfum pbtusum
canadense
Juncus effusus

ctuca canadansis

Egtﬁrm salicaria

as0tis ___h iRd
E&npg_l_ ustris
SCirpus I#""’Au1.r1a1:'i11*.;
Acorus calamus
fater calanus
Bidens frondesa
Bidans laevis
Cyperus 5Lrigosus

rus refractus

Irls wevsicolor

Ludwigia alte

rniflora
Copus virginicus
nlium aguaticum
Um Suave

Dizaniopsis miliaces

Species Totals 14 il
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af soee form (#.0., major communty ftypes)
are 4apparent in most tidal freshwater
pasitats, ascribing such a phenomenon to
conpetition per se is Sifficult.

The mechanisms Jnvoived in competi-
tive plant interactions are varied. Only
g few =tudies have experimentally demon-
strated the importance of competitive dis-
aglacement in maintaining wetland plant
distributions. Grace and Wetzel {1921)
showed  that populations of common  and
mparrou=Teaved cattails seqregate accarding
to water depth, the former competitively
superior 1n shallow water due fo its
greater  leaf  surface area. Howevar,
narrow=1gaved cattail has the potential to
grow in deeper water than coemon cattaill,
a capacity facilitated by phenotypic
tralts such as taller, narrower leaves and
greater rhizonz storage.  Cahoon [1932)
glsn mnoted ohenotypic  responses in two
tidal fFreshwater species with overlapging
distributions . Tose-mallow was fouond to
respond Lo Ehe aresence of narrow-|eayved
catbafl By increasing 1ts Teaf size. How-
ever, the conseguence of sdch a Strategy
Was & concomitant eeductiom 10 reprodoc-
tiwa autput., Buktery and Lambert [1965)
found that manma=grass doninated a par=
ticular portion of & habitat gradient
strictly through fts ability to opnortun-
istically outconpate another species, the
commpn reed,  Without further studies, 1t
is difficult to acocuratsly ascertain the
importance . of competition on speclies dis=
tribution patterns, The pvidence avail-
able thus far. however. suggests that com-
pecitivwe presiures act in comjunction with

phiysical factors to produce species
niches,
Allelopathy

Chesicals derived from ame  plant
which have inhibitory effects on  the

growth and development of another plant
are termed “allelochenics. The concantra-
tion Wn the soil of alleleochemics from a
donfnant gplant iy exclude many other
plant species frim the copmunity [Whit-
taker 1975), McMaughton (1968) suggested
that cattails have allelopathic effects on
other aquatic species. BHBonasera. et al.
(1979) comparad the allelopathic potential
of four species common to tidal freshwater
habitats giant ragwesd, Arrow-arum,
bumsarigold, and comsom cattatil. Expari-

a1

ments with lea’ and petiole eitracts, as
well as 9§l extracts, showed that these
species wary in their abiTity to affect
the ocermination ofF bpicassay species, sug-
gesting that similar interacticns may oc-
cur between marahland species,

2.5 SEASONAL SUCCESSION

B unique aspect of tidal freshwater
mirshes 15 the continually changing
appearance of the vegetation over the

course of the growing season [Figure 18}

Wintar and early susmer scenes
locetion on tidal freshwater
Photographs hy Michkagl

Figura 15,
at the same
Potomic  Rivar.
tdunm.,



(Shima et al. 1976; Whigham et al. 1676
AcCormick and Somes  1982; Silberharn
1982}, In the mid-Atlantic regfon, the
first real evidence of renewed plant 11fa
in tidal freshwater marshes is the emer-
gency of spatterdock in the Tow Tntertidal
rone. Shortly thereafter, as temparatures
begin to rise, the spike-Tike projections
of arrow-arun  and pickerslweed poke
through the mick surface from undergrodnd
rhizomes, Interspersed among these emevg-
ing perannials are large numbers of annual
seedlings, largely camprised of wild rice,
burmarigoids, tearthumbs, and saartweeds,
By early May, arrow-arum, pickerelweed,
and  spatterdock completely dominate the
intertidal zone, forming a deanse low cano-
py ower the other species; in places, this
canopy  is  overtopped by  the tall,
?—-T"d'”“ leaves of cattail and sweet-
9.

Many other species wi1l have germi-
nated by early summer, but remain Targely
ohscured by the wegetation camopy. How-
ever, 1t 15 not long heforas grasses such
a5 wild rice and giant cutgrast: beoin to
overtop the Tayer of flesh-Teaved paren-
nials, reachi heights in excess of 3
meters (10 ft) by mid-July. A&s other
species follow suit (e.p., rose-mallow,
bursarigolds, tearthurbs, water=hemp,
jowelweed), the diversity of the marsh
becomes notaworthy, often as many as 30 to
50 species appearing fn a single marsh
locatian.

gy late July the Teaves of arrow-arum
and sweetflag start to yellow, beginning a
dieback coused by the fntense summer heat,
the increased abundance of herbivores
feeding on succulent plant parts, and the
tangled mat of vegetation now sprawling
aver the former canopy. August brings i
surge im the growth of the flower-bearing
stalks of glant cutgrass, wild rice, and

other grasses. Pickerelweed, somewhat
indistinguishable from arrow-arum wnci]
i , produces COnspicuaus purplish

flowers. By September brilliant yallow
flowers of burmarigold bloom and outline
the dense thickets this species forms,
Cardinal flower, owamp milkweed, water
parsnip, and ironweed also display their
exotic Tlowers.

After this intense display of Tlower-
ing, the entire marsh shows sfgns of the

coming fall: deep reddish hues appear In
the Teaves and stems of tedrthumb; wild
rice stands topple under the Force of
strong winds and rain: the dense clumps of
arrow-arum become reduced to stubby, mud-
covered sprigs. The killing frosts of
November eliminate any remzining greenery.
All that s left by winter 15 a mat of
tangled, dead stems which gradeally break
up and disperse under tidal influsnce
leaving a largely barren mudflat until
saringtime.

2.6 DTHER AQUATIC VEGETATION

Largely figosured in the existing
floristic studies of tidal freshwater
marshes are (1) species of aguatic vascu-
far plants characteristically growing
beneath the water surface, {2) phytoplank-
ton within the water column, and (3} ben-
thic or soil algae residing on muddy sub-
strates or epiphytic on emergent plant
parts. £ach of these taxonomic groups is
fnherently less wisible than emergent
marsh macrophytes, yet their importance to

the overall ecology of the tidal marsh
habitat must not be overlooked.
Aquatic Vascular Plants

Submerged wvascular flora generally

grow in a zone extending approdimately
From the Tevel of mean Tow water to deaths
up to several meters depending wpan the
clarity of the water (see Figure 13,
This zone typically 1lies adjacent to
emergent Tow marsh, and in the case of
small shallow creeks, can encomndss the
entire channel. Most of these aguatic
plants establish roots in soft benthic
Mmuds, perenmially giving rise to herba-
ceous autgrowths. The density and axtent
of stands are extremely variable, and many
species are subject to drastic fluctua-
tions in thefr pepulations from year to
year, or in some cases, within a aqiven
sgason (Southwick and Pine 1975; Bavley
et al. 1578).

At the genus levael, waterweeds, pond-
wepds, and watermilfoils (Figure 16} arp
same of the more prevalent cosponents of
tidal freshwater  wetlands of the
Atlantic coast (Wilson 1962; Tiner 19773
HcCormick anmd Somes 158F; Metrler and
Rosza 1982}. In Virginia, some fresh syb=
tidal aquatic beds are composed of various



Figure 16.  Common

plants found 1in
Freshwatar marshes.

btiantic

cubmerged aquatic

cogst  tidal

pafads; wild relery, and dwart arrowhead,
the latter spacies situated dpprodimately
at the Tevel of mean low water on genily
slaping channel banks (Hoower 13831}, The
Conpecticut River has been described spe-
cifically as having a rooted aguatic zone
codoninated by waterweeds, pondwesds, and
wild celery, with less common Species such
as hormwort, pyamywesd, and mud-plantzin
in agsociation (Mettler and Rosza 1942).
Often, macroscopic algae are found growing
amidst these vascular aguatic plants ;-
cluding species of the genere Hitella,
Spirogyra and Cnara (Lippsen et al, 1979,
Pgﬂnml!llnﬁ and Somes 1982).

Ecologically, aguatic vascular plamts
are fmportant in several respecis. [ense
stands of aguatic plants can represent g
gignificant Ffraction of the overall aute-
trophic productivity in tidal fresiwater
narsnes. Many species are primary food-
stuff for migrating and nesting waterfow]
(ses (hapter 7), and may also servé as
habitat for warfous Fishes and aquatic
invertebrates (Chapter 4). It is possible
that these plants 4ct to bind substrates
with their dense root networks and may
even encourage sediment deposition by bafs
fling water novement. However, these
effects are not yet quantified,

As with emergent vegetation, the di-
versity of rooted wvascular agquatics
increases a5 water salindties decrease.
Stewart (1962), working in estuaries of
the Chesapeaka Bay regiom, showed tLhe
dranatic increaze in species composition
batwoen hrackish and fresh salinity
ragimes (Table ). However, in certain
instances, the nitural hiftorical distri-
bution of thase fypes of aquatic plants
has been altered by the milLiple impacts
of hunan populatian growth and activity
within the estuarineg watershed, Haramis
and Carter [1983), in an extensive survay
of submirsed agquatic maceophytes dn the
Potomac River, Tound that the tical fresh-
water portions of the river werz gscan-
tially devaid of plants. Apparently,
long-tems encichment of the river water
has caused massive and persistent alual
plooms which have altered the compatitive
balance between phytoplankton and MACES”
phytes, resulting in the decline of the
Tatter.



Table 5,
pstuaries of the mid-Atlaptic coast.

Salinity tolerances of various submerged aguatic plants cosmon Lo
Modified from Stewart (1952),

Salini imes

Species Marine

Poly- S0= 1go-
haling hal ine haling

Tadal
Fresh

Brown algae
va lactuca

nteromarpha spo.
Tostera marina

algae
Ruppia maritima
fannichel Tia palustris
Fﬂ%mt ton pectinatus
DLamaige ..EI'TEF 1atus
_rjfringlzz'l‘lum spleatum
L igdea canadensis
Lhara spp.
Potamogeton crispus
Vallisneria americana
Wajds Quadalupensis
otasogeton pusillus
Ceratophyl lum demarsum
Flodea nuttall1id

Potamngeton nuﬂm nodosus
;g_tm_nget- olus
otamoge ton -n 'FES'IIE
Patamogeton eplhydris
Patanioeton runt: ns il
Potamogeton gramineus

Syriophyl lum pinnatum
?r aphy | lum tensl Tum

ajas gracillima
Iuﬁterg’l' a dubfa
Nite1Ta spp.

irogyra spp.
ﬁaﬂu Flerlﬂs

Species Totals 5
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Phytoplankton

Fhytoplankton are an extraordinarily
diversified group of organisas Floating
freely in the water column as single cells
or as small smulticellular colonies. Sea=
sonal and spatial population dynamics of
thiz taxonomic group result from & large
and constantly changing array of environ=
mental parameters interacting with physio=
Togical characteristics of the organisms.

salinity is a major factor influsncing the
geagraphical distribution of phytoplank-
ton, creating a distinct community dn
tidal fresh water which f=2 comprised, for
the most part, of riverine taxa (Lippson
et al. 1979). Lfght, temperatura, and
water turbidity exert considerable influ-
enca on photosynthesis and other metabolic
processes such a5 reproduction. These
factors Interact with cycling nutriemts,
especially mnitrogen and phosphorus, to




pwern the-seasona] blobns and successions
aof phytaplanmkton populations. Tn undfs-
curbed tidz] Freshwater locales this suc-
cessional periedicity s falrly comstant
from year to year; however, biotic transi-
tions may be outed in southern Atlantic
coastal regions where cllmatic changes are
lese drastic (Sandifer et al. 1980).

Genaralizations concerning seasonal
abundances  and periodicities of  phyto-
plankters In fresh water are difficult to

make, especially §F amnatural nutrient
Toading accurs in the  estuary [Wetrel
1975), One of the fey axisting quantita-

tive assessnents of tidal freshwater phy-
toplaniton comminities was compiled for
the Potomac Biver ln Virginia and Maryland
{Lippson et al. 1979). These algal popu-
lations wers largaly characterized !:I-_l.-'nﬁ}
species  of green algae  (Chiorophytes)
which are mpderate to high fa sbundance
year -around, (2] djatoms (Bacillario-
plytes), which are extremely prevalant in
al]l seasons gicept aldsummer dnd early
fall, and, {3) moderate nunbers of Hlus-
green phytoplankters (Cyanophytes) pre-
dowinating in the summer and fall months.

Chloruphyta account fTor as much as
gna-third of the total tidal freshwater
phytoplankton commnity in the Potomac.
Ovar 100 species have bean recorded From
Lnis area with no single spacies dominat-
ng. Js Fourqurean and D, Childers
(lepartsent of Environmental Sciences
driiversity of Yirginia, Charlottesville;
pers. comm, ) found bthet desaids and f1la=
méntous Chlorephytes comprised owar 5D
percent of a Virginia tidal freshwater
phytoplankton community 1n  late fall,
species commonly found in both of thess
5 budies inc] wde Micractinium Son. ,
Pedlastrum spp., Scernedesmus spp., spirp-

9¥ra SPp., and Hicrospora spp.

The most ublguitous and abundant of
all phytoplankters are the Baci{llario-
phytes. Many of these snecies ars Feoty-
ally epibenthic algae which become
entrained in the witer colum via Eidal
Currats. Pegk diatom biomass often
exceads ome millfen cells per 1itar
(Lippson et al. 197%); however, no infors
mation i5 avallable concerming the gerera
Mgst consistently encountersd n  tidal
Frash waters,

The renafning phytoplanktonic compo-
nents fnclude various Cyanophytes, eugle-
noids, and dinaflagellates. Ereshwater
species of hlue-green slgam are stromgly
inhihited by salinities greater than a few
parts per thousand and oenerally do not
excead densities over ono=hundred thousand
i&lls par 1iter, Common oenars include
nabaena,  hnacystis  and  Osell1Ttoria,
PoouTativns oF -augTeistds are trems (ot
and occur only during midswwnes in the
Potaméc. Densities do not exceed 10,000
cells per Titer. During Tate cumier the
mist grevalent genera are Euqlena and Tra-
chelmonas. The dinoflagelTate, Peridini-
un, wWas found to be an abundant Constitu-
ent of phytoplankton cosmswnities fn the
Jamas River n Yirginfa (Fourqueean and
Childers, pers. comm.).

Benthic/Mud Algae

Epihenthic algae grow wholly or pap-
tially submerged on a varfety of surfaces,
They occur as microscopic unicalls ar
farger colonial forms, with many species
rasiding only temporarily on the bhenthos,
Planktonic forms commonly settle onto ben-
thic or marsh surface subsirates bto come
plete the reproductive or resting stages
af thatr lifa cycles. The benthic alqal
comrunities of £idal Freshwater marshec
areg not wWell studled, and 1ike phytoplank-
ton, &re subject to complex bloows and
syccessions. which make it difficult to
give gensral demographic descriptions.
The limited information avallahle sungests
that Cyanophytes., Bacillarlophytes,  and
Chlarcphytes dominate  epibenthic  alea)
comnupities” t©1dal fresh«ater hahitats,
HMany of these comunities are comprised of
rivering species which ave intolarant of
saline conditions.

Summer comminltiss 4 tidal Fresh-
water poartions of the Potomae RAiver are

typified by the &Hlus-green  2lgde
shizothrix spp. and Chromulina paschrel

and by green algae such as Losmarium 200,
and Clostreium spp. {Lippstm &t al, 1979),
In contrast, late Fall benthic algal
counts in & tidal freshwater tributary of
the James River showed centric (Cyclotella
5ps; obtsohanodiscus: &p,, Coscinodiscus
sp.) and pennate |Naviculales =p,J diatoms
to be the domipant community constituents
{Fourqurean and Childers, oers. coen. ).




In a year long study of soil algas in
8 Wew Jersey tidal frezshwater marsh, a
total of 84 species, exclusive of diatoms,
wera cataloged (Whigham et a1, 1%0).
Algal diversity peaked prior to the begin-
ning of the growing season, It peaked
again in September after conmencement of
the macrophyte dieback. Chlorophytes
strongly dominated this marsh surface com-
munity, followed by Cyanophytes anmd then
Tanthophytes.

Whigham et al. (1980) mafntain that
summer drowth of smergent macrophytes re-
duces the algal density on muddy marsh
substrates. Wnigham anpd Simpson (1975)
assessed the productivity of mud algas in
various macrophyte community types. 3Soil
type appoared to influence productivity
most significantly; the silty-sand s0ils
and Tow organic content of low marsh-
spatterdock zones provided the best sub-
sirate for algal growth. [In contrast,

il ty-¢lay soils and high organic contents
found in mixed-herbaceaus high marsh arsas
and cattail commnities produced lower
algal productivities. Presumably, edaphic
characteristics act in conjunction with
1ight, temperature, and nutrient concens=
trations to produce these differences in
standing crop. As with phytoplankton,
nutritive sewage effluent {5 known to sig-
nificantly increase algal standing crops
in '§1|:Ial marshes (Whigham @nd Simgson
1975).

Hud algae can often be seen forming a
dark-greenish band on exposed channgl
banks of tidal areas. Peak biomass for
this taxa is estimated to be two to three
orders of magnitude Tess than peak biomass
for vascular plants (Wetzel and Westlake
1063}, Mud algae remain as functioning
roducars throughout the entire year
ﬁumwr. and may contribute more to tuu‘f
annual production tham might be expected.



CHAPTER 3. ECOSYSTEM PROCESSES

3.1 PRIMARY PRODUCTIVITY

[ntroductian

Tne primary productivity of an eco-
logical systan, community, or #ny part of
such & systen, 12 defined as the rafs at
which various organisms, chiefly green
plants; assinflate and synthestze gasecus
and dissolved Anorganic substances into
arganic matter. Thae total anount of
organic matter producad by ngresn plants
during a particuiar time interval s
barakd grost primery production. The rate
af stovige of organic matter im plant
tistues in  excess of the respiratory
utilization by plants durimg the period of
measurenient s Known a5 net  primary
production,

The ovaanic matter produced by vasci-
tar plants, phytoplankton, and benthic
algae 1n the ftidal Freswiter habitat
SEFYES a5 an eneryy sourcs for wvarfoos
neteroiraphic organisas. Wach 1fve mete=
rial can ba consumed in situ by varfous
herbivores. MWicrobial populations decon-
pose.and utilize a Tarpe fraction of the
dead plant material on the marsh surface.
ODetritivores further frogment decomposing
plant refaips. Although & significant
portion of this organic matter 15 utll1zed
and stored within the marsh habitat, a
varge fraction may be exported out af the
syctom, Tidal currents and wind encourage
the entrainment &nd transport of organic
carbon T downstreas estuaring locations.
Migrating consumers may feed within the
habitat and then move on. [t 1¢ estimated
Ehat 581T marshes export aboul gne=half of
the net prisary production to adjacent
tidal waters {Teel 1942, Odum and Skjeq
1978} ; however, a comparable Figure iz not
available for tidal Freshwater marshes.

Production Estimates

The bMonass and primary productisn of
tidal Freshwiter wetlands have been
reported to be wery high {Ddum 1978).
Miserous estimates of standing crop and
annual aboveground net production axist
for the dominant species of wvascular
plants occurring within this habitat
(Table T} however, thare are only a4 few
estimates of total net community produc-
tion [Whigham et al. 197G, Dounlele 1981).
The existing data on hiomase and produc-
tion shaw a great deal of variability both
within and between vegetation tyoes, yet
it appears that the Edta]l net cosmunity
productfon of these marshes generally
ranges from 1,000 to over 3,500 g/m®/fyr
(Odum  1578). Productivity nessures
reported for saline wetlends fall within
the sawme range as those for tidal fresh-
water marshes | within a given Tatitudinal
2one (e.g,, mid-Attantic): the hiomass
production of fresh tidal wetlands may he
reater Ehan higher salinity communities
?Hh'lqnam at a1, 1974},

Obtafning sccurate estimates of net
production 1n tidal marshes, either on a
par-gspectes or camminity basfe, 48 diffi-
cult because af (1) seasonal patterns of
biomass allocation, (2] the hetercgeneity
in plant coomunity composition, (3) sea-
sanal biowmass turnover due to leaf mortal=-
ity, decomposftion, and herbivery, and (4]
the inherent problems fn messering  the
production of belowground plant parts
(Whighas ot al. 1978). Traditionally,
investigators have compared the productive
Ity of tidal wetland wvegetation by measur-
ing peak serfal standing crops. Howaver,
there 15 Ao objective way of pinpointing
the exact moment at which the peak crop
exists; therafore, the potential For error
with singfe harvest methods s  high
(MeCormick and Somes 1932). By restrict-



Table 7. Peak standing crop and annual production estimates for common tidal fresh-
water vegetation types. OData are largely generated from mid-Atlantic tidal freshwater
marshes. Valdes are in grams per m® dry weight. Average values are not necessarily a
function of table entries, but represent hest estimates from selected literature
values, This table 15 an extemsion of those produced by wWhigham et al. (1978} and
McCormick and Somes {1982).

Peak standing crop

Anmual
Vegetation type Tops Roots Dead product ion State Source
Spatterdock Glg* - - - MD 12
245 - - - V& 15
T4 3= = - B53* N 10
516 - - - i %) 11
05 1146 - - J 5
529* - - - W 16
- 47499 - 7BO Nd 16
1175 - - - PA 9
Average 627 JA0
Arrcd-d v um/ 4589 - - - VA 3
pickerelwead Hag® - - - M 12
988 - - - MD 4
1286 2463 - - NJ L
FO4* - - - NJ 11
SHI* - - - Ml 15
= = = [k 14 il 16
G5 7 - - 1126 W i
h&3 - - - .l q
fverage arl 88
Wild rice 2091+ - - = MO 12
1178* - - - Mo 4
561 - - - A 15
1390 - - - U] 11
16440 T2l - - Hd i1
866 - - 1589 M) 15
1346 - - 1520 Hd 10
1117 - - - P g
dyerage 1218= 1578
Giant cutgrass 1035 518 - 2048 GA 1
Smartweed- 2lazw - - - MO 12
rice culyrass 1547 - - - Wi 15
115 - - Vi 3
TE3 507 - - Hd 5
523 - - - PA 9
Ayeraoe 1207
(continued)
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Table 7.

Continued,

Peak =tanding crop

Annual

Vegetation type Tops Roots Dead praduction State ource

Aoze=mallow i - - - Mi 12
e - - = MO 2

3 & - 423 Mo 13

Averige 1141 859

cactatl 23358 - 167 - Mo 7
1190* - 300 - HD 4
a6 6 = - 1868 MO B
'EE? - - - N 11
850 1RO - - % 5
1007 1371 - - HJ &

= - - 956 NJ 13

1297+ - - 1320 N 16
1193 - - 15 Wl 10
804 5052 - - M 14
1310w - - - P 9

Averdge 1215 1420

Burmarigold 1026 - 910 Hil 16
1105 - - 1Tn | 10
500 - - PA a

Average 1017 1340

Swaetflag 1174» - - - Mo 12
B4 - - - Nl 11
a9 - - - W 16
623 - - 1671 L] n

Average Bs7

Duck-potato b49 - - 101 HJ 10
214 - - NJ &

AYE Mg 432

Hater-hemp 1112 - 1547 L 1n
673 G&1 - HJ &

AVErage 361

Biant Ragwaad 1160 - 1160 L 18
T2 - - PA 9

Averige 1205

lcontinued ]

a8



Table T. Concluded

Peak standing crop

Annual
Vegetation type Tops Roots D ad production State Source
Comnon reed 3999+ = - - M0 12
i - - 3900 MO 13
1367 = 347 - MO 4
1451 - - 1678 Ly 1] 8
1727 - - - Hd 11
1493 - - 2966 M 10
Lo74 - - - fd 14
654 - - - PA 9
Average 1880 1872
Big cordgrass 3545+ - - - Hi 12
451 - 281 - M 4
1207 - - 1572 ) 2]
AVErage 231l
Spiked- 2104 - - 2100 hl 16
looses trife 1373 - - - ) g
Ayerage 1616
Swanp rose L = = = MD 12
fled maple/ash 2w - - - VO 17
Bald cypress = - - - MO 12
Mud algae 4= - - - Ml l&

*(alue gemerated from more than one estimate
= pgves of woody plants; no wood is included

List of Sturces:

1-Biren and Cooley 1982

P=Cahoon 1982
i=lowmiels 1781
§-Flemer et al. 1978
E-hood and Good 1976
b-Good et al. 1975
7-Heinle et ai. 1974

B-Johnsan 1970

O-Melormick 1970

10-McCormick 1977

L1-McCormick and Ashbaugh 1972
12-McCormick and Somes 1982
13=Stevenson et al. 1976
14=Walker and Good 1576

15-Wass and Wright

1969

16-Whigham and

simpsan

1375



ing the sampling effart to just ane noint
during the growing season, those plant
tissues which develop after sampling and
those that senesce or are consumed by
insects before sampling are missed. Given
the dramatic seasonal swccessfonal changes
that are known to accur in almost all
tidal freshwater vegetation comunitias,
estimates of total community production
are likely to be inaccurate and underesti-
mated unless multiple harvests are made,

tensicy of vegetatfon and speciss
compod L Efon also greatly Influence produc-
tion estimatas, Toumlele {1981) noted
that peak hiomass walues Far arrow-grum
froa & mmber of different studies ranged
from §7 to 1,286 gfm®. These drastic dif-
ferences were attributed to the degree of
spacing  batween ndividuals at wvarious
focations and to the relative pureness of
the predoniinant vegebtation type within a
given stand. Pure  skands of any given
epecies aré uncommon in  tidal Freshwater
marshes, espacially at higher elevations.
Total biomass production estimates of
mixed tidal freshwater marsh communities
arg strongly dependent on species composi-
tion. A diversified community can contain
¢ variable proportion of prolific produc-
ers (e.9., comnon resd or wild rice) or
species Wwith Inharently lower bicmass pro-
duction {e.q.., arrow=arumn or spattandock)
(Whigham et al. 1974; doumlelsa 1981).

[nspection of the peask standieg crop
and anfual nat production estimatess com=
piled 1n Table 7 clearly rovedls the high
variahiiity between species. Mo rs hes
dominated by tall reeds and grasses such
as #1id rice, common resd, giant cubtgrass,
big cordgrass, or cattall produce the
grextest guantities of hiomass, generally
in th: range of 1,500 to 2,000 g/m'/fyr.
ansicering the potential heights and dem-
sfties attained by these species, such ex-
traordinary production rates are Aot Sur=
prizsing. Early in the growing sSeasaon,
many narshes are dominated extensively. by
fleshy-leaved macrophytes  [arrow-arum,
pickeralweed, spatterdock} and would seem-
ingly show high rates or biomass accomula-

Tion. However, all these species show
A TR Fﬂi standing crops of Tess than
00 gfm*fyre In reality, a1l of these

emargent perrenials produce aerial leaves
and stems composed primarily of water and
afr-fitled asrenchwatous tissue,
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Fther vegetation producing sign{fi-
cant guantities of biomass on an annual
basis Anclude burmarigeld (1,340 g/m?),
Hater-hnnlp. glant roegweed, rose-mallow
(869 g/m®), and sweetflag., 1In addition,
shrubs. and hydrophytic trees may supply
300 to 700 g/m” of lear material onto the
marsh surface.

Mo satiztfactary method exizts for
gquantifying belowground production in wet-
land habitats., Belowground producticn
neisurements, however, are essential to
the accurate assessmani of per-species or
commnity productivity. Whigham et al.
(1978) suggested that belowground produc-
tion can be gquite high for some species,
Data Far cattail, spatterdock, and arrow-
arum show Impressive underground produc-
tion capability (see Tabhle T7), but as per-
renfals, these wvalues do not represent
biomass accumulation from a single growing
seasan. In grder to account for changes
in balowground hiomass on a yearly basis

for aither annual or perranial species,
production rates need ta be calculated
pver short, repeated intervals. A1 though

largely unquantified, the rates of below-
ground production in these species are
thought to be high.

Unfortunately, the peak standing crop
production information in Table 7, from
ctudies spanning & number of yeaps and
locations, 1s not conducive to making
between-marsh comparisons of productivity.
If seasonal changes n community biomass
per marsh uwnit wera guantified (e.g.,
Doumlele 1931}, our understanding of the
factars influencing marsh productivity
would be greatly enhanced,

Biomass Partitioning

The partitioning of net primary pro-
duction between aboveground and below=
ground structures of tidal freshwater
macrophytes can provide insfght into the
life history strategies of species ponula-
tions, Whigham and Simpson (1978) noted
that yearly production fn anaual soecies
including grasses (wild rica) and herbs
[Burmarigald, Jewalweed , &Ma riweed,
water-hemp) was Targely allocated to
aboveground shoot praduction except during
early stages of growth. At peak standing
crop, the ratio of belowground (roots) ta



aboveground (stems) biomass (R:5) averaged
tess than 0.5 for all amnual ‘species
measurad, Perennfals exhibited more wvari-
ation in patterns of biomass allocation,
but generally partitioned greater amounts
of bhiomass to belowground plant parts.
Arrow-arum provides the most extreme
exanple of this trend, allocating up ko
90% of 1ts total biomass to roots and
rhizames {R:5 much greater than 1.7).

0ifferences fin biomass partitioning
are most likely related to reproductive
strategies, survival strategles, or physi-
ological adjustments associated with
exploitation of stressful portions aof &
habitat gradient (Whigha=m and Simpson
1976: Farrven and Schuyler 1920). Annudl
seed] ings allocate mors biomass to rooting
structures during establishment phases,
then coavert to a rapid phase of shoot
ﬁ;rnwtn. Anaerobic conditions prevalling im
ow marsh substrates desand physiolegic
adaptations for survival. The deep under-
ground tubers produced by arrow-arun 3re
adapted to cope with such stresses, hut
the energy expenditure required ta wain-
tain such structures s great.

1.7 UECOMPOSITION AND LITTER PRODUCTION

Decompasition of sarsh plant material
(reviewed by Brinson et al. 1981) varfes
greatly in response to a variety of fac-
tors. These include anmbient temperatures,
moisture, periodicity of Flooding, nutri-
ent availability from external sources,
presence oF Jabsence of oxygen, CORSUMEY
activity, and a range of plant Subjtrate
characteristics including nitrogen and
crude Fiber contemt. In spita of this
varizhility, there are several general
trends associated with tidal Ffreshwater
piant material which we have identiried,

Tida)l freshwater vascular plants can
be placed into two general groups hased an
tha rate at which they decompose (Table
8). Onse group,. generally found in the low
and mid sections of the marsh, decompose
extremely rapidly (Ddun and Heywood 1378)
(sme Figurz 17). These olants have rela-
tively low amounts of resistant compounds
{e.g., hemi-cellulose, cellulose, 11gnin)
and relatively high ameunts of nitrogen
(2% to 4% of total dry weight according En
Dunn 1978). They also have the highest

Table B. Two groups of tidal freshwater
vascular plants based on rates of decompo-
sition wundar similar conditions are
arranged n approximate order of rate af
decay with the most rapid at the top.
Dther plants §n the marsh 198 between
these two grodps. Decay rates are of
abaveground material only.

FERET] Tefrrenes

miell IEDPPISERE

i p [EARR0TR F Wan Ogse  190%]

e rera iy B J‘#, iy jvm, il Hepwoel {1978

Ljrarbanld, 28 LS Sickels et &l [19PF

Picherd luged, Tmntederly gordats Sar urgib] ighed  data

e e T atifg dur  pepuibl it dats

Wiwiaews | Taaves]s icur mpchetos  Lahon fraER)

Wilh rine, Efaniy BRSETEE Bur ugpsdlinbel  fabd
SL ApTIMECRLRY | -

Bl . Llrea Wl Sprperi pEPN,  C,

umﬁ::ﬁ"}null i=isgon. wk &1. 1351

T '|-|.|1'g'|!l
Haroim- T aqlf.l'll.'ﬁ%_t anquetisglia Aviimsa et al [198L
Cowwtan read, Me ERp auitralts uF  wopokl lalisl  Saby
igini ez [pimeml, HIK =T Campan {1962

Figure 17.

Typical decomposition curves

far high marsh plants (e.g., Spartina

nosurcides] and low marsh plants Emg.,
iiunia aguatica) subject to similar envi-
from Turner [1978).

vormental conditions.

rates of oxygen consumption (B0} during
dacomposition (Van Dyke 1978). [During the
WarT summer moaths, these plants may lose
WL to 40% of their dry weight in one week



gnd completely decompose 1n & to 6 weeks
(Yam Dyke 1978, Turner 1078}.

The =zecond ground of tidal Freshwatar
plants (Table 9} are found in the higher
cections of the marsh and have much slower
rates of deconpesition (Figure 17). In
ganeral, they contain high concentrations
of resistant comoounds and ower Concen-
trations of nitrogen than the first group
af plants {Ounn 1978). Copsumption of
this type of plant material bv detriti-
vores is significantly Tower than from the
first group [see Section 3.5).

Mants that decompose rapidly
gominate the Tow marsh §n Eida) freshwater

Tanla 9, Typical zooplankton to Se ex-
pacied in mid=-Atlantic tidal freshwater,
Data from Lippson et al. (1979) for the
Fotomac ®Aiver, and from Yan Engel and
Josaph (1958} for the York River.

Jellyfish

winter Jellyfisn, Cyvanea capillata

Lopepods
Eurytempra affinisg
Hezocyclops edax

Acartia tonsa

Mysid
Heooysis americana

Amphipods
Gorophium 1acustre
ﬁnm:u‘ludes edwards i
Gammarus Sop.

Cladocerans
Baphnia
ﬁEi crystallinag
Leptodora kindd |

Bocmina Tongirostris

Fotifers
teratellia cochlearis
Jrachionus calciflorus

Benthic Invertebrate larvae

Rhithropanopeus harfssii (mud crab)

(see Chapter 2). The Tow marsh has a
modest Titter layer during the sutmer
mofithe and wery Tittle litter during the
wintar and spring. This contributes o
the high erodibility of the low march
(Section 1.6) and the tendency to relsase
nutrients into tidel waters during the
winter and spring (Section 3.31), The high
marsh with its slower decompasing plants
retains a significant 1itter layer
throoghout the wyear (personal observa=
tion). In some northern marshes, such as
the MNorth River Marsh in Massachusetts
Hhﬂ:nT s dominated by species of Calama-
3!‘:!51: 5, [Larex, -and Typha, and where
compos itTon rates are generally slower,
much of the marsh retains 2 significant
litter layer during a1l seasons [Bowden
1982}, The =ama situation exists fin
southsastern marshes dominated. by gliant
cutgrass which has an extansive rhizoms
system and produces a thick peat Tayer.

Mot only do the rapidly decomoosi
plants have a high nitru-glrl.t: :antm. hru]%
during the early stages of decosposition
the nitrogen and phosphorous content may
incraase EIh}himn and Heyy 1978; Turner
1978} (see Figure 18). Sickels at al.
(1977} and Whigham et a1. (1980) showed
that tidal freshwater marsh 1itter is cap-
able of concemtrating both phosphorus and
ntragen from sewage effluent released
gnto the marsh surface, This muitrisnt
cancentration has implications For under-
standing nutrient flux (Section 3.3).

It appears that the low marsh, wWith
its seasonal litter layer, may serve as a
nutrient sink enly during the summer and
Fall months while the high marsh may have

a3 greater year-long nutrient  uptake
capaci ty.

In summary, the Tow and high marsh
plants of the tidal freshwater marsh

decopose at dramatically different rates.
This leads to differences in the thickness
and duratifon of the Titter layer, erosion
rates, and nutrient retention capacity in
different sections of the marsh. A% -a
result, dependima upon the relative pro-
partions of high and low marsh vegetation,
these marshes may vary In their capacity
to absorb excess Toads of nutrients [1.e.,
sewage efflusnt).
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Figure 18. Changes in total nitrogen and phosphorus content of decaying wild rice,
?izania agquatica, expressed as percent of the remaining ash-free dry wefght. Plotted
values are mean = 1 5.E. From Turner (1978},
1.3 NUTRIENT CYCLIMG (OTHER THAN CARBON) and phosphorous compounds). There 13 &

The general model of nutrient cycling
in estuarine marshes fs based om a number
of studies (e.g., fxelrad et al. 1976;
Yalizla and Teal 1979; Mizom 1%80). This
model appears to apply in princinle to
tidal frashwater  marshes. Certain
details. however. may be different.

The gensral estuarine nodel (Figure
19) dpdicates that coastal marshes act
primarily 45 transformers of nutrients,
periicularly nitrogen and phosphorus; in
addition they may function as either sinks
or sources of nutrients depending uponm 2
variety of conditions. As transformers
they import dissolved oxidized fnorgamic
forms [pitrite, nitrate, phosphats) and
expart diszolved and particulats reduced
forms (ammenium, forms of organic nitrogen

tendency for coastal wetlands to have a
ret import of nutrients at the beginning
and during the growing season and to have
& pet export in the sutusm and wWinter.
Whether a specific marsh s a net importer
or exporter of putrients depends on & num-
ber of factors including: (1) succession-
a1 age of the marsh, (2) salinity and
redox characteristics, ([3) presence or
absence of wpland sources of nutrients,
(4] presence or absence of human inputs of
nutrients, (5) tidal energy 1nput, and (&)
magnitude and stability of mutrient flux
in the estuary t5 which the marsh 1is
coupled (Stevenson et al. 1977).

Tidal Freshwater marshes appareptly
function in a similar fashion (Heinle and
Flemer 1976; Stevenson et al., 1977; Adams
1978; Simpson et al. 1978; 5impson et al,



SOURCES
(LARGELY INORGANIC, OXIDIZED N AND P COMPOUNDS)

PRECIPITATION
GROUNDWATER SEEPAGE
TIDAL FLOODING OR RIVER INFLOW
NITROGEN FIXATION
ANIMALS (BIRDS, MAMMALS, FISH, ETC.)

b

MARSH COMMUNITY
(LARGELY MICROBIAL ACTHIVITY)

NITROGEN PHOSPHORUS

PLANT UPTAKE AND RELEASE ORTHOPHOSPHATE ADSORPTION
DETRITAL UPTAKE AND RELEASE PLANT UPTAKE AND RELEASE
AMMONIFICATION

(ORGANIC —— AMMONIUM)
DISSIMULATORY NITRATE REDUCTION
(NITRATE AND NITRITE —— AMMONIUM)

b

QUTPUTS
(LARGELY ORGANIC P, AND REDUCED AND ORGANIC N)
TIDAL FLUSHING
ATMOSPHERIC RELEASE OF AMMONIA
DEMITRIFICATION

Figure 19. A general model of nitrogen and phosphorus nutrieat cyciing in coastal
marshes. Based on Valiela and Teal (1979} and Nizan {1980},

i941; Bowden 1932). Ome possible differ= stored during the sunmer momths in both
ance,; however, -Ts that the characteristic plant tissues and the Titter layver an the
spasanal nutrient exchange tendencies are surface of the marsh. Whigham et al,
more  grofodnced 9 tidal  Freshwater (1980) demanstrated the importance of the
ma rshes, probably due to a lack of winter litter layer in holding both nitrogen and
plant and litter cover. In these marshes phosphorus temporarily during the summer
there appears to be a clear pattern of and early autumn, Latar fn the autunn
nitrite; nitrate, and ohosphate mport there 95 considerable export of reduced
fram river water to the marshes at the nitrogen and phosphorus due o the rapid
beginning of the growing season. This {s disgppearance of dead and dying plant
metabolized by bacteria into Fforms wore material fron the lower sections of the
usaful ta plants (1.e., ammonium) and mirsh. Ouring the winter nutrients con-



tinua to be ezported. but at a slower

ratE.

The preceding discussion remains
nypothetical. There fs a lack of studies
an processes finvolved in the cycling of
nitrogen and phosphorus in Cidal Ffresh-
water marshes. Whether the spring and
autumn peaks of nutrient flux are more
prongunced than in salt marshes remains to
be deminstrated conclusively.

The mportance of nitrogen fixation
in tidal freshwater wetlands 15 mot cer-
tain. Excessive shading by the broad-
Teaved plants [arrow-arum, pickeralweed,
spatterdock} may Timit the activity of
blug-green algas to-cresk banks during the
garly spring and late aufumn.

Bowden ([1932) has emphasized the fm-
portance of smmontum in tidal Ffreshwatar
marshes, In a mass balance Study of the
North River, Massachusetts, he found the
gross ammonium production by microbes to
be 51.5 g rv:,.fmifyr. This production rate
was sufficient to supply all of the nitro-
gen required to support plant production
(estimated to be 22.3 g Wm'/yr}, micre-
bial assimiiation [measured a5 17.9
g N/m*/yr), and nitrification (measured as
11.6 g N/m*/ yrl. The ammonium production
rate wes supported by efficiest internal
recycling of npitrogen in Titter, by micro-
bial dfmmobilization of amnonium and ni-
trata, and by sedimentation of alloch-
thonous arganic matter from the adjacent
piyer. This marsh fJaported finorganic
nitrogen during the plant growing seasom,
Unl ke many southern marshes, an extensive
1itter layer persists all year and may
retard nitrogen expart aven during the
wintar.

Most other studies (e.g., Axelrad at
al. 1975; Heinle and Flemer 1976; Steven-
son st al. 1%97; Adams 1978; 5impson et
al. 1931) haye concluded that tidal fresh-
water marshes are net exporters of bath
nitrogen and phosphorus on  an  annual
basis. This may reflect the fact that all
of these studies were done in eutrophic or
hypereutrophic Tocations. Under these
conditions, the marsh sediment-plant com-
ples can become saturated with both nitre-
gen and phosphorus, at least in the Jow
marsh. Without a permanent litter Tayer
or significant amounts of peat, thare may
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be no mechaniss for excessive nutrient
storage and the marsh Ffunctions as a net
sgurce of nutrients. This suggests that
many tidal freshwater wetlands probably do
not have a great assimilative capacity for
gpither sewage effluent or heavy metals
{discussed in Chapter 2).

