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PREFACE 

This report i s  part  of a se r ies  of community prof i les  produced by the 
Fish and Wildlife Service to provide up-to-date information on coastal 
ecological communities of the t ida l  freshwater marsh community along the 
Atlantic coast from southern New England t o  northern Florida. 

Tidal freshwater marshes occupy the uppermost portion of the estuary 
between the 01 igohal ine or low sa l in i ty  zone and nontidal freshwater wetlands. 
By combining the physical process of t idal  flushing w i t h  the biota of the 
freshwater marsh, a dynamic, diverse, and d i s t i nc t  estuarine community has 
been created. The prof i le  covers a l l  structural  and functional aspects of the 
community: i t s  geology, hydro1 ogy, biot ic  components, and energy, nutr ient  
and biomass cycl i ng . 

A major purpose of the community prof i le  se r ies  i s  to  gather and 
synthesize the diverse b i t s  of ecological information existing on each 
community and, fur ther ,  to condense t h i s  information into  a coherent and 
practical habi ta t  guide. The following discussion has been a t rue  synthetic 
e f fo r t  on the par t  of the authors. Their careful compilation and analysis of 
avail abl e data represent an extensive compendium of know1 edge of t h i s  
important natural resource and wil dl i f e  habitat. 

Questions o r  comments concerning t h i s  publication o r  others in the 
p rof i l e  ser ies  should be directed to: 

Information Transfer Special i s t  
National Coastal Ecosystems Team 
U.S. F i s h  and Wildlife Service 
WSA-S1 idel 1 Computer Compl ex 
1010 Gause Boul evard 
Sl idel 1 , LA 70458 
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CHAPTER 1. INTRODUCTION 

1.1 DEFINITION AND LOCATION 

Tidal  freshwater wetlands are  a d i s -  
t i n c t i v e  type o f  ecosys tem 1 ocated up- 
stream from t i d a l  sa l i ne  wetlands ( s a l t  
marshes) and downstream from nont idal  
freshwater wetlands (Figure 1). They are 
character ized by ( 1 )  near freshwater con- 
d i  t i o n s  (average annual sal i n i  t y  o f  
0.5 p p t  o r  below except dur ing periods of 
extended drought),  (2) p lan t  and animal 
communities dominated by freshwater 
species, and ( 3 )  a da i l y ,  lunar t i d a l  
f l uc tua t i on .  

I n  a c l a s s i f i c a t i o n  system based on 
s a l i n i t y ,  these wetlands l i e  between the 
01 igohal i n e  zone and nont idal  freshwater 
(F igure  1). The lack  o f  dominance by 
es tuar ine  marshgrasses (Spart ina)  d i f f e r -  
en t i a tes  t i d a l  freshwater marshes from 
01 igohal i ne  and higher s a l i n i t y  marshes. 
01 igohal i ne  es tuar ine  marshes tend t o  be 
dominated by b i g  cordgrass (2. 
cynosuroi des) and sal t i e r  estuar ine 
marshes by sal tmeadow hay (S. atens) and 
smooth cordgrass (5. a1 t e r n i f l  ?-Tidal 
freshwater marshes, on the  other  hand, are 
character ized by a l a rge  and diverse group 
o f  broad-1 eafed p l  ants, grasses, rushes, 
shrubs, and herbaceous p lan ts  (see Table 
4, Appendix A). 

Th is  wetland type has been var ious ly  
c l a s s i f i e d  as t i d a l  freshwater (Odum e t  
a l .  1978; Lippson e t  a l .  1979), freshwater 
t i d a l  (Whigham e t  a l .  1978), t r a n s i t i o n  
marsh combined w i t h  arrow-arum and 
pickerelweed marsh (Daiber e t  a l .  1976), 
coasta l  shal low f resh marsh (Shaw and 
Fredine 1956), f r esh  marsh combined w i t h  
in termediate marsh (Chabreck 1972), 
es tuar ine  r i v e r  marsh (Stewart 1962), and 
p a l u s t r i n e  emergent wet l  and (Cowardin 
e t  a l .  , 1979). A l l  o f  these terms are 
b a s i c a l l y  synonymous. We have chosen t o  

use t i d a l  freshwater marsh because it i s  
convenient and w ide ly  used. 