In sunmary, the overall pattern of
nutrient cycling dn  tidal freshwater
marshes appears to be similar to the pat-
tern hypothesized For estuarine marshes.
Simply stated; oxidized nitrogen and phos-
phovous compounds are processed within the
marsh and reduced compounds are released
back into the river. In tidal frestwater
marshes the spring influx of oxidized com-
pounds and the autumn release of reduced
compounds may be more pronounced than in
pstuarine marshes. In  addition, most
tidal freshwater marshes which have been
studied appear to be net exporters of both
nitrogen and phosphorus,.

3.4 CARBON FLUX

&s in the case with most wetland eco-
systans, knowladge of carbon flux in tidal
freshwatar marshes is incomplete. Several
studies have addressed this tapic (=2.9.,
fxelrad et al. 1976; Heinle and Flemer
19765 Adams 1978), but no more than hypo-
theses can be presented at this time.

sources {(or inputs) of organic carbon
for the marsh include: (1] primary pro-
duction within the marsh, (2} dissolved
and particulate carbon flowing into Che
marsh on the rising bide, (3) dissolved
carbon in rafnwater, and ({4) dissolved
carbon in groundwater. Outputs From the
parsh include: (1} expart of dissolved
and particulate carbon on the outgoing
tide, (2) permanent burial of carbon in
the marsh sediments, and (3) reiease of
methane and carbon diodide to the atinos-
phere. The most significant fnmits are
most Tikely primary production n  the
marsh and carbon imported on the flooding
tida. The latter probably includes conm-
tiderable amounts of terrestrial carbon
brought from upstrean in the river watar
(3iggs and Flemer 1972). Significant out-
puts are probahly tidal export and barlal.
Regardless of the met carbon Flux {net
fmpart or net expart] from an Individual
marsh, it is important to nota that there




fs an anproximate 100% turmover of the
ghoveground tigmass on @n annual basis,

Individual tidal freshwater marshes
functfon ds mat ImpoTLers or exportars of
prganic carbon In response to the same
Factors which control this process  in
prtugring marshes !discussed by Odum et
al. 1978 and Wixan 1980}, These Ffactors

include, but are not limited to, tidal
range, basic  geamorpholooy, relative
amaunt marsh versus open water, and

amount of freshwater input to the system.
Studies hy fAxelrad et al, (1976) and Adams
[1978) found slgniFficapt export of carban
from tidal Ffreshwater marshes on the York
and James Rivers 1in Virginia. In both
cases the bilk of export appoeared to be in
the Farm of dizzolved carbon corpounds
rather than sarticulate mnatter.  But
Heinie and Flemer (1976), an the other
hand, found mneither export nor tmport in
poorly flooded oligohaline marshes on the
Paturent River {n Maryland.

With only a handful of studies com-
plated, it 1= difficult to conclude much
beyond the Following goktheses,. Tidal
frostwatar marshes that (1) are ralatively
young (see Section 1.7), (2) do not have
gn outer berm or natural dike, [3) hawve
significant fceshearing of the vegetation
during the winter, and (4} have a =signifi-
cant tidal range, probably export signifi-
cant gquantities of both particulate and
dissolved carbon, Older marshes that are
move Jeveloped both geologically and eco-
Tegically (1.e., have a Targe area of high
marsh) probably do not export significant
quantities of particulate carbon (Heinle
and Flemer 1976); they may, however,
export quantities of dissolved organic
carbon, This last poaint is Far From re-
50]vad,

Methanogenesis i ong aspect of car-
bon  flux which desarves close study 1n
tidal Frestwater marabes. A4 pointed out
by Swain (1973), there 15 a gradieat of
methana loss in prograssing from frash=
water to maring wetlands. Under fresh-
water conditions, methanogenesis s an
iopartant pathway of anzerobic decomposi-
tion; umder marine conditions 1t s rela-

tively minmar because sulfate reduction
replaces methanogenesis. Since S0, s not
typically abundant 4n Freshwater, this

médans that mathana miladse From Treshwates

a7

environmants should be =uch higher than
from  seawatar anwiromments, There 1s
considerable evidence 1to szupport this
hypothesis (Robert Harriss. NASA, Kampton,
Virginiai pers. comm.}, although King and
Wighe (193] reported relatively high
methane release rates from Georgia coastal
541t marshes,

Following current theories, tidal
freshwater marshes should relsase signifi-
cant amounts of methane. This can occur
through (1) direct release to the atsos-
ahere from the marsh surfacs, (2) release
from plants such as cattails (Sebather and
Harriss, in press), or (3] release from
ditsolvad methans in creek water (Harriss
st al. 1982). Lipschultr (1981) measured
the relpate of methanme from a £idal . fresh-
water  marsh dominated by Mibiscus
mscheutas. He estimated an annua 55
of I0.7 g CHo/m*/yr, & valua more similar
to freshwater comditions than marine. On
the other hand, this loss was Tess than 1%
of annual met primary production in this
nareh and, therafore, appears unimportant.
Aobert Harriss (pers. comm.) suggected,
vased on preliminary measurements, that
rates uf methane release from tidal fresh-
water may be much higher than indicated by
Lipschultz's {1981) estimate. More work
15 negded in this arep.

4.5 ENERGY FLOM

Any attempt to descrihe energy flow
in tidal freshwater marshes will be spscu-
fative sinte no complete study exists for
thizs habitat. WWe can, however, present 2
hypothetical modal based on a few partial
studies and our experience ¥n the fisld,

Qur hypothetical model (Figure 20) is
based on functional groups. In some cases
these represent a sinale group (j.e., ju-
venile fishes) while others, such &s hen-
thic fauma, may include meny taxd. Sever-
al prefiminary but jeportant chservations
can be derived from this modal.

(1} There appear to be three principal
sources of energy to support food wehs—-
marsh macrophytes, terrestrial organic
matarial, and ophytoplankton. Henthic
microflora within the marsh may be of some
importance, it there s presently no
information to confirm this. The relative



MARSH VEGETATION TERRESTRIAL CARBON PHY TOPLANKTON
[mascroplrytes)
J DETRITUS (DOC and POC)
{inciuding microorganisms)
MARGH TERRESTRIAL / ZOOPLANKTON
INSECTS BRELTS BENTHIC OMNIVOROUS
{several '-"?5“:...__ FAUNA -'l'*-
N 1‘"—- —-----_.~-"l--l—..‘."-l--__,iI
MARSH MAMMALS — JUVENLE FISHES
\ (Several Trophic Levels) ‘ /
BIROS f"-ﬂ-—_ LARGER FISHES
{8t least two levels
of camivores)
Figure 20. Hypothetical pathways of erergy flow 4n & tidal Freshwater marsh ecosveten,
Kot all possible pathways have bagn drawn. For exampla, benthic microflora in the

marsh may provide carbon for consumers; however, evidence i5 lacking at this time.

impartance of the three majoar sources of
enargy 15 unknown, We suspect that marsh
plant debtritus and associated micen-
proanisas are most joportint dn well-
fFlushad marsh systesms, that terrestrial
miterial 1s of importance whereg Jlarge
river systems bring guantities of organig
carpaf  from upstréas sSources, and that
phytoplankton plays a key mole in certain
situations (sea numher 3 balow).

(2) Im openeral, we susoect
fresmater wetlands are primarily
detritus-based ecosystens, although this
1= upproven, DOunn {1973) showed that a
number of henthic invertehrates will
readily  consume  vascular plant detritus
from tidal freshwater marshes (Flgure 21).
Large quantities of particulate and dis-
salved carbon  are flushed out of these
marshes and also from upstream sources
{see Section 3.4). At certain times of
the year [late summer, autumn, winter),
large ouantities of particulate detritus
ire present on the smarsh surface and oOn
the hottom of the marsh creeks (personal
observations), The relative importance of

that tidal
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dissolved versus parbiculate detritus is
totally wunknown at this time.  Water
drafning tidal freshwater marshes typizal-
1y contains 5 to 10 times as mich dis-

‘ x
E ™
1 i
i <
1 5 i* it
; I =
PLANT
Figure 21. Percent leaf disc consgmed
(O0W) by amphipads, Gammarus fasciatus,

during 9%5=-hr feading tests. Piotted val-
ues represent the mean of three samples =
1 5.E. From Dunn {1378).



salyed ciarben  as particulate carbon.
There are, however, significant guant|ties
of particulate material available for the
penthos. Associated with this particulate
material are large numbers of bacteris and
fungi (Marsh and Odum 1979), suggesting
that 1t has an emhanced food value.

{3) . The food chain comsisti of phyto=
glankton/datritus-2aoplankton-tarvs]  and
juwenile fishes s of considerable
interest end importance {o nan because of
the comercial fisheries involved, The
data of Van Etngel and Joseph (1958) in the
York and Pamunkey Rivers documented the
key role of zooplankbon as a dietary com-
panent for a wide variety of larval, post-
larval, and juveaile Tishes, many of com-
mercial fnportance. They found that the
mast common zooplankters in fish stomachs
warsé the id, Neomveis ainericana; the

copepads, artia tonza and Eu%ﬁnﬂra
affinis; four or Five species of cladocer-
ans; -aml  Several species of emphipods.
These zooplénkters, in turm, have beep

snaWn  to ingest both phytoplankton and
organic detritds [Heinle &t 21, 1977).

(4} Within th2 marsh syetem {marsh sur-
faca, small marsh creeks), terrestrial and
aquatic Tnsects along with the peathic
Fauna appear to be Tmportant in Ehe diets
af  amivorous fishes. ¥an FEngel and

Joseph {1968} Found the crab Ahithropana-
pous  harissii and the shrieps Crangon

saptenspinosa and Paliemonetas pugin to be
important - components of tha ats of &

variety of fishes. Dias et-al. (1978)
emphas fzed the importance of the aguatic
farvae of terrestrial insects as & food

source for tidal freshwater Fishes, whila
Diaz and Boesch (1977) mentioned the =ig-
nificant contribution of benthic fauna
[oTigochaetes, chironomid larvae, tha
Asiatic clam) fin the diets of benthic
faeding fishes such as gatfish, striped
bats, carp, perch, eel, and cyprinodont
ninnows [(sme Chapter 5 for more on this
subject).

5] Direct usage of marsh plant material
leaves, ceeds) appears considerably
important fn tidal freshwater marsh sys-
tems, im fact, probably more important
than Tn salt marshes, Muskrats, heaver
[during the summer), and Autria consune
uantfties of fresh plant material {see
Ehlptﬂl‘ 211 other maamals fncluding white-
tail deer ingest amaller quantities {per=

sonal observation)., Birds utilize the
saed  production. of tidd]l  Freshwater
marshes extensiwaly 4n the late summer,

fall, amd early winter (ses Chapter 7).
[nsects graze certain marshplants heavdly
{1ty HWibiscus] while other plants such
as Phragmi tes are scarcely touched.

In summary, our knowledge of energy
flow in tidal freshwater wetlands s
almost totally speculative. We hypothe-
ize that foodwebs are  gemerally
detritus-based with a variety oFf omi-
yarous benthic fauna servinmg as the inter=
mediary Vink to Fishes. ZIooplankton ap-
parently play a kay rale in supparting
larval and  Juvenile Fishes, Diract
grazing and seed consumptian by mammals,
birds, and insects are probably more sig-
pnificant thanm in higher zalinity estuyaring
marshes farther downstreas,



CHAPTER 4. COMMUNITY COMPONENTS: INVERTEBRATES

4.1 TZDOPLANKTON

The zooplankton comeunity of tidal
freshwater fs dominated by & combination
of freshwater rofifers and cladocerans
along with estoarine copepods. Typical
gxanples of the different phyla are shown
in Table 9. Hlthough the numbers of
species represanted are far less  than
further downstream, there is some evidence
that total numbers (density! of zooplank-
ton in tidal freshwater are significantly
greater than jn contiguous nnntidm fresh-
water or estuarine water (¥an Engel and
Joseph 1963).

AL any particular location the plank-
ton may be dominated by rotifers, clade-
cerans, or copepods depending upon the
season. Lippson et al. (1378) reported
typical concentrations of zooplankton From
the: tidal freshwater sectifon of the
Potomag River as: [a) vrotifers ([BO
species), 5,000 to 20,000/m" with a peak
in -saring  and  Susmer; {h]l cladocarans
(approximately 8 specfes), 65,000 +ta
100,000/m® with peaks in spring and fall;
and (g] copesods  (approximately 9
species), 1,000 to over 100,000/m* with g
chardcteristic late summsr peak, In the
York River, ¥Yan Engal and Joseph (1968
found the dominant zoaplamkton in terms of
volume to be the mysid, M%s_ ameri-
cana, the copepods, Eurytemora affinis and
Acartia tomsa, several species of anphi-
pods, and a number of species of
cladocerans.

The zooplankton in tidal Freshwater
provide an important food source For the
Tarvae and postlarvae of anadromous Fishesg
such as striped béss and shad. There is
some evidence that the copepods derive a
significant portion of their diet from
particulate plant detritus (Heiple and
Felemar 1976). It has been hypothesized

that the amount of particulate detritus
available in the early spring controls
zodpiankfon production and that this, 1n
Lurn, may influence year class strength fn
fishes such as white perch and striped
bass (Joseph Miluirsky, Chesapeake Biologl-
cal L}ﬂbgﬁ!tﬂ-rj, Solomons, Maryland: pers.
comm. .

Eisedhun T|::n1ted data of our own, it
appears that the id, is amerf-
cana, and E!?EFMWEPEEH%WS
Ebruﬂ.rid:e the preatest biomass of Food for
arval and juvenile Tishes in Cidal Fresh=
water. The two species of copepods, the
cladpcerans, and the rotifers apparently
are the most important food sources for
recantly hatched larvae and postlarvae (Ed
Houde, Chesapeake GEiological Laboratory,
Solonons, Maryland; pers. comm. ).

4.2 BENTHIC INVERTEBRATES

Comprehensive docamentatfan of the
henthas in tida) Ffreshwater 15 scarce. An
early study of the Hudsom River, Mew York
(Townes 19317), characterized the banthos
of tidal freshwater as composed of fresh-

water smails, oligochaetes {(Limnodrilus
spp.), chironomids, and the amphipod, *

Cammarys fasciatus. This asphipod seems
to he characteristic of many tidal freshe
water locations. [umn (1978} found it tn
be #Hyndant in plant and algal matz in
Yirginia while Calder et &1. (1977) men-
tion it as comman in South Carolima Freshk-
water tidal marshes.

Studies of southern tidal freshwaterp
benthas area relatively rare. Darjes
(1977), guoted in Sandifor et al. (1980),
found the dominant macrobanthic inverie-
brates im the tidal freshwater areas of
the Jgeschee estuary, Georgis, to he the

amphipod, Lepidactylus dytiscus, and the



polychaete, Scolecolepides wirfdus. In
cguth Carolima, Calder =t al, Faund
thpes two species to compose 60 by number
of the =acrobenthos from tidal freshwater

stratches of the South Edista River.

One of the nost complete studies of
tidal frashwater benthos s that of Diaz
(Diaz and Boesch 1974; MHaz 1977; Diar et
al. 1%78), His studies concentrated on
the tidal James River,; a typical, although
highly eutrmhic, tidal freshwater river
in Virginia, The marsh macrobenthos was
dominated qualitatively and guantitativel

tubificid oligochaetes and Tarva
chiranomid  insects.  0l1gochaetes were
most abundant and chironomids werg most
diverse. bominant species included a
chivonomid, Chirsnomus Eanypus, and an
aligochaste, Limnodri lus spp. Aiso highly

abundant was the introduced Asfatic clam,
Corbicule Fluminea {(formerly L. manilen-
51%] which 1s discussed below.

These studies &lso showed that the
number of benthic magrofauna species in
tidal Freshwater 1% considerably Tower (59
according to Koss et al, 1974; 49 accored-
ing to Diaz 1977) than Ffurther upstream in
nontidal freswater (between 150 and 200
species acrording to Kirk 1974). This
relatively simple community structure fin
tidal freshwater was attributed to & lTack
of diverse habitats: the most available
habitat was a 511ty mud bottom (Diaz and
Boesch 1977). Ofaz (1977) likened tida)
freshwater benthic comiunities ko those
found in large lakes, such as the Great
Lakes, or the profundal zone of smaller
lakes, polluted harbors, or the vicimity
of river mouwths. Furthérmore, he Cof-
cluced that there 15 no species of benthic
animal which 135 specialized for exclusive
griitence in  tidal freshwater. Most
species which are present appear to be
surytapic (wide range of tolerance) with
few  species  exhibiting qualitative
prefarence for a particular subsirate
Lype.

Djar et al. (1978) found the micro-
benthie diversity [H!) in the James tidal
frethwatar marshes to be relatively low,
ranging from 2.0 to Z2.2. Mean densities
wera 1BO0-4003/m"; B5% to 97% ldived in the
top 10 on of marsh sediment. Annual ?rn-
duction was estimated (im dry g/m*/yr) as
4 g to T g of olfgochaetes; less than 1 g

51

of chirononids, approximately 1 g of nema-
toedes (the major component of the micro-
benthos), and 1T g to 2 ¢ of the Asiatic
clam.

The Asiatic clam, intrpduced earlier
in tha century, 13 well establiched
throughout tidal Freshwater environments
in the Southeastern States (Sandifer et
al. 1980). It entered the southern tribu-
taries of Chesapeake Bay about 1968 (Diaz
1977} and has since Spread northward at
Teast as far as the Potomac Hiver where it
was established by 1975 and now reaches
densities as great as BES/m” [Dresler and
Cory 18980}, Diaz and Boesch [1977) have
noted that the ease with which the Asfatic
clam has populated tidal freshwater may ha
# clug to the axtent to which henthic com-
munities #re structured by physical rather
than Biological processes jn this erviran-
ment. Presusably, if interspecific compe-
tition and compatitive sxclusion were din=-
tense, the spread and proliferation of the
Asiatic clam would nmot haye been as
dramatic.

Penaeid shrimp do not appéar o Actur
in tidal Ffrestwater habitats in high den-
sities, although they are very common at
s1ightly higher salinities (personal
thseryation). Yowever, thae caridean
shrimy, particularly Palaenonetes 10,
has heen reported commonly in Lidal ;r-esli-
water from Seorgia (Semdifer et al. 1980
te Yirginia ([personal observation), In
touth Carolina and Georgia, the Frashwater
thrimp, Macrobrachium ohiona and M. acan-
thiyrus are common in  tidal freshwater

fer ot al. 1980).

A general and preliminary 1ist of
representative benthic macrofauna  from
tidal freshwater marsh systems i& shown in
Table 10, It ds probable that certain
groups such as crayfish and amphipods are
even more  important  than indicated but
have heen poorly sampled in past studies:
[n additipn, more mobile estuaring argan-
j#as arg known to stray in Fair numbers
(persoral cbservations] into tidal fresh-
water [e.7., the blue crah, Callinectaes

sapidus, the mud crah, #hithroganoneus
harissii. the caridean shrimps Pa'{laﬂm}nﬂ-
®c puaig, and, in the southern part of
'}'L-E; range, the brackfsn water Fiddler
crab, Uca minax). Except for the work of

Diaz, our Emowledge of the tidal fresh-
water macrobenthos s very preliminary.



Table 10. Representative benthic macro-
fauna from mid-Atlantic tidal Freshwater
enwiromments. Data from Lippson et al.
{1979) for the Potomac River, Grant and
Partick (1970) for the Delaware River, and
Dtar (1977) and Diaz apd Bossch (1977) for
the James River.
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The microhenthos in tidal freshwater
i3 more thoroughly documentad than the
macrobenthos thanks to the work of Robert
El11zan and Maynard Nichols (summarized in
El1ison and Nichols 1976). They have
described a sharp demarcation in the dis-
tribution of the microbenthos which occurs
at the border between tidal Treshwater and
estuarine conditions (Figura 22). In the
tidal freshwater marthes the dominant
growp is the thecamoebinids (a group of
amoeba with theca or tests); the foramini-
fera, common in estuarine salinities, are
apsent. Domirant species of thecamop-
binids are Centropyxis arenats, £, con-

Figure 22,
ity, (b) species composition, and (c) to-
tal numbers of microfiuna of the marshes
dlong the Rappahannock Esteary, Virginie.
From E1lison ant Michals [1974),

hegward charge in (&) salin-

strictys, Difflugia cosstricta, and D.
ritomis, Density often  reaches
E.,EM?EH ml of sediment. Just downstream,

in the oligohaline zone of the estuary,

the thecamoebinids disappear and are
realaced by the Ammgastuta Tauna. This is
a group of foraminifera dominated by

Ammoastuta salsa and including Astrammina
rara and Miliammina sarlandi. 1Fferant
groups of forams predominate at locations

further doanstream in  the ez tudary at
llb;?g?r salinities (Ellison amd Nichols

The demarcation between thecanoe-
8inids and forams provides a convenient
gealegical and ecological indicator of the
extent of tidal freshwater wetlands in the
recent ‘geclogical record, Using the
veccurrence of these organisms 1n mérsh
cores, Ellisan and Nichols [1378) con=
tluded that the ti{dal froshwates environ-
ment maved downstream {n the James River
basin during the most recent period of
relative sea level stability [past £000
yoars) perhaps due to sediment depasition
and mareh building throughout the estuary.




4.3 MARSH PLANT TWSECT COMMUNITY

Published InfFarmation deilimg wWith
the insect community associated with was-
cular plants of tidal freshwater 1s wvery
inadequate. Mme exception is the study of
simpsan et al. (197%) that describes the
insects associated with three plants:
bunharigeld, arrow-arum, and Jeselweed,
In general, they found both low densities
of dinsects and low species diversity.
[nsects from 37 families and 6 orders were
cellected; only 11 families were found on

all three szpecies of plants. The Coe=-
cinellidae (Yadybird Bbeetles} were the
most obiguitous. Dther comman famfilias

were the Curculionidas (snout heetles),
the Lampyridas [fireflies], the Lagnuridae
(1izard beetles), the dipteran family
Golichepadidae {long-legged Tlies), the
atitidae [ofcture-winged flies), the
Syrphidae (flower flies), the Tachinidae
{deer and horse flies), the hemipterdn
Anthocoridae (minute pirate bugs), and the
homopterans Aphidae (plantlice) and Cica-

dallidae [Taafhoppers). Additional
families were found only on  specific
plants.

63

Simpson et al. (1979)
eyidence of herhlvorous
herbivory in general and concluded that
tidal freshwater sarshes, Tike coastal

rtima marshes, are only lightly graozed.
Cahoon (1932}, on the other hand, found
grating rates on Hibiscus to be as high as
206 to 301 in  certain locatfoms dinm
Maryland tidal FreshWater marshes., We
have wecorded grazing rates on & mikture
of tidal Freshwater marsh plants as high
as 1% to 15% 94n discrete patches of
marsh, but less than L0E far the marsh as
a whole (unpubtished data). At this time,
with Tittle datd In hand, we mist agree
with Simpson et al. (1979) that grazing
ratas by insects on most plants ia tidal
freshwater are low, Hibiscus excepted.

found Vittle
inzsects ar of

Although direct grazing rates may be
low, 1t should be emphasized that insects
gpparently play &n fmportast rols  in
energy Flow i the tidal freshwater marsh
gystem (see Section 1.5). In particular,
the aguatic larvae of terrestrial insects
appedr to be an important food source far
the postlarvae and juwenile fishes which
utilize this habitat as & nursery area
|see Chapter 5).




CHAPTER 5. COMMUNITY COMPONENTS: FISHES

5.1 INTRODUCTION

The tidal freshwater portion of
Atlantic coast estuaries 3 a4 trapsitional
zong beteeen a typically freshwater fish
fauna fTound above tidal finfluence and
fauna charscteristic of the oligohaline
portion of the estuary. Ko fish species
is known to be restricted to the tidal
freshwater Gabitat. [Imstead, the fish
comunity of tidal fresowater (Summarized
in Appendix B} is a complex and ssasonally
yariable mixture of freshwater forms
tolerant of Tow salinity conditlons, typi-
cal estuarine residents, anadromous fishes
on. spawning rums and their  Juveniles,
Juvenile marine fish wsing the area as a
nursery ground, and adult marine fish best
considered seasonal transients (Fiqure

23).

Because the unconsalidated sediments
dnd dence vegetation make zampling within
the marsh difficult; most of ouwr informa-
Efon on fishe: of the tidal Freshwater
raaches af the estuary comes from trawl
surveys Tn the maln chanmels and beach
seining 1n unvegetated shallows. As a
result, much of the following discussion
econcerns the Ffishes of tida) fresheaters
in general and 15 not restricted to those
fishes that use the marsh directly. 'Where
direct wuse has been observed,; this dis-
tinction is made.

5.2 THE FAUNA: AFFINITIES AND NATURAL
HISTORY OF IMPORTANT SPECLES

Freshwater Fishes

Mstributions of different

Figure 23.
types of fishes by salinity Zones. Modi-
fiod from Lippsen et al. (1979).

in tidal freshwaters, Fish of fresh-
water affinity are particularly common.
In fact; up to & salimity of approximately
3.5 ppt, stwatar fish often outnumber
gstuarine, asddronous, and marine species
cambined (Keup and Baylfiss 1964). Soecies
of freshwater fish found fn tidal fresh-
watars: generally occupy lentic [slow-
flowing)] habitats, such as lakes, ponds,
and river backwaters, in nontidal Ffresh-
waters., In tidal freshwaters, freshwater
forms are mare often associated with =hal-

fows and wvegetation than with deeper
channels. Freshwater species characteris-
tic of Totic habhitats with fast Flowing

water and gravel substracts rarely extend
their range dnto  tidal  Freskwaters
(Lippson st al. 1978},

The three families with the most
species and individuals 1n tidal fresh=-
water are the cyprinids [minnows, shiners,
cirps), centrarchids [sunfishes, crappies,
bass), and fctalurids (catfishes). While
a2 relatively large proportion of the cat-
fish and sunfish populations in a given
geographic area extends into tidal frech=
water habitats,; this is not the case for
the minntws, A5 & group,; ninnows are much
more comson above the Fall Line i none-
kidal habitats.

Minnows are small, often schoogling
species, most sbundant in the shore zone.
Of Ehiz group, the ssottaill shiser, =il1=-
very minnoe, satinfin shiner, and golden
shiner are the most comnon. Many of the
other smaller members of this group Tisted
in Appendix B are best considered strovs
in tidal freshwaters because their ooccur=
Fence thera 15 sporadic. A5 & group the



minnows accupy infdwater and benthic habi=-
gats. The carp and goldfish have heen
fntroduced Widely fram Asja and may be
1scally common in tidal freshwaters. PAaoth
species have broad niches; they are omniv-
grous 1n feeding habits and have wide
tolerances for varfations fin dissolved
gEygen, turbidity, and salinity,

A5 a group the sunfishes are most
commen 10 shallow, s£411 waters comtaining

enme cover,  The smaller menbers of tha
family 1n the genara Enneacanthus and

Elassoma are fnvariably associatad with
yegetation and are most abundant fn tidal
and nontidal swamps (Mang and Kermehan
1379, Lee et al. 1930}, The tﬂue%ﬂl and
largemouth bass are common fn Eidal Fresh-
waters throughouwt the mid- and southeast
Atlantic regions, The pumpkinseed {5 more
comnon in the mid-Atlantic., while the red=-
breast and redear sunfishes, warmouth, and
black crappie reach peak abundance dm
tidal  freshwaters in the southeast,
duveniles of all these species are most
abundant. in  the shallows, and Targer
fishes are found in desper water. A1) but
the snallest sunfishes are Jopartant to
sports fishermen. A5 a result of their
recreational walug, many species have bean
introduced to areas outside their native
range (see Appendix B).

Catfishes are bottom oriented -and
well adapted to feeding in turbid waters
Which often pccur in tidal freshwater
hahitats. Here they Tocate thair prey
primarily by nonvisual means [i.e., W
tactile and clfactory stimuli). They also
tolerate conditions of low dissolved ouy-
?en. i the larger mesbers of the pends
ctalurus, the whiteé catfizn, channe] cat-
fish, brown bullhead, and yellow bullhead
&rd common, The smaller membars of the
genus Noturus are known as madtoms and are
mare abundant in  nontidal Freshwaters.
Only the tadpala sadtos {8 commpn in tidal
Treshwaters,

& manber of other species of freshe
Witer fish are resident in tidal fresh-
waters and are {mpartant therz either
becausa of their npuinerical abundanca or
their mole as predators. OF the smaller
species, the mesquitofish s particularly
apundant along cresk edges, in backwaters,
dnd on the marsh surface. One or pore af
the darters and suckers arve often common.

The darters reside in the shallows, the
suckers In s1ightly deeper water. The
pirate perch i5 Tocally common fin the
upper tidal freshwater habitat, particu-
larly where the marsh and swamp are in
clese proximity. Gars, pickerels, and
bowfin are resident predators whose abun-
dance and activities probably affect the
population structure of the smaller fish
species using the tidal freshwater
habitat.

Estuarine Fishes

The estuarine component of the tidal
freshwater fish assemblage is composed of
resident soecies that complete their
entire 11fe cycle in the estuary. Thesa
spacies are generally most ahundant fn
lower, more saline portions of the estu-
ary, but several extend their ranges into
tidal freshwatars,

The eyprinodontids or ki111Fishes are
very abundapt in tidal freshwater marshes
where they occur In schools in the shals
lows and on the marsh surface at high
tide. At low tide these small Fishes con-
gregate along marsh edges and also on the
marsh surface in rivulets and tide ponis.
The twd most common species in  tidal
freshwaters are the banded kI17§fish and
the mummichog (Raney and Masssann 1953;
Hastings and Good 1977: Virafnia lastftute
of Maring Science 1978; Lipnsom et al.
1979). These two species feed opportunis-
tically, taking food {tems fin proportion
tn their relative abundance |p the emvi-
ronment  {Baker-Dittus 1978: Virginia
Institute of Marine Science 1978}, Their
diets are very similar and they sometimes
even feed n mixed schools (Raker-01ttus
197B8). While thelr niches appear hroadly
overlapping, the twe species may  reach
peak  gbundance in  different habitar
patches. Hastings and Bood (1977) suge-
gested that the mimmichog shows a prefer-
ence for muddy substrate and the handed
killifish for sandy areas. Killifichaes
are often used as bait by sports Fishermen
and are important forage Tishes for pumer-
ous Targer fishes which are of comnercial
or sport importance. KitTifishes ara alsa
an mportant food ftam for most species of
wading hirds [see Chaoter 7).

The bay anchovy and tidewater silver-
side, small pelagic schooling fishes, are



important forage species for Targer fishes
of recreational or comsercial fnterest,
Tne tidewater silversida Is mast ahgndant
spring through fall and 5 often more
abundant fn tidal frestwaters where it My
oreed than n salt water (Ramey and
Massmann 19533  Virginia Institute of
Marine Science 1978; Lippson et al. 19749},
Bay anchovy Juvenilss and adults antar
tidal freshwater in spring to feed. In
Tate spring adults return downstream to
spawn in areas of =10 ppt salindty. el v
hatched larvae move upstream to oligoha-
Tine and tidal freshwater nursery aress in
sumper (Dovel 1971, 1981). Most anchovies
return to the lower astudry to overwintar
(Lippson et al. 1974; Dovel 1881),

Hogchokers  amd  naked gobies are
bottom-oriented estuarine residents whose
young use tidal freshwater and ol{gohaline
nursary grounds. Spawned in meschal ine
partions of fthe estuary in midsumner,
young of both species are transported
upstrean in the salt wedge to the upper
estudry where thay are common fn the shal-
lows through autumn, The specios differ
in thefr use of thic habitat in cald
wedther. Hogchoker adults and juveniles
Tay overwinter here, while naked gobiec
FElurn downstream to adult habitat in the
middle and Tower estuary (Van Engel and

Joseph 19G8; Dovel et al. 194%: Lippson
et al, 1979),
Anadromous Fishes

Anadromous  fishes are thosa  which
ascend from an oceanic habitat ta Fregh-
water to 5NN, Like the anadromous
Fishes, semianadromeus forms ascend to

freshwaters to spawn, but Spend most orF
a1l of their lives within the estuary
rather than the ocean. Many of these
fishes are of considerable conmercial
umportance 1in Atlantfc coast estuaries,
Lharacteristics of these Fighac are  slim-
marized in Table 11.

OFf the anadromowus fishes, the
clupeids (herrings and shad) are of major
comnercial importance. These fishes are
Captured on the upstream Spawning vuns in
gill nets operated in tidal fresn and
brackish waters. Except for hickary shad,
the peak abundance of young of these
species is in tidal freshwaters. [n this
hUrFsery area, the Juveniles feed heavily

on small invertebrates before migrating to
the lower estuary or out to sea by Tate
fall or early winter. While in the nure-
ery ares, these juveniles are important
Forage fTishes for striped bass, white
perch, catfishes, and others. Conzider-
able research on the biology of the gnad-
romous clupeids has been conducted by the
various state agencies responsible far
tisheries management and is summarized in
their progress reports (Adass 1970; Sholar

13755 Loesch and Kriete 1976; Hawkins
1980;  Curtis 19813 Loesch et al.,
undated) .

fhe twa species of sturgeons, once
fmportant cosmercially in east coase estu=
aries, were badly overfished and their
numbers decimated by the turn of the cen-
try (Reiger 1977}, In  addition tn
daclines due to overexploftation, small
sturgeons of no economic value were pur-
posely destroped whan  thay hecame
entangled n aad damaged the ¢il] nets of
herring and shad fishermen (Qyder 1290
Grundage and Meadows 1982). The shortnose
sturgeon, probably never comeon, 1% now
desigrated an endangered species, and the
Atlantic sturgeon s refatively rars
(Ryder 1890: Bigelow and Schroeder 1953;
Reiger 1977). Berause sturgeons ars FarE,
relatively 1ittle 45 known of theip
specific habitat prefarences for spawning
and nursery areas, Both spectes of stur-
geons Spawn in nontidal and tidal fresh-
waters and the juveniles may remain fin
freshwater for several years (Viadykov and
Greaeley 1943; Srundage and Seadows 1982},
small commercial fisheries sti1] exist for
the Atlantic sturgeon 1n New Yark and the
Carolinas (%efger 1977).

OF all the fishes occupying tidal
freshwaters at some time in their Tives,
probably none has recedved yreater attep=
tion tham the striped hass, a Species of

major commercial and ¢ part disportance
(Figure 24}, Thaugh present al ong  the
entire Atlantic coast of the lnited

States, spawning iz Targely restricted to
three estoaries. Major tributaries of
Chesapeake Bay account For dpproxinately
0% of the striped bass spawned on the
aast coast, while the Hudson River, New
York, and the Roancke River, Morth Caro-
Iina, account for the remainder {Berggren
and Lieberman 1577). In the mid-Atlantic,
adult striped bass overwinter in the lower
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Striped hass, the mest ispor-
fieh wtiliizing

Flgure 24,
tant apart and coamercial
tidal Freshwatar environnents. Photograph
by Dennis &11en, Belle W. Raruch Institute
for HMarine S5¢lence and Coastal Studies,
niversity of South Carolina, Geargetown.

gstiary and open ocean, returning to their
natal streams in spring to spawn (Lippson

et al, 1979}, In Ceorgja, striped bass
are antirely riverine, never entering
goastal waters [Hoensby 1930).  We have

chosen to classify striped bass as anad-
romoys because in the mid-Atlantic, the
area of psak abundance, some proportion of
the ssawning population cverdinters in the
OCEi.

Spawning occurs fn tidal fresh and
aliyonhaline waters in the main witércourse
when temperatures sxceed 10°C (S0°F) sarly
foril at the latitude of Chesapeake Bay.

Host adults return to estuarine watars
after spewning. Juvenile stripsd hass
preferentially  innabit nearshore zones

Within the tidal freshwater and aligoha-
Tine nursery arsa wherg food s denser
than fin channels and deeper waters
{Boynton et al. 1981). Juveniles move
yradually downstream as they grow.

pDetallad studies on survival of ju-
vanile striped bass and variation in year-
class strength have denonstratad that the
critical perfod is the larval stage. It
is hypothesized that wariation n  food
densities, primarily ratifers and copepod
paplil within the tidal freshwater and
oligohal ine nursery zong, may be the erit-
ira? factor in determining year-class
strangth (Atlantic States Marine Fisheries
Commission 1981). Apparently, strong year
classes are correlated with cold winters
and high spring runoff, It {s thought
Ehat hign runoff contributes nutrient and
getrital influxes which fawor high zoo-
plankton densities, and thus high larval

striped basc
1979).

syrvival  [Lippsan et al.

The only catadromous fish species in
estuaries in this gsographic ares is the
American esl. Eels spend nearly all thedir
Iives im Tresh or bracklsh waler, return-
ing’ to the ocean in the region of the
Cargasso Sea off Bermuda to spawn. Young
spls meturn to the coast and aenter
pstuaries, some ascending into montidal
freshwaters. Eels are ubiquitous through=-
put the estuary and are very comnon in the
Eidal freshwater reaches. They readilv
Brter Lidal marsh cresks and may move anto
the marsh ftself ([Virginia Institute of
Marine Science 1978, ¥iviat “5; Linpson
at al. 1979).

Marine Fishes

Marine fishes somwn al &8 and spend
most of thair Tives n tha maring habitat.
Thay use estuarfes pither 35 nursery
areas, n which case they are estuyarine
dependent, or as seasonal Feeding grounds
as adylts, Many more marine fishes use
the lower estuary thanm tidal Freshwiaters.
Atlantic menhadem, spot, croaker, siiver
perch, weakfish, spotted sestroul, hlack
drum, and the swmmer Flounder ara marine
specias: Wwhose young oOCCupy MUrSEry Areds
pitending into tidal fFreshwater reaches
during the warmer months (Massaann 2t al.
1952; Dovel 1971; Thomas and Smith 1373;
Markle 1976; Virginia Institute of Marine
cefence 1978). In Georgla and Florlda,
snook and tarpon are depgendent upon tidal
freshwater and oligohallne nursery argas
(Rfckards 1968). fenerally, these wvoung-
of=tha-year, and adults of marine species
as well, leave the esiugry as temperaturs
declines in &he fall.

We haye attempted to surmarize these
diverse patterns of habitat use in Table
12.  The more common species for which
adequate life  history Information is
availahle are arranged hy affinity group
on the basis of their use of tidal fresh-
waters,

E.3 COMAUNITY STRUCTURE
Relative Aburdance

ahundance of fish
frachwatars 12 beslh

The relative
species inm

tidal




Table 12. Patherns of use of tidal freshe
water habitat by Fishes.

Patiera of
AFFYn1%y arows fabltat was Examiles
I. Freshsiter Aesidedat Pumpitnsens

Teszallated derter
Redfin pickera]
Langaose gar
Largemaurh hass

Spamn glsswhere Sore ceificth
Womk suckers

11, Estmarine  Resldeat Mamm1chog
Tidewazar wilvers 1de
Marsery ares Hegikoker
Maked goby
[TE. MnsSrombus  Mariery avma fpmrican shad
Alewlfe
LSiriped bass
Migratory oply  Wickery shad
Hainbow snelt
¥ ®aring Wiy ara Spal
Fepdfing geauad  Mllet
Fore aetlul ta

assessed fran comparabls data collected at
& series of sites. In Table 13 the most
comnon - fishes Ffrom  ten studips  are
grrangad by rank abundance. The efght
species 1sited far each study account for
betwesn BOE and 99% of all Fishes captured
in Ehese Anvestigations. While di¥Ffer-
ences exist in sampling methodology and
proportion of the annual cycle coverad,
some general izatiods are possible, Over-
all, freshuater species  outnumber all
pthers. Estuarine and migratory forms
(@nadromous and semianadromous) are about
equalliy abundant. M™Marine fishes are the
Teast comnon group in tidal freshwaters.

The coverage im this table om a Tati-
widinal basis 4§ relatively complete
axcept For Horth Caralina. Only the Cape
Fear, HNew, amd White Oak Hivers fin the
sgutharn povrtian of this siate have tidal
freshwater marshes comparable to thosze of
the other states, bnfartunately, the
survey data from the tidal freshwater por-
tion of these three river systems are
inadequate te Anclade fn  Ehiz  table.
Biogeographic observations Trom Tablae 13
are discussed in Section 5.7,

Diversity

Seasonal diversity in tidal Fresh-
waters in the mid-Atlantic yensrally peaks
in late summeEr dnd sarly Tall when the
young of freshwater, estwarine, anadro-
mous, and marine Forms are still on the
nursery  ground [Merringr et al, 1976,
Lipton and Travelstead 1973), In the
sputheast, the diversity peak appears to
be later - in fall or winter (0. Holder,
Department of Natural Resources, Georgia
Game and Fish, Waycross, pers. Coml,;
Horpsby 1982). Few data sets exist from
which to compave diversity of fishes alaong
a salinity gradient. The data of Merriner
et al. {19756) From bimomthly trawl samples
in the Pimakatank River, Virginia, showed
more species at the saline end of the gra-
dient (20 species, mean salinfty 16.3)
than at the oligohaline-seacnally fresh
end (11 species, mean salimity 4.3).
Sinflarly, Dahlberg (1972) Found & de-
crease in Fish species richpess From the
mogth of the Newport River, Ceorgia, as
his sanpling extended into freshwater. Mo
readily discerpable difFerences existed in
the diversities of collections of fishes
made at EwWo times By beaach seine in mesp-
hal fne (H' = 1.80, 1.62) and tidal fresh-
water reaches [HY = 2,20, 0.94) of the
James River, Virginia [Lipton and Travel-
stead 1978). 1In summary, it aopears that
the tidal freshwater Fishes are less
diverse than 1n more saline portions of
the estuary.

B.4 FUNCTION OF TINAL FRESHWATER MARSH
FOR FISHES

Spawning Lecation

The tidal freshwater marsh itself is
4 spawning ground far several species of
fishes (Table 14). The shallow water
marsh edges, channels, and tidal impound=
ments ars spawning areas for a large pum-
ber of othar species, The only obligate
marsh spawners are the twae kKi1Ti17ishes,
the banded kil1ifish, and mummicheg (Table
14). These two soecies also bread in
highar salinity marshes: The use of the
mgrsh as a spawning site s a Facultative
use by the remdining marsh spawners; they
alsa brepd in the shallows im hoth tidal
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Table 1%.

Fishes reported to spawn in tidal freshuwater,

(Compiled from Linpson et al.

1979; Wang and Kernehan L579; Christie and Walker 1987: Curtis 1982: Anonymous.)

Marsh Shallows

Thannels or shoals

Tidal

away from shore Impoundments

Banded ki114Fish Golden shiner

Mumnmichog Satinfin shiner
Mosquitofish Spottail shiner
Eastern mudininnow Silvery minnow
Bluegill Tessellated darter
Pumpkinseed Tidewater silverside
Carp Yellow parch

Redfin pickerel Whita perch

Chain pickerel Hickory shad
Blusback harring

Atlantic needlafish

American shad Largamauth hass
Mlusback hereing Harthern nike b
Alewi fe Slueback , herring

Wickory shad”
Stiriped hass
fizzard shad

2N athers

Ypaported toa spawn In this habitat in Potosac River, ¥irginia.

freshwater spawning unknown.
cin the southeast region
in aid-AtTantic region

and nontidal Freshwaters. Those species
using the shallows may spawn just of £ the
sdge of ‘the marsh, often in_association
with submerged vegetation. The presence
of marshes is probably of little conse-
guence for the breeding activities of the
channel spawners. The relative imnartance
of tidal #mpoundments as soawning loca-
tions is poorly known. These habitats are
rather comian from the Cape Fear River,
Horth ©arelina, south through Georgia,
gipce Curtis (1982) reported the Findina
of the =ggs of Z0 species in an shandoned
ricefield on the Cooper River, South
Carolina, it 1s 1ikely that these habitals
will be important spawning Tocations.

Primary Habitat for Resident Spacies

The tidal freshwater marsh and assoclated
shallows and waters provide year-round
rood and shelter for adults and fuveniles
of resident species. Resident fishes are
primarily freshwater spacies and #ay or
may not spawn in tidal freshwaters. This
group includes the Tollowing common
Fishes: longnose gar, American eel, red-
fin and chain pickerels, carp, goldfish,
siTvery mianow, golden shiner, satinfin
shiner, spottail shiner, white and creek

Generality of tidal

chubsuckers, white and channel catfish,
brown tullhead, banded ki11ifish, mMum-
michog, mosquitofish, redbreast sunfish,
pumpkinseed, bluegill, largemouth hass,
hlack crappie, and tessellated darter.

Mursery Zone and Juvenile Habitat

The role as & nursery zone for the
young of nonresident adults (Table 15) is
a particularly important function of tidal
freshwater marshes and assoctated shal-
1ows. The broad zome at the tip of the
salt wedge (i.2., the freshwater-saltwater
interface) 1s often the region of madimum
primary and sscondary productivity within
the estuary (Dovel et al. 1969; Cronfn and
Mansuet! 1971). The hydraulics of the
salt wedge can act to concentrate the lar-
val stages within the upper portion of the
estuary naar the tidal Ffreshwater zone.
In addition, it s in this same river
reach that tidal frestwater and aligoha-
line marshes occur, The often extensive
vegetated zone of these marshes provides
shelter to small Fishes and an additional
feeding ground rich In benthic inverte-
brates, algae, and detritus.

Dovel (1971, 1981), in studying the
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Table 15, Fishes using tidal freshwaters
as nursery grounds.

Affinity group

Anad- Ma- Estu-
species romaus  rine aripe
flewi fe -
finerican ghad +
Atlantic menhaden T
Atlantic sturgeon *

Bay anchovy *
Blushack herring 4

alzzard shad ¥

Hogehoker +
Naked goby +
Shortmose =turgecn 4

Southern flounder +

pot #
Striped bass ¥

Tidewater s1lversida 2
White parch +

Yellow perch ®

icnthyopTankton of the Patuxent Pver,

Maryland, and the Hudson River, MNew York,
formylated ! the concept of the critical
zung of the estuary, an area encospassing
that portion of the. estuary with salini-
ties between 0 and 12 ppt (Figure 25).
Dovel comsidered this  region critical
sincg it is within this area that the
survival and strength of sach year class
of mosl stecies of anadromous Fishes s
determined. Dovel Turther pointed out
that this critical zome 45 variable in
locatfon and extent singe 11 is affected

by hoth Freshwater runoff and  tida)
chanyges ,
The tidal freshwater marsh and asso-

Ciated shallows are also important hahitat
for the juvenilas of pesident freshwatar
species listed in the previous section.
The South Caralina Wildlife and Marine
resources Deparbiment conpared three sets
of abandoned ricefiglds and adjacent tidal
creers during two swnmers. On oan aresl
basis, over BOE of all fish collected were
taken in ricefields. HNinety-two percent
of 0~ to 4-inch gamefish { Jargemouth bass,
rudbreast sunfish, warmauth, pumnkinseed)
were caplured 1n ricefields. Larger fish,
518 inches and greater, were more nunsrous

&3

DEEAN #—-——— ESTUARY

FAVER

Figure 25, Concept aof savement of
estuarine-dependent fish Tarvae through
the Tow-salinify critical Zane and toward
the acean as the fizh grow. The movenents
of individual ¥izh (*) show a gradually
changing relationship to the salt front,
shich reswlts in 3 downstream shift of

nursery zones for succeading stages of
developrent [ fram Dowvel, 1021).
in the creeks {Curtis 1982).

Frtuaries are helieved to ha {npar—

tant nursery grounds because they are (1)
rich in food and (2) low in oredators.
The second portion of this explanation is
nat entirely accurats for tidal fresh-
wWwaters, While tidal fresh=aters Tlack
large mirine predators, Freshwater preda-
tors are abundant (sae Section 5.5 below).
Tidal freshwaters may act as an important
nursery ground because juveniles are found
in the extreme shallows and larger nreda-
tory fishes in desper waters, as suggested
from the South Carolfna data above.
Juveniles may also select habitats with
high stem densities (marsh surface and/for
wagetated shallows] whers the fareqin
affictency of fish predators s reduce
[;;gl:'l'e Bt 41. 1976, Crowder and Cooper
1 .

5.5 TROPHIC ASSOCIATIONS

The diets of Fishes recorded from

tidal freshwater marshes are glven 1n



Appendix 8. Wherever possible, publ fsied
information was sought from studies under-
Eakan in this habitat. The dietary infor-
nabion appears In as much detafl as was
given in the orginal citation, and dietary
items are listed in order of decreasing
impartance For a species.

A ponber of gemeralizations are pos-
sible From these data, First, nost fish
pass through several ontogemetic Feeding
stages. The striped bdass 15 a good
exanpla, The postlarvae are nlankfivor-
ous. Juveniles hegin to take larger food
ifncluding a range of benthic Jnverte=
brates. Adults continoe to take some
invertebrates, but are mainly piscivorous
{see Appendix B}. Such changes are a
function of both growth and maturation of
the feading apparatus and capabilities &s
well as changes in hahitat, Secondly,
many fish are opportunistic, without
strict: food preferences. Instead, ‘they
tend to Teed on Tocally and seasonally
abundant food resources within an appro=
priate siZe range, switching fo other
Thims a5 Food availabilities change.

The fLidal Ffreshwater marsh has an
gbundance of s4all crustacesns, Tmature
ingacts, aAd annelid worms [see Chapter
4}, Crustaceans (including anphipods,
agstraceds, cladocerans, sysids, and cope=
pods| and finsect nymphs and  larvae are
important foods for nearly all the smaller
fishes and mapy of the larger ones that
use this habitat. Aonalid worms (oligo-
chaetes] are spparently not a major die-
tary 1tem Jn this habitat, rns.sibl_'r
because they tend to be infaunzl rather
than epibenthic. Alternatively, they may
be more §mportant than they appear to be
due to a3 Jack af hard chitinoas parts
which would appear in qgut contents. Thay
may be thus undersstimated in food habit
studies.

Depsite the abundance of algae and
plant detritus in  this habitat, Tew
species of fish feed directly om these
resgurces, Those whose guts do contain
appreciabla  guantities. of these Jtems
fnclude gizzard shad, striped mdillet. sil-
wery minnow, golden shiner, blacknose
dace, marsh killifish, and hogchoker
(Aopendix B). More gensrally, these abun-
dant resources of detritus and algae are
made available to Fish through tntermedi-

ate steps in the food chafn, specifically
through the small crustacea and fmmature
insects,

The most abundant fishes which prey
or  small fishes dn  tidal Freshwater
marshes fnclude largemouth bass, Tongnose
gar, American eel, redfin pickerel, chain
pickerel, bowfin, warmouth, black crappie,
and striped bass. Wading Birds, kingfish-
#rs, certain ducks, terns, and gulls take
small fishes in the shallows. Ospreys
feed both on the marsh at high tide and in
Tess turbid waters next to the marsh where
they take larger fishes Trom coves, tidal
creeks and the mafnstream (see Chapter 7
and Appendix D).

It appears from these ohservations
that the a2bundant primary production of
the marsh system 15 channéled through a
host of snall inpvertebrate consumers of
plant detritus and 3lgae to numerous small
and madium-sizied Fishes and Tthepn 0 &
smaller number of top predators, including
predoceous fishes, birds (Chapter 7), and
mammals [Chapter 8).

5.5 SEASONALITY

The trophic patterns described above
are spasgnal in nature. The anadromous
and semianadromous Tishes are among the
garlfest spawners; Their voung hegin to
use the tidal frezhwater nursery area ear-
1y In the spring. nftenm before the Fresh-
water Tishes spawn. Other early arrivals
are the jJuveniles of winter spawning ma-
rine fishes Wncluding the croaker and
shot. #s the waters warm, the freshwater
specles begin their reproductive season
and more juveniles are foumd in the shal-
Yows. The resident k111iFishes <pawn in
midsummer. Thus, there are sequential ar-
rivals of juveniles in this nursary area.
Invarlably, the greatest numbar of indi=-
vidrals and of species are observed n
sumner and fall in the mid-Atlantic [Mer-
riner et al, 1%M4; Lipton and Travelstead
1978},

Az temperatures deciine in the late
fall in this region, fish populations de-
cline, The juvenilas of the amadromous,
marine, and estuarine species (except for
the ki11ifishes) move downstream to over-
winter in the Tower estuary or to réturn




ti Ehe oczan., The Freshwiter residents
tend to move to deéeper waters where the
tamperatures are slightly higher and less
variable, Some resident killfishes may
barrow in s5ilty sediments within the marsh
il:h'i&t M3) or mave to deeper waters
Fritz et al. 1975)., 1In the mid-At]lantic
ene shallows are largely deserted in the
winter, and fce may cover the marsh. De-
spite species-specific variations in the
ralative aburdance, community-wide popula=
tion Yevels are lesz variable szeasonally
in the touthern partion of our geographic
coverage | Figure 26).

5.7 BIOGEOGRAFHY

The oeosgraphic area covared by this
cormueni By profile is large, and thers ars
avident differences in the Fish communi-
tiez §n the northarn and southern por-
tions. Marine biogeographers have Tong
recagnized that on the Atlantic coast Cape
Cody Massachusetts, amd Cape Hatteras;
Moprth Carolina, are boundary areas seps-
rakting cosstal reglons with distinguizh-
able watar masses, Ffloras, and faunas
(Marshall 1951: Pielou 1979: Whitlatch
1942). Similarly, Horth Carolina seems to
be a tran§ition area in the distribution
patterns of freshwater Fishes, With a num-
par of species terminating either norihern
or Southern ranges at this Tetitude
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Figure 26. Conparison nf seasonal varfa-
tion in total fish nwsbers. in thres river
systems. [%elative sbundance in arbitrary
units because of difference in sampling
methods, Data fron Holder, pers. comm.;
Hornshy 1932; Herriner et al. 1976).

(Jenkins et al. 1971; Le= at al. 1980).
Exanination of Table 13 sugyests real dif-
farences 1n the fish communities of the
mid=-Atlantic (Hudsan River to Janas River)
and the Southeast (South Carolina and
Geurqual_ Based on Appendix B, Table 11,
and Takle 13; the Tollowing oeneraliza-
tions regarding latitudinal differences In
f1sh commnities in tidal freshwaters can
e made:

1. Some species, largely restricted
to nontidal freshwaters in the
mid-Atlantic, #&re commwan e tid-
gl Tresrmdters 10 the Sduthedst
{bouEin, warmouth, pirate perch,
banded sunfigh]),

present in  both
areas  use different spawning
habitats: n the two reglons
(hickory. shed, bloebsck her-
ring}.

2. Some species

3. Juvenile sciaenids (drums] ex-
tend into fidal freshwaters fin
the mid=AtTantic, but apparently
mot in the Southeast.

4. Thers i5 & greater tendency far
some marine species to penetrate
fresawater fn the Southeast
{striped mullet, southern floun-
der).

5. Thare 15 Tass pronounced fea<on=-
al change in Fish density in the
aoutheast.

G. Az a wesult of human =odifica-
tion of the epviromnment, there
exists 1n the Southeast a rather
unigue habhitat (the abandonsd
ricefield, analogous to a tidal
impoundment) which appears to he
{ntensively used as spawning and
Juvenile habitat.



CHAPTER 6. COMMUNITY COMPONENTS: AMPHEIANS AND REPTILES

Much Titerature exizts concerning the
amphibians and reptiles. of freshwater
ldkes, ponds, rivars, streams, swamps, and
marshes. This 1iterature, however, rarely
mentions tidal fresmwater wetlands as a
habitat for these two groups of organisms.
For example, Behler and King [lﬂ?ﬁ list a
total of 283 species of amphiblans and
reptiles for MNorth America. Only ons of
these s Tisted as. fnhabiting tidal frash-
water marshes. We feel that this repra-
sents the fact that many biolegists fail
to recognize tidal freshwater wetlands as
a distinct community type. and not the
fact that there is an absence of faura in
this commnity.

Included in our compilation are 102

species: 27 salamanders, 28 frogs and
toads, turtles, o lizards, and 28
snakes (Appendix C). Two reasons account

for this Targe pumber of species: (1) the
large geographic region covered and (2}
the many reptiles and anphiblans using
nontidal freshwatar habitats that can also

use tidal freshwater habitats. Many
species of amphibians., especially those
which live in the terrestrial enviromment

a5 adults, must breed in permansnt water
and also spend their larval stages there.
These species have not béen included in
Appendix C becauvss the literaturs did not
specifically ddentify them from tidal
freshwater habitats,

6.1 SPECIES COMPOSITION

salamanders ara generally rare ar
uncomom i tidal - freshwater wetlands.
Mudpuppies, sirens; and camphiumas are
uncommon  in o northern marshes, becoming
mire common ko the fouth. Frogs and toads
are much more common in tidal freshwatar
wetlands than salamanders.

River turtles {e.g.., pafnted turtle,
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river cooter, Florida cooter) are by sight
the most conspicucus mesbars of the
herpetofauna af tidal freshwater wetlands,
These turties are abundant in almest all
river drainages in the Sowutheastern United
States. The turtles reportad from =mid-
Atlantic tida)l fresiwater wetlands are a
diverse group, ranging from very rare
species such a5 the false map turtla,
introduced at the Tindcun marshes near
Philadelphia, ta the ubiquiteus snappina
turtle. The wood turtle is 2 northern
species, occasionally found din the high
marsh. Arndt (1977) stated that in the
wet sedge meadows he surveyed along the
Delaware Bay the bog turtle was the most
comon reptile found, fmce constdersd an
endangered species, the hog turtle is now
recognized at being secretive rather than
rave (Arndt 1977). Eastern box turtles
ara usually considerad to he terrestefal.
ke have found 3 surprising number of raf-
erences which record box turtles as heing
found octasionally to commonly in tidal
freshwater wetlands (MeCormick 1970; Arndt
1977, Mckenzie and Barclay 1980),

Diamgndbick terrapins are Brackish
and salt water turtles. They oftem enter
the tigdal freshwater reaches of estuaries,
Once hunted extensively for food, the pop-
ulations of these turtles were rapidly
decinated (McCapley 1945). Between 1880
and [900 appronimately 23,000 kg (50,000
1b) of meat were harvested annually From
Maryland alome. By 1920 the harvest was
373 kg (823 1h). With lepal protaction
from Tndiscriminate harvesting, the take
Increased to 2,600 kg (5,800 1b) by 1935
(McCauley 1945). A major Ffactor in the
continued 1increase in this species has
been the Tess of a market due to chamging
public tastes (McCauley 1945). Currently
torrapin is considered a high-priced deli-
cacy in mamy parts of Maryland; however,
overall public demand 5 still low.



Lizards and Tizard=1{ke reptiles are
the least comman grgup of reptiles in the
tidal freshwater wetlands. Those species
listed in Appendix [ are most aften Found
in tidal swamps, shrub marshes, and high
marsh where vegetation 1s high enough Tor
them to escape inundation. The American
alligator was once ahundant  throughout
coastal plailn rivers and =arshes in tha
Sputheast. Their populations declinsd
drastically due fo  over exploitation.
Following protection, aliigator popula-
tions. have increased rapidly, but the
species remains on the 1ist of threatensd
species (Federal Register 1980). AlTiga-
tars are found in tidal freshwater marshes
and swamps Friom Horth Caralind to Florids,
They are more comngn in the southern por-
tion of this range. MAlthough alligators
wser tidal freshwater wetlands, they are
Tound in & variely of other wetland habi-
tats, H

Tnree species of watersnakes, NHerodia
| formerly Hatrix), appear to be the most
abandant snakes In tidal Freshwater wet-
lands. These snakes [plain-bellled, nor-
tharn, and banded watersnakes) make use of
the low marsh, high oarsh, and tidael
swamps., They alio wse a wide varisty of
other wetland habitats. Cottonnouth moc-
casinsg are Found from the south shore of
tha James ®River southward, The jmany
reports. of this species Trom other por=
tions of the Chesapeake Bay are proabably
sightinge of MNerpdia which are mistaken
for the cottonmouth (MeCauley 1945),

There are no species of aphibians oF
reptiles included here which are confined
s0lely to bidal freshwater wetlands. Al
agre capable of using a wide wvariety of
welland and terrestrial habitats.

.2 LATITUDINAL SESTRIBUTION

Chetapaska Bay 15 & region #here @any
SpECies reach their distridutions]l Timits
and  fan be dsed as a dividing line for
distipguishindg & wmorthers  and southern
herpetofauna. Southern cpecies (e.g.,
cottonmouth moccasin] are at the northarn
edge of their range, and northern species
(e.9., boo twrtle) are at the southern
edge of their range. Musick [1972a) lists
41 spacies which reach their northern
distributional Vimit around the Chesapeske

lay and another nineé species which reach
thelir southern 1imit.

Reasnons for this separation are based
on the change fn wintar climate “etween
ngrthern and southern areas. Tidal fregh-
water wetlands in New England, Delaware
Hay, and Chesapeaks Bay are subjected to
much more severe winters than tidal fresh-
water wetiands from Horth Caroline south-
ward. The mnarthern wnarshes are often
frozen and covared by snow for prolonged
periods, Frepzing temperatures are infre-
quent and of short durabion along the
southern Atlantic coast. Reotiles and
anphibians, heing both ectothermic (cold-
hiooded] and incapable of Tomg distance
migration, are the vertebrate group most
affected by this Jatitudinal change in
climate. A5 & result we sem Ehat the
species diversity of this graup i=s greatly
rediced in northern regions 1n comparisan
to  southern regions. Of the species
listed, 25 are raported from tidal Ffresh-
water woallands in MNew Epngland and 531 are
given far the wetlands of Georgia.

G.3 DAILY AND SEASONAL VARIABTLITY

The temporal variahility axhibited by
amphibians apd reptiles s  probablv
greater than that shown by birds and mam-

mals. This tenporal varfation is mani-
Tfested as dally and seasonal activity
cycles. Most amphibfans and reptiles

hibarnate during the wintar months, aften
sesking & hiberaculum  which may  bhe
located some distance froa the nearest
wetland (Cagle 1942, 1950; Githans 1970,
Ernst 1971, 1976).  Kfviat [1978h) cata-
Toged the following soecles  of tidal
freshuater reptiles which commonly use
muskrat lodges or burrows for thair wintar
guarters: snapping  turtle, mask turtle,
mud turtle, spotted turtle, bog turtie,
wood turtfe. false map turtla, pond
511der, painted turtlz, and northern water
snake, In southeastern Penasylvania,
Ernst (1971, 1976) found that most turtles
using wet, nonktidal sedgqe meadows along
the Sescuehanna Tiver are active only Ffron
April to Septemher. DNaily activity cwclas
arg also well developed and are dependent
on air and wWater tomperature [Cagle 1942,
19505 Ernst 1971, 1976; Arndt 1977).
Turtles, especially those in the genera

Chrysemys and Clemmys are rarely active



until the anbfent temperature reaches
107 L or higher. 1f the temperatire goss
above 34" C, many of these ssme turtles
will become inactive, seeking cool areas,
Similar patterns of winter and daiiy
activity are noted for frogs, toads, and
tnakes (Noble 1954: frr 1971). Salaman-
ders of the family Plethodontidas are
adapted to cold waters with high BT
levels and hence might he more active in
the winter than the other species of
reptiles  and  amphibians  listed  in
Mppendix €,

6.% ECOLDGICAL RELATIONSHIPS
Host tidal freshwater amphibians and

reptiles are primary or secondary carni-
vores, They feed on a wide variety of

Table 14,

Iverson (1982), Tables | and 2.

Population densities (numbers/ha
lected spacies of turtles and various other

animal matter from tiny insects to
medfum-sized mammals and Birde (Aopendfx
C}. One dmportant exception to this
generalization are the turtles in the
genus Chrysedqys. While young, these tur-
ties are carnivorous. A= they mature,
they switch to a diet which 5 almest
completely vegetable matter (Ermst and
Barbour 1872). This change in diet may
cause the total biomass of these species®
populations to reach very high values, on
the order of 200 to 500 kg/ha (Table 16).
Unly fish and the tiger salanander have
population biomass densities which excead
those of herbivorous turtles [Iversan
1982}, Most carnivorous mammals and birds
have population standing stock hiomasses
which are 10 to 10D timee less than that
of these turtles (Tahle 17). Although
these estimates are based on studies done

) and standing stock biomass {kg/ha) of se-
vertebrate grougs.
0 = Gminivorous, C = Carnivorous, H = Herbivorous.

lgta are modified from

apecles or group Habitat
Snapping turtle marsh
Snapping thirtle pond
Mud turtle creek
Musk turtte pand
dusk turtle Taks
Painted turtie Take
Painted turtle pond
Spottad turtle pond
Bog turtle bog
gog tlurtie SWamp
Chicken turtle pand
Hivar cooter Lpring
Florida cooter spring
River cooter pond
Pond 571der pond
Pand slidar river
aoftshell river
Large mammals -
anall mammals -
large mnanmals -
Small mammals -
iirds N
Snakes h
Frogs =
53 lamanders 4
Fish i

Foad Population

habits Density hiomass
c L:2 9.1
c &g 181
0 Bl+ 26
0 8d B.4
0 150 10.2
0 49 11.2
1] a71-5581 28=1072
4 4i-80 3.2-B.7
L] 123 10.9
(1} 140 12.9
4 41} g2
H 170 ag4
H 154 a1l
H E.2 4.0
0 S8-3a1 27-283
0 190 40
i 42 19
H - 280
H - 100
C 1
[ - 1

15 1

E - 5
i - 27
C 21
£ - 477




Table 17. Efficiency of secondary produc-
tion by various species of animdls. WData
addptad from Pough {1930}, Tehle 3.

Efficiency %

Species 1G53 Net
Warm=blaided
Lottantail rabbit 0,74 .83
[legr maouse 1,98 i.09
Meadow vole 2,14 3.00
Sdvannah sparrod - 1.10
Long=bi11ed marsh wren .35 .50

Cold-bloaded
Rad-nacxed salamandar 33 13

Southern toad - 34
Harthern watersnake =38 -
Lo snake - a1

in ponds, streams, and montidal freshwater
marshes, thay are probahly comparadle to
the value in tida] freshwater weilands,

High population bipmass does not
necessarily dmply that the energy flow
through tha popuiation is alsa large. A
result of ectothermy 15 that %igh biomass
gan be cupported wWith & low lsvel of
engrgy flow if the organisns are efficient
at utilizing what they consume {Pough
1980). It has heen shown thak the gross
and net efficiency of secondary production
{i.e., the efficiency of an organism in
converting what it eats into body mass) of
anphibians and reptiles {s 10 to 100 times
greater than that of birds apd mammals
?Tﬂ_l}l! 17). Hence the biomazs of herbi-
varous turtles may become large and be
supported by 8 Tow Tevel of energy flow
through the entire population. @& manage-
ment consequence of this point 1= that it
may take a long tiee for the populations
to reach high lewels. If the populaticns
dre exterminated from an area, 1t Wi
faks many years for them to  recover
(lvmrson 1982). The effect of amphibian
and veptile populations on the structure,
function, and energy Flow within wetlands
is poorly understood and shoold he studiec
more 1n the Future.




CHAPTER 7. COMMUNITY COMPONENTS: BIRDS

7.1 INTRODUCT LON

Tidal freshwater wetlands provide &
varfed habitat for bBirds. OF the dif-
ferent types of coastal wetlamiz, Eidal
freshwater wetlands are among the most
structurally diverse. Structural diversi-
ty is provided by the broad-Teaved plants
characteristic of the Tow marsh, tall
grasses of the high marsh, the intermedi-
ate cangpy provided by the shrub zone, and
the high canopy found in tidal freshwater
SWamps .

Tidal freshwater wetlands hardor a
higher diversity of birdlife than struc-
turally simpler wetland types such as salt
or brackish water aarshes. Low marsh and
adjacent wmxposed mudfiats are used by
shorebirds and reils. The grasses and
sadges characteristic of higher elevations
in tha marsh ara similar to yrassiand or
zavanna habitats and support an abundance
of seed-sating species. Tidal channele
and pools provide habitat for wading
birds, Waterfowl wse the open watar areas
in eddition to the marsh surface itielf.
Shrubs and trees found in the high marsh
and along the upland-marsh ecotome provide
habitat for a large number of arbareal
birds, These srboreal birds can often be
found feading in or over the marsh oroger.

The few surveys which have bean con-
ducted 1n tidal freshwater wetlands reveal
a diverse assemblage of birds, Kiviat
(19732) observed 142 species of birds
which used the tidal freshwater warshes
along the Hudson River. The Hamllton
marshes on the Delaware Rver in Mew
Jersey supported 54 species of birds dur-
In%ﬂthe suimer (Hawkins and Leck 1977),
Molormick {1970) reported 246 species from
the region of the Tinicwn marshes near
Philadelphia.  kass (1972) 1listed 109
spacies as being found in the freshwaters

n

and swarps from the lower Chesapeake Bay.
ke did not, however, refar dirsctly to
tidal freshwater marshes, Domenic Clccone
(Refuge Manager, Mason Meck Hational Wild-
life Refuge, Larton, Virginia; pers.
commn.) cited 76° bird species From the
tidal freshwater marshes at Mason Meck on
the upper Patomac River. ®n additional
three species were Tlisted as upland
spacies which frequent] entered the
marsh., Wass and Wilkins {leE} found 179
spacies wusipg @ tidal freshwater marsh
which had been buiTt by the Army Coros of
Engingsrs on dradgespoil in the James
River. ‘Harold O0lson (Refuge Manager,
Presquila National Wildlife Hefuge, Hope-
well, Wirginia; pers. comm.) stated that
83 spacies of birds are comonly seen in
tha tidal freshwater marshes at Presguile.
P. L. Young (Qutdoor Recreation Plannar,
Georgio Coastal Mational WildYVife Refuge
Complex, Savannah, Georgiai pers, coom. )
provided an exhaustive 1ist of 215 snecies
which are known to utilize tidal fresh-
water wetlamds fn Georgia. OF these
species, 64 are mostly limited to tidal
marshes; the réepaining 151 species use the
tidal swamps and uplamd forests whith
horder the tidal marsh. Sapdifer et al.
(1280) Tisted 76 birds which inhabit the
alustring, nonfarestad wetlands of the
Enu'th Carnlina and Georgia coasts. Thay
alsn 1isted 122 species from Forested
palustrine wetlands,

Bazed on Anforsation ootalned Fram
the Titeratyre and limited field surveys
conducted by T. J. Saith, we have compiled
d 1ist [(Appendix D} of 280 species af
birds which use tidal Treshwater wetlands
for feeding, breeding, roosting, or other
activities., MWe kave AJncluded rare and
abundant species, The most  common
species, ar those which are mostT denendent
om  Lidal freshwater wetlands, are dis-
cussed hore,



The birds of tidal freshwater wet-
lands have bheen divided into seven groups
for the purposes of this volume. The dis-
tinction a5 to group membership was made
on the basis of trophodymimics or on the
method enployed by & particular species in
procuring its food {hawking, diving, prob-
ing). The séven groups arat ¥Floating and
diving waterbirds, wading birds, rails and
shorebirds, birds of prey, gulls and
terns, arboreal birds, and ground- and
chrub-dwelling birds. These groups are
Aot meant Lo represent guilds in an eco-
logical semse, rather they are intended to
show wery general affinitiss  between
groups and provide for ease of discussiom.

7.2 FLOATIRG AND DIVING WATERBIRDS

This group of 44 species 15 comprised

ul'irﬂrﬂtv of oesbers of the waterfowl
fanily [(Amatidae) plus gallinules, coot,
palicans, grebes, double-crested cormg-

rant. . and anhinga. PBecause of thelr eco-
namic end recreational isportance, water-
fowl ars the most studied and best under-
stood of the wetland avifauna, but chirac-
tertzation of thelr gtilization of wetland
habitats remains difficult. Shaw and
Fredine (1356) inventoried the wetlands of
the United 5tates and rated themn according
o their valus tn this group. Many areas
rated a5 having high waterfawl use at that
time no longer support even small popula-
tions, An example is the greatly reduced
use of the Susquehanna Flats fon of the
upper Chesapeake Bay during the past 20
years. This can be related to a dramatic
Jecrease in the amount of submerged aquat-
jc weqetdtion (Bayley et al, 1978). Lynch
{l?ﬁﬂ% stated ", ., . ¢ases of consistently
neavy exploitation of these coastal wet-
lands [referring to a11 types of wetlands)
by watarfow! are almost overshadowed hy
instances of their partial or intermittent
use: orf even casual abandorment.®

Az an axample of the variable nature
of waterfow] use of diffaring wetland
types and of different wetlands of the
same Eype, we present three years of an-
nual mid=winter waterfow! survey data for
Virginia (Takle 18). This survey 5 can=
ducted in early January, across the entire
codntry to provide baseline data on trénds
in waterfow] populations and on changes in
habitat use, W¥irginia 75 divided into 19

survey units which we have arranged along
a gradient of saline to freshwater. Pat-
terns of use between years, between dif-
fering .salinities, and among units of the
same salinity are striking (Table 18).
The Pamunkey, Mattaponi, and Chickahoming
Rivers a11 have large acreages of tidal
Treshwater marshes and swasips. Only the
Pamunkey is used substantially by geese,
of ten having more than 10,000 individuals,
while the Chickahominy has less tham 100.
The greatest use by dabbling ducks of tid-
&] freshwater marshes also occurs along
the Pamunkey but s Wighly vartable. Over
& thres=year period, January popuTations
in tha Pasunkey fluctuated by a Factor of
four. The Mattaponl River marshes, which
are less than five kilometers Ffrom the
Pamunkey, receive 1ittle use by dabbling
ducks. Tidal freshwater marshes along
these two rivers apoear, vYisually, to be
identical (T. d. Smith, personal observa-
tian). Causes For disparfties in usage
arg unknown but may be related to subtle
habitat differences, historical Ffactors,
microclimatological differences between
sites, disturbance, or some other causes,.

These datz alszo indicate other impar-

tant points in the wuse of wetlands by
waterfowl. Dabbling ducks and geese
{especially Canada pgeese) appear to be

most zlosely tiad to tidal freshwater wot-
lands (Figura ‘27). Diving ducks and
mergansers are found in tidal freshwater
hehitats but are much more comen  in
ol1gohalipe and ‘hrackish wetlands. Sea
ducks are 2aimgst never found dn tidal
freshwaters, being most abundant in brack-
ish and saline environments. [n mors
northerly areas where t1dal freshwater
wetlands are In closér proximity to hrack-
ish and salt marshes, the diving and sea
ducks occur more reqularly in the fresh-
wAter areas,

Of the variows tyoes of coastal marsh
and wetland habitats, Shaw and Fredine
(1956) rated <hallew, tidal Freghwater
mErshes as the wost important habitat For
ducks, geese, and swans. Stewart {1962)
provided oneé of the most comprehensive
discussions of wintering hahitat use hy
waterfowl, In the upper Chesapeaks Bay
region, thirteen wetland habitats were
delineated, two of which were tida)l fresh-
water marsh systens. These ftwo habitat
typas (estuarine river marshes and Ffresh



Figure 27.

Late autumn mixed assemblages
of Canada geese amd ducks in tidal fresh-

of the Famunkay River;
This photograph was taken from

water marsnes
Virginia.

an aircraft approdimately 200 festl im the
air,

gstuarine bay marshes) comprised only
£.82% of the entire study area, :rﬂh'-_':-'lin?
ducks were obviously selecting tidal
freshwater marshes 1n place af other
availahle wetland habitats (Table 19,
especially early in the autummn. Green-

wirnged teal were the most salective; in
sone months one quartsr af thess 1_:|1r_‘~r!'i
were found i@ tidal marcshes comoeising

only one-twentieth of the fotal wetland
ared. Mallards, Smerican black ducks, and
American wigeon were alss selective, but
not to the extent of gréen-winged teal
{Table 18).

Diving ducks such as canvashack, red-
head, scaup, bufflehead, commgn goldensye,
and ruddy ducks wers highly zelsctive far
freshwatar and oligohaline estuarine bay
habitats {Stewart 1962). These specles do
utilize tidal freshwater marshes but were
not as common there as 1n the open-watesr
bays [Stewart 1962).
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The seasonz] pattern of waterfow) usa
in tidal freshwater marshes is most Tikaly
determined By a cosbimation of food avail-
ability, food guality, and weather condi-
tions. The vegetation of tidal fresmwatar
marshes provides an abundant source of
high energy Toods when waterfow] need them
most, 1.m., imeediately following thelir
southward migration when energy stores are
depletad and priar to the northward Flight
when energy resérves must be Built up.
Ouring the winter months when a bird's
maintenance requiresents mst be met,
Tower quality foods available in brackish
and salime enviropments are suitablae,
Additionally., at northern locations Eidal
freashwater wetlands freers over in the
winter and food plants are mot availahle:
the watarfowl &re forced to move to more
brackish wetlands or to migrate to areas
further south.

The seeds and thizones of annual and

perennial sedgas; rushes, grasses; and
broad-leaved herbs appear to be favorad
foods 0F most waterfowl. ThoSe specisas

most commonly eaten include threesguare,
softstem bulrush, $altmarsh bulrush, rice
cutgrass, knucklegrass, halberdleaft tear-
thumb, dotted smartwesd, Walter's millat,
dwarf spikerush, squaresten spikerash,
fragrant wnbrellasedge, and wildrice. It
appears that these middle to upper inter-
tidal marsh =spacies are more important
food ftens than are the seeds and rhizomes
of the broad=leaved species of the low
marsh {Stewart 1962; Conrad 19653 Kerwin
and HWebb 1971; Perry and Uhler 19B1).
However, exceptions to the above gererali-
gatfon do occur. Perry and Unler (1981)
reported that zpproximately one third of
the food by walume of the wood ducks from
the James Rivar in Virginia was arrow-
arum. They also stated that Canada geesse
gecasional iy fed on pickerelwsed, Stewart
11962) Tisted arrow-arun as important in
the diets of Canada geesz, mallards, black
ducks, and wood ducky from the upper
Chesapeake region. Yellow waterlily is an
important food of ring-necked ducks in the
upper Chesapeake Bay (Stewart 1962).

The great diversity of foods avail-
adle to and eaten by watzrfowl In tidal
Freshwater wetlands indicates the valus of
this habitat type to then (Perry and Uhlar
1931}, A notable feature of the food
hanits of waterfowl 4= the opportumistic



Table 18. Oistribution of waterfowl n various regions of Virginia during early Janu-
ary 1978-1980. Regions are arranged on a gradient of salinities, from tidal saline to
tidal frashwater. OData provided by Fairfax M, Settle, District Riologist. Yirginia
Commission of Game & Inland Fisheries. TR = Trace.
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Table 19. Percentage of total species population present in the upper
Chesapsake Bay, observed in tidal freshwater habitats, estuarine river
marshes, and fresh estuarine bay marshes.  (Tabulated from data fn Stew-
art 1962.) NR = Not reported.

Species Det. Hivw . Dac. Jan. Fah, Hareh
Whistling swan i 3 TR 1] MR 1
Dabbling ducks

H:?'ian:l 13 17 13 12 NR 9

Black duck 16 9 4 3 A G

Gresn=winged teal 5 30 24 16 e 36

American wigeon 4 15 TR i) MR TR
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faeding and consequently the wide diversi-
ty of items eaten. Perry and Unler (1981)
exanined 113 glzzards from eight species
of wacerfowl and Found 135 ditferent food
items. Ten “merican hlack ducks ate 51
tvpes of food while flve American wigean
consumed 21 different foods (Tahla 20).
(ther exasples of marsh omnivores are the
fierican coot, commgn oallinule, and nur-
ple gallinule which Feed on the leaves and
seeds of sedges, rushes, spikeruashes,
wildrice, and pondweeds. Thay also take a
large number of aquatic insects, tadpalas,
snails, frogs: and saall fish.

Daprry and Uhler (1981) reported that
bwio hooded mergansers taken From the upper
Jamas Hiver, Yirginfa, fed exclusively on
aglewives. Johnny darters and  Anerican
eels are saten by the hooded mergansar in
the upper Chesapeake Bay (Stewart 1952).
Common mergansers were reported to fead on
punpkinseed sunfish and yellow perch along

T6

the tidal freshwater wetlands of the Poto-
mac  River, Virginia [Stewart 1962).
Lognz, pelicans, cormorants, and anhingas
arg also fish eaters. Gallinwles and
grebes consume a broad range of aquatic
invertewrates and vertehrates. During the
fall, grebes and gallinules will eat the
seeds of numerous marsh plants such as

wWwildrice, sedges, and rushes (Terres
1981).

Faw waterfow! breed in tidal Fresh-
water wetlamds of the wmid- and south

Atlantic coasts. Mnly wood ducks, and to
a4 lesser edtent Amerjcan black ducks and
mallards, commonly use these wetlands Ffor
breeding habitat. Stotts and Davis {1960)
foumd that 65% of the nests of American
black ducks were located in upland areas
often hundreds of yards from the nearast
water. Only 172 of the nests were in the
marsh and these were located an elevated
sites above the high-tide line, Once the



Table 20.
Freshwater watlands.
Perry and Uhler (1981).

Breadth of diet of selected species  of waterfowl

from tida)

Calculated from data presented in Stewart (1952} and

fumber of Hisber of Foad
Mumber animal plant itams/

Species examinad foods fands bird
Canada goote 3 il i1 1. E7
Mood duck g 1 25 1.5
Amierican wigeon 5 3 13 4,20
Grean-wingsd teal 29 14 45 1.93
Mallard k| 10 Al 2.05
Black duck 1o 11 40 E.10
Pintail 20 Fl 48 2.75
Harthern shoveler 1 | | 2.0
Hooded werganser 2 1 f 1.00

294 have hatched, the brood moves to the
neargst wetland. Although brood rearing
miy occur jn & number of habitacs, it
sees  that sedge, cattail, and bulrush
marshes are  favarsd [B21Trese  1075).
Avallability of cover {s the most impar-
tant criterien for orood=reading  areas
since ducklinys feed on aquatic insects,
not  vegetatlon, Wood ducks are tree-
cavily nesters and their breeding activity
is restricted to Freshwater swamps (tidal
and nontidal)] and. wooded aplands. They
Will often nest over ane mile From the
nearest water. Favored spacies which pro-
vlde suitable cavitiss includs CYpTESE
sycanore, sweet gum, willow, and red
maple. DOnce the eggs have hatched, the
brood is immediately Tead ta the nearest
marsh, The tidal freshwater watlands
along the western shore of the Chesapeake
Bay., such as alorg the Pasmunkey and
Mattapomi Rivers in Virginia, are used
2ilensivaly for brood rearing hy this
species (5Smith, personal observation), as
are similar areas throughout the mid- and
south Atlantic (anonymous reviewer).

Loons, grebes, pelicans, gannet,
BECgansers, cormorant, amshinga, and galli-
nules comprise the remainder of the Float-
ing and diving waterbird group. 0OF these,
only the common and hooded mergansers,
pied-billed grebe, galliaules, coot, and
anhinga are found with regularity in tidal
frestwater marshes and swanps  [Stewart

19623 Perry and Uhler 19B1). The ramain-
ing species are most abundant in tidal
freshwater when it 1les in the vicinity of
large areas of brackish or salt marsh,
Pled-hilled grebes, gallinules, and coots
occasionally nest in the =arsh, choosin
high marsh sites with plentiful sedges enﬁl
resds  far
nests,

constructing thair floating

7.3 WADING BIRDS

Fifteen species of herons, Bgrets,
ibizes, and bitterns make up thiz familiar
group aof marsh birds. These specie; dare
commonly seen during the =ummer throughout
the Atlantic coastal region. OMaly the
Vimpkin and wood stork are restricted in
range, bYeing found <outh of South Care-
11na. The great hlue heron (Figure 73) Je
the only species found during winter in
the nerthern parts of the Atlantic coast,
The other tnecies migrate southward in the
winter, Along the southern portions of
the coast, waders are present yeir-round._
Theze birds make heavy use of the tidal
channels, creeks, and ponds found throughs-
out the loew and high marshes. They are
also found commonly along the hBanks of
witercourses fn  tidal swamos and salt
mi rahies .