I n  t he  U.S. F ish and W i l d l i f e  
Service's c l a s s i f i c a t i o n  system o f  
wetlands (Cowardin e t  a l .  1979), t i d a l  
freshwater marshes are  c l  a s s i f  i e d  as 
e i t h e r  o f  the fol lowing: (1 )  system: 
pa lus t r ine ;  c lass:  emergent wet l  and; sub- 
classes: pe rs i s ten t  and nonpersistent,  o r  
(2 )  system: r i ve r i ne ;  c lass:  emergent 
wetl  and; subclass: nonpersistent.  Water 
regime modi f ie rs  f o r  e i t h e r  c l a s s i f i c a t i o n  
are: permanently f looded- t ida l  , r e g u l a r l y  
flooded, o r  seasonally f looded-t idal  . The 
system selected depends on the  p o s i t i o n  o f  
the marsh w i t h  respect t o  the  r i v e r  chan- 
nel.  High back marshes w i t h  pe rs i s ten t  
vegetat ion are more proper ly  termed palus- 
t r i n e ;  f r i n g i n g  low marshes along r i v e r  
edges are proper ly  c1 a s s i f i e d  as r i  verine. 

1.2 GEOGRAPHICAL DISTRIBUTION 

The most extensive development o f  
t i d a l  freshwater marshes i n  North America 
occurs on the United States east  coast 
between Georgia and southern New England. 
The two regions w i t h  the  greatest  area o f  
t h i s  type o f  wetland are i n  the  mid- 
A t l a n t i c  States and South Carol ina and 
Georgia (Table 1) .  

The d i s t r i b u t i o n  o f  extensive t r a c t s  
of t i d a l  freshwater marshes fo l lows an 
i n t e r e s t i n g  pat te rn  (Figure 2). They 
appear t o  be best  developed i n  l oca t i ons  
which have (1)  a major i n f l u x  o f  fresh- 
water, usua l ly  a r i v e r ,  (2) a d a i l y  t i d a l  
amplitude o f  a t  l e a s t  0.5 m (1.6 ft), and 
(3) a geomorphological s t ruc tu re  which 
c o n s t r i c t s  and magnif ies the t i d a l  wave i n  
the upstream po r t i on  o f  the  estuary. 

I n  southern Mew England, where l a rge  
r i v e r  systems are r e l a t i v e l y  scarce, ex- 
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Figure 1. The re la t i onsh ip  between marsh type and average annual s a l i n i t y  (values are 
approximate on ly ) .  Terminology i s  based on Cowardin e t  a1 . (1979). 

tensive t i d a l  freshwater marshes are un- 
common. They occur along t h e  Hudson River, 
Connecticut River, and a few smaller 
r i v e r s  such as the Myst ic  and t h e  North 
Rivers. I n  nor thern New England and rmch 
of eastern Canada, geornorphologi cal condi- 
t i o n s  (steep, rocky coast l ines)  are no t  
conducive f o r  t i d a l  freshwater marsh 
development on a l a rge  scale. One excep- 
t i o n  i s  the  St. Lawrence River  system 
which has a t i d a l  freshwater zone w i t h  
marsh areas as l a rge  as 400 ha (1,000 

acres) (Reed 1978). 

From New Jersey south t o  V i r g i n i a  and 
throughout t h e  Chesapeake Bay region, t i d -  
a l  freshwater marshes are abundant and 
o f ten  extensive i n  size. A noteworthy gap 
i n  the  d i s t r i b u t i o n  occurs through much o f  
North Carol ina (F igure  2). I n  t h i s  reg ion  
most es tuar ies  l i e  behind c l o s e l y  spaced 
b a r r i e r  i s l a n d  systems (e.g., the  Outer 
Banks). This r e s u l t s  i n  a g r e a t l y  damp- 
ened t i d a l  ampli tude w i t h i n  the lower 



T a b l e  1. Conservat ive est imates of acreages o f  t i d a l  f reshwater  marshes on t he  Un i ted  S ta tes  eas t  coast.  
F iyures i n  parentheses a re  hectares. 

State Estimated area References Comments 
ha (acres) 

F l o r i d a  No re1 i a b l e  est imate o r  observat ions a v a i l a b l e  

Georgia 19,040 (47,047) Hi1 kes (1976) Est imate qay inc lude some t i d a l  swamn and non- 
Mathews e t  a l .  (1980) t i d a l  freshwater marsh 

South Carol i na  26,115 (64,531) T i n e r  (1977) 

North Carol i na 1,200 (3,000) U.S. Army Corps o f  
Engineers (1979); 
Wilson (1962) 

V i r g i n i a  16,000 (39,000) Gene S i  1 berhorn 
(unpubl ished data) 
(1954) 

w Mary1 and 10,345 (25,563) McCormick and Somes 
(1982) 

Delaware 823 (2,033) Daiber e t  a l .  (1976) 