Fish, from small minnows and silver—
sides to catfish, are prefarred nrey.



*
Figure 8. The great blus heron feeds in
Lidal freshwater marshes throughout the

year,

Other ¥ood ftems fnclude; crayfish,
snails, frogs, lizamds, and snakes. [cca-
sionally Berons and Ritterns consume Some
warm=blooded prey items such as mice and
shrews or eéven young birvds. Limpkins have
nave a highly specialized diet comsisting
almpst entirely of smatis.

Grean herons and Dbitterns nest in
tidal freshwater marshes, Green herons
build nests of sticks in vegetation low to
the: greund. Bitterns use sedges  dnd
grasses b4 construct nests Tow over the
water, Bresding colonies of herons use a
wide varfety of trees and shrubs to sup-
port their nests, and sometines nest on
the ground 4dn  danse vegetation. The
actuz] Tocation of the nest site {5 Aot
critical to these birds a5 they will fly
long distances betwesn heronry and feeding
grounds  (Kushlan 1977; Maxwell and Kale
1977}, iring the summer when Ehene
waders are raising young, thair Fisn Dray
s most abundant within the marsh (see
Chapter 5). The food which the waders
gather from tidal freshwatzr marshes i3
undoubtedly fTmportant to the maintepance
of adults and to the growth and survival
af their young.

7.4 RAILS AND SHOREEIRDS

At Teast 35 species of shorebirds and
rails make extensive seasonal use of the
high marsh, Tow marsh, and especially af
the associated tidal flats, Hawkins and
Leck (1977) observed Killdeser, spotted
sandpiper, sora vail, and American wood=
cock dn tidal freshwater marshes in New
Jarsay during the summer. The soodopck
was confirmed 45 pesting in the wildrice/
arrov=grun Zone of this wetland. The ath-
gr three species were helievad to. have
nmested  but  pests  were  mever  found.
McCormick and Somes [1982) observed a nume-
ber of specles of sandpipers and rafls &t
Dldmans HMarsh, 2130 in  Sew Jersey.
greatar vellowlegs were ohserved year-
round, comnon snines and dunling during
winter and in migration, king rails in the
sumingr, and large numbars of least sand-
pipers, nectoral sandpipers, and ¥irginia
rails during summer and migrations, Les-
ser yellowlegs were seen only during
migration, Fifty pércent or more of the
total sightings of these wsight sosctos,
summad aver 411 habitats sarvevs, were
made fri Eidal freshwatar  marshes
(McCormick and Somes 1982). HKing rails
are gne of the Féw species of birds 4 be
active during winter months. in tha tidal
frestwater wetlands of the upper Chesa=
peake Bay (Meanley 1975). King rails
remain active despite snow and fo= covear-
ing the marsh suirface. Peak abundance of
s0Fas occurs during Fall migrakion at
tidal freswater wetlands along the antire
Ath?th: cnast [Wehster 1964, Meanley
1965].

Primary foods of thess - species
include freshwater WOFTS 4 crayfish,
snails, and mollusks. TIn fact, they will
eat almost any invertzbrate organisms
found in the upper few ceatimeters of the
sediment surface {(Biker and Baker 1973;
Schnetder 1978). Muring their fal11 migra-
tions, surorising numbers of  sharebirds
make extensive use of the seeds. of marsh
plants. suck as wildrice, thrse-sguars,
halbherdlear tearthumb, dotted smartwaed,
redroot  sexdge, rice cutgrass, and many
pther marsh plants. Many shorebirds are
present only during the fall migration
when the seed supply 15 maxioum,
interesting note 15 the wutilizatian of
wildrice by rails. Muring autumn migra-
Eion large nunbers of soras . fand possibly



other rails) gather to feed an the seeds.  prefer the ecotane betwesn forested and
of this abundant marsh plant (Mebster  nonforested habitats. They are most often
1964; Maanley 1955)., We have ohsaryad found in the PEQion where the tidal freshe.
Flocks of several hundrad soras feeding an Water marsh grades fintg upland forest or
wildrice seeds in tidal Freshwater marshes tidal cwamp,
along the Chickahominy River (Smith, par-
senal observation). Turing the month- Gng Populations of osprey are recavering
period in the fall when wildrice speds ara from their pesticide-caused decl ines of
ripening, thay may comprise o904 of the the 1%60's, Qspreys are comman along many
sord's diet (Yebstar 1og4), stretches of the Atlantiec coast. PBreading
Ospreys  ese tidal freashwater wetlands
around the Nelawsre Ra (Hawkins and Leck
7.5 BIRDS OF pREy 1977}, Chesapeake Bay (Henny st al. 1974)
and along the Georgia Sight (Sandifer at
Hawks, falcons, eagles, Osprey, owls, al, lﬂﬂﬂ-?. Henny et al. (1978) reported
Vil tures, and the Yoggerhead shrike fom the observation that nesting ospreys use
this group of 23 aréedatory or carrion-  man-made structures (e.g., navigation
eating birds, Thaese Spacies are at the buoys, towsrs) almost 25 much as natural
tp of the wetlapds' food pyramid and sp structures. This habit Bppears to ba more
WEre  never abundant, Recently, some presialent Tn the Maryland portions oa the
spectes of birds of prey have suffered bay, In Virginia, ISAreys are maré prone
rapld and drastic declines 1n population b0 use trees such as cypress o hnld their
Size becsuse of pollution, habitat loss, nests (Henny et al. 1o74),
and, inost imgartantly, chlorinated hydro=-
carbon pesticides [Henny st af, 1974), oOF Ospreys and bald eagles ara highly
this oroup the ssutheen hald eagle and  dependent on tigda) mirshes for the preduc-
geregring falcon are officially 71isted as tion of fish, their primary prey. Maech
Encangered [ Fodera] Register 13280, hawks are also very dependent on tidai
swallow-tailed kites ang Lo0pEr's  hawks wetlands, 411 three of these raptors can
are proposed far inclusion an South use wetlands alomg the entire estuarine
lrelina®s  endangered  and threatened salinity gradient, and sp are  mat
species Tists, respectively [Gauthreaux et restricted to tidal freshwaters. OF the
al. 1979, quoted in Sandifer et al. 1940), sther birds of prey in this group none are
Additionally, the Barn owl, great-norneg congletely dependent an tidal freshwater
oWl, nerlin, Missiseippi kite, and Togger- narshes since they all can exploft a varie
head shrike are oroposed for spacial- 2ty of other habitats, bath wetland and
concern status by South Caralina.  Ald of upland.
these spacies have suffepad large declines
In population sige in the SO0Uth Carnlina
coastal zone in recant years, 7.6 BGULLS, TERNS, KINGFISHERS, AND CROWS

southerm  bald eagle populations Included in this group of 20 species
dppear to have stabilized in the past are gulls, terns, crows, and kingfishers,
decade. Breeding eagles are found alang Gulls ara present during winter and during
Lidal fresiwater stralchas af the Potomac  migration. Common and Forster's terns are
Rivar (Lippson et al. 1979)., In South present in the summer apd during migra-
Larglina, areas of Inpounded marsh, many tion. Fish and American crows, Tlaughing
of which are tidal fresmwater habitats, gulls, ring-billed gulls, and the belted
are apparently very impartant for nesting kingfisher can he found year=round. Heér-
eagles (Sandifar et a1, 19801, ring gulls and great black-backed gulls
are common winter pesidents of cnastal

Narthern harriers (mirsh hawks) and saltwater areas which often range up the
Aperican  kestrels ape comman  in tidal estuary to tidal freshwater regians.
freshwiter marshes, especially in winter, Glaucous and Jceland gulls are reported
Red-shouldered -ang red-tailed hawks are from the viciaity of the Tinfcum Margh
comnon  permgnent  residents, Cooper's near Philadelphia, Pennsylvania,
hawks are more likely to be found in river McCormick (1970) reportsd that these qulls
Swamps.  Amerdcan  swallow-tafled kites are attracted by garbage dumps which are
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close to these marshes. This may nof
reflact true use of the tidal freshwater
watlands by these species,

Tidal creeks, chanprels, and pools In
the marsh arg used for hunting Fish, The
belted kingfisher, American crow, and fish
crow bresd 1 tidal freshwater wetlands,

7.7 ARBOREAL BIRDS

Tnis is the Targest group, comprising
90 species. Flycatchers and =wallows are
the most important species in this group.
Stewart and Robbins (1958) reported that
flocks of swallows numbering fnto the tens
of thousands could be seen over tidal
freshwater marshes in the upper Chesapeake
Bay ouring fall and spring migrations,
ayidently fesding on tha abundant insect
fauna of the mersh. Sandifer et al,
{1980} noted that swallows wers important
to tidal freshwater wetlands 4n  South
Carolina and Gedrgia for sinilar reasors.
We have commonly observed Fiycatchers
feading over tidal freshwater wetlands in
Wirginia (Hoover and Smith, parsonal ch-
servations). apecies such  as  eastern
kingbirds and great-crested Flycatchers
will perch in trees or shrubs along the
uplzng border of the marsh in search of
pre¥, When an insect iz spattad Flying
over the marsh, the birvd darks out to
capture ft. Both swallows and Flycatchers
are important insectivores in the marsh.
Many of the other spacies Tisted in this
group are birds of the ecotondl community
between the marsh and upland. The wood
warblers have mostly been reported from
tidal freshwater marshes and swams during
migration. While these warbler: are in
transit between sunmer and winter quar-
ters, thase wetlands may provide important
temporary habltat. The arboredl birds as
a group are the Teasi dependent on tidal
fresmater marshes for their survival.

7.2 GROUND AND SHRUR BIRDS

Fifty=-three spacies of birds are
included in this group which 1= composed
of the esberizids and fringilids (spar-
rows, juncos, Tinches, hlackbirds, wrens,
and several other species), The seeds of
the high marsh plants which are imporiant
to other groups are also the staple diet

of these species. Ten species are vecord.
ed a5 breeding in  tidal Freshwater
marshes, {fncluding ring-necked pheasant,
red-winged blackbird, American goldfinch,
rufous-5ided towhee, savannah Sparrou,
grasshopper sparrow, tree sparrow, chip-
ping sparrow, rleld sparrow, Swamp Spar-
rov, and sang Sparrow (Meanley and Webb
1963; Hawkins and Leck 1977]. Large
flocks of red-winged blackbirds, dickels-
sels, and bobolinks create a spectacular
sight in wildrica marshes when they con-
gregate during early autumn. Flocks num-
bering into the tens of thousands are con-
non. The timing of the arrival of these
Targe flocks coincides with seed sat hy
the wildrice. It takes only a few days
for these birds 1o consume wost of the
crap and thea move Eo another marsh,
Bobolinks were raferred to a3 ricebirds in
the last century by plantation owners in
Gerorgia 4nd Sauth Carplina.  These hirds
With thelr woracious appetites inflicted
heavy losses on the rice crops.

JF the birds in this group, marsh
{long~billed} wrens and sedge (short-
billed marsh) wrens are most dependent on
tidal freshwater marshes. Short-billed
marsh wrems are most abundant 1n brackish
and sdline environments, though they are
comman  fn  tidal  freshwater marshes,
Ehort-bllTed marsh wrans are cong idered a
regionally endangered species 1n  Mew
Jersey (Hientzledan 1971).

7.9 ENERGY
DYRAMLCS

FLOW AMD  AVIAN  COMHUNLTY

Wiens (1973} suggested three possible
roles for birds in ecosystems: (1) thay
may directly effect the ecosysten hy
infleencing the flow of nutrients and/fop
energy, (2] by acting as controllipg fac-
tors, they say help maintafn stability in
the ecosystem without playing & major mie
in nutriest and/or energy flows, and (3)
they may simply be frills Tiving aff the
gacess production aof the ecosystem and
having no influence on it whatsoevar,
There have been few studies on the role of
birds on energy and nutrient flows in eco-
systens of any lype to test Wien's fdeas,

The role of hirds in nutrient cycling
has not been studied 1n tidal freshwater
wetlands. Bedard et al. [1980) examined



the affects of seabirds on nutrient con-
cantrations within the S&. Laweance River
estuary. The effect of Joporting nutri-
ents to the estuary from outside sources
by seabirds was ne«g'l’r%]fl:r'le comparad to the
anmmt of autrients afready present in the
system. Manny et al, (1975), McCall and
Burger (1976), and OnufF ot al. [1977) pra-
sented data to show that on a2 localized
scale birds may bhe quits important. In
thase three studies, birds (Canada nHeesse,
Franklin®s gqulls, and herons, resnective-
1y} wers shown to be important by import-
ing nitrogen, phosphorus, potassius, and
organic carbon to wetland systems. Hanny
et al. (1975) and Onuf et al. [1977) were
able to show Ehat the imported nutrients
lad to increased lTevels of primary produc-
Elon. Onuf et al. (1977) presented addi-
tional evidence to show elevated secondary
aroduction in regions recefving nutrient
inputs by herons. The input of nutrients
led to increased mitrogen content of the
plants (mangroves in this fnstance) which
made then more palatable to herbivores,
On 2 Tocal scale then, birds can be an
important vector ia nutrient Flow.

In tidal Freshwater marshes migratory
witerfowl and shorebirds and the Tlarge
flocks of blackbirds and rails could pos-
sibly act as nutrient exportzrs since they
feed in the wetlands and then leave. If
calonially nesting specles were fo develop
& colony in or near 2 marsh, this could
certainly pravide Tor an fnpat of nutei-
gnte.

The role of birds in the eaergy fMlow
of marhes has 1ikewise regeived 1ittle
attention, Hawkins. and Leck (1977)
examined the breeding bird fauna in threa
tidal freshwater marsh hiblitats dn New
Jorsey. These included a cattall marsh,
high marsh, and low marsh, Breeding bird
piomass in these marsh habitats was esti-=
mated to be 0.012-0.017, 0.006, and 0.007
g dry wt/m*s respectively. The energy
flow through the breeding bitd component
of this systan was estloated  using
measurel safghts of hirds present iA the
marsh and  converting to energy using
standard metabolic equations. Energy Flow
#a5  Teported as 0,037-0,.050, 0,015, and
0,021 kcalfn®/day in each of the wetland
Lypes stydied, respectively. Over tha
Gl-tay breeding season this regresentad
2,82-3.00, 0.90, and 1.26 kcal/n*. Day et

al. (1973) examined the energy flow of the
entire salt marsh/ shallew bay region af
darataria Bay in Louisiana. These authors
reéported an average yearly standing crop
of 0.044 g dry wt/n* for the avian compo-
nent of the systes. This value is slight-
ly higher an what Hawkins and Leck
reported for only the common bresding
birds in a tidal freshwater marsh. When
the nonbreeding birds, uncomson breeding
birds, and the juvenile birds which are
produced are included in the calculations,
the annual blomass of birds in  tidal
frashuater marshes will probably be higher
than in salt or brackish marshes. ODay 2t
al, [1973) reported that total consumption
by the birds amounted to 7,33 g dry wtim®
for the year. A portion of the bird's
consunption i3 returned ta the marsh sur-
face as feces. This amounted to 2.20 ¢
dry wt/m*fyr. Tfespiration accounted faor
5.11 g dry wt/m’/yr, and the remaining
0.022 g dry wt/m*/yr was production by the
birds. Day et al. [l'il'.l':‘.iI state that cer-
tatn groups of birds, especially the dah-
bling ducks, may be ten times mare abun-
dant in nearby Freshwater marshes. Energy
flow chrough the avifauna of tidal fresh-
water marshes may ba somewhst higher than
in brackish and salt marshes.

Although the flew of energy through
the avian component of tidal freshwater
wetlands rapresents only a small partion
af the overall energy flow, birds cam
exert other influences on  the system,
Reed (1978) studied the effect of grazing
by snow gesse on tidal freshwiter marshes
alang the St. Lawrence River in Canada.
He found that increasing grazing pressure
résulted in greater primary production by
Lhree-square, the dominant plant, Hence
gracing facilitated energy flow through
the sntire system. Along the mid=-Aklantic
coast, howWwever, snoW geesa are much more
comeon in salt marshes. They can drastie-
ally reduce primary production and cause
changes fin species compasition af the
marsh vegetation [Lynch &t al. 1947; Smith
and Odum 1981; Smith 1933]. Camada qesse
have been reported to cause temporary,
local loss of vegatation fram tidal fresh-
water wetlands through overgrazing (Saith,
personal obsarvation). Thus, organisas
which account Tor anly small fractions of
the total emergy flow may have more fapor-
tant 1impacts on the system than energy
flow alone would suggest,



CHAPTER 8. COMMUNITY COMPONENTS: MAMMALS

B.1 SPECIES OCCURRENCE

The 45 species of maswals: that we
have found to be reported from tidal
fresiwater marshos (Appendix E) range from
abundant, almost ubiquitous species such
as the Virginia opossum, to relatively
rare or localized species such as  the
nine=banded armadillo, In this section we
fave chosen to Focus only on the common or
ecologically important species, Dus to
the Tack of poblished studies restricted
to  tidal freshwater marshes, regfonal
pccurrences Tisted in Appendix E should
not e construed as comprehensive.

A variety of mamals wtilize the
tida] freshwater marsh as year-round resi-
dents (Table 2la)., All of thess species
nave the Following characteristies: (1)
they are capable of obtaining all of their
nutritional neads from within the tidal
freshwater hablicat (note  that these
species are either herbivorpus or omniv=
orgus), (2} they have a fur coat which is
relatively Iapervious te water, and

(3) they have the ability to nest (and
hibernate in wora northern areas) within
the marsh either in a submerged lTodge or a
nest elevated on wegetation. A& variety of
gther species are unable fo exist in the
tidal freshwater marsh habitat on a perme-
nent basfs, but make periodic feeding
forays into the marsh {Table ZIb).

Of tha species Tlisted dn Appendix E
and Tables 2la and 21h, those which appear
to he most dependent upon the tidal fresh-
water marsh habitat dnclude the river
otter, muskrat, nutria, mink, eastern
raccoon, marsh rabbit, amd marsh rice rat.
This does not fmply, of course, that these
specties do mot wse alternate hahb) it such
as swamps, rlver bottom floodplains, and
freshwater streams.

a

Table 2las Exanples of mammals commoniy
found in tidal freshwater marshes as year-
round residents.

Star-nosed male Headow vole
Marsh rabbit Mutria

Beaver Eaztern raccoon
Harsh rlice rat River otter
Muskrat Mink

Tabie Z1b. Examples of mamnals which make

forays into tidal fresmeater mirshes for
feeding purposes, but which are not con-
sidered permanent residents,

Red and gray fox
Striped ghunk

Yirginia opossum
Least and short-tailed

& T aWs
Big brown bat Bobeat
fouse muse White-tailed deer
Horway rat

Comparisons of mammal species diver-
ity hetween tidal freshwater marshes on
eng hand and saline marshes, nontidal
frechwater marshes and  swamps on  the
other, have gensrally not hean mads, e
suspect that species diversity fs sionifi-
cantly higher in tidal freshwater marshes
than in saline marshas) howsver, data for
comparigan with montidal freskhwater and
upland habitats are generally lacking for
the east coast.

B.2 ROLEZ TN MARSH ECOLOGY

Unfortunately, not much i5 known
sbout the ecological fnteractions betWwasen



the warious soecies of mammals 1n tidal
freshwater marshas. st dnformation
which 15 available comes from reseacch in
the wetlands of Loulsians or the oligoha-
line stretches of wmast coatt marshes,
Naither habitat 45 directly camparable to
tidal freshwater marshes. Far this reason
much of the information which follows in
this section should be regarded as elther
extrapolations or  guesswork Sased on
infarmation fron batter studfed habhitars,

In raviewing the followWwing material
o ppints should be rapenbered, (1] The
procass of harbivory is probably important
both directly as an impact on the struc-
ture of the tidal freshwater plant commu-
nity amd indirectly through s effect on
substrate morphology and integrity. (2)
The higher trophiz levels (predators) are
probably not &s important to the structure

and functioning of the t£idal freshwater
marsh community.
Herbivaras

Weller ({1973} states that the
ACTivIty of herdivorous animzls 15 the

imast taportant factor, after fluctuations
in water level, in structuring plant com-
makEiee  in nantidal freshwater wetlands,
In tidal frechwater wetlands this is also
probabiy true with only tidal action {t-
self bedng were important. & large nmumber
af the mamnals wWhich are found fn tidal
frashwater wetlands are  herbivarous
[Appendix £). Small mamnals such as mice
in tha genud Peromyscus fall dnato this
trophic catagory. ;hr.- whita-tailed deer
also foeds on Ehe laavas and stems of wild
rice, cattails, and other wotland plants
(Figure 20). However, herbivorous musk-
riats, nutrie, and beavers influence wet-
land vegetation to the greatest extent.

Hiskrats are found a3 variety of
imarsh  types; from nontidal freshwater
marshes. of tha Midwest to tidal salt-
sarshes of the Atlantic and Gulf coasts.
Tidal freshwatar marshes dominated by
sweetflag, arrow=-arum, and wild rice are
considered favored Mmabhitat for muskrats
along theé AtTantic coast (McCormick and
Somes  1982). Threesquare and cattail
marshes along the eastern seabpard are
also  considered nrime muskrat habitat
{(McCormick and Somes 1982). Wass and
Wilkins: (1978} reported high wuskrat
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Floure 29,
Virginia tidal
yraph by Hichaal Dunm.

White-tatled deer Feeding fn 8
freshwater marsh. Phato-

densities (2,25 active howses/ hectare) in
a tidal freshwater marsh dominated by
EI'.-lﬂI'IElI'“i';IG1I'.| on the Janes River. in
Louisiana muskrats appear to be modt abun-
dant 4n 'brackish and aligaohaline marshes
in  which threesguare rushee (Scirous
americanus and 5. olneyl) are the dowinant

plants [Palmisanno

Surprisingly, the muskrat 13 not
found In the coastal marshes of Georgia
and most. of South Carclina, although it

=

gtcurs  in tha aiedmont regions of both
ttates. The mare southerm  distributed
miskrat, the round=ta1]ad milskrat

(Nepfiber allenil, occurs inland in south
gecrgia (as close to the coast as the
Gkeefeenokee Basin). 1t would not he sur-
prising ta find this muskrat eventually
extending 1ts range into the tidal fresh-
water habitat along the Georgia coast.

Muskrats feed extensively on the
shoots, roots, and rhiiomes of thirse-
squares, cattail, sweetflag, arrow-arum,
and other marsh plants, These plants may
represant almost B0 [by weight) of the
miskrat diet. The young shoots, which are
high 1in nutrients, espacially nitrogan,
and glder stems are Favored 6 the spring
and sumnar, respectiveély [Weller 1931).



Leaves of marsh plants ara saldom, 9F
evar, consumed. During the winter months
roots and rhizomes comprise almost 100% of
the wuskrat diet [Stearns and Goodwin
1941). The activity of muskrats in dig-
ging up roots and rhizomes cam have
daleterious effects on marsh soils. Hooks
and rhizomes of marsh piants are the
fibers which bind the marsh substrate,
When muskrats remove these plant organs,
the substrate Tacks coheziveness and 35
easily resuspended and may be washed away
by storms and even normal tidal action
{Lynch et 2l. 1947), Muskrats harvest a
larger mass of above-ground plant parts
{Teaves and stems) than below-ground plant
parts. Above-ground portions of the vege-
tation are used in construction of their
houses and feeding platforms. Muskrat
houses may be 2-3m [5-10 ft) wide at the
base and 2 m (5 ft) tall. Often mud and
eticks are worked fdnto the house to
strengthen it. It is coomon to see upland
vegetation sprouting from the tops of
those muskrat houses which are not fnun-
dated by tides.

The miskrats' practices of digging up
roots and rhizomes for food and of clear-
ing large areas of above ground vegetation
far houzes tcould potentially cause denud-
ing and disruption of large areas of warsh
(Lay and 0'Nedl 194Z; Lynch et al. 19473
Weller 1981). The practices of snow geese
hive similar effects on =zalt marshes
(Emith and Odum 1981, Suith 1983), Areas
of the marsh which are heavily grazed and
disrupted by muskrats f(or ese]  are
referred o as eat-guts Dy marsh managers,
Eat-outs may range up €0 severd] sguare
kilometers in area (Lynch et al. 1947).
Generally, the Influence of miskrats on
the vegetation §s mot this severs.
Initially & small clearing is created
immediataly around the house. [F there
are many muskrat families present in a
given marsh, this will result in many
small openings in the vegetation.
Numerous snall ocpen areas actually benafit
a variety of other wetland spacies includ-
ing waterfowl, grebes, and herons (Weller
and Spatcher 19485, Weller and Fredrickson
1974). Continued muskrat activity may
enlarge and deepan these initial excava-
tions. Arrowheads, arrow-arum, and spat-
terdock may become established in  the
snall ponds which open around miskrat
Todges (Meanley 1975). Whan the muskrat
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population grows to high densities, these
small openings are enlarged and may be
joired to other openings nearby, It is
gstimated that if the muskrat population
reaches densities greater than 75 individ-
uzls per hectare (3D/acre}, Tlosses of
vegetation and accompanying population
crashes are 1ikely (Dozier et al. 1248,
Errington 1963, Wilson 1968, Weller 1981).
Eat-outs are usually revegetated within
saveral years depending on climatic condi-
tions and the severity of the eat-out
{Lynch et al. L947). In cases where 11t-
tie vegetation remains or stores have
washed away the marsh soils, revegstation
may not occar for 10-15 years. Lynch
et al. (1947) and Weller (1931) presented
pxcel lant discussions of the yYarious suc-
cessional pathways which may be faollowed
after marshes have been grazed by muskrats
(or geese). Unfortunately, their work
deals with brackisn marshes and nontidal
freshwater marshes, respectively, 1In s
general maaner their results probably hold
for tidal fresheater =arshes as well.

Alona the Atlantic coast. nutria are
commion  n Maryland and HNaerth Carolina
{Evans 1570), especially in Dorchester and
Somerset Cownties, Maryland. The distri=
bution of nutria 1n Virginia is not well
known. Ewvans (1970) presents distribution
maps showing that tidal freshwater reaches
of the James, Chickahominy, Pamunkey,
Mattaponi, and Rappahannock Rivers are
jnhabited by nutria. Wass {1972) stated
that nutria are abundant in the o]igoha-
Tine marshes around Back FHay, Virginia,
but did mot ‘mention thelr occurrence in
any of Virginia's tidal river marshes,
These marshes abound with muskrats and
would seem to ba fdeal mnutriaz habitat
alsa. Lippson et al. {1979) stated that
rutria are pressnt in moderate numbars
dlong the Potomac River.

Mutria are ecologlically similar to
muyskrats, A small di{fference is that mu-
tria feed more heavily on Teaves of =marsh
plants than do muskrats. Leaves may make
up ?0% of their diet at certain times aof
the year (Willmer et al. 1979). QTuring
most of the wear, roots and rhizomes com=-
grise the bulk (70%) of the nutria's dist
(W11lner et al. 1979). Because their
hatitats and feading habits are similar,
nutria and muskrats may he competitofs.
Interactions batwsen these two Species




nave not heen directTy studied. Studies 6
Lpdisfand  fndicate that nutrla have a
greatar preference for freshwaier marghas
than do muskrats (Wilson 1963, Palmisann
1972}, Alopng the Atlantic ooast mutria
gnd myskrats appear to be Foond in the
same types of marshes, ranging From ol{go-
haline threesquare marshes ko tidal Frash-
water wetlands at the heads of estuaries
(Evans 1970, Lippson et al. 1979).

Direct fileld experfment: w111 be
required to fully understand the ecologi-
cal relationshios bBebkween nutria and migk-
rats.

Mutria gra not tolerant of cold tem-
peratures and are often killed by hard
freezes, (Willmer et al, 1973), During
the winter of 1975=1%77 substantial mitria
mortality was noted Sy Willper and co-
workers 1n  the marshes of Dorchestee
County, Maryland. They reported 18 comman
ko Fipd dead nmutria with extessive frogt-
bite dawage to feet and tailz. It 15 not
[ikely that nutrid will axpand their range
northward. Howewer, they could easily
mpve into tidal w=tlands in South Caralina
and Georgia.

feayers . arg becoming more common,
especially in the tidal Freshwater marshes
at the headwaters of the tributaries to
Chesapeska Bay. Often bagvers will dam
the upper reaches of 2 tidal Treshwater
stream, cutting off the influence of the
tide [Flgure 30}. We have observed the
activities of Reavars on 2 'f-l"i"-'llJLﬂ'l':p' af

the Chickahominy River in Virginia., Wild
rice was growing on both sides of the dam.
The only noticeable difference was that om
the wpstream side the wild rice was such
mare open ard getderally less dense than on
the downstream side.  The {afluence of
beavere in other habitats s well known
and they obvicusly can have an impact on
tidal freshwater marshes. The nature of
the effect of beavers needs to be studied
in detail.

Larnivores

From an economic stanrdpoint, the most
impartant carnivorous mammais in Eidal
freshwater marshes are the raccoon, mipk,
and river otter. These spacies are very
important to ihe fur trade in the Uniied
States (Chabreck 1979]. Raccoons prey
hearfly on Juvenile jmuskrats and may play
& role fn cantrolling the size of muskrat
populations. Predstion by raccoons nay
kéep muskrat populations below the levels
where they will damage marsh wegetation
and/or whera it {15 feasihle to harvest
them (Milson 1353). Mink and river otier
gecasionally prey om  muskrats  (Wilson
1954}, For the mink, however, mice,
voles, and small hirds are =sgre importdant
food Ttems, River otter foed primarily op
fish, taking |;|r|1:|r emal ] amaurte of ather
foods (Wilson 1954).

Excapt for the relation between rac-
coons and their muskrat prey, the raja-
tianships between mammal fan predators and
their prey in wetlands are poorly under-

Beaver dam an a £idal

Figure 30.
Yirginia.

frachwatar

marsh stream near the Potomac River,



stond. We do mot kenow 1F any carnivores
are acting a5 keystone predators, keeping
their prey populations in check. The role
af carnivores on nutrignt and emergy Flows
within wetlands 1s not understood.

8.3 ECONOMIC VALUE

While it §5 clear that a number af
mammals of the tidal freshwater marsh have
valushle pelts (e.9., otter, mink, musk-
rat, nutrfa, and raccoan) and that pelts
from this habitat entér the commerclial
markat, the magnitude of this Fur produc-
tion 35 mot knowm. This 5  because
detalled harvest records are not avail-
ahla; ‘the origin of muskrat p2lts from
tidal freshwater, oligohalfine, and estu-
aring habitats 1s not differentiated by
most of the State and Federal  agencies
which keep fur preoduction records.
louwisiapa 1% ome  ewcention and records
from this statsa offer some dnsight into
the relative importance of tidal frash-
wibtar mdrshes as Fur producers.

Data gathered by Palwisana (1972) and
Chabreck {1979) are summarized in Table
22. As showm by this table, freshwater

Table 22,
SBE (1000 acres) accordf
[1972) and Chabreck (1979).

Mzan number of aquatic Furbearers harvested
to marsh tyne.

marshes. are most importamt Far nmutriag
aligohaline marshes far moskeats: and
swamps for mink, racceon, and river ptter.
The harvest of muskrats is greater in
freshwater marsnes thin in swamps and 1s
&t least comparable to that of brackish
gnd oligohaline marshes. Harvest of all
other species 15 greatest fn the Freshe-
water wetlands [marshes and swamps| Ehan
in the ather categories. In terms of dol-
lars, the freshwater marshes are zecond in
value to swamps. Swamps qain their valoe
basad an the large catch of river otter,
valued at close to $50 per skin.

Of  course, this
axtrapalated directly to east coast tidal
narshes. Louisianag fresh marshes are
often nontidal or affected only by 1rregu-
Tar, wind-driven tides; as a result, the
vepetation s considerably different from
easkt coast tidal freshwater marshes,
Heveartheless, the Louisfiana data suguest
that muskrak harvest from tida) Freshwater
marshas on tha east coast must be subdatan-
tial and that harvest of Meavar, mink,
otter, and nutria is probably greater from
tidal fresiwater than that from areas of
higher salinties. Our personal obsarva-
tions from Yirmginfa and Maryland tsnd to
support this speculative hypothesis,

data cannot he

r 400 hectares
Pata originally from Palmisang

Spacies Brackish _ﬂﬁqnhaﬁnr;h s Fresn Swamp
Ihisk rat 34 o7 T8 42
Kutria Bh 285 513 M
Mink 1 1 2 13
River otter 3 1 B o8
Raccoon 1 1 i 2
Total Value £1124 $2752 $4554 S5040

($/400 ha)




CHAPTER 9. VALUES, ALTERATIONS, AND MANAGEMENT PRACTICES

9.1 VALUE TO MAN

In reviewing the material presented
in the First eight chapters, ft becomes
clear that tidal freshwater wetland eco-
systems have a congiderable inherent valum
to mam. Both direct and ind{rect values
are involved. Unfortunately, both cate-
gories of values tend to defy conventional
ecpnomic analysis, and it 15 very ¢iffi-
cult to place an economic value on thesa
wetlands. After examining the following
Tisting, we have concluded that tidal
freshwater wetlands are best regarded as
"pricelase".

Fisheries

A number of species of freshwater,
estuaring, marine, and anadromous fishes
use tidal Freshwater at some stage fin
their 1ife histories (iee Chapter 5).
This results in extensive sport and coe-
marcial fisheries in most tidal Freshwater
rivers. As an exasple, the Potomac River
tupports & commercial fishery worth sever-
al million dollars. A relatively small
portion of the Potosac catch actually
comes Ffrom tidal freshwater (Table 23a).
However, close examination of the total
river catch (Table 23b) reveals that the
leading eight spacies spend part of their
life cyele in tida] freshwater even though
they may be captured Ffurther downstream.
There are also fish not represented in
Table 23a, that utilize tidal freshwater
45 @ nursery area, invade ar pass thraugh
as juveniles or adults, and may be eventu-
ally caught st a distant location, The
Atlantic menhaden and striped bass ave
examples.

Sport fisherdes' catches from tidal
freshwater are not well documented but are
apparently high (personal observation).

B6

Table 23a. Commercial fish harvest From
the tidal freshwater portion of the Poto-

mac River. Values arve in  pounds/year
averaged for the period 1964-1971, From
Lippson et al. 1979,
L. Catfish (brown bullhead, 138,872
white and channel catfish)
2. Stripad bass 34,211
3. Aperican ee] 28,028
4. American shad 18,203
5, White perch 5,449
6. Carp 5,064
7. Alewife and blueback harring 1,121
8. Yellow perch 754
9, Crappies 187
10. Hickory shad 22
Total 231,911
Tahla 23h. Commerctal fish harvast from

the entire tidal Potomac River. Valuee
are in pounds/year avaraged for the pariad

1964-1971. From Lippson -t al. 1979,
1. Alewife and blushack 7,044,637
herring

2. Atlantic memhadan 3.052,. 136

3. Striped bass 1,117,248

4. Spot 427,601

5. American shad 366,495

6. Amarican sel 340,738

7. HWhite parch 191,327

B. Catfish (same as Table a) 161,088

9. Flounders 47,309

10. Bluefish 44,35
Tatal 13,688,025




Iopartant sport fishes faclude striped
bass, Vargemouth bass, white perch, sever=
al species of cetfish and sunfish, crip-
pie, pickerel, and yellow perch. The
quality of sportfiszhing can be excellent,
Far example, the Chickahominy River
provides some of the most consistent and

productive fishing iJn the state of
Yirginia.
Trapping

he discussed 1m Chapter B, tidal

freshwater marshes provide sxcellent habi-
tat for a varfety of mamals including
valuable fur bearers such as. beaver,
nutria, muskrat, raccoon, and oftter. @
glgnificant, bubt undocumented portfon of
the Tur production.af Yirginia, Delaware,
Maryland, and Mew Jersey comes from these
Earshes.

Birds

We have attempted to enphasize the
diversity of birds found in tidal ftrash-
water marshes In Chapter 7. This habitat
provides an fmportant lecaticon for breed-
ings; feeding, and stepovers during migra-
tory moveinent, Resident and wisiting
hirds inclyde those of considerable recre-
ational idportance (ducks and geess) as
pell a5 birds of interest fo birdwatchers,

Endangered Species

He have been dnable to idenkdfy any
gendangered animal species which s salely
depentent  wpom tidal freshwater, There
are several endangerad and threatessd
gnfinals, however, which use these areas
extensively. These intlude the peregrin
falcon, the MAmerican bald esgle; the
American alligator [south of Virginia),
and the shart nbse sturgeon.

Ferren and Schulyler (1930) mentioned
thet 2 nupber of rare plant species occur
in tidal freshwater wetlapnds. Further-
mara, they have documented the extirpation
[1ocal eradication} of six plant species
from tidal freshwater sectionms of the
Oelaware River, seven from the Schuylkill
Rivar and, possibly, Five or mare specios
from the Raritan River. Factors consfd-
ered responsible  for  the extirpations
include dumping of dredge spoil, Tandfill,
and refyse as well as bulkheading, damming

of tributaries,

apsthetic Value

Considerations of assthetic value ars
conplicated by extreme subjectivity and
lack of easily quantifiable variables. In
spite of this, tidal freshwater wetlands
appear- to have & broad appeal o many
types of people. The combimation of I'.l{
diverse plant communities, {(2) plentifu
wildlife, {3) diversity of landscape types
{Farest, marsh, watersays) in close Justa-
position, {4) broad expanses of open land,
(6] numerous Tlowering plants, and (6) a
fiversity of plant types ranging from
broadleaf ta grasses and ferms produces an
areda with a great deal of appeal for art-
ists, sportsmen, naturallsts, scientists,
and athers, Further anplifying this high
apsthatic appeal s the occurrence of many
tidal freshwater wetlands n close oroxis-
ity to meajor drbap areas, such as Boston,
New York Lity,  PhiTedelpohia, and
Hashington, 0.C.

and diking of wetlands.

Yalue a5 a Buffer

Az pointed out hy Simpson et al.
(1983) tidal Freshwater @arshes 1i@ in an
intermediate position between coastal
waters and marshes on one side and upland
Tand and streams on the other. Pallutints
[heavy metals, nutrfents) and suspended
sediments from upstrean sources can be at
least partially intercepted and processed
in the tida]l freshwater cystem. Sediments
are trapped hy rediuced Flows an top af the
marsh surfdce with the rasult that down-
stream loadings on the estuary are
reduced. As shown by Grant and Patrick
(1970}, eutrophic river watar 15 grocessed
in the tidal freshwater marsh by a combi=
pabion of zediments, bacteria, alga=, and
vascular plants, The result i5 that
reductions daay occur in nubrient Cancen-
trations, 300 (bialogical oxygen demand],
COO (chemical oxyges demand), and sediment
loads. 1In certain cases marsh plants may
rafse the dissolved oxygen concentration
of the river water Tlowing through the
marsh on the rising tide, The net result
f= that the tidal Freshwater marsh can act
as a4 partial filter to improve the waceér
quality of freshwater flowing Intd ”"E
head of the estuary, The magnitude u,
this cleansing action 15 not waell -:IEII::E
mentad. Certainly, it must vary From @



estuary Eo the wmext depending upon rela-
tive fpputs of river and tidal water, the
degree  of eutrophication of Inflosing
water, the extent of tidal Freshwatér wet-
Tand, and the time of year.

9.2 CONKECTIONS WITH ADUACENT ECOSYSTEMS

In any consideration of the manage-
ment of tidal frestwater wetland ecosys-
tens, It 15 fimportant Lh recognizs that
these are extreosly open ecosystess. and
are coupled with a2 variety of nearby sys-
tems. Oy "open” we mean that significant
flaws af nutrients, including cirban, mave
between Cidal freshwatsr wetlands and
nearby systems such as terrestrial upland
forests, tidal swiig forests, nontidal and
tidal freshwater rivers, and downstream
oligohaline marshes. For example, as we
discussed in Chaptar 3, inputs of nitrogen
and phosphorus to bidal freshwater marshas
can come from the adjacent river water as
weell as from upland terrestrial sources,
This means that attempts to manage Efdal
freshwater wetlands must also  dnclude
considerztions of human activities in
nearby associated systems., Thers arg many
situations similar to the Tinfcum Marsh on
the Delaware River (Grant and Patrick
1970). The marsh itself thas bean pre-
served with no direct alterations. How-
ever, € hés been badly degraded by activ-
ities (sewage and wastz dumping) further
ups tream,

.3 ALTERATIONS BY MAN

Historical Aspects

Since the arrival of the First colo-
nists at Jamestown, Virginia, tidal fresh-
water wetlands have undergone a continuing
progression of alterations and changes,
resulting from human activities. Aldost
alt of this habitat on the AtTantic coast
1= in the 13 original colonies: much of it
T1es ddjacent to major cities. Most tidal
freshwater wetlands are connected to
rivers whose watersheds nave been dramat=
jeally altered ower the past three cen-
turies. Poor farming practices cosbined
with extensive Torest clearing and land
devalopment have produced heavy Tpads of
sediments and dissolved nutrients in the
freshwaters Flowing into Eidal Treshwater

reqions, Local inputs of sewage and other
wWwastes have axacerbated the problem. The
results are manifold: (1) rapid sediment
deprsition rates on the wetlamd surfaces
(Chapter 1), ({2) hypereutrophication at
many sites (Chapter 3), and {3) alteration
of plant and animal communfty composftion,

In colonial times in the Hortheast
and mid-Atlantic Statas, mill ponds were
constructed across the upper ends of many
tidal freshwater sites. 1In moit cases,
these wnused ponds  remain, partially
filled with sediment, and covaring sites
of former tidal freshwater marshes.

Ricefield Conversions

[n the Sputheast during the 18th and
first half of the 1%ch centuries, slave
labor converted thousands of hectares of
freshwater tida]l marsh and swemp to 41ked
ricefields (Figure 31), Soms of these
diked areas, particularly in South
Caral ina, are now manapged fTor waterfowd,
trapping, and even aquaculture [Sandifer
gt al. 1980}. Many other former rice-
fields still mxist. These ricefields are
in disrepair and have perforated dikes
which allow the tide 1w rise and fall nors-
mally. These areas are covered with a
typical freshwater marsh plant community
dominated by giant cutgrass. Hanagement
options for these old ricefields range
from continued control for waterfow] pro-
duction to complete abandomment and &
return £ £1dal freshwater mapsh. Correct
management decisions for Individual loca-
tions: are uswvally difficult to  reach.
Often, the answer is determined by site-
gpecific characteristics such as the num=
per of waterfowl supoorted im the managed
marsh wersus the amount of juvenile Fishes
supported by the pnatural marsh.

Twentieth Century Problems

Tre pattern of alterations bagum 0
colonial times continues unabated in the
Tate twentieth century. High sedimenta-
tion rates in tidal freshwater marshes
still pcocur because of poor lamd use prac-
tices upstream, [Interruption of fresh=-
water fnput From upstroam  sourges  is
caused by diversions for freigation and
navigation purposes and 15 wWidespread.
Twa recent Targe diversions in the South-
gast, the Santee=Cooper diversion in South
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Carolina for Tacilitating hydroelectric
power generation and the partial diversion
of the Savannah River between South Caro=-
lina and Georyia for mavigation concerns,
have caused dpstredm salinity increases
and conversion of tidal freshaater woet-
lands to oligohaline wetlands.
Jiking, dredging, and of
tidal freshwater watlands
throughout the Northeast
states. Some of the
sodas have occurred om the Connmecticut,
Hudson, Delaware, and Potomzc Rivers
{personal observation). A characteristic
§ign 0f this type of alteration iz the
profusion of monotypic stands of the com-
mon read ([Fhragnites australis) om many of
these 5itas,

filling
have ococurred
and mid=AtTantic
mast damaging epl-

As mantioned in Chapter 3, eutrophi-
cation of tidal Freshwater is a widespraad
and persistenmt peoblem at many locations.
O many of the tidal Freshwater stiretches

of the Potomac and Delaware Rivers,
eutrophication, n combination with sig-
afficant heavy metal finputs, has lad to

drastically lowered dissolved oxygen con-
cemtratione and to '.inllp'l'il".l_'r_l inimal Ccom-
murities | fewer species).

Pesticide contamination of
water wetlands does not

fresh=
i be

Eidal
appear

fibandoned ricefields.

i

“‘l"ln'.-"&u.;r'.;'l-'ll'u oy Deanid Al len.

generally well documented. However, the
most serious kepone contaminatian from the

Alyied Thenical 5pill ocourred 90 the
tidal freshwater rone of the James River,
Virginta (Drifeeyer et al, 1%80). Even
today, many years after the event, many
fishertes remain closed dn the tidal
freshwater James River because of contin-
uing contamination.

dlteratton of tidal freshwater wet-

tand ecosystems is @ problen which hagan
in ecolonial Eimes and has bscoome even
warsg in the twantiath cemtury. The closa
proximity of this habitat to large urban
areas, shipping chanmels, and ipdustrial
sites has produced a multituds of problems
rangtng firom direct imsacts such as diking
to more subtle changes resulting fFros
eutrophication.

0.4 POTENTIAL FOR SEWAGE ASSIMILATION
Grant and Pacrick (1970}, in ane of
the earliest halistic studies of a tida
freshwater marsh, concluded that consider=
able potential existed to assimilate and
pProcess nutrients contained in raw or par-
tially treated sewage. Whigham and
Sdmpson  (1978] confimmed that these
marshes could take up nutrients, at Teast

on a3 seasonal basis (see discussion in



Section 3.3}, Simpson et al. (1981) fur-
ther demonstratad a cacacity to remove
meials from river water flowing across the
marsh.,

Recently, howaver, whigham et al.
{1980} directly tested the ability of
tidal frashwater marshes ta accumlate
nitrients fron secondary treated sewage.
They concluded that the marsh can assimi-
late nutrients fron sewage during the
spring and summer growing season, hut that
there is a tendency to release nutrients
fn the a1 and winter. Evidently, the
lTack. of & permanent Titter layer or
exipnsive peat deposits, along with cor-
tain other sadiment chemistry characieris-
tics {e.g., pH), Timits the capacity of
this type of marsh to process and assimi=-
late large quantities of partially treated
sEvage.,

In summary, it appoars that tidal
freshwater marshes may be useful in
fmpraving the water quality of hvoersutro-
phic rivers such &5 the James, Potosac
and Delaware, at Jeast on a sessona
basis. 0On the other hand, their use as
direct recéivers of treated sewage segess
unfeasible.

9.5 BEST MANAGEMENT PRACTICES

Clearly, tidal freshwater marshes
have oreat value to man, The wisest
management plan appears to be protection
and  preservation. Cantrolled thunting,

trapping, and fishing are compatible with
this plan. Dumping of pollutants and
sewage 15 destructive. Diking or impound-
ing these marshes it Aot advisable. Part
of their unique charactar and their high
productivity can be traced to the da'i?y
tidal pulse (Odum et al. 1983). Most
evidonce suggests that insects [mosquitoes
and biting flies) are a minimal problea in
tidal freshwater that fs flooded daily
(Dalber et al. 1976); therefore, mosgquitso
ditching or diking s not necessary or
cost effective.

White preservation of tidal fresh-
water marshes s desirable, construction
or building of new marshes with expensive
plant propagation programe does not seem
to be necessary, nz at al. (1978) con-
cluded that the vegetation of tidal fresh-
water marshes can hecome estab]ished very
rapidly on new sites {e.q., spoil disposal
islands) without much help from humans.

AlTthough much of the tidal freshwater
acreage on the east coast does mot 1ie in
preserved tracts, virtually a1l States
protect this habitat with the same laws
which protect other tidal wetlands. In
addition, there are significant areas of
tidal Freshwater marsh which are located
in Federal and State refuges and wildlife
management areas. Private organizations
have also played 2 role in preserving
these wetlands. For example, the MNature
Conservancy recently acquired Chapman's
Pond, the largest tract of tidal fresh-
water marsh on tha Comnecticut Hiver
{Nature Conservancy LS6Z),



CHAPTER 10. COMPARISON OF
TIDAL FRESHWATER MARSHES AND SALT MARSHES

10,1 A& GENERAL COMPARLSON

In Chapter 1 [Figure 1) we show that
estuaries consist of a gradient of condi-
tiens from tidal freshwater at the head of
the estuary to near marine conditions at
the south. Throughout Ethis profile we
have mentioned apparent  differences
vetween Lidal freshwater wetlands and the
%ar‘c‘ini-mmi‘nataﬂ salt marshes closer to

cean. To faclilitate this comparison,
we have prepared a table ofF physical and
biological characteristics of the two
typas of ecosystems (Table 24), This
table 45 based upon earlier attempks to
contrast the two wetland types {ddum 1978,
Odym et al. 197B}. 1In considering these
characteristics, two painks  should be
remenbered., s (1) The estuary 75 a gradient
from freshwater to marine conditions. (2)
Characteristics at any given location may
fluctuate daily, seasamally, or From year
to year.

10,2 PHYSICAL COMPARISONS

M1 of the physical characteristics
presented in Table 24 are also discussed
in Chapter 1. Essentially, there are two
sigrafficant differences in the two fypes
of ecosystens, First; the sediments dn
tidal freshwater are high in clay, silt,
and arganic matter, but generally low 1in
peat (see exceptions in Section 1.6) and
in total plant root biomass. This resulls
directly in a higher susceptibility to
erosion, ltow profile streeam banks, and
tidal crasks with Tow simuosity (Garofalo
1980) compared to higher salinity estu-
arine  mirshes  which generdlly hays
greater percentages of sand, peat, and
plant moot material. These differences in
substrate can be traced to sediment
sources and the types of plants growing in
Ehy  twds enviponments. Tidal ?-‘rasruater

o

sediments are derived primarily from up-
stream river sources [clays, silt, fine
organfc matter): 1n addition, much of the

organic  conteat probably comes from
autochthonous plant production. The
plants in tidal Ffreshwater marshes gener=

ally have a relatively low root/shoot
ratfo (sse Section 3.1) leading to less
root and peat material in the =ediments.
Salt marsh sediments are derived from a
varfety of sources including some sand
from downstream (marine) sources. In
addition, the salt marsh plants tend to
have a higher root/shoot ratio.

The second greaft difference. in the
physical characteristics of the twn envi-
ronments concerns water chemistry. Salt
marshes are flooded by water contalning
significant quantities of seswmater; watar
flopding tidal Freshwater marshes s
largely river water. BAs ‘a result salt
marsh water §s nat only saltier but 41F-
fars considevably in its.elemental makeup.
For example, seawater has approximately
three orders of magnitude more dissolved
sulfur than freskwater. Foar this reaszos,
the process of sulfur reduction fs impor-
tant in salt marshes under marine condi-
tions but probably 15 of Tess significance
in freshwaters. 5See Morris et al. (1978}
for a discussion of the chemical dif-
fereaces in marine and freshwater and the
rong of transition between the two.

10.3 BIOLOGICAL COMPARISONS

Characteristics of the wvascular plant
community are discussed at lemath in
Chapter 2. The significamnt djfferences in
diversity, zonation, sedsonal succession,
and rootSshoot ratios are summarized fin
Table 24, Benthic algal production
appears to be relatively low in  Eidal
freshwater wetlands [less than 12 of total



Table #4. Hypothetical comparisons of ecosystem characteristics between tidal frash-
water marshes and higher salinfty, Spartina-dominated salt marshes (based on Odum 1978,

Odum et al, 1978).

Characteristics

Tidal Froshwatar merch

5alt marsh

Pnysical
Location

Salinity

Hydrology

Sediments

Sediment redox
patential

Sediment erodability

Streambank morphio]ogy
Streas channg]
morphology

Dissaived ’.Iﬂji'?ﬂﬂ
(water column

Dissolved sulfur

d1ological
Macrophytes

Macrophyte diversity

MacrophyEe #ondtion

Seasoral seéquence af
doeminant wacrophytes

Hacrophyte reoffshoot

Head of estuary |[above
ol igohal ine zana}

fverage bolow 0.5 ppt

fiverine influence and
tidal influenca

Si1E=clay, high argamic
content, Tow roob and
paat content
Hoderate-strongly reducing
[redot palrs unkawn)

High erodability
iparticularly in the Tow
aarsh)

Low gradient, 1ittie
undercetting

Low senuosity
Very low |summar)

Trace {1 ppm)

Freshwater species

digh spacies diversity

Present, but not always
distinct

Proncuncesd

Low (generally below 2.0)
[continued )
a2

Mid and Tower estuary

Average above B.0 pot
and balow 15 ppt
{approx. )

Largaly tidal §nfluence
More sand, lower
organic content, higher
paat and root content
Strongly reducing,

(due to sulfur reduc-
tion)

Gererally Tower
rrodahil ity
Steeper gradient,
=are undercutting

Moderate to high
sinuosity

Law { summar)

Vary high (2500 ppm)

Marine and estuarine
spacies

Lo species  diversity

Praroencnd
flhsent or ninor

High (genarally above
5.0)



Tabla 24, Continued.

Characteristics

Tidal Freshwater marsh

Lalt marsh

Elological

Above-ground annual
primary production

Benthic algal
production

Phytoplankton

Decompostbion rate of
intertidal vascular

Anzerobic
deconposition

Hutrient cycles

sewange assimilative
capacity

Primery consumers

Direct grazing

Detritus quality

Invertebrates
Lother than rsects)

Insects

Fishes

Comparable (7)

Very Tow (less than 1% of
Net comminity primary
production)

Comparabie (7)

Low marsh plants =
extremely rapid, high
marsh plants = moderate
to slow

Mathanogenesis and
farmantation probably
predominate

Pronounced spring uptake
of Hl; NO, PO large
autump relesse of roduced
compaunds

Low

Larval and adult insects,
oligochaetes, amphipods

Varfable [5=15%), Migher
on Hiniscus
High (l1ow Eg'l'nl ratio low
crude Fibap

Low species diversity,
freshwatzr species

Both agquatic Taryal insects

and terrestrial species

Freshwater and oligohal ine

species, and larvae,
juvenilas, and spawning

aduizs of snddromous. species

{continued )
a3

Hrdarate (may be as
High as 0% of net
commun ity primary
aroduction)

Moderats ta  slow  for
a1l plants

Sutfur reduction
nredominates

Hpre  Even prgcessing
and release [conversion
From sxidized ta
reduced forms throughout
the year)

Modarate

Bdult  insects, crus-
taceans, polwvchastes,
mal lusks

Low [5%)

Low to modarate (higher
C/N - ratio, high crude
fiber)

Hoderate species
diversity, estuaring
and marineg species

Hostly adult terres-
trial spacies

Marine and estuarine
gpeciag



Table 24, Concluded.
Characteristics Tidal freshwater marsh Lalt marsh
Eiologlcal

Reptiles and High species diversity Low species diversity
amphibians

Watarfow! High species diversity, Low to moderate species

nigh but spotty densities diversity, moderate
densities
Furbearers High species diversity, Low to moderate species

modarate dansities

divarsity, modarats
densities

net community preimary production according
to Whigham and Simpson 1976). The data of
Gallagher and Dajhar (1974), on the other
hand, show that henthic algal production
can conmtribute &% much as 30% of the met
community primary production in . some salt
marshes. The lower comtribution from
tidal freshwater nay reflact the extensive
shading from broad-leaved tidal freshwater
plants. Phytoplankton production may be
similar in the tidal creeks of the two
ecosystems, Good comparative data are
enzrally Tacking, bet Axelrad et al.
ilgj'[-.]- found similar rates of primary pro-
dguction (5 to 15 mg C/m'/hr in the twa
envirgnments. Conversely, fin the MNorth
River, Hassachusatts, higher chiarophyl!
cancéntrations were found in tidal fresh-
watur apd oligobaline Tocaticns than down-
strean in the estuary proper (J. Hobhbie
anil B. Peterson, Ecosystems Canter, Woods
Hole, Massachusetts; pers,. cosm.).

In Chapter 3 we discussed differencas
in decospsoition, decomposition rates,
detritus, nutrient cycling, and consumars.
Invertebrates are discussed 1n Chapter 4,
fishes in Chapter 5, waterfowl in Chapter
i, amphibfans and reptiles in Chapter 7,
agnd furbearers 4n Chapter 8. Sewage
gzsimilative capacity and Tisheries are
covered fnm Chapter 9.  The significant
differences in these aspects of the two
wetland types are sunmarized in Table 24,

a4

In addition to the differences dis-
cussed in Chapters 3 through 8 and those
noted in. Table 24, several additional
points should be made. lnlike the vascu-
lar plant community, most components of
the tidal freshwater marsh animal commu-
nity are much Tess diverse than in salt
marshes, For example, Niar et al, (1978}
found that the bemthic macrofauna in the
tidal freshwater portion of the James
River wag less diverse than Further dawp-
streim i the high salinfty rome. In the
sane river, Ellison and Nichols (1376)
reparted a lower diversity of banthic
micrafauna in tidal freshwater. Similar-
1y, the Fish community in the James River
had 115 lowest diversity in the tidal
fresiwater section (Dfas et al, 1978), In
the rase of macrofauna and Fishes, the
nunber of species fincreased downstream
toward the estuary mouth and dapstream in
nontidal freshwatar., We suspect that the
same pattern alsa holds for rooplankton
(persanal observation).

Not all anfmal species, however,
apoear to Ffollew this pattern of reduced
spocies diversity in tidal freshwater,
Mammals, waterfowl, and insects are prob=
a2ly more diverse 1in tidal freshwater
marshes tham in salt marshes, presumably
because of the higher diversity and Food
valua found in freshwater plant species.



10.4 COMPARISON WITH MOMTIDAL FRESHWATIR
MARSHES

Few researchers have directly com-
pared fidal and poptidal freshwater marsh
ecosystems which 1le fn close proximity.
Thara are intriguing guestions associated
wWwith such a comparison since in one case
tidal energy is present and in the other
it 15 absent. One could hypothesize that
the presence of tidal energy might encour-
age higher primary production in tidal
freshwater marshes than in nontidal fresh-

wakter marshes {O0dum 1971). Odum et al,
{1983] compared the annual mnet productionm
of giant cutgrass, Zizaniopsis miliacea,
fn the two esnvironments separated by a
dike and found 331 greiter production im
tidal freshwater. As with all compari-
sons, variability in factors other than
tidal amplitude (e.n.. substrate type,
nutrient supply) creates difficulties, It
segng, however, that carefully controlled
camparisans of tidal freshwater and non-
tidal Freshwater may reveal a great deal
ahout the ecological faportance of tidal

ENergy.
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APPENDIZ A
Flants of the Tidal Freshwater Marsh

Family an¢ specles 11ist of characteristic plants occurring in tidal
fresimeter marshes of the Atlantic cosstal region, Scisntific
nomenclature conforms with the National List of Scientific Plant Names

(Soil Conservation Service 1982). Common nsses confors with Gray's
Manual of Botany [Fernala 1971).

Oemuindacéas
emunds regalls

FPolypodiacess
Onocles sensibilis

Royal Fern

Senaitive Fern

Ihelvpteris thelyoteroides Marsh Faorn
Selvinjaceas

Azglls carclipiana Water Fern
Finaceaes

Taxpdivn distichum Bald Cypress
Typhaceas

Ivpha latifolis Common Cattail

Iveba ppeustifolia Narrow=lesved Cattail

Ivpha glsuca Blue Cattail

Iypha domingenzis Southern Cattail
Ep:r!Eania-ceag:

| SDBrEENIUN SUrYCSroum
Sparganium ameriosnim

Great Burreed
Bramching Burresd

Fotomogetonacese
Dotongrebon spo, Fondwesds
Leonichnellis palustria Herned Ponoweed
Nojadacepe
Haiaz spp. Neiads
Al ismataceas
Alisma Subcordatim Kud~pl antain
=Epittaris subulsta Dwarf Arrowhesd
sagittaria Ialcata Bid tongue
sagittaria latifolia Duck=patato
Hydrochari taceas
Elodes spp. Watervesds
Elodes ettallii Buttall Waterdesd
Yallisnerip mericans Tapegrass
Limnobium spongia Frogbit
Graminess
Ehraemites gustralis Common Reed
Elvmus wireinicus Wild Rye Grass
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Graminese contimdied:
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Feed-Bentgrass
Wood-Reedgrass
Big Cordgrass
Smooth Cordgrass
Freidmwater Cordgrass
Reed-Canarygrass
Whitegrass

Rice Cutgrass
Giant Cutgrass
Wild Rioe
Switehgrass
Barnyard Crass
Walter's Millat
Giant Reed

Umbrel la=sedges
Strawcolor Unbrel la=sedge
Tellow Mukgrass

Hlunt Spilke-push
Creeping Spllke=rush
snuarestem Spike-rush
Star Rush

fivtunn Sedge

Common Threesguare

Stout Bulrush
Smith's Bulruah
Soft-stem Bul rush
Woalgrass
fiver Bulrush
Horned Bush
oaW-Erass
Sedges

Sallow Sedge
Fringed Sedge
Foxkall Hedge
Erect Sedge
Broadwing Sedge
Spreading Sedge

Arrow-Arum
Goldencl ub
Sweat{lag

Thelweeds

Day [lower
Asian Spiderwort



Fontederiacens

Pontederis cordaty
Losberells dubip

Iridacess
Iris versicolor
Iris yirginica
Iriz pseudoegrus

aslruracess
SEUCUrUS SECTULS

Salicacede
=alix spp,
Salix carcliniana

Myricaceae
Myrica cerifers

Betul greas
v Carpinus carelinians
Alnug serrulsts

Urticaoeas
Files punils
Boebmerds cylindrics

Fol ygonaceae

Amaranthaceae

Amsrsnthus cannabinus
Mternanthere philoxercides
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Flokeralwesd
Wateratargrassa

Bushes
Sharpfruit Rush
Toad Rush

Soft Rush

Blue Flag
Southern Blue Flag
Yellow Iris

Lizard's Tail

Willows
Suamp Willow

Wax-Myrtle

fmarican Hornbeam
Tag Alder

Clearwesd
False Kebile

Water Dock

Jumpased

Southern Smartused
Pinkweed

Swamp SmartWeed
Commion  Sear beeed
Lady's Thumb

Woter Smartweed
Mild Water-peprer
Sagittate Tearthumb
Hal berd-lesved Tearthumb

Water=Hemp
Alllgetorweed



Ceratophyllacean
Ceratophyllun demersum

Guttiferae

Elatingoeas
Elstine americans

17

Hormort

Spatterdock
Bullhead Lily
White Water Lily
Water-Shield

Hlue Jasmine

Swamp Rose
Multiflors Hose

Water Locust
Partridee Pes

Indigo-Bush

GCroundnut
Pink Wilg Bean

Bensitive-joint Yetch

fied Maple

Jege] veed

Sesshore=Mal low
SJamp Rose

Hallow Eose
Halberd=1eaved Fose

it. John's Wort

EaterWort

Swamp Loosetarife
Linear Loaasstrie
Spiked Loosestrife

Cottan Gum
Black Gum



Clethraceae
Elethre sloifolla

Tleacoae

Frayinus pennsylvanica

Azclepiadacege
Asclepias incarnata

Comvol yul acess

Labiataceae

Lycopus yirginfcus
Lycopus surgpeeus

Signoaniacese
tampals radicans

Scrophul arisceae

dratjols virginians
Landerine oubis

Lentibul ariaceas
Utrisujaria spp,
Fubiacean
Caliuvg tifctorium
Cephielanthus oecidentalis
caprifal iaceas
Yiburpue recopnjtun
Viburmum dentatyy

Campaniul sceas
Lobeliz cardinelis

1148

Creeping Primross-Willow
Water-pursl ans

Water-Milfoils

Marsh Eryngo
Water Hemleock
Water Paranip
etk Bishop's Weed

Seeet Pepperbush

Red ish

Swamp Millweed

Fiela Bindweeg
Hedge Bindweed
Swamp Dodder
Forning Gloey

Water-Horehownd
European Horehdund

Trumpet Flower

Hedge=hyasop
False Fimpernel

BladderWorts

Stiffl Bedstraw
But tonbush

fr oW oo
soubhnern Arrowwocd

Cardinal Flower
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lromwesd

Boneset

o - Py e e
Climoing Hempeeed
Azters

Arnual Marsh Ester
Groundsal Tree
Marsn Flesbans
HMarsh Elder

Gilant Hagieed
Burmarigolds
=Smocth Buwmarigold
Loy Beggarticks
Leafyoract Beggarticks
Black Beggarticks
Tickseed Sunflower
Spanish Meedles
Sneezeweed
Ragworts
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TieLle Eipe fr tidal I
nar sery .

‘ll-ﬂl'ﬂﬁ'lll| ApaeE Ir - Bliuer
ROVIRE WEE&eTr TAne Rlusbpch
marping, Juvenibes isw I
tidnl B 1w seiirily nir=
Sefy Arsas untll  sEcumn,

Anaarepcusy spauf priserily
li mEip CHGEOE]E OVEP

sand proal s 10 aresl

ef pereeptikle currentes
Juw, whe o tiosl B Jow
&8l ALty nureesy ereas

unt il d te lata

AT ] T

EBpedfi &t apn.  Juwerniles
sr| gslunr ks dopenoenl,

Spawne An ¥, Toung inhe—
Bt W & low brees-

dsh HUFSEFF SPERE.
Frofers qoiet Gaters of
Likea lit"l.' FiveF&,; =iliio=
rliaE, Toung sfe fnporient
forsdge Tor peveral

EEEclEE Of game [ 18K,

ShauAs 1r Me; Juveniles
ERALET shTEBEFIRE Wwalers.

IGpOFLEIT [Orage Sp@oids
fer TaPgsr specian ef
conmeroiel jgportsmce. MHosk
stundeni Bt smllrities

rpgok; Foeds on BemtAlc argenimms Less Ehan £0 ppk.

Wher FOOPIRAKLON &Fe Ecaroe,

Esurei

1. 22,68

15, 37,65

15, e, &5

o, 3E, A

By 45, ud

ER TR



¥l

Lplrohigee -
LML E

ERlop malsr
Atiantio maldon

pgneridae =
amm] by

Gamerpp aecdes
rofulod aBelt

Febrloee =
smuds fnnow s

Iplrs EXRnEES
paskern miade dnhidd

Lacoilae =
giken

Epeg megrizapian
resiffn pdcka el

Eacx luulup
parLhsrn plis

Esor piier
ghain piekerel

Geographlcs
ronge

uasan Stralt
tio, CT Rivar;
drotie Circle
te Fortugal,
& Greenl epd

EL, 18 te M

ATL vouizk=
Lo Talemnd
tunEl.

ATL comst=

& ME Lo

Fli. @Llmo

Lake Champlals
drainegs

Eurcpes, Aalp

ATl rComnst =
A Lo

Fi., M5
drainnge

Sal
r

(L]

e

(0

fu

fpity Esjative
SEZE abundpnes
P

=35 uEK
= 34 i
=i ]

- BT o

= 1.8 IHE
- 23 -

Foed habits

Jdigv ) mey Fliex, o=hiropossblde,
caddisflles, stonefiiss, elo=
docerans, Gipterars, molluscs,
risn rry tsoepersl

foung: copepeda,; cledoceErens;
Adulis 1p fw lowe; Ap&EECL
lervaa, copepede, snphipads,
eval | molluaos; [lzn (Ehipers)

s fw rtreanmt bABEpOAS,
cpodiefky Jerves

Fry | planctcn
Juyzc)pdgserany, anphlpode;
ismature jrsects

Adulia; Flegkh. crayfian,
drmgonfly AYRpER

h elérral Toeder.

firy s wicrodrustrgesns,
larvee

<30 mpjimsects, smell erusto-
CH#ENS

FhGamy priesarily risn, alen
pal smendars, erayficsh, hEY-
Tii1es

finh

Teupg; fnvertebrptes ip=
sluding s phlpsda, Ghapos
pomids, daphnlda

Agulba; Fiwh (s1gnsua,
=unfinkl, frepgs, craylish

Cammants

Arimdremdnie spmwn IF BOE=
tidbhl e in Ook-Dec. Fry
ivnnbit rEiffles; spending
#-3 years Lh fentidal fa,
foulks & podng migrate
tnecugh tloal fw a. Ralor
geemargiel & sport jepor=
Lance.

Armdrapoug) Lpasn IR DER-
tifdel f& AL might. dwve-
niler meve paplicly to aes,

Insabiis seall, sluggich
muddy stress § weed
Fede. HurPows 1r msofk,
silty substrates.

frivabits aluggish sEresms,
weed TEOE; SHANRRs

Inhasbitse weedy lskas,
ponds, rivers. Breega ir
Chapmsnis Fond, & tldal
leke g& tha Comnectioub
Fiver. ImportesLl game
snmolen.

loulkts Tesd nocburaily ir
ahellows, rent §n SEEEEF
WEbEr Ly dRy.

Eouroe

§h

&,30,%2

fyad B0

Byl s



GEL

M
Cyprinides =
ninsews, cRrps
LCiarsanl kn
galdfiah

Rrerings sarplo

aocmpor Carp

Hybhganathup
caztern allvery
ninmow

Hacomis rH

tuli ehub
BotemiEanys crypp=
dEpERg

galdes snicer

HatrPple AREERsE
comel ¥ Bhlner

Sctropis armloskacus
asbinlfin shinep

CREla -3
bridle mEirer

Salinity
range
Pt

Ceograpnto
FEOEE

introdused from W - 17 LE
deis; presank
tnrougheot IS

tntroduced Frem fw = 17 .8 E
Amin] widely

distrituted in

ATL ocast

arElnages

5t, Lawrance e = T o=
i G

eralinsgesg

i

Tl coast a

Lo Kltehims;
Ga

doper, Chowon, i) i
Nasnoke, KeubBe

b Tar ldiwers,

Vi & MC

A& to TH ™ o= 5.1 Lo

EY & thraugh v | |
Capes Foar Eiver,
B

Audaan Hiver

& Lake OM
drainAges &

to Fepdes El'l'lrl

50
HA Lo Mepse fu = 11.8 il
Hiwdr, MWE

Enlative
Bbundanoe

Food necita

Danlyarous with hra-
Ference for phyteplankton,
Teung feed more on

zoopl askbor & lnBest
Tapyes,

An canilvdraud be%kon-
feeder taking vogs-
takion, Insects,; <orma,
Habers.

Feada jm leree schools
nEer bottbm on disbtoms,
Aasn]a8, Cllssentous
nlgas.

benknie inseote, eraylish,
sralls, Flsh, (lee
AEREsa m]gee

frnivorows; =l gae,
meorophytes; smphipods,
mgllusce, debrltua, Insects

In f sktream| insest
laryes (mayil L&A, omddie=
flims, stonpmilisn]

Bpall Envertebrakeas,
&l gum, mzdécraphyio:s

CuAnEnL S

Frisaflly Jrhabites sb111
aftan oryges definient
wWakers with Ehlck
vEgetEtion.

[ahebiba étraaem, Fivérs,
ponds, impoundsents;

both clear & turhid

Cften saonsdidéred o past
due Lo havit of sEireleg
Up BaLiam =ediments doring
Feading,

Horm sbundehk IR ahmnnel
Than Lp anven,

Muw Opsdies desoribed
in 1971, Here
ool Bbeva Call Sdna.

Fréfers nuie: vegetated
WECEr With AooDesRs

Lo miLEnsive Vegala-
ced shallows.

Typically foumd je nomtldx]
freshwabers |m ohannal 2.
& sdheoling oid=water fore.

Freferentially fnhabits
wEnIlERs FLraame; ALray-
ERE inte Lidel Mwia.

Irhabits =luggish streasa
oVEr ArERE of mid;

ailt, detritua in Alaoke
WaLiEr aress wilkh eods—
rate bo sbonsant
VEgeration,

Houroe

33, %0

kLS

b, 3

EERL

16,33, 56

33,50

13,33, 46

13,46



Mobkropis chals
irencaler shiner

B eornlibyy
cOwAGE EALNEF

Hotropds spiliee

pugasse &iAEnow

Hatropls
ipettall anifer

fokropls peberdond

cltEElal  shEinsr

Ehlplebiny s RErALUlGa
n] ackroae Eoce

Exdobilius ELEOOODW
il'l‘ﬂl!l: chu

Sepotilus corporalls
fallflsh

Geofreghic Salirity Relztive
FHfije FEDEE CR-T T =
phL
ATL & Gulr e E-1
eoast WY Ea
Ti; WA
beaiE n tao
I
ATL comat I i
FE 1o WA;
upper HE &
GL" drains
nEER
Edista Rivar,5C i u

bt Altehema Hiver,
GA; QulT coust

4 ME drain=
ages
LT Lo dltp= fw = 10,7 L&

rabE, OA) Blap
Et. Lawrence &
dL to

nd CEnpds

i ML irko v - &.5 ¥

i, & w FL

K5 te Gk i =i
al #e upper

H3 dgraioe

[Tl

oesk of # rw B &
H AN

KE, Cansds I A=
g Fampes

Eiwer, Wi,

daman Bay, Lake

GH & oSE.

L ewrsnge

drainages

Food hobite

Feeds on =urfece or
in miowater op sesll
cristackans, agquotic &
terrestrisl inascts.

Drnl yorous; algae;
Fetlifers, Soill orudzs
tecpans, Iinmecks

chlrononia leryes, =i-
RULE SFuBtOCERES

amal ]l moliuses (Cockisele
Jepaizl; crusktsoes
oclodocersns, GALrFeacHdSs,
capegode ), pionk peedn
LZggEataris =p. .
foppl . icsects
obironomid larvss, sare-
topogonid larvae)
fish eEdn

irmecks, OrusLecesna

ip stpeam) G6U4% of

diet micpo=scopic plentsa
& vegekskive mekber,
remslnder indeshs

Ompd verous =l ght Teeder)
trsecks; oledooerend;, RIges,
bigher plent Lisauas,

Probecly aguatic & terres-
trin]l imsscts; creptpceann;
riah

Lormignls

Hecorded [rom Lisal Ie's
pRly 1p @, perkicn
of it= range-

Hgre commcn in modee
Fale Lo awilt weod=
lens strepems.

Prusily in wiesr, ajug=
glah, often wasdy WETEPS,

Ténaklte mrinstresm &
sjuggiah weedy necka,
orEeks, EWERPR:

Innatlts ame]l &
Lerge stresmg & Jekes
Wikh 3spdy subabrete,

Mors likﬂ:f ta Epter
tidal fW's is 0 [EF-
Eion of 4ts rengs,

hoaant free conebal
pleip im 3E SLEEEE,

Hgre sbondapt in son-
ekanl Te'a.

EgLEroE

&,86;1%;
LG

33 ud

26,332,404

33, UG ER

dedbdd

19,13,54
-

3335

1335 a4k,



L2

HEme

Cotoatonlaes —
mlckars

Larpicpes cxprinos

Aullibeok

Labpsionys copEpreenl

while sseker

Erimveas

ool ope s
2reel chibsvcker

Erlsrzen aussiir
laka ehubsuaker

ALm

AErLEern Fog sueker

Higyiress melpnops
fpotted pucker

HEotpsione pacralepl-

aaiug

anertnesd redoorso

fealurloee =
cabfiehun

i g

dEOgrFRpRIEC
renge

Et. lawrénes
Rivar DE
drel nRgs &0
Altenshe, GG
BE bemin &
Qull epast

Arekie Cirele
5 to Mau
Heriva & CA

ME ta

i) tamahs, OA;
¥ Gull oomel
L ES basin

= WA ko Leke
Ckeschobee, FLI
Dalr LoWg

diri) heges

FN, DH

L OL

boEina] upFer
ATL ®ogal
UrElhagese =
Eoon A

Care Fenr Biver
ko4 GA|
HS & Gulr
drzinages

Rugaom Rivaer,

ET to Saptom
Biyar, EQ§

R & B¢,
Ladrente Bepdne,
GBL, Hudaén Awmp

drainegs

NG e n TL

Salimiby
FERER
FFh

fw = 0.7

e =
rrockisl

e

e

-
bir szl dh

e =
BrasHIsh

i = &

]

Azbative
BRuUndancy

LE

EL

=

LC

Food Fabits

& benthir fesdor on
Inssoct lerves & cbhiEr
DrgenT An: Foasd [n S Lies
Agdlmenta,

Inpeeks, @ollpsca, wireg, ocpe-

goda, tladscerans, batrescods,
nlcroscopic plants

Lardely ocrustoomesns £ol pde-
derang, ocatracods, sopepoasl;
Al Re ﬁ&trﬁhﬂnu larvee,
mepabodea, pallisns, diatoms

Youpg; €opwpoca, slige-
varans, ohiranmeids

lotiom fane

i hentliie Fesddr on iREEdE
Larvor {psrticelarly enlrons-
BLOST, crulilegeEns L6l pdoce=
Fafe, dopepcds|, ollgosheete
woFmna.

mollusce, mlcrocriateceans,
fensbure Jnseots

enivoraus bepthic Teeder)
pellepcs, Inaeck larvae,
auall FEah, filamanbous
aluaa,

Comenk e

lohseite turbls rivers
BAl- olesr lakea,

Inhabites larger -streams,
pagéndas smell orechs In
Bfring bo Epawn.

ITehabits quiel wikeorm with
Ehick growihe of Aube
mergEnt vegELetion.

Ooouples pords, GRbows,
ELniphs, AnpodndEsitE.
Frafers slesr waker &

BRUECIC WEESLHELlOR,

Hore avupdeet sbove Tall
1ines

Iehahiten |mpger sbresme,
Rybows, Ispoicpdmente.
Intalerant of Surbie
waters.

lahabiss |ergs rivers &
apall iributeries, Feodily
seLEre brackiah wpters.

Fors sbundant [n neR-
tidal fu'ls, Hezorded
from Albohace, GA

AoDE oL

3335, M0

18,31

13,40, 58

‘1“135!
ui

&.32.33,
Uk, 5

b 26,27,
15,41

¥3: 35510,
£n



Jotplucus ca
white catflsh

Iotalupur Lirsekss
Bl we catflish

Ictajuris Egfas
bl sek oullnesd

dotalurus oebaiis
yelliow bullfeRd

Jebalurug
hrewn bollhead

Hobalurie lEly-
sepbALuE
fimt Eullfood

Lokpl ersa
ghenhal sRLi1shR

RoEurus insp
tadpole Iﬂiﬁtﬁl

Geograjhle
FREEE

NY to FLj
widely
Lntroduces

mative Eo HA
baslen & to
MEX

nekive Lo HE

draiomge &
& n MEX

naklve kb @
ko 03

native Lo B
hall aof UE
i s Cenada

ML to & GR

makive Lo
Gult & ®Z
dralnuges;
irkradused
Bl BewnEre

ATL, Gulfl
b M drsin-
LEE L]

Halinity Helstive
abundancs

range
Bt

fu = 6.8

W =7

tw

e = B

fu

fw = 15,1

f=

C=d

(=L

LE

LE

Food mablts

MA-57 pm) a2 opporktoniatic
Fasder; smphipods, 1ascpodd,
desapada, =opEpadn; ole=
docerans I{llﬂl. GunsoEdag,
uhirﬂmj: ErvaE, PEly-
ohaete wores, spell clams;
larvel & moult inmecks, [lofi

feung: zooplankten
Adul b=y dnoect lerved, DrEY-
Fish, Fish; dwbritus

Yoong: fespoda, sae]l sSFUSEE-
caana, Insect lervee

Aoulbe| inpecte,; #REll
arenksoesns, plesnt delirly,
fivh, Trogs

[ sErFeamj decapod oruBbe-
ceena [palsexonid shrimp,
creyTishl,; mayTiy nyspds,
‘gpnelid wormes;, beobles

tpaect jervae ldigpbernne,
nay{lles, esdalallies,
dragenliiea); molluace,

a] gmem, Flab {lpﬂl‘t-lil snirer,
@lvaern}, polyohaete vorma,
zaaplankton

Juvy insects
kdulle; T18f; IRERCLE; EOME=
11da, mallusen, hryorcans

insact larvee LohiFGromlas,
diptersns), tErrestrial insechta,
ppiders, crustissams {olpe
doderafs, herpasticola éo
GatrAcRdE], pf:ut materis
[Berries, groomnes, Saglib-

meedn], ®alluses, rish

{16k wEES

In lake; olpdcosFahs, o=
tracods; fsapeds, shirencelds
& detritun

podE,

Copmentn

Hipor sgort loporLancs,
Enat Erfbutarlies, malh—
EEraas.

Introduced foto JERed

& Bappahsrnnock Tlvers, Wa.
Charaptarletie af desp
rivers b swilk surrants.

Facarded from & LribBu-
tary of Fotomme Rlver
Y&, & Winpebh Bay
draiooges, 5. [rhebits
peEds, pools, SvEmpE.
Innobics swarps, ditenes,
Hi'lﬂlil-'h BLrEARE.

Insabits slogglsk nikauis,
baskvaters, inpodcdments,
MinoFP Eporl Inporisnce.

Jureniles Lphabit emall
clonr atFesms. HAoaltis
ifikabit alow movicg

waters gl lerge rFlvers.

Iph&bits aalRatrean.
Rests i= deep weter &Y
dap, maves o snallowa
&t flght to Eeess

Inhabitd goiet waters ®lEh
gakanalve VeEgatzklop.
congidered o stray in tloa]
[w"6; wikspt in Altohams
where 11 18 Feletiveldy
CoREoh .

L LE 1

Source

£3.33, 08,
£3

by 31, &6

By 33,09,
5%

153586,
1

33,30, 88

36,33,51

&6 44



BEL

Hoimrus impignii
margined BEdbon

Eotures Jertesonibus
spachled madbon

Fydodichuy gliverie
flsthead sabflsh

Aphrododer ides -
plrate paréhen

Aphredoder s RaYERUR
plirete perok

Oadidee -
cadl 1apea

Wigrogades Loagod
Atlpntd o tomcod

felenizas -
reeglafishes

Skronpvlurs sarice
Atlentic needlerial

Crprividontldes -
millifiahes

Lyprinocon
#hetpanesd ninpoy

Eundulos atus
mhrah kil13f1sh

Gecprapnio
range

AY to dd

5C to LA

eokive to EE
Baain & |nte
KEX; sparingly

introduced

KT %o TH:
Eulf oomsl &
HE baein

Gull or Ht.
Lewrance Lo
WA

HE ia
fraz il

M to
HEX, @lag
Hakamss

# Vi ta TX

Epliplty Helstlive
FRRES abundsnos
FPT
L o
T K
1w B
fw LE
- 3.8 QKK
iv = 3% LE
fu= 33,8 E
fd = 24,4 kg

Food bebits

In abregm; inseob lervee
tdiptersas; atoneflien); Tizh

100 mE; Ilnasct larvae [may-
Tly & eaddisfly ppmphs)
T1C0=200 me; {peect larvaw,
eray i ish

risk.

or opportunistie fesder;

duv| moatly orusiscesns
Lgatracods, smphipods, olsdo-
CEFans )

Adults; sasily Enseci Imsrves
laregontlies, damself]l ien; may=
r-:illp dipterans, heaslptersns

ahrimp, swphipoda, worms,
ampalls, Iamature [ish

In lew breckish esbosry;
ampall TleskEes, inpecbs, shrinp,
amal ]l smount: of yvasouler
PIAnt mEteris]l & slgae

im nigher salircities;
detritus, Clismenious
plEss, mengtodas, s&ell
crusipceans

lorval & adult mosguitoss,
shriop, odpepods, smnelids,
plankt materisl

Conrantn

Fore sbundant above Tall
iine.

fecaples aresn of node-
rate ocurrent.