South Carol ina a lso  has 28,511 ha (70,451 acres) 
o f  "coastal impoundments" which conta in consider- 
ab le acreage o f  t i d a l  freshwater marsh 

18,600 ha (46,000 acres) o f  "shal low f resh  marsh" 
r e ~ o r t e d  hy Wilson are not  t i d a l  freshwater hv 
our d e f i n i t i o n ;  r e ~ o r t e d  area i s  on the Caoe 
Fear R ive r  

Precise est imate based on the V i r g i n i a  
wet1 ands inventory 

b n e a r s  t o  he an exce l len t  est imate and an 
improvement on e a r l i e r  State and Federal estimates 

There are an a d d i t i o n a l  1231) ha (10,452 acres) o f  
" t r a n s i t i o n  marsh" which i s  ver.y s i m i l a r  t o  t i d a l  
freshwater marsh 

Pennsylvania 400 (1,000) Our observations Rough estimate; located along the Delaware Q i v e r  

New Jersey 89,000 (220,000) Sirnpson e t  a l .  (1983) Very rough estimate, mav be too h iqh  

New York 400 (1,000) Our observations Rough est imate; l oca ted  along Hudson River  

Connecticut 444 (1,097) Metz ler  and Rosza (1982) 471 ha (1,040 acres) associated w i t h  tQe 
Connecticut River  and 23 ha ( 57  acres) along the 
Housatonic R ive r  

Rhode Is land  40 (100) Our observat ions Very rough est imate 

Massachusetts 400 (1,000) Our observat ions A1 ong the Nor th and Merrimack Rivers 

New Hampshi r e  No estimate o r  observat ion a v a i l a b l e  
and Maine 

TOTAL 164,000 (405,000) (an imprecise e s t i v a t e )  
- 



MERRIMACK RlVER 

NORTH RlVER 

CONNECTICUT RlVER 

HUDSON RlVER 
CA AND WADING RIVERS 

POTOMAC RlVER 

RAPPAHANNOCK RIVER 
RK RlVER (MATTAPONI AND PAMUNKEY) 

JAMES AND CHICKAHOMINY RIVERS 

HARBOR (COOPER, 

NEW-WRIGHT RIVERS 

SAVANNAH RlVER 

Figure 2. Representative areas wi th  more than 200 ha (500 acres) o f  t i d a l  freshwater 
marsh. 
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reaches o f  coastal r i v e r s  such as the 
Netlse and Pam1 ico. As a r e s u l t ,  almost 
a l l  North Carol ina coastal r i v e r  systems 
have sect ions which are both t i d a l  and 
freshwater. However, the t i d a l  range i s  
s l i g h t ;  and t i des  are i r r e g u l a r ,  and 
g r e a t l y  a f fec ted  by the wind. Therefore, 
i n  North Carol ina the  types o f  p lan t  com- 
muni t i e s  t yp i ca l  o f  most east  coast t i d a l  
freshwater s i t e s  (see Chapter 2)  are 
r e s t r i c t e d  i n  s ize  and are replaced by 
t i d a l  swamps. The one major exception i n  
North Carol i n a  i s  the  Cape Fear R iver  sys- 
tem. It empties d i r e c t l y  i n t o  the  At lan-  
t i c  Ocean, has a one-meter t i d e ,  and has 
extensive areas o f  t yp i ca l  t i d a l  f resh-  
water marshes. 

South Carol ina  and Georgia conta in 
nunierous and o f ten  extensive t i d a l  fresh- 
water marshes. Many o f  these marshes and 
associated swamps were diked, impounded, 
and converted t o  r i c e f i e l d s  dur ing the 
l a t h  and f i r s t  h a l f  o f  the 19th centur ies.  
Sorne o f  these impoundments remain v i r t u -  
a l l y  i n t a c t .  However, i n  others the d ikes 
have broken and the  impoundments have 
reverted t o  t i d a l  marsh. A d i f f i c u l t  
inanagement decis ion needs t o  be made as t o  
whether the i ntdc t  impoundments should be 
rnanaged f o r  ~ a t e r f o w l  o r  should be allowed 
t o  r e v e r t  t o  t i d a l  marsh (discussed i n  
Chapter 9). 

The mos t southern major r i v e r  sys tem 
on the coast, the S t .  Johns River i n  
Flor ida,  has t i d a l  in f luence f o r  over 160 
k i lometers  (99 m i )  i n l and  (L. Gerry, Jack- 
sonvi l l e  Water Control D i s t r i c t ,  Pal atka, 
F lo r ida ;  pers. comm.). Due t o  i t s  unusual 
morphology (narrow mouth, broad upper 
reaches), the t i d a l  amp1 i tude i n  the t i d a l  
freshwater s t re t ch  i s  n inor ,  and t y p i c a l  
p lan t  communities a re  absent o r  r e s t r i c t e d  
t o  small areas. 