Inmabits lsrge rivera. Fe-
corded from Winyash Bay
dreinage, SC.

Ichabits guiet ponds; ox=
oW B, Awanmph, SLUZELEh L ow-
Lend atreams, las=plly
ssstoisted With demss yvege-
tetdon. More copmen Lp tld-
8]l Te's in the §E,

Ansgromous; spawns Lo e
in wipbteEr. Laryas move Eo
low mplintty waters during
firet y=ar. UDoes oot =pawn
in Cresapeake systea. Finor
apart  LRpRFTAREE .,

A marime form whiah
reagily enters [w. Basg
ponaldered & smoeEr iran=
slent. Hay bfessf 18 Lidal
fu'n in Potomme, Wa.

Moro common in Blgher
Salinlty mreas. rabita
ahul bowa, Wieksra in chan-
nels oF low sEllnity pandgs
burled fn mud.

Inhabits bayeus, manjrove
spnps; tigal sbresma; fw
rivars and SEresns,

Souroe

13 33,50
13

G,33. 50

11,20, 26,
A5, 50,08

14,32, 88
5%

13:33: 35,
36,46

3343540,
Uh a7

11.33



DEE

m:lllii iuh

mimaichog

Landulus
1ined topminow

Eundulzg
Btriped uli ﬁ; sl

Locanis goodel
bluefin ell1if&k

Lipanls parya

reimwater Ki110Fieh
Poeciliidans -
livebeacers

Lapbacls

masgqul taf i &l

Ei"‘. killifish

Geographic Salinicy Helatlve
TAngE TATE Abusdance
PRt

HF to BL fw — 20 LC
B HE Ls fa = 3 i
na FL
B WA te Ew ¥
Dnde Co.; Fl
W ko pe FL Im - 32 E
BT Lo sm AL fw - 10.3 L]
Cape Cod 19 w = 31.3 )
MEN
B to FLj P = 34 LE-h
B ME baoin
Capse Fear Hiver, £o - 30 F=Ar

BT e LA

Food habits

bpall crustaceans,; Indecte.,
wollascn; anfmiid worme:
desritur

In tidal fw) Erustaceans

ek racedn: cyclopoid
copepods) , Inseote (diptorans.
honoptasann) ; fish eyge. greao

soadn | ip. |y pastro—
n:lhr lﬂm‘r

Ih brackish sacers; small
eruRtsonans, datritua, pal
chaeks worms, insecte, HIH
Dlvalves, egge, Emall crabs

epiphyten, vascular plants

copepodn. mobBqilte lacwvae

Feaods peimarily nesr sucface.
In Ew sigean; lnsecte
iheoipteraas; Alptafana)

In brackish wakeras amphl-
pods, chlronomid larvaes, mites.
sepepode, soaile, soes, aduoli
inAects, polychaste worme, Qf-
troaceds, moagults pipaes, algan

In brackish watersi

Ilpsset lacvaes, meall cruscea—
capfi®, filampentonn olcgoe,
distars

Cotasnts Bnupts

Fore likely o oocur fn I 33.34 .48
Char modt others of genuo.

Cormon lh baye. civess,

coves in low salinlky aceds;
axtandling into freahwatler.

inhabits Buddy mapshes. 18,26,33,
grassflave, charnele, pools 40:86.64
in marok Ilneorior Il &ig=

mHE. May bucrocy in silt

In winter.

Found in elesr streaws. 16,33
backvaters, ponda.

Mecorded fiop Albahada, GA

inhablte Eidal eresks,
sandy flaku, grase beds.
More coemon in Jower
BEEUAEY .

A5 40,65

In peawily vegetated pomdo 10,33
§ GBEp@®and in ageas aof

1i¢Elé &t Ao current. Taol-
prates yery Iod dlgsclyved

NEY§EN COOTEnC.

Inhablts weed bedn. mddy
govem. Moge copmen at
blighe: mallnities.

EEFR L

Inhabkite tidal pools; 11.1%
coveR & backuabters. Readily 43,46
fallows Flogd tide onto 0
mnreh murfacs,. May remaln
:Td:-uh peals dusing low

._
.
Ty

Frgl

Inhabits weéwdy pend and 11,33,87

Etream BETQIMS.



LEL

Hane Gengraphic Balinicy Relative Food hablis CroasEfta Siar e

FRmgE ¥ & hig= ebundsnice
b il
Ioeeilia _'Lgfm 5C to HEX tw = 3d L) algas, vesowlar planis. Recorded from Iow ealinity 11.33
s2ilfin solly dekritus, mosquits lsrvae Sremid in QA
Atherin]des —
Allversidas
J-lb.l-ﬂllflll.l Blecalus  8C k& @ fu H A specialized fesdoc neac Tohabics clwes vegecaced 4.0
biook milvercida FLr GL, sorface on ocledocerans, #od onvegetatad warm
M L Cel¥ terrustiial insects. Chaugo- WAEETH.
dreinages; Ll ENpwEm
widely
Lnk godmgad
Hepbsay partinlis HT to REX ¥ o= 14 L] In Brackish watécs; goo- hr #8tuarine specisa, 45, dH L6,
cough Bl lveraids plankton cristecasng, Juv- Viounig sccamionaily entwr 6s
eplle and Laegwdl Fishes, low salltity reashen pf
inm@cta, BeEritus; erall snaile . estoscy,
Eapldis perylling MA to Rax - 31 L= caprpads, ryalds, isegiode, Fatuarims reaident) ceadily &6, 48.50;
Eldedatar silvearcids apphlpods, insscts anteps fu. May Epawi LY
1n Eidal fw. Imhabiis
tidal creeks & grasuflabs
in oomedir’, chaorela in
wintei,
Henidia genidiy NF ko E PL Ew — 3} i} CrusticeEnid; anpclld seras. Colledted well abova 13,.40,46,
Atlameie Bilverzide sollusce, {ish eggs. plEnts, brackieh water In Jamsm, L4
inBecte RappiRanngc . Faxaonkay
phvera In WA, but more
fommpn In lower entuary.
GaEtercateidnn —
ELloilebacen
Apelial guadracus Gulf of B1. W — 38 U spall crestaceans: malnly EEtoseine resident. Oesu-  32,39,40,
foupdpine stdotieback Lawcence to amphipods. In f¥) chiro- ples shallowe in sumsst. 44
to Tront Nivae, nomid B eaFELY lacvae. chanmel 4 ohanmel edges
"’ eladooecans in winter.
Ir‘:l.l;.r.um.m url.mu n Europs & e — 3% L An epporbdnietis fendée; haade ohnua §, 33,48,
reespine ocickleback § AM| Hodeom aguatic & te=rresici=] ip- In Chegapeaie Bay area 11
Bay to V& fectn, worms, [Edh egis @ nhebits amsll teibotarics
alae FAC fry:, mlgae furing breeding smasans

coast of R rat® or absent reEt of
ALK YEBRE -



cEL

Centropomidas -
Enaaka

Percichthyldas -
temperate DABEEE

Hoiang fpercicans
white perch

Seriped bass

Oepacaphle falinikcy
ranne rasge
FPE

FL to Bramil [ R ]
N2 ko BC fw = 2%
8t, Lavrence fw = 15
to 5t, Jubp'e
River: FL.
Gall of MEX:
inteaduced inbo
Geegon, CA

AElaLLve
mbindanca

C=A

Food habits

Juv. in brackish wAEEia;

caridean shriwp, mmall Eil1i-

fighen, gobies. majarcas

Juw) copepeds, clado—
cerans, FoLifers, anphlpods,
{nd=sct lArvas |[Ccecatopega=
fnids & dipteranal,; mmall
mol IUEGE, myaiEn

Adulkps Latget eropbaceans
{Ccapgon septennplndsa.

pugics
harrimil), seall £isk |[==ls;
apottall shiners. Fundolon
app. |

pastlarvae; Toaplankton
Juw. 25=100mmy Flewikie
roneslective feedera on In~
gicts [diptecan VArvam &
pupas, moyfly latvas), as-

phipods

¥ lhl:l.':ﬁl.
other decapods, myslds, fi
& fimh larvae (QohicEomd bosdd.
glbbopus

¢ timErapla
hudsopiue, Benidis =pp-].
polychaston
Rdulen in tidal fwp BiW
Tt diet claplad fioh
AeREivElin, B
Darosems Py AR

epinp-rayed figh. IL invertce—

brates [amphipadsa, mayIly e
dipteran lacvas, Blos ccaboy
palasaanld sheimpl

fyranois, BicAd
FEELdChal RIgUE

Commanto 118 el

¥oung Inhabit wligehallins  33,14,47
& bidal Fresbkwater mUdrEecy
sreal. ﬂrl‘{l north ta
Caps Feae Biver daring warm
fligds, Tory Bemiitive to

oW CenperatEreE,

Samianadroncas; juveniies  21,33,35,
inkbsblt snsllows. sevlsg to 46, 48, 8%,
daeper water in winter. L1]
Hinor Bpait & eopneroinl
impor tancy Peak abtundarcs
E‘ﬂlnn River to Chegpapedhs

W

Anadromols; peak spawnbng @435,
in tidal Fredbhwataen, 38,64
Adulte pove downstrean

pfter spavning, Juveniles

move downRtrean Be they

grow. Iohablt deeper water

by day. move fnko ahal-

lowe at nighk to Deed.

Overwintar in deeper

charnels,. Hajor sporkt

i conpRreial loportence.



EEL

Hame

Centrarchidag =
sunf ishes

hsanthecchas
mid sunf sk

rock Baas

Flien

Elagsons svergladel
Everglades pygmy mun=

fish

Elasmoms
banded gyamy

Eoneazanthus chacioden
biackbanded sunilsh

EOXollE

sunfish

Eppescanbhus
blumspatked manfish

Banded muntiah

Geographic
Cange

coastal pleio
wm MY ko on
FL

native Lo
ME hamoing
introdieced inkto
ATL roart
deainages

VA& to FLj
HE Basin n
o ¥ IL

Cape Fear Elver.

BC ko & FLy
Gulf coask to
Hobile Bay. AL

HC ka ¢ FL)
Qulf dealnages
BE banin n

to IL

opaskal plain
Bl to ¢ PLjy
algo ¥ FL

B WY to FL

5 NE o ¥ Fl

Salimity Aelative
cings  abundakce
018
fu ]
Ew R
I o= 1 n
W i

fw - 3,17 u

fw K]

B o= 13.¥ 1L

fr = 1.11 o

Food habits

Yourgi Ccopspods,; Lhascte.
cruntaceans; chironomide. am
phipods

Rdultey Elah, crayllah.

mol ludi¢l: worcoo

cladoosrans, Lhoecks [chi-
conomld lscvam, watep boat-
)

eopepide. cladocarans

Emall cpustacdans: <hiconomid
pupam

Soatle LpHects,; SAnpErsd
anphlpods, filamentoun nlgas.
plany Jeaves

In £ ekcoamy 55% dlet crus-
tocesns [sopepeda. crayfish,
maphipods, cladocecans). Also
lnEect larvae [dipterans;
hanlptarans. dragonfiiies)

mimllar ¥n E. glorisuue.

Commentn

Inhabits sluggliek. heavily
vegebated owamrplike watecs.
Yery secratiwe.

More abundant above Eall
1ind: Nesk conreidered a
otray into bldal cesches,

Inheblis slugylsh lowlamd
arean wikh clear. |1H'I"].13I
vegetated waters, Hay B
mare Sommon Lo woddad
avangd than in marehes.

Froferas gqulet vegetatsd
waters below the fall
lkine.

Lhhakite swamge, weedy
AdE. Aluggigh =treams
lew Fall llme.

HHEL BEdndsnt 1m heavily
vaqetated owompliie watscs
af les pH, & im ofproas
lowlands,

Aszocisted wlithk pubmerged
weed-ide |n cldal fw. A
conpon inhabitant of #ajug-
glgh ntreams, acid ponds,
evamppa. Hore abandant in
covel tham in sainstcesam.

Mogk commen In elaggish
streams. aWampes of [oe pll
k ditches aver mud mub-
EErmten, OFten aspoclated
with blvespobted sunfieh,
but less abundant,

Souroe

29, 33 .64

Tedd, 33

711, 2%,
26,311,106,
51

11,13
T 16,29,
£k
420,33,
46,569

19,432,485,
50

Til8.33;
46, 50,83



wEL

:
I:Egual: sunElgh

Lapinip
gietn aunfish

Ll g
pumpkirnssd

Laponis
LITE TR H

magziachicui

bloegiil

dollar punfiah

Lepunle
Lomgenr sanfish

Geagraphkis
cange

NE Lo FLj
Gulf coast
o T

makiwe ta ME
bagin) inkco=
distad inEg - ATL
CraBt
drainages

slassiara

ATL coadk-
HD to &8 Flp
mpth of & US

mech of 13p
wobite & CCABRE

HEC e THy
a through 2
HE bamin

ko= H AM

w of Appala=
chianajy inteo-
dussd LRED
Chennpeake
Bay drainages
L into NY

Baliniey
fange

ppL

w = 1

Ew

Iw

la

Pelacive
abandznce

o

Food habits

In fw streamp &84 diet
inBEctE [dipEdaran larvas,
caleopterans] , aioo clado—
:I:uu,. copaprds, decapods,.
figh

Youngs ¥ ankTon

Adulto: Fish (cce Bl GlE-

card shad, mosgultorish. sflcxle-

tackn. largemouth bass Ery},
Eigh egga. erayfish, Llnescio

Primarily a benthic

Feeder. [n fw Stcedn;

€35 diet dipteran larias. LlEa
other impects § [néect lacwvae,
crustacEane (copepods. Boe=
tricods, appblipodel, aneils.
Fieh

Young: small cromcaceans
Adaltog insecteE, crayfish.
Cien. More plecivoreun thes
atherr af genod.

Ir EW Bbiedmj am oppaf-
tigmimtic Fesded an (fAdeckd
{diptecans,; hemlpterans. may=
ELy ny | CTOSEBOBENE

| Cope &, cladocsrana| , £il=
mgntoon aigas

Ins=cka

Yoangy sguabkie LAdmcEd,
small Srudthcedns

Adaltes Flsk ®09R. LECI@E—
trinl lrameks, E=nils. =asl]
crayllsh, olligockante worms,
isopods

Commenta

Halnstream & Lrlbutaclem.
Hay spawn Lh kildsl wstees.

Primacy Bablest lm noatidal
froabhivater .

Prefers guiet waker Wlth
ghundant vecetatlon. SpawnE
in thdal fw pocrtlon

of the Pokemac River. WA.

& Hudson Hivoer, §Y, Major
BpEEk IRpOERANDE.

Inkabice ponds, lages &
pceans ., Often apfeclaced
with weedy aieas, SWAOpRO:
Withstands Iov dissolwed
oxygan levels. More comwon
in tidal fv'e im tka &0,

Juvenilss readfly follow
fioad bids nnko Ew marsh
surface where they Earage
in dense vegetation.
Hajor spock lepoctange.

Inkebl s puasps,. sloggiah
prreees. Rocorded from low
palimity watess of the
Heude Bives, HC-

Peimaey hotitar is mon-
Eidal frenhwaters. Intaol-
grant of lacge ARCUREd O
stlt. salinity.

Bour ce

11,319,308,
38,50,
65

Trd1a3%

19:dE32,
1146, 44,
L1 ]

Tebladbs
13,51

?|H||19|
b

Tad



Lesonis
cedeny sanfleh

Legonis Gabchilis
spatesd sunfish

Blorogtaius
ansllincuth basa

Hicrogietun
largeropth baem

tﬂml.l.l Lnnalacip
white Erafgle

Eonopin plgias
ERCLLaU
Bisch crappie

angraphic
rhnge

WCOEMOTL.

W OEDTE &

o MO &

oy Lnkwo=
fmoad inte K,
Chi WA FA.
1}

FE ot & Ml
E ME & Bulf
desinage

HF e WA
AS DaRimg
Inersdnesd iRt
ATL coast
draliages

native Eo Wi
draimage & ATL
coaRt desin-

age n o B0)
widaly Apkre—
ducnd slsewhore.
Ineluding ATL
Loagk Areim=
BaE

neCive Do WE
drainags;
LaE rnddced
&l iewhar s
IREluding
maat ATL
Easde dpaink
=qas HY to
FE

nEtive o

Ea VAr dneso=
Biped #lga=
where. includ-—
Lng mosx ATL
coast drain-
ayEE

Ealinity Bulablve

Fangs
EHE
fw - 13,3
fo - L1.N
fuw - 1.4
fu = 11.%
Fs — 1.5
fw = 1.5

figm

=

Ll =&

-

Fomd habita

gnaile, ipemect larvas {(chl-
connmlis, mayflles) . clada-
oeramns, loopods, Eeldom
fouds on ousiEce,

In Lrackish wakerr variezy
af crudbaceasd (saphtpods,
myeide, zapchld ccaba).

Epange | Elavlatilia];
ingectn f(chironmid |apyan,
Anka|

¥ouma peda . sladoce-

chns, rocifefs. chicenomid
:aﬁu. mapEfly my ke, Laiiel
i

Aules| epayflsh: Llsh
(alewiven, espkrarchide,
tadpriag

la fwi youngt Bicrocrus—

tacesnp, insects, oladocsrans;

Elphipﬁrﬂ-.- decapado. small
idn

AEUlED) latg= lisscts, fish

(Enall emntrarchide; gizgard

shadl. crayliah. Img

In beachish waker; wE cEmbii,

ghrimp:. #ish. lnsests

Toupg | @guonplaniton durln

Flret yaar, later mophi

Lneecs larvas (chirenomide, Cha-
gogrus, mayfiien)

Adulie; [ish h-gﬂnih.
threadfin ashad cterm, Can-
trapchide;, cabfoan)

Youngi cledoresans, copspods,
ehicanonld larves:. Chaoborup
larvan, e8tracods;, opcillabarinl
mlgae, Ingecks, forege [lah
Afultsy cladecdimis, TaCpaRieial
tneects;, Eloh (ehinmis. thesadlin
B giwaaid shad, lacgemobtl

BagE, SEriped basw; white
catfish. chanmel wacileh.
cEnEEaEchida)

Comamnts

Hesk commmre in Inige warm
FlvefE: beEyoss & lekea.
Ofcen assnciabed wikh vege-
Cabign, mubmopged shwmps or

iogE.

G BEGght .
e

dooupies @l
floodplsin

Moie abendint showve the
Eall lime. Frefors clesg
Fant Flowing watera.

Insanitd Hluggish stressd.
weed beds) prefers ceeeks
& eoves ko cplyer propet.
fipawne In fw tidsl portion
of Porpsac Rivat. Va-
Hajor pport lspoctdnis.

Cuica Irtolerant of eupEl=-
Hity & siltaklnn. Hors
conmmn in aontldal fw'm.

AEdodiated with sbondsit
aguatlc vegebstlon DoEE
A0E reRALly sntse Bracks
ish water.

Souces

710,26
13,51

fallads
Pi.81,088

Py dd, i,
i

1,13, 07,
13,18, 45,
an

!r]]r"

Tuli,2d,
3X,4E 08



9EL

Fane

Fercidas -
pecchen

Eibeontoma
Ewanp dactar

ECheooComs
teszellated dartes

BEiCa
yellow parcch

lulolid
olackbapded darter

CArafigicae -

jacks
Carany bipopom
crevalle jack
Seicaldan -
AT ras

Acgenteun B o Brazil

Bislogatasen
epetFin mojarca

Gedgraphic Ealinity
[aTIgE range
PRL
BE Lo TX fw = 1.3
gk, Lawvrenos Ew — 11
1e Altabama, QA
mative Ms Ew = 13
e BRRC&E
River; 8C &
upper HE
basimy widely
intreduced
Edista Rivéer. o0 w
te o FLy aleo
Gulf dralhages
HE to Ew — 35
Prugay
o= 15

Felacive
abundancs

=R

Facd habl e

inesct larvas [chiroposids;
HITEH.-III. gcrustaceans (ampghi=
ph

podn, popepodn, cladocerans,
ascracods)]

miéraicopid crodbacennn,
gpall Ineectn, detpibue

Tousy) fvoplankkoen, latet
wrall inmR&ER

Adultop |neecis, crayfioh.
Emall [imh

diursal vimusl cubsusrfoce Feodee

on imnature ineccto (dipkeranm,
mayflien; caddisflles)

madinly Elok

Ip estunrime watars) oskra-

opdln; copepols, polychasten
hivui\rlu. ﬁuui‘t larvas :

Coaants

Inhabits swampe, back-
watmrn 0f #ligglieh

stroeame: pondE. Ofken aBsi—
ciated with denge ¥ogeta=-
Eian, sad or ceganke sub-

BLrati,

Ishabies shalleowe & Low
giadient rivers, Spakme in
nontidal v sEcesss; EVADp
ELna.

gpond most of year Ln

lew ealipity porklons of
estoary. Adults migrate o
grircam to spawning acess In
early spring. Vecy adapta-
Ehle tp!#llﬂ. HoEE bamdane
im clear open waksr wieh
mederate vegebak [on,

Hook cemmon over gravel or
sand in montidal Ew's.

Macpise spaciod. Byt Juwe=
niles cccasionally enter Pw
ip &, portion of range. Re-
sasded from Altamaha REiver.
G

Recorded from fw's oaly In
s, portion of range; G,
FL & LA

sonrce

26,33,
L L

32,33, 8%,
L]

AV 20,8k
48,650,668

16.33

26,32

33



iEL

Baemulidss —
grumbe

wethooriatlin chovaop-

pist iu

Sclaspidae =
A ums

Hodlrdielis
wllver pecch

Cynoacicn
spobked seatroot

Lynoaciog
weakfigh

Lelogtomus zasthurus
Bt

Goagraphle
P heam

Cape Cod to
REE; mors
common & of
Cape Batiecas:
L1

BA to TE

Cape Cof to
HEX

MAh Eo CA

MA o TR

Eaiinity

range
PPt

v

- 35

Food hanits

In bracklsl waterp sheimp,
polychaeten, moiloaca, amphis
pacla

LEtvaer copepedds; lapval
Cigh (Eidewater allver-
sidas]

Javj largely wyslds: alss
skriopy fimh (bay amchouyl ,
myeids. grags ehrlmp

In brackish wategy 50 mEf
copepodn, plankeonte
fruataocess

S0=37d may wide varlety of

Eigh.

in lew mnlinity nureery around;y
20=40 mmr largely myoidn,

also penaeid sheimp, Eish

(bay anchovise; naked cobjies.
clopaids, spot, pigfish). Adulte
pPrimerily plecivoifoiis.

A benthic feedec: juveniles im
low bpackiah sacer) hacpacticoid
copepodk, apphipodes. poly-
chacte worms, nerabades, mysids,
ootraceds; [sopods,; chaskboge
natha, bivalves. snalls

Comeenta

Hepocted from Altahoma Ri-
ver. GA] eutoma ooly. Hore
canftn In lower sstosey.

Marize form; BEpawned ag
pen. Juyerjilsn agent inm
gatuary Lnto Eddal fe In
summer, fall, More abun-
dant in lower estuacy. Ap-
parsAakly less liksly &6 =p=
ter tildal '@ in 5T & GA

Prasent in kidal f'm in
ppring,; mummer, Fall, Buk
mdre common in Lowor ostu-
ary, Wintecn in desp Shan=
nela in estussy ar in dn=
ohore marine watera, Mot
recorded from cldal Fw'ms
in BC or GA

A parlne fore Epawned at
Bex, Juvenlled presesc in
estoacy In Spring; Summer;
fall; Bome enter tida] Iw
reaches,

A papine fofrm, Epewned &t
sea, Juvgr]les argive in
Chosapeaks Bay in ARpeil,
dfe EEbsATy BE 3 NUERETY

Sparce

FLTEE

Hpdd 80,
7,81

B33 .40,
47,60

Badfind

o, 57,43,
id

sres:; l=ave in: DeEc. Ffw Cidal

refch is spper porctiom of
AUEEErY ATEA.



BEL

Elfroporonins Undu-
Antug
dElantie erocker

Eeppnins cremls
bl kck drum

Hugilidae =
mullats

e R

Gehiidoe =
Eubles

Gablonellus npafeius
sherpLell geaoy

bobionel lug phefeloti
freshenter goby

debiprens bomcd
Pkl gy

Oesigraphie
range

MA Lo
drgantl rm

i to Argen-
Eipe & Gulf
af

¥: to Bramil}
most common
Chesaperke

Bay aaukh|
cirecumtropiaal

B{ kg Brozil

Fedport River,
R tooe FLj
Gul ¥ woasy be
Tk

Bi by HEK

-1
¥

fu

=

inity
ELT
FFE

- B

- 35

Helative
8 nnfdamerg.

L{

Food nmiika

dveniles Fesd bn water colwmn,
sdulta feed on Bottop. e ]low
Erpoxlss Water juveniles fedd
principally em my=ids & gesmeria
Emphlpods, slsc of O0pEpode &
pelychaste worms,

A pottes fesder, 100 @0 juy-
erilea in lew selinity wabers)
Bmell vivalves (Hulipis lakera-
Lla) & polychaeis worns, siss
mysjds, smphipods, bBlum orobs,

Pl EnE mpterial, debFritus &
Eaaoo ] s'ted fll.ll‘llr plEmkian

From olligeheline waters|
u-ﬂ-rpﬂdl OSLFEcods; nematodes,
ehirepomld Jaryas; Forsmpa

Lapyse; Zooplenkton

difults) mainly small erustm-
weans inaludihg germaridean
apphipoda, Alse annellc 9OTrme
fishes, fish egge. dyvieg
OYSLEFE.

Gormants Srlrce

A marineg fora, #padned at
dpmy fovenlles presest
Bpring Etnrough fall. Inhe-
bit ehannels fn T bidsl
Breas; bhough wore common in
lower portior of estuary.
Surter high mortality -in
gejere dlnters. Peak abuf-
daoce &, of Cape Habierss,

H26.15.
51

fdalts wnker OE B 14 86 80
nid-late Agril uu.zmuﬂ-.- ii' P
A6 runa;, leavo nr.l{ Juns,
feung=of=tha-year colleoted

LB June in D-§& Fpt tigel

merah Efeeks, oung laave

kay In Detebsr.

Often enters w"o, pEFCled- 11,27 ,33,
larly if &, portios of 1ta &T.51
range.

L marine fere ccossidnmily 3,55
takenm in fresnweter. Hopt
TomPoR Bt Z0-#4 [Epe

salirpity.

Frefera low =al Iplky magrsk- A1, 18,82
§8 and upper satuRrlidb.

Eatunrirs realoest, spowns 11,12,17,
In modersbe melinlty aress;, ¥, ui 63
pelagic larves move Lpztrean

Lo [ow =l dnity surasry

wreas, hfclis oecupy oy eter

mar comfienily, only young

sxtend Inko Cidel Iw'a.



BEL

Bathldme -
Jefteye Flounders

wm

LIECUR
bey whilfl

ERcRzichphys gembatus

gumEir Cloundsr

Eprpiichtbra lefbo-
pouthern Tiownder
Shieides —
SO0iEA

TeiracEed mOFULBEUS
hogehekar

Feagraphis
FAge

B to Bromil

RE to FL

YA Lo n
FLi oukr
coEst

HA to Pangss
b Eall el
RE1L

Salinity
range
FEL

e = 1%

2 =35

fa = i5

Felative
s bunieece

Feoo nabila

mysld ahrimp, arals, Sope-
Fods;, amphlpods, [lsh, aspe-
Jids

in brackisa water] Cizh,
Skrinps, orabn, ey aldz, =mall
moliuses, sand anilarz, anng=
Lids, apphlpege

meioly flah, Bl&c SrEDE. 0=
BlES; %0]lupen; pesgeio snrimp;
mmphd ped i

A Beapthic Teacer en amall
srugtecasns booloding amphipods
A mysdds; mbae annellos, 1zo=
do, detritos, inseot larvae
ehirorcoeidsl | algees, forecs

Commen ks Souroe

duvenril e regolarly macar
T2 In sentrnl Mmerice.
lecorded Croa bidel fe*m AR
ME Cope Foar Aiver, WL &
¥ewport Elwver, O

11,34, 86,
&2

Earsly récarded (rem
tigal tule. Hore cdhmeh
in lowdr BESUsry.

-, 4

L marine Torm with o 11 1%,33,
tengepoy to Enter Tidgal 1]

fé'n 4n 8. portiam of 1LA

FROgE.

Estcarime resigent EnRabDloc= 17,%83:07,
ing chenWel sSges; wud LT L
betions, NuFlesry Zong mn-

Lands ipto tldmi P m.
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THE VERTEERATE FAUNA {escept Cisk)] OF TIDAL FREEHUATER WETLANDS
Inktrocductlan o Appendices C, 0, =mi E.

The geofraphic region caversd 0 nur JIL@FdCures search was ceptered on the nid=-Atlsnbic cosst, hut referecces Le
gatueries From MHeine to Acrbhers Flarids neye bean lacluded. Hefsréncea to vartebrote sfeciEs (Epcepl Timh, ses Apnpnrdis, B)
rrom this region bag o sstisfy ope of Lhree ¢riteris before Ehat species wam inzluded in Appendices C, O, or E: 1] direck
refereoos. Eo  Che Ude of "Li0sl  Treshwaier mErspes”, fcidal rlvers®, ¥rreghuaber tiesl matuaries®; or slsllar wocding, 2]
refaraBea Lo tha mpenies occurence 10 8 specifleé yesgraphical locaie (. §. Famgnkey Kiver marshes, Gunpowdsar River) which we
Wnow, frem other pources, to be bidal [reskbesier habitets, or 3) reference to the use of permanent bodles of {résh water auch
5 "gdsapEd, "marabes’, fnepdesmtare of sstumriea’, frivectne asrshes®, whioh do ook oexpliod®ly skste tidel Ereshualer, DUt
imely thek EiSs] freshuster wabitets osuld De  waads Application of thesa oriterin hbee led Co Lhe production of rather
satenslre =mpecies PEsks sipcs we hewe Jpcluded rare as well ae sbundant sjeciss. Neménelebura follows ADU (19821 Cor Bifda
Jomes et al. [197%) for mamneie; e=nd Cellina ot al. (9978] for omphibisma mrd regptdles;

L key to Ehe sBbresiitiohs uaed 18 glven pelow. The heading Ragioh refmFs to the sreas [5tate ap bey) aloog khe Atimatic
coagt [rem which che zpeciea has been  repovied. Gur wstimabe of eegiobel oodirrénds ShEL]1A AGE canstrued =z being
soEprekusElyl ot thiz cime, Under Stetun we give an estimete of bha relatire. abongence of ehch Apsoied. This eatimate 18 For
that specie: sbdndenoe in Eidal Freshuatar wetlspos enly. It doss nobl spply over @ spacies snblre geogrephical remge or for
nll of the veriniFe HeBiLELS LE WAY use. Thum, Tor essmple, Lhe sesiern Dol furils is listed m= rore &o unvcamen 6 tidal
freshuatsrn. ik k& n copnep speciss in pine woods mebitst. Wherd poasible our oatimate of ztetus 1o Desed &n reperis frop
the prigery Jiberstiré. Whem theae savrces= wers noi sveilable we used the gray literatups pne spacies liate provided L bs By
VRFlgize Mallome] Wilalife Aefuge= :In &he reglons Unger Fueblcat we List in @ genersl way the Lrpes of Eldel Fresbaster
wEtl spds which are uied. AN -estimate of the time of yesr diring whleh 8 species da present de pgives  Lpder  Seazon, These

iatter twe categarles apply onply to Appendis [ BErds:
hppenigices ©-F

KEG 10N STaTug
WE - Rew England, pertiosieriy the Hudnos apd Conpectiout b = Abindent. A Hpaoles which §s very comspicuows, being
Entuaries. EdEn on BlE0EL @il ¥IS1Ls OQurldag Ehe apprepriske sesvc.
PEL — Delawara Aiver amd Boy, inelwding ite bribotarles. £ = Coamph. Species seed Ah food MEWDRPE duFlRg approprisnts
CH - Mpjee tributariea of Lhe Chesapeaks Hay Ipeloding the ppapnnd bulk nol on every wisit. '
dusquakanne, Patuxest. Foloass, I'Iﬂplrl-llnrlﬂﬂr Mattaponi, WL = FRIFlp Gomdon. Saen io modgrate naebers alk the
Famunkey, Chickahiming, wnd Jésés Rivers on the veaterm Fofier 3Emian, a0 fpF on 142 Eoo20% of the vlsica.
ghore and the Henbiegks emd Pocomoke Rivers am the IE - lmeermcn. & species which iz obneried Infrequankly
FRATEME SROVE. [en ¥48 &g 18 of the wisita] or 1f low numbers:
HE -~ Workh faroldnn, perticclaply the Lape Fear River Off - Deessjonsl, A spedfed sean en 108 b /3 af Lhs
ani estuary . Wiatts pr in spel i nesberd duripp thE propEfr Seaacon.
SC = Hputh Carolins; WATH Specisl feferance Lo Lhe Waoosnme A = Heres -4 apreles acEn YOry I.l-lrﬂulrl'H-I
Towar Pes Dog, Cowbshes, Scoth Edisto, Sentes, { £10 of the visita) or 1o very sepll numbers, @urlog
and Yavenooh Bivers, Ehie préjér Re@ndn.
A = GeerEis. Eapeciabiy the Adisnahs, Sskills, ard Coanes L - Leeslly. & modifier deed ip noajinction witn cha
fiveErs, Abundant and Common cleeslficetlions. REefers bto oo
FlL = Flerida, the Swist Harys ang wupper 3aimi Jemnta =pecies whnich 18 usizadly UL ©o OC bubt which mey beodes
Rivars. copoantrated 1n oerteln smell geographic regicon or
[or short pariods =i Tlme.
IEFERERCES

Numpers refer bo releresncea | iobied
st the eppg of =sob abpeEndin.

ippamdia 0
HAE TTAT EEASOE
TE - tidal resmps, lneludliz sheul asrihal 8 = Soring, AOr1T = Jupe.
il =~ KLgn mEran Al - BifRdr, Jaly - Seprenber.
LA ‘= law marah F - Aubomn, Dotaber = Feaember
W - Wipncter, Jaouary = Harof.
' = Perménspt, YEar-round resldeii.
1T = Trandiset; during Sekh spring asd svElsp fTuetlony.
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Familp / Bpacias
frotelidos = Waterdops

Ivarf waterdog
bepkbrad Buncbabiisl

Hudpuppy
L

Sirenidae = =frepn

Ureatier siren
ifdren lemecking:

Pubrf sirep
{Fasudobrancbus alriaiust

Anpystomidae = mole salananders

Ferbied ralsmander
tAnkyabanh DpBcuE)

Male @l ewapdar

(A: Lalpoideumb

Habee®s L) emandar

‘de mBDeEll

Eastari ti;rr]namndlr

il Ridriosm
Sputted dal snafder

Salamandridee - oEeba

Emslern nest
THOLgphEGRlaus yirldeagean)

Skriped newt
il pETSCPlRLua:

Lwphiumidee = smpriumas

Teo=koed amphiuma
{apshiuoe Eeansi

Eagian

C4) M, S0y
Gk, FL

CH, BE, 5C. 04

QN FL

CH &E, Z0, 00
BC .64
HC; 8L
SC,5M
2L, 0A

NE, BEL , Cil,
NE, B, Gk

0,k

im, KC, B8, GA

Btalus

iU

Ui=8

Li=C

Li=Ah

LE=4

L=t

Amphilbinns aed repiiles of tildsl freshwatesr wetlonds mlong the Atlantic coaszt

Fosd habiis laferennan
Molludce; crustecens, agoatic |
insects, anphikishe
aquatie jraects, malluaks, amphicisrs u
drigteosans; rollusks, worda; 1.3, 14
wjUatig (noente,; Smell verisbreled
BrulCEeesnn, Aaguells InssoEs, BALERRHAEFS, 13,14
fraga, Creakdablar ol igachaibies
imzects, antE, worms O IR L
anall smails, spiders, worms il 25
anall Josecis apd asalls Te 15,25
worns, s=ails, small squetic T4, 25
inmeoks
#Aall sfuatie jRescEd, WOrRE 18, &5

ol ijjocheetes; inpechts, mellusks; 13,14, 1B, 28

L1sh mnd AAFHISLER BEpSE

fi=h mna amghibien eggs. ollipochomtbes; Thpes
ol Iusks

preyfish, molluaka, fi=h, frogs, ||'|E|'|h-|
pophiEisns, zmall nopkep 8, a8
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Fapily / Zpecies

Southerh duady salsnsnder
tDespognathus auricelatusl

L (1

Two-J1aadl Bplsnscder
(furscen flalinesbn)

Three=1ined sal ssanaer

4
i

NMortharh dushy ealsmsrder
faagus?

Fegion

Flathodontides - lwngleers salamonders

O, MC, 5C. 04
DEL,CH
HE, L, CH,
&r Gk

Ty BT 30 Gk

{B. ZEcrenbels

Hylidee - Lreafroga

Morthern orioket (rog
lAeris gropibeng)

Bouthern oricket (roF
{h, wExlliug)

bwgrf sslomender NC, 50 Gk FL
(. Qusdcidiglista)
Four=toed salssander DEL ,CH
(Eexidectyliup Ecubatim!
Fed-backed 4] ansnder KE,DEL . CH,.XE
VEipShodon cibErEds)
Sllmy salsmander 2L, 6K
LW i
Many-1ined sal shandar CH, NC, 3C, 84
VdLEresEnilics nargisalas
Hud dalamander L S
CEagudobriton mombasus)

Bufanldeg = [oads
Apgricen toad KE , DEL  CF
{lufy ppericanusd
Woodnoupe's Raad ﬂEL1I'..'H
(Bs Hogibowsel]
dsk toad CH, KC, 80, Gk
(Bs ousrolowes!
Southere toad EC, tn

DL, CH, NG, 50

ME, 50, 06M

Inatun

18

e

[C-C

uc-c

WL =C=parth
h=aouth

L=

Food Hubiiw Heferences
inaect Jarvae, Sodbugs, woernd 14,25
worss, inpeek Larype 115,25
anall iepvertebrotes BN 2T
seall impveriebralas 1,0, 4,21
s=ull invertebrabes= 19,18
saall joyertsbratss b,15
sprthworme, ants, bigs ;15,26
ant®, bugs, earthuorms (EFR LIS
Byuatic inassts 113
aguatle Snvertehrabes, &nell lndacta 13,14
agpil Insecia Tyd 8

I[hi'l!l
Seill inaspks Vi 7
ankll inmscta TLE
saail Inascip 1%
ammil inaecis 1.58,28
snall imseots 143 844,25
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Femily 7 Species Reglem Statias Food habits Raferences

Oreen troaslrog CH, R, 50, - [ mull ipaschs - I

ideks clogres) GA, Fl. - 13,18

Spring peaper ME,DEL, OH , HE, [ arthropods, =os]ll IAsects 191 320

s orucifec) aC, G4, FL

Capa"s gray treafrog SC,04 LE inasets, apiders 14,25

(. chryscacelis)

Common GresfroE EC,GA 1] srall Inveriebraies 1E=1H,2%

ife xacaicolon)

Plns-uspds treelfrog CH,MC, 5C.0A LC inesoks 1o V318,25

i, fesaarmllal

Sguirrel tresfrad CH, BC. 50, LE inaects 175

s ZSolilrellal oA, FlL

Barkitg tresfrog CH, BL; S0, 1]+ insects 5

. @Ecabioag) oA, FL

Iird=voines SC.0A C=Savannah wngl]l Imascis LE T
Eraefros Rivar Arslnpnge

L. melyogal orly

Ligttia gross Frog CH,NE, 8C, G BC=C imseckEs .83

iLinnopedus foulscis)

firieley s sharua frof CH. NG, 5C, G4 C=L=narth insecka FRE.