T ida l  freshwater envi ronments ( i n -  
c lud ing  some mangrove areas) e x i s t  i n  
south F lor ida .  However, they are gener- 
a l l y  too r e s t r i c t e d  i n  s i ze  o r  t oo  season- 
a l  i n  occurrence (e.g., the Everglades 
es tuary)  t o  be included i n  t h i s  repor t .  

S i m i l a r  types o f  t i d a l  freshwater 
marshes occur on other  coasts o f  the  
United States. For example, Louisiana has 
extensi  ve st retches o f  t i d a l ,  freshwater 
wetlands. However, these wetlands have a 

t i d e  t h a t  i s  i r r e g u l a r ,  o f  low amp7 i tude, 
and wind driven. This makes both the  com- 
muni t y  s t ruc tu re  and ecosystem processes 
appear t o  be somewhat d i f f e r e n t  (Chabreck 
1972; Hopkinson e t  a l .  1978). T ida l  
freshwater marshes are r e l a t i v e l y  r a r e  on 
the  P a c i f i c  coast. They do occur exten- 
s i ve l y ,  however, i n  Alaska (McRoy and 
Goering 1974), i n  C a l i f o r n i a  i n  associa- 
t i o n  w i t h  several l a rge  r i v e r  systems 
inc lud ing  the  Sacramento (Ke l ley  1966), 
and between Washington and Oregon i n  asso- 
c i a t i o n  w i t h  the Columbia River. 
( C l a i r a i n  e t  al. 1978). 

1.3 VISUAL APPEARANCE 

T ida l  freshwater marshes look s t r i  k- 
i n g l y  d i f f e r e n t  from e i t h e r  s a l t  marshes 
o r  nont ida l  freshwater marshes. P lan t  
d i v e r s i t y  i s  much higher than t h a t  found 
i n  h igher s a l i n i t y  estuar ine marshes. The 
r e s u l t  i s  a h i g h l y  heterogeneous p l a n t  
assembl age (Figure 3 )  q u i t e  d i f f e r e n t  i n  
appearance from the  almost monospecif i c  
Spart ina marshes found nearer the mouth o f  
the estuary. Zonation i s  oresent (d is -  
cussed i n  Chapter 2 )  but  i s  no t  as 
sharply def ined as i n  s a l t  marshes. The 
so-cal led low marsh i s  dominated by a few 
broad-leaved, f leshy  p lan ts  such as spat- 
terdock (Nuphar luteum) and pickerelweed 
and by w i l d  r i c e m a n i a  aquat ica)  and 
g ian t  cutgrass (Zizaniopsis m i l  iaceae). 
The higher sect ions o f  the t i d a l  fresh- 
water marsh conta in aore species than the  
low marsh and may be dominated by a var ie -  
t y  o f  p lan ts  i nc lud ing  c a t t a i l  (Typha 
spp. ), smartweeds (Pol onums spp.) , rose- 
mallow (Hib iscus moscheutos -7 , sweet f l a q  
(Acorus calamus), and burrnarigold (Biden 
s . x  Certa in species such as arrow-arum 
are found throughout the  marsh. 

The t i d a l  f reshwater  marsh has p lan ts  
i n  f lower through much o f  t he  spr ing  and 
summer. I n  the spr ing  w i l d  i r i s  ( I r i s  
spp.) blooms i n  t he  h igh  marsh. In e a r l y  
summer, pickerelweed sends up a sp ike  o f  
purple f lowers. Rose-ma1 low, jewel weed 
(Impatiens capens i s ) ,  and the  spectacular  
ye l low f lowers o f  burmarigold bloom l a t e r  
i n  t he  summer. 

One o f  the most s t r i k i n g  features o f  
the t i d a l  freshwater marsh i s  t h e  pro- 
nounced seasonal sequence o f  vegetat ion 



Figure 3, T ida l  freshwater marsh on the Chickahominy River, V i r g i n i a ,  du r i ng  midsummer. 

(discussed a t  l eng th  i n  Chapter 2).  The 
1 ow marsh undergoes p a r t i c u l a r l y  extreme 
changes. There i s  a per iod  o f  v i r t u a l l y  
bare mud i n  l a t e  w in te r  and ea r l y  spring. 
Then there i s  a per iod o f  domination by 
broad-leaved p l a n t s  ( e  .g., arrow-arum) i n  
the  l a t e  spring, and f i n a l l y  i n  l a t e  sum- 
mer there  i s  a per iod  dominated by grasses 
and herbaceous p l  ants ( Figures 4a ,b) . 

Conspicuous organisms i n  the t i d a l  
freshwater marsh inc lude freshwater snakes 
and t u r t l e s ,  a d u l t  and l a r v a l  insects, 
ducks and geese, and muskrats. A casual 
examination o f  t h e  fauna o f  the t i d a l  
freshwater marsh reveals few bivalves, 
crustaceans, o r  polychaetes, organi sms 
which dominate t h e  h igher s a l i n i t y  marshes 
i n  the  lower estuary. 

I n  summary. the t i d a l  freshwater 
marsh appears s u p e r f i c i a l l y  d i f f e r e n t  from 
the  nearby s a l t  marshes. I n  Chapter 10 we 
discuss whether these apparent d i f fe rences 
a c t u a l l y  ex i 's t  and whether they inc lude 
aspects o f  communi t y  s t ruc tu re  and ecosys- 
tan  processes. 

1.4 HORIZONTAL , TEMPORAL, AN0 REGIONAL 
VARIATIONS 

T ida l  freshwater e c o s y s t e ~ ? ~  form a 
complex grad ien t  w i t h  freshwater on one 
s ide  and 01 igohal  i n e  and h igher  s a l i n i t y  
es tur ine  cond i t ions  on t h e  o ther  side. 
Concentrations o f  d isso lved oxygen, par- 
t i c u l a t e  and d isso l  ved carbon, d isso lved 
heavy metals, n i t r i t e ,  n i t r a t e ,  ammonia, 
and other  chemical and physical  water and 
sediment parameters change d ramat i ca l l y  as 
s a l i n i t i e s  increase from 0.1 t o  1.0 p p t  
(Morr is  e t  a l .  1978). Fish, p lan t ,  and 
inver tebra te  communities change s i  g n i f  i - 
can t l y  as the s a l i n i t y  r i s e s  above 1 p ~ t .  
Rarely a re  cond i t ions  homogeneous over a 
very  great  distance. For t h i s  reason, 
general statements about t i dal f reshwater  
marshes and associated bodies o f  water 
must always be made w i t h  grad ien t  condi- 
t i ons  i n  mind. 

T ida l  freshwater wet1 ands vary tem- 
poral  l y  as we l l  as s p a t i a l l y .  Dai ly ,  sea- 
sonal, and long-term changes may occur a t  
a given s i t e  i n  response t o  t i d a l  o r  wind 
inf luences and as a r e s u l t  o f  annual o r  



Figure 4a. Tidal freshwater marsh on 
Janes River in ear ly  spring. 

longer-term variations in freshwater run-  
off .  A marsh that  experiences higher 
sal  i ni t i  es during periods of drought may 
switch to  t idal  freshwater character is t ics  
a f t e r  prolonged rains. A s l i gh t  increase 
in s a l i n i t y  d u r i n g  one summer may change 
the plant composition of a t idal  fresh- 
water marsh fo r  several years. Tidal 
freshwater marshes l i e  in a dynamic tran- 
s i t ion  zone between freshwater and s a l t -  
water. 

A1 though we t r e a t  the t idal  fresh- 
water marsh as a general wetland type on 
the Atlantic coast, there are c lea r  re- 
gional differences i n  f lo ra ,  fauna, and 
physical character is t ics .  For example, 
New England marshes appear to have more 
peat than mid-At1 ant ic  marshes. The musk- 
r a t  i s  a plentiful  herbivore in mid- 
Atlantic marshes but i s  absent in the 
coastal marshes of South Carolina and 
Georgia (discussed in Chapter 8 ) .  Tbe 
brackish water f idd le r  crab (Ilca minax) 
occurs throughout t idal  freshwater i n  
South Carolina and Georgia (J.  Birch, 
Ins t i tu te  of Ecology, IJniversi t y  of 
Georgia, Athens; pers. comm.), but i s  
usual 1 Y found in 01 iqohal ine and hiqher 
s a l i n i t i e s  in the - Chesapeake region 
(Kerwin 1971, and our personal observa- 
t ions ) .  The bowfin and the pi ra te  perch 
are  plentiful  members of the f i sh  communi- 
t i e s  throughout t idal  freshwaters of South 
Carol ina and Georgia, but are generally 
res t r ic ted to nontidal freshwater in the  
Chesapeake region (see Section 5.7). 