{Fagudagris : E-=auth

SLriped chorus Trog DEL,CH , HE, 52 fi=C ipsecED Bk, ba

1. krleeclétal

Bauinern nn-u;u: [rog KT, 5L, 0A iG inascis 28,25

Ea

Dreiata chopus Frog ML, BC,GA 1] in=zsoks ¥, 25

(P. mprostml

Kicrobylidae - Eprrod=noutBed Tosds

EaslEre RAFFowmamkh CH, HC, 5C,Gd E anti and ather smEll Inaeots (L

toad

[apbrephyrae Corclipenabisy
Eapidae = trus Frogs

Bullfrop HE, DEL., CH, NE, C-4 erejfish; sgustie ipascts, amall 1535079,

[Rann cptesseions b SC,0N FL vertehrates 10, TE, 10,20

Figfrog 3L .84, FL Caly svall dartebretes, IAGSCLIE, IFMN A
b erarfish 15, 20
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Family / Speclad

areen frog
(Ha cisplfensz)

Carpenter frog
LHa MlEgablpps]

Biver [rog
lE. Dachspherll

Aood frag
e EYLVBLIOR)

FLekerel Trog
(B paluabris)

Sputhern [ecpsrd {rod
(Hs Sbhenocophslis)

Cnel yaridae - snapping turcles

Snappieg Turtle
(fhelydro secventing

Kiposbermlidese - mud bturLles

EEJHHPﬂi
{hingabecnon Aebrubruml

Easters mukk Lertle
titenotherus gdoratis)

Emydidae - pond turtles

Fainted tartle
lihrrzsmys gicias)
a1 lder

(fa dsccioba)
Fuqur

(L. floridanal
fliver ocooter

i CEDOLODE/
Kedbel ly tortla
(6. rubcizsobrisl
Chicken Lurtls
ileirgchelys Feticularia)
Spotlied Lurktles
lEldanya dubblasal

BEagian
N, CEL ,CH,
NC, 50 GN
LH W, 8C, 08

Bk 3L GA; FL

ME , DEL , GH

KE.DEL  CH, FC,

50, G, FL

ME,DEL .
5C,GA, FL

ME,CEL . CH,¥C,

all, Gh FL

RE, O DEL , R,

Sh.GA, FL

¥, WML, BC,
0l Fl

CH,®&C, 530,

G, FL

CH AT, BE,
oA, FL

SEL , GH ML,

a0, G, FL

NE, SC, Gi, FL

NE, DEL ;CH,
MG SE G4

Ch, HE,

atatus

[ §

LC=north
B= st b

E=north
E==nu'th

UC-C

H—far kR
L=HeiEh

LC

LC-fdarth
E-agulh

Food mebits Eel@ranean

prehropods, afifls, FresEsapter | B .
ol igochaetas 14,19, 26
srthropods, anails, aplédars, 13, 10U, 33
GruBtacedn= e84, 25
snails, Inaects, orustacesns 13.18,29,25
Inascts, orcatecesns, spiders 3,70
iEsEcLs, splders, oiher srtropods 2,10,

IMEl]l dnBeots V.6,7,13
13, 18,14
aquatic invertebrotes, filah. reprilaam, 1, 0=8, 8,10,
gerricn; sgoatic plants, b0frda .04, 36
inaeots, mpllusks, carpion 1. bk 18,
13, 14
inaenty, ABRILE, aRrrlae 1. -4 13
13, 1%

:-'l.lllr[-I:Dl\.'.!-'.lluﬂ., impRiblaha, mgllephks Ill-l-','ll]l-r_lI
podul bs=gguatic planls o
yeung-aqustios ipssdte,; mollusks, by 18 YB3y
gsrrlon, mdul Es=pquatie pimpts

&lags=, agupiic plants 1, 18=14
algae, mguatic plents Faliyiy ta
snolin, eraylish, tedpales, 1,85,
aquatic plants 118, 1R
erdyiisn,; fish, =pails, cerrice 12=14, 18
pguptic planta, emell inverEabrabes, 1 4=, 10,
AEErion Flaga
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Family / Bpeotes

WODE LurLie

(L. inmeulets)

Bop Larcie
8. publerbergil

Hap Lurtle

(QEsCkemys aoerspkips)

Falas map turilw
Ll

DaeRdiEodrapnica)

fHakondbaak torrapin
1 Lerragpling

Esztern box turtle
(Ierralens

Tricaychiges = sofeshall turtlaes

Flarids sefisanll
tlcigpys Larpgl

Spiny scfiahell
. !

Crafgodil {dae - i]11!|tnpl

hmeriedn alllgstor

Mlligeknr misatiasippiensis)
Lpvanider ~ igiatis

OFees anole

(Asgiia carelinensis)
Joineldes - akicka
Blue-talled =ilnk
TEubeces fagciaiug)
Five=1{ned
SRIRK

dnigpsciatig)

Hrepdhead sHigk
(E: latdcapsl

Angnldse - gloee Lizards

Eastern glaga llzard
[Oehizagrus senfralia’

Eaglon Status
RE, DEL H-LE
WE, FEL , LE
BEL ;CH B
DEL L]
DEL CH NE; bo-g
i OALFL
DEL , CH, K, e
BC,CA,FL
S0y A, FL =
8,08 uc
Wi, 3L, LA, FL ME=L
SO, GA,FL PE-
BEL, C¥ , §C, £
22, AL FL
CH; hC, BE E-LA
N T
EH, BE, B0, GA 4]
NC, &C, 0k =L

Food mabjts
SlEAs, herrles, lnseois, mellusks
Eedpoles, 2lugs, snoils, innests,
ol lgoshoeten
drayfish, oslluaks
Crustacesns, wollasks, dnmects,
sguatie filanta

tlemey smalls, woras

BlUES; EBrbtinores, soshPocme

Flah, frogs; gneibs, anphibians

frogs, sneils, fian, asphibians

Miab, =znakes, Empeibisns

L ETEN

inwecks;, apjders; worsd, Emall
Alce, crustocesns

losects, apicers; smell orustacsans

pUpae of wWaape and Bess, atlier
LRseota

BEound dnsects. lizards, froge,
snall memmdl=

Enfurences

273

l,1i|1ﬂ‘?1

a,14

16, F4



rad)

Fanily & Specina
Colubr|des - Bnoked

T T Y

(Elsghd chpolwiai

Corn Zagka

LE. suktabul

Fastern midl shzke
(Faranely akacurs)

Aaiekon anEke
1. EOirogrsums )

1Enr¢u-un Linganaks
Leapropeltis

Flaln-nellied wutir Eisis
£ MrilbcaiRagec |

Morilern waiar usdke
‘ie Eiusdon?

SoutnhErn WeLer Braks
ifs [ezcistyl

Lredn Wwatar anskn
18, Erolomiond

Broddn WELEF SDEEY
Tasjapiloby

(BT i

bleitk swsnp mnake
tdeniantriz Gpdass)

Kacar

{Colober gonskrictor)

Heisgh, prosn sombi
{lphmpdrys ssprivaal
L

Huwre trawe
Vie AsbtemslLSabel

Frenin | deluy sl Apars

iptereriag dakasd)
fedielly =nake
TR

Classy Erayfisn impie
-

Egglon

fEL , CH, HC,
AL, Gd, Fi.

8¢, 5h

26, ME 8L,
A,

£l WE. 50,04

DEL BH, N,
L Lh

DEL ,CH, &L,
G, FL

NE,DEL, UN,
WE, 30,04

e, 8, 08, FL
8,64, FL
£18.50, GA

WL, B, UA, PL

HE HEL ;GH,
RS20 0N, FL

u CH; AT
T
eM, e, SE,

G, FL
BEL, £

BE, g, , G N,

J0 A FL
AL, 0A

GLokus

He-£

LE

L=d

LT=4

Lo

1] =]

UC=LEL

E-Of

f=C

Food Enbigs

mwies, voles, birdn and thele
egne

Jdzarés, frogs, fwall Aasnsle

AlPans, anpnioags, salamanders:
Foung-agiamEnders, tedpoles; Lrage
siultd= Amariosn deia

uaber snekas, mice, birda

Campualo; Trogs, tadpolens

#rall Tish, Trogs, salamend=rz
CrudEceans FHE

Trogs, Ledpeles, [ARDUSLR

I:Iﬂ.'lil‘lrﬂl‘,iillq I‘ru;:. squstl= j;ulrutl
rinkes. frois

lgeches, asall Ulan, vorms, Ledpoles,
cuprT zirone, =alsnsndarsa

lrgsw Lnsects, ﬂ'n&h Lizpardsa,
=RAl | FelEncs, bDirdn

ErasanspEEers, sribkets, splosrs,
estarpillers

ermyf i, Sirend, Crogs, Abail
fizn, selpmanaers
erzylLlan

ol ppoatastes, analls, siues

e2lugs, sarthierns, Lhssckts

Aelefenised

T.5=7,i0d
1%
Tiiad,
15,18
1,808, 15
14,5
13004
1,7, 18,27
1,4=7,10
11:13,{11,2'1-
Th T8 a2
12«18, 2T
Ta¥s 11,14,
1550
1 =13, 18
Taln, Z&
13-15
1,15, 18;
ol |
I 8=8,15

10,1229

b, s
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Femily  Specias

Ezatern ribbon ansle
(Inampopnin Zadcliial

Common gerber snake
fL. pirtalis)

Worn SnEke
[Garphophis sposnas b

Hipgneck anake
(Dladopdis pinsistusl

Eastern ®srth snake
{§irginia salerinel

Grot&lidene = plb vljpers

Capperhead
Ligsiatrodon seotarkrisl

Cotbtonmmostn
L&

Pygmy rettleanake
lElatrurus

Esstern dlssondback
retElsanals

lCcoialus adamenteud’

Tiapar rabilesnake
[ Caneurake |

(L. haccidus)

REFEREMCES

17 Mustek 15728

Zi Har 1972

37 Klinkiewicz 197dm

8) Kl inkiewioe 199 0%

51 Clccope, PeFd. Sonm.

fl Arcet 1977

71 MoCormich @nd Somas TERZ
81 Yourg 1982

gl Kiviat 15fEa

W0 MeLormiak 19749

i1} Bichmord and Gotn TUIA
f2) Carr mnd Goip 1955

13 Mprrel |95#

1k} Sandifer && ml. 1980

fagin

L Atekua

KE, DEL, CiY, HE, c

BEy Tk

8

RE, DEL, CH, HE, EL-C

EC, 0N,

14

DEL, CH,
3¢, 04,

FL

ML, E=liC
18

8C,0A (T,

ME,DEL,
M, &L,

CH, ML
1Y
30, Gha

SC,0A,

CH, ME,

= 414
(H ]

ab, G-

FL

Fl. A=LIC

L L

04, FL

151
10}
T
181
131
20
#11
221
211
241
251
ELE]
2y

Eazant 1775

Gisboms 14978
Harrisen 1378
Jogmon 1583

Ralll 18047

FeEll 19%2
Chaneberlaln 193Y
Ficheond 1980
Huheey 1255

UBACE 1074

Behler ard Eing 1932
Lefar end Tiper 19TH

Musminmey ¢t &), 1 GE2

Food pPaslie

froga, salimanderas, small
fizh

tosda, frofs, =alseaarnders,
goFLha crms

worea; Eofl-bodied |nsscks

sa] imaB0ary; eartevorms, Lrogs, a=ell

Enskeg

wWirwd, =2luge, =aedilie, Froga

mita, volea, frog=, <pbkerplllers
fish,; s@pniElens; smEll monsels,
nopetines watearhicds

mica,; lizaros; frogs; soell ahskss

saEll mommel @y frogs, obher
anEkes

rFodenla, cRBRITE, sARll Lirca

Referaspo=a

IF“!SI?I
o, 12-14

T
T2-14, 38"
e, 1S
TR

bH 35

12, 14,24

1,12,14

15,08

LI

14,15



BF¥l

Family ¢ Species
Caviidee - loons

Lommar logn

(Govia iemer)

Eed=thropbed L oon
(G

Fodiclpedides - grebea

Farnes graoks
Eodicacy auclbus!

Hed=neoked grabe

{E. grcisegens)

Pled-bi ] led grebe

IBgdilypbus podlaecs)

Feledanldie = pelivans

American white pel ican

(Eelacunip
BriLhcerheickas !

Brown pelican
(B, peoldentalis)

Reglon

KE, DEL , TH,
WL, 8C,04

NE . DFL, CH

RE,DEL , CH
WG, 5C,GA, FL

WE, DEL , £H ,
V30,08

HE, L, TH,
NC, 5,04,
L

SL,0A,FL

SC, 0L

Sul lape - BoOLleR ARG Eannets

¥arinern gannet
ifuln Gossanpusl

Phal sgrgcoracicse = cormorants

Couble-ocreated
aormRorant

{Epalanronoraa suritus)

AnningidEs — WRRLNRES

Anhicga
i anplings)

RE, BEL, Gl

MO, 55,64,
¥l

Ch, NC, 56,
G&,FL

AYPENDIXN DI
AulTauns =f Vidal Fresbuater weblands

FLORTIND AKD DIVING WATEEDIRDS

Seasnn Statua Habltaks Foed Haplte
W, T {12 LA ¥lam, wrebs, soliunks, frops
W.T uc (W] Mol lusce, FEah, eraba, Frogs,
W, T LE-C LM, "M oquetio imaesls, fish, molluska
OFUSLECRANS
W, T A= L Ll Fimn, mollusks, sguatlc josects
Bl , T-fsrth # LH, HA ermyfish, squatic inascks,
F=no@kh mol luaks, Fish
BT L] LM ELah
P k=0T CH ilam
W uc LN 11ah
W, T=north Ug=c LK ik
F=2outh
A-AarFLE B=norkh LM, M, TS Buglil, Lepogis, frop=,
F=saukn C—gaEtn aquratic fnsestls; ervatadesns

Refnrences

B=5, 12,
15,971

2=T:¥

T

17



Farily / Spogiaa

krptidas = MiEnE, EEESE
ahd ducks

HMuta aWak
{Lygnus eloel

Anlatl img =wan
2. zelumbipmius)

Canada poaze

1Branta capadensisl
Bragt

{g. pecoicim)

Snénd Jeade

{Enaer gegruloacens’

Fulvous whistlibg
Junik
Lbspdrocygne Dicclorl

Mallard
lhfas zlsivrovnsbas|

Holil=d duck
Lha

Aearies Dlook dodk
{he rubripes)

Omewall
Lhe abrepers?

Barcnern pintadl
(ke Bouts)

fireen-minged Loal
fA. Erocon/

Blus=iilfged Taul
{he GIEERES?

Asgrican wiljees

(A. mmsricsom’

Hagian

86, Okl « CH

WE,DEL, TH,
MO, 5, G4

ME, DEL, E¥ ,
HC, 3C

RE,DEL

NE, DEL . CH
L, B0, Ok

CH, NO, &2,
Ga,. FL

NE,DEL, CH,
W, SE iy
FL

GAFL

DEL,CH.
nE 5:'55.

WE, DEL, CH,
WG, SC,GA,
FL

WE, BEL [H,
HE, B0, A,

WE, FEL €M
HE, 20,04,
FL
E,DEL,CH,
ut, 80, Cd,

HE DEL ; €l 5
HO, 50, B

LT

W, ¥

el

F=narth
¥, T-mouLs

P=norih

W, T-gButh

W, T

0T

W, T

L

Status

LR

L-narkl
F-south

lho=L#

C-nerth
B-smigkh

1]

=L

Ut-A

Ug=c

st Emb®

LM, B
LM, HM

LK, Fid

LM

LK, Fi#

LM, WM, T4

LM, M, T8

LN, HH

LH, Y TS

LM, HR, T

LA, HA, TS

LH, iR, TS

LM, HR, 75

LW, R

Foad Hapits

Sslrpus; Cyparus; Folgoogefom
Ssirpun. Elsochacis, faperus

Cyperus. Enbnlnocnlon. PROloum.
f.ﬂ]mﬂ.lulli m EelLandca,
fotaoogetun

Pallianeris, Eeirpas, Cyperus

FoRER BRO rolZozmes of
Searilae . CEDOrESs. S2lCpuUE.
Elvocharis

Seirpus, Fanlous, CYCerds

Seirpen, oaLarls, CYLErus.
L;J:lihu us. Panicum.

m 1me‘!

Binicum, Folygonem, Gyoscud
Elﬂﬂﬁhjéqu -qu;t:a 1nlt:tn'

Cipsrua, Faplcum, Falgganum.
mmll m L] 1“’-‘-’-‘1
Fizbrlatzlils

Ciperua; Paoloups Ealigonum,.
Bairpus, Echipponlon, Zfizenin.

Cepnglanthus, Cxperus, Huppinm,
Eihlpedklos, Sdirpios, Lesrnip,

Heferences

E=¥. 23

3=,
Fe, 1a

L
31T

i
TRE

S8,

1pd 4=10,
12, 18-,
19,8842

15

2,4-10,
AT
1%, 20,22

=0, 17,
1B, 18,07,
19,20

2,410,
12, 14=17,
14,20

Erﬂ‘gr
12, 14=17,
TR0

8=10,12,
%17,
19,20

.80,
V&g 14=17,
15,20



LS

Family / Speciea

Narthern shousler
¥ V8

Wood duni
ldiz aparis)

Bodinaad
(Aythve apericoce)

Ricg=secied Bunk
(i, smllarial

Corvwmstoal

(de rolisigerid)

Orester scaup
(e wmarilu}

Legsar scaup

(fe ACfinialr

Copmne gol demey e
(Bousinali SlAnEuLlal

Buf rLeneaq
.

Ol omguaw
(glanguls Bysaalis/

Jurf scoter

(Helaniila .

White-wingsd sccber
M. Loaca)

Blwch Ftater
iHe OlEeRs

Huddy auch
\Cevura lempicenaial

Eagion

DEL,CH,
g 3,68,

RE,DELCH,
HC, 30,0,
FL

WE,DEL ,IH,
NC, 5C,0A,
FL

WE, BEL CH,
HE, B0 A,
FL
WE, DEL , TH,
HE, 8,04,
FL

WE, EL , CH
HE, 5O, 34

RE, DEL, ¢H,
ML, BC,GA,
FL

WE, DEL Gl
KCEC, A

NE, DEL ,CH;
NC.5C, 08

WE, DEL , TH ,
WL, 8,04,
FL

HE, DEL , ClE,
KE
HE, DEL

8E, DEL

WE, DEL , BN,
BC,5C, GA,
FL

W, T

W, T

Semlue
uc-c

UC=LA-farth
F=lit=south

LVC=L

UC=L

G=lrf

WE=f

=l

UE=L&

UL =merth
A-sgdatk

F=UE

F=UL

WE=1

Hanicakbe
LM, 3M, T2

LH, M, T8

LB, HY

LM, HM, T2

LM HH

LERR. TS

L, HA, Y

LA

L, BIR, TS

LA

Lh

LKA
LH

LK, MR, TS

Food llaniks

Apeiless; SEEECUE, FElriBud,
[apigis, o Roeblculey
foricidae, Eygopberh

Elthiﬂﬂﬂ| ﬂlﬂhlllﬂlﬁﬂﬂ Hymzog,
lericeaspdron, asi:nu:. Zizania

mul m':l wr
Hpfag, ¥allisewrSn, PoldEcfib.
Brasenls

Saglttaris. PobappEeton, Hopoia,
Yoilipneris. Epnemsrigpters

L1ZREIE, m’. : W mmlm:h
Yolllipoeria.
Llescharis

anipum, "
4 bepbtrepeds, FPelesypodn

Yagiensrie, Cvperus, Elegocharis,
[nispodetion. SOLLEUS,

Haled; EFenicom; Felecypoda
Banlropeds

beorpoda, squatic iassclk
farvae, Hotemcdeton

Lizaple, ITaopcds, Gaskrepods,
Faieeppoda, Geansridae

fwphipods, ODwompeds, Felwaypods

Splrpus, Cypsrig, bivalves;
Empntpoda

CrusEBcelhs, MUSselE

mudielp, &xp, BMybilus sddlis.
tarspales, caddiafly larsme

Sairpus, Malms. Fotsmopelon,

Telliangria. Oastropids, dhifcnroaldk

Neferemoed
£y 1=,
18, 1817,
18,30
1,2,4=110,
12, 14=20,
&2

=10, Vi,
19T

(R
u..t !
I'i,.EI:'

Y=-T0, 1,
15,17

i-8,12,
1519,
1]

18,12,
14, 15,17

=, 12,
1807

§-£,10,
17,45=17

1,579
1,8, 08

BT, 18
TS

U=10, 17,
Fu=17



251

Famiiy / Specisn

lig@ied narganaer
(Lephadites

Coamon wEE@E RS EF
(Hergus macaanaar?

fng—prapsted Rerganser
(M. aerrptor)

Faliidae = gollirulen, coots, amd rafls

Purple gellipules
{ Earkicical

Camnabt ®sorhen
(Comman Eallinsdle]
fGaliinula

kmeirican cook
(Elish amecicany)

Eegion

WE,DEL, CH,
M, SC, 04,
Fl;

HE, DEL , CH ,
L, 36,04

ME  DEL,CH,
N, SE.Gh,
FL

tHllnnﬁﬂi
GM,FL

WE, DEL , CH,
NG, 5€,GA,
Fl.

NE, DEL ,CH,
HE, 50,04,
FL

Seamon

H,T

W, T

W, T

=T

Al=airLl
P-zoutk

Statas
A=

FC-C=nerth
Pl=sauwkh

IC=FL

E=nparzn
UE-aauth

F&

Habitots
LM, HE, T

L¥

LM, HM, T2

L, iR

LE M

LH, HR

Fond Haoits
fndulus, lotalurug: BEuullia,
fbhepstopa, AlDsa

Fi#h

Fiah

i

v el FpLG,
apustie insestx, anafls, frogs

v RYDSCUR, SRLIEDUR,
fragdnoppers; agwabic Ipaects

ml u-:-l-u-.r tm1
id#goharis, Fotswogeton, Bmall
fimh, Eadpolen, Emails

flef erenoex

£, 8=9 13

15917 .22

5=10,14,
iS5

B MaTl,
12, 18=1%



ESI

Fomily / Specien

Regien

Araelgas - herang aad Dltterns

hmdrican Gittern
[BoLaurug

Least Dittern
| fzpbrychus miiliz|

bleck-croveetd Right
h&ran

IByckicoras nyoblcsran)

el lov=oroened fLERY
nEron

(He wlolscews)
Srean-bDacked haron
Butoriges

Catile agret
LBunulaug

Littla blus hEFon
lE. pasrulsn)

Trienlorad haron
|Looi=tana heron)
| K i
Znouy egret

1Ex Lbulm}

Eraat sgret
{

albiual

dreat blue heson
|Ardes kergdiag)

Cigani jdas - SLoFKS

Mood zkork
iMygberis soErigans’

NE, DEL , CH,
ML, 5C,04,
FL

ME, DEL, CH,

lG .

ME, DEL . CH .,
HC. 3,6 A,
FL

PEL., CIf, NE,
aC,00,FL

NE, DEL  CIL,
NE, 56,04,
Fi.

o, NE, 5C,
Ei; FL

ME, DEL , oH,
e gy

FL

DEL . CH , BC,
300 FL

NE, BEL , CH
N, 56,5k,
L

WE, DEL , CIE,
BC 80 Gk
FL
RE, DEL, £,
HE, 5,6k,
FL

ey Gl Fle

Semnom

&l T-north
PamolLR

=, F=norkh
F=moith

iy T-narth
F-SUuth

8l T=nareh
P=mouth

Bl T=nartn
F-apukh

Hy Tanorkh
P-sowsth

Hl T-narEh

& T=nnrth
P-zauth

5, Bl=forLh
F-mputh

5, Sl-ror T
F-aputh

WADIND BIEDE

Einbtus

FgQ

F=narkn
A=maukh

E
P-moukn

iC=norkn
C-sputh

FC—-augpfEar
IC-yilskas

HabiEata

LM, 1M, T2

Ly M

LR AR, TE

LM, ki, TS

L¥,HH, TS

LM, #K

LM HM, TS

LM, HH, TS

LM, ¥

LM HA, TS

LEHH; TS

LK, FH

Fagd limbigm

tisnh, aquetis insecis,
frogs, mice, shraus

fish, wgusila lnpeata,
mmphibi®ns, orustabedns

erarflan, CFizh, crabs, sics,
frodn

snmlle, squakie inssats, [(lah,
erayMiah, arabs

emall flan. oravfish. agéatle
nsgcta

gragshoppers, orickets,
aplders

rish, crayfish; OrtLcptera,
anph by aps

Fiaw, =motln, lizarde, fTrogs

flLak, =ray¥fiah, &rols,
squeliz jpprchks

ayuatie insects, Tish, araylfi=h,

crats; anails

nloe; anpniblans, [l&h,
afay faan

snails; squatio inemecks; fieh

RefEranran
=T 12=17

i r:l"Tl
i2=15,
17,18

5-T,
3,10
'Il—'lh

5,0,0,
AT
1h-18
1:6,7T.,%
14, 1214

T

-
2E
1012, 17

BT el 1,
Th-1E

Z=T; 140
12, 14=18



¥El

Family / Spacien Eagiaon Suspon
Threskicralchidee = iblams
Glomay dbds ME, DEL; EH 5, Bl-parth
(flegadin falciseliuazl ML, SC,0d, P-aooth
PL

Khite ibim DEL . CH, BC, 3, T-narth
tEbdooirus dious) A0 0A;, FL PomauLn
Arneidee = linpkinz

LiBpkin Ok, FL 50
CArgmE] EUErEUnE

Sbmtus

R-narth
C=aaukh

E=morkh
A= Eh

Havitats

L, iiM, T3

LM, HY, TS

LA.HH, TS

Food Hasits
analls, erayfish, Flak,

aguatle lnassts, =Faha

erahs, sgustlec ipmects, droyfi=h

snnile

Neferemcen

T 12
15, 18=1

§,8,17

1, 16=4%

13,18




Famlly / Spocien

Hegliem

faliidas = ruiin snd galiifules

King rell
(Ealidus

Virginis ragl
(E.

Jare
[Forzung sarglins)

Telloe rail
[Coturnicsps i
Black rail

{bpberalliy JEnalcanaia?

g5k

Eiilosar
L kel lFarad |

Sspipalnaten plover
(0. obsloalosfusi

Lespsr goldes plover
tRluviaelis deminicn)

Blogk-bellicd ploaver
[fs suiaispolpl

HE, GEL , CH,
WC B0, GA,
L

WE, FEL TH,
NG, S8 Gh,
FL

HE, LEL, CH,
MO, EE, 04,
FL

DEL,CH, NE,
86,52, FL

DEL ,CH, NG,
SC 04, FL

Chargdriides - plover: sand Lurnatchas

ME, IEL, TH,
BC, 50,04,
FL

ME, DEL,CH,
BE,BE0R,
FL

ME_ DEL  CH
e, he

ME, DEL, CH,
NG, BC, 8k,
FE

Seaaon

il T-garth
W, T-=guch

S0, T=Rorth
Wy Tamaubh

SH. T=norkh
W, T-gauth

50,7

2, T=nec kb
Pamalck b

W,T

Hoisloppsoldae - snlpe, bspdocbok, and ssndplpsrs

Rulddy LUurpsuoes
Lhrenscia inkerfiFsal

ComEcn anl pe
ir §allicegal

kmprlcan wondeook
ISosiopis mlGdr!)

HE, DEL , Tif,
HC, 50,04,
FL

BE DEL  LH;
BI, 50, UM, FL

HE . CDEL, CH,
HE o 840 il L

W, 1

i T-marth
PFemouLEn

58, T=nerth
FefomLYy

AHILE ARD EHOHEE [ROS

Staton

UC {& dn
rigraktion]

R (FC in
pigreticn)

e

he-g

UE=E

be-€

Habkitaks

LH, HH

LM, HM

LH, HH

LM, HH

LK, HH

L, KR

L#

.M

Lk

LM

LM, HH

LM, K

Food Haboits

seeds bl: flzscis; Folygaonus|
Orinoptera, dorma, &flders,
snella; craplish; small [lan

speds of 1 Iizanig,
; worms, Elugs,
srobln, smali Tish

sgpeda af: [ 4
: gHumEle imsmetn,

wirrnme, spidera; snells

saeds of ! CYDErus. PolYEQONUR.
Lizapie, Setaris)

Worms, snells, apiders

worms, ahalls, spidars,
shag aseda of: Dulrpics;
T #

1

Coleopotera, Ortnopterm,
Hynenopbers

prudbaoesns, sclluaks, freakuEaLsr
Folygonis

Hofma; WeEeas ol

Worme, spailles, vrudbao=sni,
grennhepRare

prustaveans, FrEsnwabar worms,

soliiaks, grasshoppers, besblss

FFUSEBOELNE, ErAtRhOppers
mollisks

ajuatic Celeophieri, snaila, worma,

sedds of: Soirpys, Eolygongm

earthworss, lerviee of i e@ranslllad,

fopaer] bed, oanipe [lies

References

"i:"!!yl
Wy ke 15,
17,22

BT 0.0

&, T, 1817

BaTal0: 18



agi

Family # Specien
Upl afd safidpliper
{bacEragia

Spotted sandpiper
(dcbitis mecuinarin

Zpl ivery sandplpwr
(Irinia sclitarial

Grester yvellowlegs
(Ie I.'I.LH..I:IH.'I.H.'II.:?

Lepzar y=llowlegs

'IH‘I-II.H
SEnirelmatas

SHirt-pllled doWitchar
i Arlaeual

Stilt sandplpor
Calideis Dimapiopis)

Eunlin
fhe  sludng)

fad kipsb
(L. omoutms)

Laast sanoplper

1S plaubillis)
Whlte=-rumped pancpipar
(B fuspicollus)

Fectorel Saadplper
lC. melapeioal

Mnlpslnated Asndplper
(E. posilia}l

Beird®s asmdpipar
1Be Dalediiy

Negion

NE, DEL CH,
ML 2

WE; DEL;CH;
BC,&C, 04,
38

NI, DEL, CH,
hE.36.08,

WE, DEL ,CH
BC, 50,04,
FL

ME, DEL ;TH,
KC 8L, GA,
FL

WE, DEL , CH,
T Y
FL

ME, DEL ,CH
NC B EA
FL

BEL , CH  ME,
AC,C8; FL

ME, DEL, 21,
NC,EC,GH,
FL

WE, DEL , EH,
NG, 5C,GA, FL

ME, DEL,CH,
BC, 5C, G4, Fl,

KE,PEL , CH
NC,BE, G4, FL

ME, BEL, CH,
ME, 56 CAL
FL

WE.DEL,.CH,
[, [ e
FL

LEL , CH

Eaason
T

il T=narth
P=30uth

W,T

Wy T

90, T=north

W, T-8suEl

W, T

T=napkh
W, T-scain

T

Status
BeLbC

rE—

E=i

IG=C

E=Ug

Ug-c

e

re-Fo

ne

B-Ug

R-LL

uc

o=

Habiiabe
LM, hH

TH, HY

[

Lk, 4

L#, HH

LK, HH
LW, by

EN

LN, HHY

L]

Fosd HesiEw

Ireatvater wOFNS,; Srhakla, santlpedes,
nifllpedes, aqustic {pmecta,
zeeds of @ Jelecis,

AFEphe o1 caddisflies,
moyflien, dragonflies; mollusks,
Mors §ressheppera;  eriakets

aglluaks, Worsa, fdymenaphers,
OFEnEpEATe , n;il rroga,; nymphs ofs
taddlsflies; sayfliem, deaganflles

Agistic inseets, worma, mollosks,
3aall fiah

sLEEtic inseata; snalls, Worms

uaClies indgsnts, Worms, oeebs,
mollusks, spall fish, seeds pf:
wl WI

fiy lervee, vorma, snalls,
ameds ol GEACEUS, POlYEoBuN,
Eotmmogeton, CxDerls

elumurma;, mo]lusks; guetic
inaeakbe, feeds of1 CY¥DRFUS,
ERsbarla

WUrEs, oollusks, ijmsecks

arplls, pariwinkies, wares,
Bedds of ¢ Soirpus. Potanozston:
Liperag

Horen, ma]luiks, sgeobic imsects,

seeds of Zolepeg, F

Ingects, vlmworms; =mall fish,;
amplle, gregsboppers

sniatie imsects, wered, eallisks,
sreda. of 1 CEEErUS, Fanicum

Lervos of | eaddlsflisns, mayfliem;
dgregonilies; clamvorns, meldluais,
aeads of » JeiFpus, Fotamogeion

anphipods, besties, wesyils,
meagul toen, cranellies

Eaferencas

LFRL U

6.7,4.10
(0,17

F-T =41,
15

Bh

S-TJFE,HL
ﬁ.?1;.1n.

1o,
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Family & Speoies Egglion
WeEatard assdplper HE, DEL ,CH,
L  masci! WG, 85, G h, FL
Banderl ing HE, DEL , CH,
k. mikal MG, 3C,6M, FL
Rurf DEL , R
{Bhdlonschies DUEERX)

Bl f=breasted sshaplpar DEL , GH
{Irvorpites

fpd-necked phalarcope BEL , CH
{Ehalarcpus lobatus)

Wilzon'a phalarope PEL ,CH, NC,
{E. Lrivglord EC; 04

fecuryvirgatridas - avooets and stilts

faerlizan avocet DEL , CH ; MC;

(Hecurvirgakra BC,04,FL
Ederloasal

Hisck-necked abtjlt DEL 4 CH , NC;

(Himaatppul SC,00

dEEgon

T=maFtn
W, T-anukh

W, T

&, T=rorth
T=moakh

= ,T

Btatus

FC

UL

UE

i=1C

=B

BEebiiats

LM, HH
LA, HH
LH HH

LM, kN

LK, HM

LN HH

LM, HH

LM, HH

Fooa Habiktw

squellc Ihsecia, Deetles, molliusks,
seede of; lotamagsbon, Scirpus

Flies apd tnelr larvee,
nil | esks, Wares

uitie l#dseckbs, worms, malluaks,
rFlies

Eantion mnd thajr larvoe,
fliea, sesds of: Potascgeban,
Selrius

snpils; midges, fly laryae

larvae ofr caddialfllisas, mayrilas,
dregonflied; seedd OF: CRUSruE,
uz, Pobamasgeban

clepdoras, aquarcie lpascts,
seeda ofi Saicpus, Polssogalan

apuaktie fmaecca, anail=, smnll Tiss

Refarances

= PRI
17

7,810

§,.6,11

L

Sb0

§,6,9-11
b

9,0,14

,0,12,14




BgL

Family / Speciaa
Caenartldsse - wulturen
Turamy ¥iulvura
(Galharies awral

Elusk valtare
ICoraseas

hoeipitridee = HiLEs: howle. &na Fagles

Hizsiamippd Hite
(locinia
pldsissippienata)
fmerican Awdl lew=-talled
Wite
(ElEppiden Corffcelus)
Copper'a hasli
(Agpdpiber
uu-rp-uh!nnrﬁ naw i
Lt i ¥
Rartnarn harrcier
AMmrEn B
(ClFouE pyaneudsl
BEd-LALLEL DENE
|Butss isnaicepaks)

Egd-2houldered hadk
1B. limeeius)

Ercad-winged naui
(Ba Slalyubarua)

faugn-legged hawk
{B. Jlagopus)
Sgubnern bEld eagle
' i
leucpegphalog

fegion

WE, DEL . EN,
D, 5C,0A
fL

£, NI, 5T,
T, FL

C, 00, L
HE, 04, FL

HE, DEL , Gl
N, 5C, Ok, FL

KE, BEL, Ci,
R, SE k. FL

KE, DEL , CH,
H"‘1 ﬁ:rilh

#

NE, BEL , 21,
NE, 5C,GA,
FE

ME, DEL ;G ,
ML, S0,
fi

W, DEL , CH ,
ML BC. G,
FL

HE, VEL « EH

ME; BEL ,CH,
HE, Gy FL

GIUENAL ANP MOUTUHKAL BIADE OF PEEY

SESEAN

s,

&) T-nopth
Feaputh

F=north
W, T=mauth

B, T-adareh
f-mid
W, T=3cuth

u

Sy Tenoethn
i, T=aoukhn

w1

’

dtaLua

vc

BC=FT

WE=FL

e

UCFE

1L

e

bakltok=

1R 13

M, T

HW, TS

Lk HH; TS
LK. WM, F5

LN, HH, TS

LH:HH,TE

HE, T8

W, 1

iiW, 13

LM, HH. TS

Ford Habits
carrion

cerricn

lizarda; frags; anakes,
lergs Insaats

snaiea, Ilzards, Frogs

sanll passerlres, nice, yoles
mice; volws, snall pesdErines

miog; wples, Fakd,
wpphlEians,  snaken, amall
pasagrices

wice, shress, vaoles, rabiiba,
sualirais, ‘gal lindiss, rafla,
anall peaspsErines

relll, BRALT odle; miee,
wglen, &nEll papserinss

iteards, dilee, sealies, frogs;
woles, lErge h:in; inagcta

voless nice, ENALED;
froge, samll messarines

fEen, wateriowlys Fodants,;
caFFlon

AeFapRficas

LT
TR
i1k

10,12,
16=1H

T2, 18, TV
TN

0,58, 1B,
Th

byt i,
1&2: 14

n'llr1il
ey

10,79

19,423,137,

1E=1ll 23
03 Wl L2,
1118 1E

1,69, 18



Eamily # Spmclep
LHaprey
{Eandinn peliackua)
Feloooldes - faleoma
Pareirios Talaon
(ERlap mecedrioun’
Heriin
(f. eolusparius?
fim=rican EHALFEl
(E. apacyeciug)
Tyionldss - bare oWis
Comasin boarn owl

(Ivto olbe)

SLripiden - btyplepl ouwls

BSL

Eastors pore@ch owl
iftug AEde)

Gresl hornzd oWl
IBabe ricgiudaaual

Barred 6]

(S%rly warial

Enqr-t =aared oul
lhglo fleamaus)

ALTTOErS ame-unebk ol
VAERDIANA BRRGICUSE
Laed idee = AEC]Hes

wdjErnead mhride
Lamaks Laloulclamys

Repion S@mRaon
ME,.DEL,.CH, 5, T=north
G, SC,04, Pugauti
FL
LEL, CH, KL, W, T
SC.GAFL
MHEL ; BH, ML, W-T
SC.GA; FL
¥E,GEL, L, ¥
WC, 50,08,
Fl
HE, BEL , CH P
M, 5L, GA,
FL
NE,DEL , TH; e
WG BEGA,
FL
HE,DEL,EH, ¥
NE RO LA L
IHEL « TH:; WE, F
Ok, FL
ME, BEL 0 T
dr,ﬁE.EL,FL
GEL ,EH, NC T

OEL, GH , NG, f
A, GA, FL

SERT U

FL=k

UO-FL

We-F<

UC=FC

FC

A=l

HED]lLC&GEd

L, b, T3

LW, HK, TS

LH HH, TS

LM, HH, T

LM, EM, T8

L, wh, T8

LM liM TS

LA, HR

LH, 84, TE

LM, FIH

Fedel Wpkhies

fish

yateriowl ;, Skoreblros, cookao
geliimilen, swifts, kinibirFds; and
small papeerings

wplerfoel , pesserinns, wolea,
mles, frojd, shakga

mwiceE, ¥eldéa, Frogh, DELE,
{pseces, amall paRserieoes, Llzerds

mide, woles, small passerines

mice, voled, [roge; smali
paEser ines, jafgs LraeEcks

shrewn, scldas, Piloe. FETE,
shorebirdy, =moll pesaerices,
GILLErNS,; heTons, walerfowl, hewha,
ather déls

mice, velws; csmail
pEzserines, shorebirds; wakerlowl

mles, =ap. MlcroLus,
voles, #mell pamgerlfies,
farge Flelng Lnasepts

lapge [lyiig LRSENLE, i ao
mice, voles, SRErev, (LT8R
passarines

mice, wolen, mmadl
pesserines, Jarge §nsetis

fef eruizes
150 T el 18,

12, | linkd, ,
o

B85,
18,17

B 1012,
il 17

Lyl Tl
i, 01

LR R
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Famiiy / Spacies

LuaFldae = gulla spd Lerne

Glavoaouss gull
(Larun DepEcherssn)

Eomlnd gull
L1 P

Great bleck-baoked

Harring #ull
(L. mrzenbatus}

Ring-Eilled gull
(Lo duldgprepsis)
Laughing gull

fonsparte!s gull
{L. ohlisgelpnia)

Black=lepged mittivake
(Hismm Lricestylsl

Culi=-bi]lled Eern
(Sberps allobical

Forstér'a Larn
(5. Eaeaterll

Common Larn
(5. plruedal

LeBat TATR
(5. ppkillarsm]

Eoyal tern
(5. macipusl

Smnw bl Earn
-

Cagpisn tars

(5. ceogldl

Blmbk LErn
(Chiledosains admer)

Black skimmer
iEkynchops niger)

GULLE, TERNS, HINGF1SHERD, adD CRoW 3

Amgion Seagon Etatie
ME, DEL ,CH W, T E-UG
WE, DEL, CTH L] R-UL
KE, DEL ,£H W, 1 WG
WE, DRL . CH W, T C
ME, DEL . CH P i
ME, DEL ,CH F ue
HE, DEL ;CH W, T VE-FC

RE L A=UE
[ | T LR
ng!i: Eﬂl;f, dyT ue
HE, PEL ; BB &, T-parth e
KL, B0, 04, kL ¥, T-aouth
DEL, &N &0, 1 R=UC
tH i L[=
NC,SC,GA;FL -} =g
ME, DEL , CH, 8U,T Q-
WE, DEL, CH, T ne
Cif U, T e

Hsbloabs

LW, H

LN, HM

LM, HH

LH . HY

LK, HH

LE, HA

LA, bR

LH, B

L, B

LH, HA

LM, M

LM, HN

LM, M

LH, &M

LMW, HH

LH, liN

LN

Food Heblia

finh, mallusks, dwdks,
ERFrlion

fiak, cruofbsosans, gsrbage,
earrian

figh, carrlyn, garbage

£18h, urustpemans, aollesks;
At LRARPLE

tish, Coleoptera, Orthopters,
wmallysks, eFustacenns, rodenta

ssall Tish, emrthsorms, sarrloon,
srustaceEsss, Farbage

fish; Inpedta, werad,
crustaceRns, oarrlen, garboge

dnalil fish, eristaceans;
E3] lusks

drsponfliss, osddiaflles, [roga,
Epall fian, sarthlerns

dragonfiiea, eaddiafliea, frega,
=ome seall Flak

plpefish, menhsden, aladlives
spnil Fial and orubeceEaEs

rEah

risn

small Tish, particulsrly
mepkaden; mullet; sookers

saddlarl ies, mayilles, orepgonflies,

pothe, ceterpibliars, amall CHaR

smail Figh, srustacesns

Eeferancen

6,9
-8

B,T:5:10

BTy Rl
LE
5-T,
4.0

1.4,7,
.40

7.9,10

§,;3=11,
AR

be, 10

L)
5=7¢
9,14
5-T49

L)
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Family / Spacies
Aigadloldse - kingfishers
Selbed himgfiaher
{Eeryle
Corvidae = crows and |eye
Fleh orow

[Rocxus assifoagual

imerican crow
(L. ‘kppchyrognohgsl

Region

WE, PEL , TH,
BG5S A
FL

ME, DEL .CH,
WG, 50,08,
L

ME, BEL , EH
P RTHTR
FL

Seadnn

Simtus

Habitaks

LK. HA, T8

LM HH; TS

LAHA, TS

Food Habika Relferenoes

fimh, creyfish; erobe, wuzsels, 5-8 22
newta, snails, frogs, toseds,
Liurtles, gramshoppers, baetlea

fisn. ocrayflan;, cerriamn, 1 k=T,
v edlnx;
fish, grasshojpars, beet]es, Ilh:‘:;'m'

emphibiens, repbliles,; samall birda,
sarripn Jpdicodendron, Cornus



-] !