1.5 GEOLOGICAL HISTORY 

I t  i s  d i f f i cu l t  to generalize about 
the geological history of t idal  freshwater 
environments on  the Atlantic coast because 
considerable variabil  i ty ex i s t s  from one 
region t o  the next. New England r iver  
systems such as the Connecticut and Hudson 
are incised into  highly res i s tan t  Paleozo- 
i c  and Lower Hesozoic bedrock. (Frey and 
Basan 1978). Clay minerals are in rela- 
t ively  short  supply. Further south, along 
the coasts of South Carolina and Georgia, 
coastal r ive r  systems have cut in to  bed- 
rock which i s  mainly Upper Fksozoic and 
Cenozic. Thick, well-developed saprol i t e s  
(mineral so i l s )  of the southern Piedmont 
provide abundant clay for  redis t r ibut ion 

Figure 4b. Tidal freshwater marsh on into  both t idal  freshwater and estuarine 
James River in l a t e  summer. marshes along the  coast. 
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I n  general  the  r i v e r  systems o f  t h e  
mid-At1 a n t i c  and south At1 a n t i c  Coastal 
Pi a i  ns tend  t o  be more numerous, more ex- 
tens ive,  and f ed  by g r e a t e r  q u a n t i t i e s  o f  
r uno f f .  For these reasons, t h e  t i d a l  
f reshwate r  marshes i n  f,laryl and, V i r g i n i a ,  
Georgia, and South Caro l ina  a re  much 
vas te r  than t h e  s t a t es  n o r t h  o f  New 
Jersey. 

For  a  v a r i e t y  o f  reasons (e.g., 
s l  ower decomposit ion rates, f reez ing  of 
marsh surfaces dur ing  t h e  winter ,  and 
d i f f e rences  i n  vege ta t ion ) ,  most New 
England coasta l  marshes tend t o  have more 
peat than southern coas ta l  marshes (F rey  
and Basan 1978). Southern marshes, on t h e  
o the r  hand, have sediments w i t h  a  h i ghe r  
c l  ay and s i l t  content .  

I n  s p i t e  o f  these reg iona l  d i f f e r -  
ences i n  geology and sediments, t h e  r ecen t  
geo log ica l  h i s t o r y  o f  eas t  coast  t i d a l  
f reshwate r  marshes i s  s i m i l a r .  V i r t u a l l y  
a l l  conteinporary marshes a re  ve ry  recen t  
i n  o r i g i n  (Holocene). They l i e  i n  r i v e r  
v a l l  eys which were c u t  du r i ng  P le is tocene  
per iods  o f  lowered sea l e v e l .  As sea 
l e v e l  rose dur ing  the  post-Wisconsin pe r i -  
od o f  t h e  Holocene (5,000 t o  15,000 Before 
Present [BPI), bo th  t i d a l  f reshwate r  and 
es tuar ine  marshes expanded r a p i d l y  as t h e  
lower  s t re tches  o f  drowned r i v e r  systems 
were inundated (El 1  i son and Nichol s  1976). 
There i s  excel l e n t  evidence (Froomer 
1980a, 1980b) which suggests t h a t  coas ta l  
marsh expansion has cont inued a t  a  r e l a -  
t i v e l y  r a p i d  r a t e  t o  the  present.  I n  
f a c t ,  Froomer (1980b) concluded t h a t  t h e  
r a t e  of coasta l  marsh b u i l d i n g  i n  t h e  
mid-At1 a n t i c  reg i o n  has been accel e ra ted  
over  t he  past  t h r e e  cen tu r i es  due t o  
increased s o i l  r u n o f f  assoc ia ted w i t h  
man's a c t i v i t i e s .  He repo r t ed  an average 
v e r t i c a l  growth i n  marsh sediments o f  27.4 
cmlcentury for  es tua r i ne  and t i d a l  f resh-  
water  marshes i n  the  no r t he rn  p o r t i o n  o f  
Chesapeake Bay. Because o f  these h i g h  
r a t es  of deposi t ion,  many t i d a l  f reshwater  
marshes have s t a r t e d  and have grown t o  
cons iderable ex ten t  i n  o n l y  the  l a s t  few 
cen tu r ies .  