Faoily / Specles Asglon
Cupul e - SucHERS
Tellow-Billed tugkos ME, DR, S,
(FOCEYEUS Bnecicanus) LEErﬁll
Blaok=billed cockop NE.DEL, CH,
(L. grithropthalmug) NC 5C, 04,
FL
Caprimiijidee = goatswckers
Common nighteaosi HE, DEL,CH,
(Emordeiius mloer ) LU P
FL
Chuck=wWlLll' s-widou Ef, BC, %E,
[Elﬁﬂllllluﬂ nainl A FL
Whip=poor=a i1l DEL ,CH, KL,
1E. ubeiferous 8C,GA, FL
Appdidae = swifke
Fhimoey swift WE, DEL ,CH,
(Chootura selomica) BC,SC 0A,
Fl
Troohll idae = ftummioghirdn
Auby=inroated KE, BEL  CH,
humsingblird [ [op. T Y
(hrobilochys colubels) Fle
floidas = wondpackers
Filamted Woadpeckar HE S0, WD
(Dcyocanus Hilestus) AC,GA,FL
Red-bellles wosdpesiar £, NC, 5C,
(Helanerpad cancdlogg) G, FL
fec-neaced woadpackar ME, DEL,CH,
A, srgtoroceabalas) T, 30,04,
L
Tellou-be] | jad dspauacker BEL , CH, RE,
|Sphyrapleun yariiaa) LG .04, FL

Season

2,7

5, T-north
t-atuth

5,7
LTH o
SU T=sarth

Wi T=3auth

5U,T

AT

ARBOREAL SIRL:

Status

We-g

Wg-C

TF

WE=FC

A=UC=narth
UE=FC=mouth

UG-FC

L

UE=F

Habltats

LH, HH, TS

iiH, TS

L8, HH, TS

MM, T3

LHy FIR, TS

LM, HH

M, TS

T

H#, TS

HH, TS

HH, T3

Food Hebita

nadry caterplilars, cplokets,
dragenfl ies, grasshoopears

FESAROERErS, erlékets, dragonilies,
ptry caterpil lars

flying mnta; baet]es,
graashoppers, nmoagultoes

AGCHSE, Fllss, Aosquiioes,
ErasEnoppErs, samall posserines

mosqEl Lo, aMoths; [liea,
Eraasnappera

geddiafiien, wosquitoss, mayfliss;
beskles, woaps, ants

apta, larves of woad
boring beecles, Toxigadendcon.
Saszalfras, wild grape

seeds of: Duegas, Fraxinus,
diaus, Hyrica "

beetlam and Enelr larven,

Bots, caterpillars,; ErataRoppers,
sedds of 1 QEerous. Hicies

SEp @nd wood of | QUBCCUE,
AQEr

fieferences

B.T.12,13

E.7,0.08

§,12, 18,18

510,12, 16

§,7,8,1¢
12, fen14’

8, 10,12
15, 18,14
8,7, 18



EBL

Family J/ Spesien GETR L
Halry wobdjecker ME,PEL,CH,
iiceides alally
lowny wobdpeoker ME,DEL €M,
(B pub=agens! R, 30,04,

FL

Tyrannidae = Lyrant Clyosbohera

Eastern kingbird WE, DEL ,EH
[Iycasnus sirannus) HE 8,64,
FL
Grest-areated [lyvakober HE, DEL &1,
|Mxiarcbus srinitusl HE-EE.qu
EpotErn phoabs DEL (CH , #E,
{dmvorois phosbe) LG8, FL
dcadisn [lycaLcher DEL , CH HE,
{Enpidopes wlrescmns] B, 68, FL
Wiliow flycatener NE, DEL ,CH,
{ I NG, 8C.GR
Esstern wpoa peEsees HE ; DEL ; GH
(Contopus yirenn) WG, BC, 00
Hirsadinidan — swallows
Earn =&pllow NE , [FEL , CH
(Birusdo peatical MEC, 5L, GA,
Fl.
CLEMT swml law W, MEL , DH
(H. Zarrhonolal L, ﬂf Pk,
Horthern rough=-«inged THEL . TH  ¥E;
reul low | BG4, FL
ascrlnepnisl
Bank suallow ME,DEL ,CH
{Rigariz riparial WE 30,64,
FL

Tre=e Bunllod WNE, BEL . CH ,
tIapbvoipets bloslog) H .fL.ﬂl.

Spaasn

TS ¢
b, T=morkh

I=&putk

Sil; T=porth
W, T=2alth

M, T
&y T=nerkh

T=modth

3,7

8 T-n0rth
Pegouth

g T

=, T=north
W, T=-mouth

Eimtua
HE

1=

[ [

e

(S

i

HakiEakn
13

] ¥

LM, AR T3

LW, I, T8

LM, HM, T8

LM, HM, TS
LM, HH, TS

Lk, BH, TS

Lie, &K

LM, hM

LH, N

LM, HR

Food dsbits
BeEtlE 1arvae, &Aka,; spiders,
silltpedss, Toplipsessdras,

Eeetle Jarvae, moths, aoks,
analis, enterpiliars; Corous,
{ah

various Hymenapters and
irthopbera

Lepldopters, gEterplllara,
poetles, dragonfliea

grasshoppers, eriekebs; dragonillien,
¥aspa, beenm

ceetles, DEX, Waspa
teeiles, motha, caterpilisrs;

bees, dmspa

fliea, besbtlea; treshoppera;
grapshoppers, wasps. hees

Erdishoppess, Sr]eEeLE,
dragonf]iea, saths, maage]tses

oantias

wHlgn, k=83, dragonil i=s;
Egmilea

Esrmiten, snte, domeslilien,
drogonfidea, sphido, bBeebles

bemklen, Tlles, wesps,
bewn, aseda of; Mprclos, Ssirpys,
Folygonus, Cymeius

Fafarances
8,7:9:12,
13400,

id

1,6,7,10
1%, 16518,
22

16, 18,22

ﬁ.l'i"ig o1,

1,5.6,%
10, 1
i

1,612
| Bo1g, 23

‘|'|i|‘-Il g| I‘UI
13.|h-11.
22



¥ai

Fanily / Spacien fegiom
Purple martlie NE,DEL CH
{Progns aunis) HE.EE.nl.

Faridae - Chickodeen and citmice

Blsck=-oapped shickodes 8E, DEL
LEdrus siricsgilius
Caraling chickades BEL,CH, BE,
(E. carclisensis) LT
Tulted Titsmouse EL, CH, KRG,
{E. Bloaloe) SC,GA, FL
Sitkadae = noEhatokrmes
Whitn-Ureaated nuthiton WE,DEL , CH,
{alkEn ] BG,5C,04,FL
Ned-bresated huthobh BE,DEL , CH,
lds gmanandensial HE, 5€,GA
Bresn-hesded nathetcsh CH, HE, 80,

(5. puaiila) GAFL
Carthlides - creepsrs

DEL; CH, N
8L, Gk, FL

Brown dresper
tferthis americane!

Hipldae = pouvklngblirds énd Lhrashers

Nerthers sockingblrd RE, DEL, CH,
{Eimus polvygloktos) MG, HC, G4,
FL
Mussionpldes - threshes, gnebestohers;
Woad Enrush DL, CH, K,
(HelocEohls moatsliogl 50,GA, FL
Hermit Lhrusk LEL, CH, HE,
(CRakhRrds Euikatum) SC.O4,FL
SwalRacn'a Lhrush UEL ; G, NE,
(Le watulabuy) BC,GA, FL
Oray-ahdsked Lhrush DEL , W, NC,
fEe minimua) AC;GA,FL

Smasapn

oy T

T

w7

and Kimglels
2, T

W, T-north
T-soutn

T

SEakus

i

WE=FC

A=UG

e

WE=FE

uc

UC=FC

uc

uc

Habitats

LH, M

HM, T8

LM, R, TS

LH,5H.TE

i, T
HM, TS

MM, TS

HH, TS

LN, B, T8

LH fN, TS
HM,; TS
BE, ¥, T8

HM, T4

Food Habits

reatled; waspn; hees,
dragonflins, damselflias

nokha, plank Ilew; apiders,
katydids, Towicodsmdren

sjga of innsots,
beetles, catergillara,
mﬂr mﬂﬂmﬂﬂ

extarplllsrs, wasps, aska,

bees, wamps, motha,
caterplliars

LWlg apd ool inSesta

Dple Wnd Wi ineecks

apiders, beai]les, anls,
esterplllars,;

opecles, apble, waapa,
bees;, graashosppars, SE1LEN
loalcadenar i j '

testles, ants; esterpillars,
rploern

bepetles; ants, epterpilisrs,
o lREicodandren

ke, bDeebies, cobsrplllars,

materpillara; beetles, anta,
"

Aelardbean

16,7 V9

By 1E, 16

Gp9e12;13
ittt

G20,
18,07



Family / Spacles
Vemry
if. [naceacensl

Egatern Eluablrd
{2ialle alalisl
Blug=gray gnatoatoher
Follpprils casruical
Gol @en-grewned Kisglet
{Hegulus zafrags)

Fuby =oros fied Kinglat
[Bs ealondialal

Hosbyeillidse - woEwings

Cadar WweERling
(ERmbyeilla i

B

E Vireonidee - wiregs
Hhilte=eyad WIFED
iflcee eriaeiin)
Tallow-throsted Wireo
1.
Sal itory vireo
(. anlitariugal
fed—ayed virea
(1. DLITRGEUE!

Warbling virea
i !

Eegion
WE, DEL, CH,
NC, 36, GA,
FL

HE, BEL ; CH
WL, AC,G4,
Fil

NE, DEL, CH,
ME, 50,54,
FL

WE, DEL, CH,
HE 3G, G #,y
FL

PEL , CH  ME,
ar 0k, FL

HE, DEL; CH;
ME 80, R,
FL

NE, DEL ;T
RE, SC, 0k,
FL

DEL,.CH, HC,
SCGA,FL

BEL.,CH, N,
SC,EL, FL

KL, CF, KL,
50,0k, FL

[EL,EH

SaEaon
50, T=north
T=moukh

Bt-por'th
Pamoubn

B, T-narth
F-south

W, T

T=morih
W, T-mowkh

Sl=nerihn
T=min
W, T=sauth

=i, T

U, T
T=norbh
W, T-auutn

s, T

S, T

Status
ug

UL

UE-LC

pe=Fg

wo-C

E-T

e

=l

F=h

=1

Hablikats
HH.,T&

HH, TS

fim; T3

L, Ak

HH, TS

Hi, Th
L, HH, 55
LA, fin, 15

ik, T

Fena Habilks

pestlen; acks, wasps, Dees,

wesy Llm; grasahdppare, srlckets,
r

Tlies, ceddiarliea, ERACH

WEsps; Tliss, Deetles,
plankt 1ice

flies, besbles, Iozicodendeon

YUsllgy. Mrelen. GOPEUSE,
pEPriea

nobtha, bBeeties, HNLA,
waajid

eggs And caterplllars of

arthe wad butterrlies, dragonflias

dregonfliss, Saaselflies,
bees, wespa, -ric.aks

BE@L] &8, AnbE,WEIPE,
mibha

caLérpillara, bastlen

Feferancas
DTy 92,
if, 17

o9 1F;

6,9,10,
12,16,18

Big
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Familly ¢ Spedles

Epberizides - wood warbleécs, blaeckbirds, Lansgers, grosbeshks, bunkinge; ant aparrods

Black sne white warbler
(HEigbilis ¥afia)

FrOCROROTRPY WaEFRLI&F
LEEaRCacTaris Siicsn|

Elug-winged werklar
2inuml

fial den-singed wartler
(¥. chryscpieral

Tehsessse wirkler
(Ma RECEECLOET

Maskville warbler
tie reficapllla)

Craf@e-idrod ned dearbler
L5 |

Bachnen's warbl ep
(s bashmazll?

Morthoin perula
TEacule

finericen redstartc
{GekophaEa ruticilis?

TelloW warbler
{fendeofes paSechis)

Hognel la wérbler
(0. megnallial

Blusk-throated bies
Warllar
gaerolescany!

fBleck-throated grean
WArCler

(B- wircensl

Tellow-Enrosbed warbler
¥

Pragrid warbler
LB ddspaloc)

Cape May warbler
(0. Eiicios

Aegion Smaapn HE R

BEL , CH, AL, T-narkh L
A0, GN FL W, T-seuth
CH, NE, &L, 5,7 C-&
4, FL
RE, DEL, CH, T -l
RE, 52,04,
FL
DEL . GH, KE, T A-lic
56 TA, FL
BEL ,CH, ME, T kUL
SC,GA, FL
DEL . €H T s
Y o ¥, T FC
2C,GN T A
BEL,Ch,BE, Bu.T WE-FC
B kL
DEL, CH M, 80, T-nerth L=4
A o, FL Tamaiakh
CH, MET, 8O, i, T-narth EC
El.h T-amisth
DEL, CH, NG, 1 e
S, G4, FL
EEL, FG, 50, T E
ah, L
DEL,CH, KC, 3, T £
BC 0 A, FL
CH , BT, &0, S, T FC
Al FL
BEL. €H, FE, Bal, T 2
B Gk, FL
TEL, CH, MG, 5, T bE

Hall LHLS

],

HH, TS

N, TS

MK, TR
(U
HH, 15
HR, TE
18
HM, T4
HN, T3
1M, T2
W, T3

HH, T3

HH, 50, T3

IS
HH, T3

M, 58, T8

Food EaniTa

ARkA, moihs, Clias,
Epnida, =pioers

aquatls dnpects; mayflies,
ocrterplllnrs

heetles; anta, spliders

inok werms, spidars

beetles, woevlia, sSeale Dnsests,
Ahhidn

dusfneppers, aphids, Tites,
Erasspoppers

leafhoppers; aphida; apiders
little kadsn, protably
similar Eoc oLnar werselers

beeiles, cankerdorms, apléers

orenaf Lies, lealhuppers,
AOEna, Sastlea, BHyrics

medgritoes; aphids, spiders,
cAnkaryorne, €esvils

moTha, acals insscts, spnids,
leaf happers

mothe, rlies; beetles

ceetles; ants; cotarpilisrs,
spldera

beetles, motha, apnida; splders
moagul toma
Insecta, sploers

bamsy, wiape,; Grickeis,
dragentlles; molhs

Hb{érsnnas

XL
|

o,
11,
i

14,
)

5,9=18,
15=14

&.6,16=18

G914,
12,16

540 1E

By 3



L2}

Femily / Species
Bl sokboralan warblsr
(. fupca)

[Ra

(o

Pimnd warblar
(. ulodal

Hay-brasnted warbler
(0. castemsn)

Falm warblaer

(. palmarum)

ABlzckpoll Waroler
il

Tal low=pressied chak
{lateria liransl

Hooved warkl er
{lilagnig alsrias)

Hilaen® s warbler
fi. puaililal

OF2kurd orkocls
JATErus

Nertheare oricie
{I. galbuls)

Browo=nealed eodoard
iBaloshrls Riarh

Thraupidae = Tanagera

Soarlet Lenmger
FELCEGENE -

Jovmar fanager
(P ribral

Tel low=Fumped wirbler
R EETT TN iy

Copsbput- ol ded Il-ll"bl 14

Huglesn
BEL

KE, DEL ,CH,
C, 50,0k,
FL

GEL, CH: HE,
BC,GA, FL

DEL . GH, HE,
BC,GA,FL

BEL ,EH, B,
5C,0A.FL

DEL, TH i,
BEGA FL

BEL, CH,
uE,:c.uﬁ.

DEL, G, NE,
BC,OA, FL

DEL, BH BC;
b
DEL , CH , N,
Ac, A

DEL ,CH , HL,

WE, TEL. CH,
k50,04

NEE, DEL ,
AT
FL

HEL , CH, NC,
Ec,n4, L

M, BEL, WC,
:E BALFL

Seman

T=morLh
S ST

Hi T-garth
W, T=2uth

T=#izrth
Ji'--'llllul:r'l
BlE-perth
F-aoukn

=T |

], T
i, T-norkn
5, T-marth

F==0utn

S0, T-dartn
T-amdlh

Sl

Biokus

ue

ue
£[8

[E19

uL

I=Fc

L

C-4

flabitate

HM, TS

LM, 1™, 18

HH, TS
Ts

i, T3

HH, TS

HH, TS

qM, TS
HH, Bl TR
HH, T
LM, e
LM, R, TZ

L#, K

Hil, TS

el TS

Food Hablos

pees, colefplllars;
prEfnel] las

fligs, bestlep, snta,

Izl podendeag.

cankerworms, besblea,
groadhoppers, eptarplllara

BALE, WAREQL; DaEs,
Eapleum, ISxlSQOEpRrps, WOries

Fliss, wmotns Leaf heppsrs

ngagul Cens, beetles, [lies,

mphida; #scele LR3LLTs, FNELE

wirta, waaps; festles

caddisflies, AOLRS,
apkids, wesps, Eaes

lusf hoppars, momle Inaeckd,
anta, apkids

grsamsoppera, snts, spldara,
peEties

apidars; ante, beeiles,
caterptlLers

Folygoms, Eenfdoshios, Bascalua

byatlen; Deen, WAAPA,
eatarplllars

paterpilisErs, Wasps; beers. basilea

RElerences

i

3-19
13,1

613

B, b2, 18

S MENT

B9, 12,13
g1z,
gt
By b

#,0,10,72

L PR

Baa,08

17,13



4=

Family / Spezjes Ragion SegHon Status Aabitats Foed Hapike Eelfarances

Herbhern cardimal ME, BEL ,CH, F Z Lk, HM, T3 §FaBshappera, beaklas Ty, 12y
lCaralnelis sareinal ia) H‘-.#E.ﬁi. Polygonua, [yeeris, Toulcodendran H.Eﬁg-ﬂl.
fgde-btreonted grosbeak NE,DEL,CH, MY T=north U lid, TS tesilea, ants, Wweaps, G,7,12
tEhasuctiaus Jlugeylclenual NG, 85,04 Ceen, Polvgsous
Bl grozbesk L, CH , NE, i, T £ HA, T8 grazshoppers, boscles, weevils, &.12
(Dulricsa ceorulodb 50,08, FL Pamigun, Cyserus,; Jeirpus,

Hyrica
Eyenlng grosbeak DEL .CH, HI, T A= HH, T8 feetlies; cetwrpilisrs, &,
I ’ =C,Gh Iokicodenaran,
Indlge bumiting WE, ML, Ol S, T ue LM, N caterpillars, grosakoppors, tE=10,
(Pasperisg oraneal [ | A beeil =3 13,18

L

Palnted Suntlag . =, T ae i, 1B Hyride, Papiomwn, bteetles, LT
IEx miria} aaterpillers, grasshappérn
Imerican Lran =pirPdw HE,BE1 W, T 1 [l HH ; TE& Panious, Crberud, Assranbbius £:T: 13
iSplzallo mrborog) : ; L.I.-I.[.ﬂ.l.l.: m:m: Eeetlas,

anls
Fringiliidae = Finchen
Furple finch DEL, CH, I, W, T IFoc=FcC iR, 15 Bidens, Mrrios, Toxitadmndron, &0, 10,12,
(Carpedacus Giucbuceas) i€, 64 Carnai
Hodas Tlnreh BEL W T H=LC HE, TE Hyrioa, Bidens, Saxlecdsndras, 13
(e mExicanusl el 1T
Fioe =lakin DEL, CH, KL, ;T uc KN TS5 ceterpil lara, ephias h,0,12
£ flns) L )
Comacn redpal l DEL " ] HH, T8 Eal¥gooin, Jefaria: Cyperus 4
Chedscnia L iaEees)
fmericen goldfinch WE, PEL, CH, 5, T-mor ke = L, EM, T5 seeds of ¢ Hedpgls 1 5=18,12,

(C. Eripels) “'f.f‘m" ¥, T-acukh Faiyeonom, Sstardid, Lizanls V3,068, 88

kmorapkhun: aphids, -:-tdrplilru



BEL

Family / Speocies Emgicn

Fhaslwnldne - guall onid phessanL

Morchern bobehila #E.DEL, N

{Colinue Wirgintanual

Fuffad grodfds NE
{Bonssp wmpellis?

fing-necksd pREpEant HE, PEL
(Phastaous ealehious)
Col smpjdes = doves =il plgeone
HMeurming dove FE, CEL, CH,
{ispaldl pEcrourd) lC.;t.El.
Coanoh groand dovs 1L Gy FL
(Goluzbice paagerical
Rocd dpva LA
(folimbe Li¥ial
Ficided - woDdpeolers
Horenero T11cker E,DEL,EH,
{ Colspkes ALratus) ik, 55108,
Lisudidae = Lerxd
Hersigd | ark WE,DEL , TH
ilpeslclid
Corvifigs - joya and crows
} W, DEL;EH
qE::nizinLa grizzaiad il"'3.:'2-'”-:
L
Trogicadytides = wreil
POLEE wT@N "EpﬁEH|EHF
{Irsaloivies misos] ME B0 GA,
diptér Wian ‘E,DEL-CH.
1. Lroilodysas) HE, 50, 0h
$iEk iW E,DEL,LH
Tirsstuarus u-&a-: oA,
PRTUESE FASF RIS

deascn

i, T

;ul, T=HiorLh
P=maiskn

Bl T-anrth
Pamsuth

Bl lrnorth
W T=30lEn

E-mirth
W, T-paubh

F

Simtua

U

UEall

QEOUND AND SHAUE CWELLLNG plROZ

HabLESTE

HH, T5
L]

LK, lEH

LM, K, TH

HM, T8

L, ik

HH IS

M HH

LM, HH, T3

LA, HH
LM, HH, TS

LM, HY, 15

Food Haklts

Polsgonue. Zizenle, Eanlidm,
WREroug

lizanin, Fanlosm. EOLSEDOEE,
Epirpis, Eeplnochlom,

soeds of Fushes, grafaek,
2ndge s

ireds ofr Smiepud, Ilzanii,
fyperis, Penleun, Eohipgéhlon

sssds ofr Solrpua,
Lipgrsn, fisaoly,

caterpllisrs; beetles; @resshopjerd,
Losleogendrgn, Locoud

aesis ofr Folpgonls,
Elignie, Experuad, d2icoag

speda of: [oxicodesdron, SR1lak,
¢ Mrrics. BeBErcus

grapsnoppers, oriokeis.
backlE®sd;, d4nts, “appa, BEsan

Sasf peoties; weevils,
splosrn, ustarplllecs

boetleam; wWikps; |leslEoppers,
gplders, snvils, small

lizards w68 froEs, ToaloodsRor o
Bicica

[ wfERCEE

9,10,22

F




oLl

Fanily ¢ Speclen Segian
Marsh wren NE,DEL,CH,
{Long=03lled merab ¥renld RE, 50,04,
(Cistolburusy Eelustriz) FL
Sedge urem KE,DEL, CH
[Shert-billed marsh Wreml WG -BC, G K,
(e mDlatenpaia]

Hipidae — sackingbirds ane turashers
frey catbird HE,DEL,CH,
Clumebells i FT.;E.EI.

OEL, CHy HEG,
AC.GA,FL

Huszieopices - thrisshes, gnatcatchers;

fircein thrasher
(Ipkosions

dsErinem rokbin HE, BEL Sl
(lecdus misratoriog) WO, 80, G4,
FL

Hotoolllidee - pipitas

Watar pipitc HEL,CH, NC,

{Antous 3 SC.0A, FL
Sturnlides =~ atariinga

Eiarling ME , PEL,CH ;

(furnls suliaris "E'ﬁf'ﬁli

LETERT
Bl T=-norks
P-goukn

20, T-porth
W, T=m0uEh

i, I-gerth
P=acuth

4if, T=narth
P=sauth

ARt KiRglets

80, T-nerkk
W, T=zputh

Status

A=UE

LL

! = =

E=h

Habitata
LM, Hm

LK, HH

LK, A, T8

M, TH

LM, B4, T8

LM, ¥

LK, HH, TS

Fooid Hebiks
squatin inpests, snailae,
cranefliss, dragonflisez,
mocagulbe farvas

beetien;, pobths, siterpillare,
BAT4, gro:anoppers

dmilag, Mecice, Toxicodendpan

bestlan, snti, gressheppars
i i H

cabwrpillinre, teetles, worpa,
apilax

testies, [lilen, cabterpllleras,

orlokets, Papicup

beetles, grasghoppers, sillipedes,
Toaicodendran

Entarizigee - wood warblsra, bBlaskbirds, taregers, grosbaska, Buntings, ond sperrows

Worm-edting werbler DEL ., CH, BC,
(Herpithercs yernpivorus) BO Gk, FL
Zwainson’s warhler oH, NG, 58,
{Limpothlvpis ah; FL
HE, BEL, CH,

Trvenbird
(Selucus surooapdllus) Hﬂrfﬁuﬁ!n
L

ME, BEL, EHy

Northern waterthruak
i W, 8C L,
FL

(5. Boyeboracanais

T

S, T=narth
T=sputh

U, T-nerktn

W, T=sautn

Bi=T

uc

fi=Ug

Uc

UEC=C

LK, HK, T8

L, BN, T

LM, K, TS

LA R, T3

Eresshoppera, walwing aticke,
span wored, wesvils, aptders

anis, hess, spiders,
BEEll teEerpillars

snails, slugs, wveres,
oricketa, ants, dpldecs

wEtaPr keailes, demas=lfriies,
Baths

isfarances

149-1¢ 518,
1G, 18,22

1,8-7,9,12
13,18, 18,
22

B, 10,12, 18

s
8,14

BeTaF 1113,
1%, T8



LLL

Family / Speales

Louisisna WAkerthrosh
(f: mobecdlial

Comnon Fellowkhroet
(GeoEmlypia bricbeal

Fourning werbl er
idnorarnie

Conmactivut sarblar
S mklila?

Kantiooky =arbler

if. Eocmpaps)

Conads warkler

{filacnia cansdsnals)
Benol L nk i
{ Urezlsors)

Ezxstern mendauiark
[Sadrnells masne!

Red-winged ©lenkbird
(Rpelsius phosnlcaus)

fusty blsckblrd
(Euphaguds Darolious)

Breawer's Elackilrd
(E.
Best-1alled zrachle

(Quisealus majer?

Commom graokle
(0 Ruisculs)
FapserIREd = Jjarro«=n

House =parroe
{Eagaer demsalléul?

'

Eeglon

CEL ; EH HE,
SC,0a,FL

NE LEL, CH,
HC, 30, Ghy
FL

BEL
GEL,CH, BE,
EC.dA

DEL . CH; B,
B0, GA, FL

nEL , CH

ME., DEL, CH;
BC, 56,00
FL

HE, DEL ; CH;
WL, 5T, GA.
Pl

RE, DEL ; CH.
MG, BC.0A,
FL

KE, DEL, CH,
MG, AC, 0k,
FL

EC,Cl.FL

ME, DEL, CH,
NG, 3,0,
ri

ME BELLH,
ME, 50,04,
FL

IEL; O NG,
BC 00, FL

deBaOn

53U, T=porth
T=mguth

Bl T=sorth
P=aaisth

B, T
5,7

Sl T-narch
T-a0utTh

S, T=narth
F=mguth

W, T

W, T

B T-morth
i-"-m:lulh

U, T=-norEn
P=aouin

Status
UcsFc

L4

114

A=C

FE-L

i-0C

Ut © LA
in wigrationl

=&

FC

A=UC

LL]

Haklimts
Lk, ¥4, TS5

L, K, T8

HH, T35
HH, TS
Hig 50, TS
HH, T3

LM, KK

LK, kR

LK, HH, TS

A, TS

LM, HE

LM, HM

LK, ki

LK, HH, TS

Food Uebiks

dragonlly @fd aranglly
lopsge, ®il]1ifishen, mokluskn

EFisshoppers, dragonflles, Daecles,
dasusl Fllas, apiders

insocts, aplders

gpldera, bark ipseots

motha, cagerplllars, grubs;

aphins

beeti=s, nwosquitoes, files
mokhi

“:-.'.jr.1 Ml
grezanoppers; cakerpillars

HIJ;-L“ P Polfdonem, nricesks
HrAsasnoppers

meeds of i L1LROLE;
Iﬂlm- mb M|

ApRCuE
mﬂ-ﬂi—ll Mml Euatic
ingscky, beestles

ants, grasshoppere, spiders

Lizapda, SWErSUs

nges, grazshoppers, cricketa,
rarth¥orns, crayfiah;
Lifapls, Lhercia

l! ]
P TR '

fieferancas

ir‘u-q“""zf
15=17

e A
618

Syl 0=-02,

05,07

5.6,9.13

5-0,12,
T

8-4,13,
14

|, 5-14,18,
V2, 14=18,
i,22

=T 018,
15,9607
12

12:17, 82

B0, 12,
13,16, 18,
2E

1.6:12



eLl

Femlly ¢ Specien

Frimgilidae - Tinahas

AUl pus—aided Lowhee

LEipilo epytkrophthalmus b

Eavannah Sparroe

(Fasserguliaa
Aanlwlebhehilal

Ereashopper sparrow
(Amscdramus aniscnscunl

Heapalow ' s sparrow
{h. BERalowill

La Gonte's sparrod
fhe lechofelll

Bnerp-iplled sparrae
(d. caudacytual

Vaspar Sperros
|

Siste=colorad 1unss
idunoo

Chipplag Rpsreow
fapdeslls

Fleld sparros
- PR TR T

Ahite=grodped §parrod
ignnkrichia i

WhiLts-thrpaked sparros
(i. @lBigallis)

Fex Eparrod
(fppzereils Lliamcs)

GEEHE SPETFoH
(Melosciag

Region

WE, DEL ,CH
WO, S5, 06
FL.

NE, DL , EH
NC.8C,GA,

DEL, CH, NC,
NE, 86, TA

Dn-hl:'l -:!
BC.GA

B0,GN
ME; DEL ,CH
WO, 50,04

DEL Gl NG,
SC.0a

BEL, CF, NC,

BE, O, FL

WE, DEL, Eif,

MC, 56 GA,
Fl

KE, DEL , CR
[ H T
FL

PEL, TE, WE,
SC, G4, FL
A, BEL ,EH,
uC, %C, 04,
FL
BEL , £, NC,
80,54, HL

BEL, CF,
:lf; u: A,

Seamon

F-narth
W, T-ncuks

W, T

Al T=nar th
o, T=maEN

T

W, T

T

S, T-porih
F=mid
Ay T=mgukh
P-maprth
Wy T=moub
W, 1

T

SCatus

UE-FT

I C=F%

EC

HE

ue

HaBltate

A, 15

(T

LH,
L, HA
LR,
kHy EH
L,
L=, HA

LE, AR

LBk, igH

LM, iim

L, Hi

LM, li#

LK, i, TE

Fond Habits

seeds of ¢ Fanicup, [oligasum,
Lreacun; Hicica !

1

Londppehles; Palviooun, Faoigus,
Lyparus

T i
ErassmUppers, caterpllisrs

Eapicim, folvgonum,

Lawtlwa, prosshopgern

+ Polygonum, Erasshappers,

haatldn

ilzanis, Fanious,
lesfhepparn

EolyEooon, Fanlous,
cemtled, EFRAREODDEFA

Ealygopum, Faploem. RLsErsa;
Igkicodendrpn, beetles, caterpillara

grasanoppers; catarpillars;

did # i

Eanlcum, dnmcaninus, BeLEria,
bepiies, grasshoppars

mu_ m. m:
Amarenthug, #pléders, been, wazmps

Yolrgonem . Sefarin, Lygsrua;
Fanicom, Aaaranthus, ents, bees

Folygemus, Setaris, Jaxlcodendron.
millipedes, h&esles

Lyoerun, Polvipnuew, Fagicum,
Lesrsin, Sehards. bGwableas
orickecs, Freashcpodrs

Anferances

GF l?l
F1 |1l!|
16,18
=10, 12;16

&, 0F
By t2; 16
16,17
5. T.\D
b2
b, 12,14

TolsTal2

b=, 10
Pl
&.7.9,10,
12

a=10,12,
13,16

&, 49.12
RS

1.5-9,12,
1




ELL

Family -/ Species

Janj aparrud
(K. m=lodis?

Hnpw BURtinE

AEELam

RE, PEL ; CH,
WE, SCGH,
FiL

DL , B

{Pleskrophines misalial

AREFEREMCER

Badkima and Lack 1977
Ferry msd Ukjsr 1GH1
Stewsrk and Haenimg DUSE
Stawart 14902

Wany 1973

Betarmiok TUI0

Elviat 19Y8s

Oisan 1982

Semiart and Fobblns IEHE

10)] Wpaz snd Wilking 157
11) Terres 1900
12} Toung Touz

Samuiih

P-nort
oy T=adw

141
14)
151
16])
171
141
141
20l

2n
#3)

LU AT HEbitets
] & LM, HN, TS
ER -
ue LM, HH
Mobormick amil Somes Y9f2

Shanhal izer 18TE
Cloocne, [pEra, Eoam,

spndlfer at s, W5EE
Forsythe 1970

IFERCE Y570

Linders o=t al. 1¥Té

KarWln @nd Wehb 1971
Raanley 1975
Lafer and Tidar 1470
Conrad 966

Fagih HabniLs

Folygenus, Paolcun
AngranThos; bestl

ifzakugn, Seiaria,
Eapizum, Tiy larv

L "
&8, Erickels

B8 Enf ]:I;h'lt

AEfEFdBLES

‘I':'_Iil1gl
2513, 1y
éd

&,10



rii

Famlly / Species
Cidelphidae - opcasuAs

Tirdinis opos=um
[Fldaiphis

Sarieldans = sOredd

Hyaked shres
{Zorex cipsceux)

Bautheaatern phrew
{8, Jloogircaktris!

Shorc=tailed ahrow

{Blaripg previcaudalb

Sowthern akort-talled
ankaw

(B. farclinensia’

Lamst ahraw
(Creptotia perva)

Talpicae = moles
Sear-moaed mole
tEopsyluce
Eastern sol&
ifoslopus ¥

Vespartilionidas - Dats

ﬁilulr-hlirid st y
Lasigpyoberis DecLivagaps

Bif brodp Dak
(Epteaicus fuaoual

Sepinele bet
iLesiurus mesinolasl

Ceeypodidae = armadilloces

Hins=banded armadlilo
(Easypun noxenciootusl

AFFENDLE E:

Hammalz of Lidel [roshwster weilends of the Atlamtic azafAtal FEglon

Reglam

HE DEL  CB,
MG, 5C, 61

DEL ., CH
CH, NC, 50,64
HE, DEL, CH,

NG, 5C,GA
£H, N, 30,04

CH,HE, 5C, GA

ME,DPEL.CH,
H

PEL, CH, HC,
BE, OGN

NE,DEL, CH,
MC, 5C,GA

NE,DEL,CH
WD, 5, GA

NG, 8, G4, FL

Gk, FL

Status

[1LH

Ut

E=iiC

uc

Food bebita

ineegts; Frults ood Berries,
spall momEmals, birde

immmgks, érustazesnn, ®allusks
epiders, sluga, spailin
inseols; crustaneans, sonallds,
mollusks

crustacesns, insects, @ollusks,

snne] 1ds

frasshoppera, ®Watns, beetle Lervam
and other insecls

paddi=s fly larvae, midges, lesches,
pguekic aligoochaetes, smull fish

terrestrial &no mquatic
cligosheuten

flying lnsects

{alecptera, Hymepaphers

prioketa, large flying Inascts

peeble snd bheir larves,
snpile, =ligs; centipedes

Fefsrances

1,8,12,13

1By
12,13, 17

1,8,0,1%



-
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Femily & Species
Léparides - rabbits

Harash rabbit
(Eyivilagus palustels)

Eaatsrn cattontail
8. Elorcidanms}

Regien

OE , WC, 3G,
0k, FL

ME,PEL . CH AL,

S0, G4, Fl

Sojurides - chippunka spd squirrels

Esstern shipmunk
\ismiss =Erigtus’

Gray squlrrel
{Sclurus carclissnsis)

Far squirrael
& plgsr}

Sguchern Fiying sguirrel
(Rlausenmys yolusal

Waodahusi
{Harmote mongx)

Castoridas - DEavera
Heaver
i conodenzis)

Crieatidaa — nice snd reta

Harsh rioe rekt
(Qrizomys i

Eaptarn harvest mouse

(Apithrodontonys Dupmlis)

Hhite=Tooted mouse
|Escony Boild Leuacaus’

COLLER BOUAs
{Ba

Naear mauss
" ¥

Eapterm wood rak

Headow vole

{Microtus penna¥lvonicisa)

cH
E,DEL,CH,
MC,5C, G4, FL
CH,NC, 55,61

HC,&SC,Ga

RE,DEL LB

NE,DEL,CH

PEL ,CH, KT,
S0

CH ,NE, 5T,
0, FL
HE,DEL ,CH
NG, 50,04,FL
WE

5L, G4

WE , DEL , CH

cEatus

A=north
A-sauth

LEC

oc

uc

uc

LT

[E] S

Food mehits

legves, ateps, roocts of aguatic
fmergent planks

gromsen, sedges, twigs of
shruba

amEll birdas, Anakes, mioe,
a8l ma

nuks, seeds, berries
needa, Berries, nuts
berries; nuts; insects; amsll

birds

peErreniale, grasses, sedges

woedy wpd pqusiic plants - awest gus,
alder, willow, Psltapdra, Fontederis,

Huphar, osedges, grosses

semds, esp;  LflaEpis, gramses,
sefdgea, lnascts

mokh larves, s=edn of
EFEEseS, #5p.. Saiarig

insecks, graises, sedges,
Sepds of EET

grnzaed, sedgen, laaects
rushes, grosses, sedges, berries,
auvka

prosses, sadges, secds; nuts

Fushes; asdges; Erajaes

Aaferancas

f=5,8,11

Tady ¥l
18,16

ia

Ted, 8,158

£,8

Sy 3ty 15

TolH, 18

#,T:13,15

1,28

14



all

Fanily & Zpeciea

Fuskrat
(Omdatrs mibethigus)

Southere bog lomming
(Syneploays popperd)

Hinpid eotton Fat
(Sigwodon kisoidug)

Heridss — eld world mice

Housa mousd
THus mpeacmiust

Neruny Fab
(HRtEUS DOrYEEiCUm:

Tapodidas — jumping mice

Hgadow jumping moune
{Znmis Budappisa)

Capronyidae = BEUtrlas

Wagrin
(Hrocusfer caypual

fanidae = foxen
Eed Mox
(Yuloes
Gray lox
leseyon .ﬁlﬂmmﬂ.r.m!'
Ursidas - Bears

Blaok bear
(Bcaus smericasus)

Procyonldag = FECCOORS

Ezatern raccacn
]

Aegloa
NE,DEL ,CH

CH

HC,GR, FL

NE, DEL,CH,
NT, 5C, 34, FL.

PEL- CH, NC, B0

WE, DEL ,CH, NC

DEL, CH, HE

RE; CE 5C 0k

ME; N, 5C,GL

N, B0, 08

ME, DEL,CH, NI,

S0, 04, FL

Sratus
C-LA

Fc

e

rc

UC=L&

[IEH

[11H

Food babits

Foots amd phlizcaes afl

=olrous m! Eiﬂ-u-ll'—lh Iﬂh.l.

Lesrsia, Zizanis. Pomtsderia.
Crperus, fanicum., and many others

erayTish, lnsssts, préssas,
sedgas

seedn, eop. Egtoplis. beetle

and butterfly larvaa

seeds, small measals and
birde

nDestlad, sotworas, Berries; seeds,
esp.  Inpatliess

stenms snd lesves of i Ixphbs,
Fragsos,; ruphes; aelEes

rabbits, mice, voles, birds,
mnakoz

®iom, Woles, shrews, rabbite
aaniverea

fish, erayfish, frogs, mussels,
Birds, reptilen, nupkrate

Aeferances
1-3.7,8,12,
&

F T

2,13

1-3,9

3T 18,15
EFRETRE
12:14

T, 7.48,15,18

2,7=5,15

;8



LLl

Femily F Species Eegion
Hustelidae = weszels
Long<tafled wanael WE . BEL ,Ci,
(Mustels framatu) NC,8C,C1
M NE DEL , CH,
(M. xisgn) HE 56,08, FL
Striped axunk KE ,DEL ; CH AT,
[MBphitls SROhITig) HC,GA.FL
Elver obber BE,CH NG,
{Lutra 1 BL.GA,FL
Falidew - zats
Bobank CH, N, 56,
[Ealls rafiad A, FL
Carvidae = desr
White=tailed dear ME,DEL,CH;
(Ddppoilens yirginianual NG, 36, Gl FL
Oelphinidas - dolphina
KE

Comsas del phin
(Dalpblsiua

FEFEEERCES

Sandifer wt al. 1930
UERGCE §5TY

Hamilton and Whittasker 1979

Wilapn 1GEN
Kiwint 10768
Wharcan 1979
Sonder= 1978

i e T e R
o i g e o

ol Al e S o
= IR i bt Pb i

e S ks’ e

Jtatun

g

uc

LC

=44

uc

uc

Fanney 1050

Tomkins 1938

Closene, pere#. coan.
Wags 1972

HeCapmlich 1970

HoCormink and Somes 1042
Lefar and Tirer FO7A
Whittaker 1550

Hil&&n 1053

Food habhits

ploe, rabbita, rates, ahrewa
mwice, woles, frogs, small
birds, muskrats

mlen, Bestlaa, berrien, srickets,
ruts oephibloss

crayfioh, Froga, btortlea; Cish

marah rabkbites, mupkrats, =quirrels,
mice

sedges, grasses, eap.

Zizamin

fiah

Aeferances

B, B,10,18

1,2,4-9,
12,1315

23,8,
15,18

1,2, 88,12

i3,1&

2,8

1.2, T=8;
12,10, 15,18