The recent  geo log ica l  h i s t o r y  o f  
t i d a l  f reshwater marshes can be demonstra- 
ted  by examining a v e r t i c a l  p r o f i l e  taken 
from cor ings  through a contemporary marsh. 
A t y p i c a l  sequence through a mid-At1 a n t i c  

marsh cou ld  show (1 )  a  hard bottom con- 
s i s t i n g  o f  a P le i s t ocene  e r o s i o n  sur face  
(bedrock) c u t  du r i ng  a g l a c i a l  pe r i od  o f  
lowered sea 1 evel ; (2)  va r y i ng  l a y e r s  of 
r i v e r ,  es tuar ine ,  and na r sh  sediments; and 
(3 )  a  cap o f  recen t  t i d a l  f reshwate r  marsh 
sediments va ry ing  i n  t h i c kness  from l e s s  
than  1 m ( 3  f t )  t o  more t han  10 m (30 f t ) .  
O f  course, ve ry  young marshes migh t  be 
u n d e r l a i n  by l a y e r s  of sand o r  c l a y  and 
have o n l y  a  t h i n  1  ayer  o f  n a r s h  sediments 
on t h e  top.  

Even though contemporary t i d a l  f resh-  
water marshes a re  g e n e r a l l y  1  ess than 
15,000 years  o f  age and most a re  nuch 
younger, t h i s  does n o t  nean t h a t  t h i s  type 
o f  wet land d i d  n o t  e x i s t  i n  e a r l i e r  geo- 
l o g i c a l  per iods.  C e r t a i n l y ,  du r i ng  P le i s -  
tocene per iods  of reduced sea 1 evel, a l l  
types o f  coas ta l  marshes were r e l a t i v e l y  
reduced i n  ex ten t .  There i s  ample evi-  
dence from coal  depos i t s ,  however, which 
shows t h a t  e a r l y  equ i va l en t s  o f  our 
present-day t i d a l  f r eshwa te r  marshes 
ex i s t ed  hundreds o f  m i l l  i ons  o f  years ago. 

1.6 MARSH DEVELOPMENTAL STAGE 

I n  t he  same way t h a t  a l l  wet1 ands 
pass through va r i ous  stages o f  develop- 
ment, t i d a l  f reshwater  marshes have cer- 
t a i  n  geomorphol og i ca l  and ecol og i cal  
c h a r a c t e r i s t i c s  which tend t o  r e f 1  e c t  
t h e i r  geo log i ca l  age. Frey and Basan 
(1978) have c l  a s s i f  i e d  coas ta l  es tuar ine  
marshes i n t o  t h r e e  ca tegor ies :  (1 )  young 
marshes which a re  l a r g e l y  l o w  o r  i n t e r -  
t i d a l  marsh, ( 2 )  mature marshes which a re  
a m i x t u r e  o f  l o w  and h i g h  marsh, and (3) 
o l d  marshes which a r e  l a r g e l y  h i gh  marsh. 

We f ee l  t h a t  t h i s  c l a s s i f i c a t i o n  sys- 
tem, w h i l e  somewhat simp1 i s t i c ,  i s  equa l l y  
use fu l  i n  s t udy i ng  t i d a l  f reshwater  
marshes. Young t i d a l  f r eshwa te r  marshes, 
o f  a  few hundred yea rs  o f  age o r  1  ess, are 
t y p i c a l l y  l ow - l y i ng ,  l a r g e l y  i n t e r t i d a l ,  
and dominated by vege ta t i on  o f  t he  low 
marsh (spat terdock,  arrow-arum, and w i l d  
r i c e ) .  Old marshes a re  g e n e r a l l y  a l l  h igh  
marsh (except  a long creek banks and around 
depressions),  may n o t  be f looded  a t  a l l  by  
neap t i des ,  and a r e  dominated by h i gh  
marsh vege ta t i on  (e.g., c a t t a i l s ,  marsh 
mallow, and i r i s ) .  Mature marshes are 



i n te rmed ia te  i n  appearance and have a mix- 
t u r e  o f  low and h i g h  marsh p l an t s  and geo- 
morphol ogy. 

O f  course, t h e  apparent age o f  a 
s p e c i f i c  marsh i s  in f luenced by >ore than 
i t s  t ime  of existence. Factors such as 
l o c a l  physi  ography, 1 a t i  tude, r a t es  of 
l o c a l  subsidence, r a t es  o f  l o c a l  sea l e v e l  
change, degree o f  wave and cu r ren t  ac t i on ,  
suspended sediment loadings,  vegetat ion 
type, a1 t e r a t i o n s  by  man (e.g. , conversion 
t o  r i c e  f i e l d s  i n  South Caro l ina ) ,  and 
l o c a l  ra tes  of n e t  pr imary p roduc t ion  a l l  
i n f l u e n c e  t h e  stage o r  age o f  the marsh. 
Takiny these fac to rs  i n t o  cons idera t ion  
and remembering t h a t  apparent chronolog i -  
ca l  age ;nay be mis leading,  i t  i s  s t i l l  
convenient  t o  use the concept o f  young, 
mature, and o l d  i n  descr ib ing  the v i sua l  
s t a t e  o f  a s p e c i f i c  marsh. 

1.7 SUBSTRATES 

Sediments unde r l y i ng  most t i d a l  
f reshwater inarshes a re  t y p i c a l  l y  dark- 
co lo red  and s t i c k y  w i t h  a h i gh  content o f  
s i l t  and c lay.  Usual ly ,  the marshes a re  
l oca ted  i n  t h e  sec t i on  o f  the estuary  w i t h  
t h e  h i ghes t  r a t e s  o f  sedi inentat ion 
(N icho ls  1972). Th is  acc re t i ng  mate r ia l ,  
l a r g e l y  c l ays  and s i l t s ,  combines w i t h  
l a r g e  q u a n t i t i e s  o f  organic d e t r i t u s  t o  
form a dark, mucky s o i l .  From the view- 
p o i n t  o f  t i le  U.S. F i sh  and W i l d l i f e  
Serv ice  (Cowardin e t  a l .  1979), t he  low 
marsh can gene ra l l y  be regarded as having 
a m inera l  s o i l  ( l e s s  than 50% organic  mat- 
t e r )  and t he  h i g h  marsh a m i x t u re  of 
m inera l  so i  1 s and organic  so i  1 s ( g rea te r  
than 50% organic  mat te r ) ,  depending on the  
l o c a t i o n  w i t h i n  t h e  marsh. 

Peat may be present i n  the Typha- 
dominated h i g h  marsh i n  nor thern  New 
England marshes and i n  t h e  g i a n t  cutgrass 
marshes of t h e  Southeast. However, i t  i s  
n o t  as common as i n  sal  t marshes . Because 
t i d a l  f reshwater  rnarsh sediments have a 
l owe r  biomass o f  p l a n t  r oo t s  and peat 
( p a r t i c u l a r l y  i n  t h e  low marsh), they a re  
inore erodable than es tuar ine  marsh sedi-  
ments (Garofalo 1980). Areas covered w i t h  
arrow-arum and spat terdock appear t o  be 
p a r t i c u l a r l y  vu lnerab le  t o  w i n t e r  erosion. 
Because of t h e i r  e rod i b l e  banks, t i d a l  
f reshwater  creeks tend t o  have lower  

meander amp1 i tudes ( s  i nuos i t y )  t han  s a l  t 
marsh creeks (see Chapter 10). 

General ly,  t i d a l  f reshwate r  marsh 
s e d i ~ ~ l e n t s  have a h i q h  o rgan i c  con ten t  
wh i ch  may vary  cons iderab ly  w ~ t h  depth and 
l o c a t i o n s .  Whigham and Simpson (1975) 
found t h a t  t he  marsh s o i l s  a long t h e  t i d a l  
f reshwate r  p o r t i o n  o f  t h e  Delaware R iver  
v a r i e d  from 13% t o  40% o r g a n i c  n a t t e r  on a 
d r y  weight  basis,  Organic con ten t  was 
1 ower  i n  t he  arrow-arum-dominated low 
rnarsh (14% t o  30%) compared t o  t h e  sweet 
f l a  -ca t ta i l -domina ted  h i g h  marsh (30% t o  
4043 . V o l a t i l e  s o l i d s  (a  parameter r e l a t -  
ed t o  organic  content )  f rom a James R i ve r  
lnarsh ranged f rom 10% t o  20% (Lunz 1978). 
I n  o t h e r  V i r g i n i a  t i d a l  f reshwate r  marsh- 
es, we have found a range i n  s o i l  o rgan ic  
m a t t e r  f rom 20% t o  50%. The h i ghes t  va l -  
ues were found i n  t he  h i g h  marsh (Hoover 
1983) '  Bowden (1982) r epo r t ed  t h a t  t h e  
s o i l s  o f  t h e  Nor th  R i v e r  marsh i n  
Massachusetts had from 50% t o  75% organ ic  
m a t t e r ;  t h i s  d i f f e r e n c e  from more souther-  
l y  marshes may r e f l e c t  e i t h e r  a dominance 
by d i f f e r e n t  p l a n t  spec ies o r  a s lower  
annual r a t e  o f  decomposit ion. 

Water con ten t  tends t o  p a r a l l e l  o r -  
g a n i c  content.  For example, t h e  James 
R i v e r  marsh s o i l s  t y p i c a l l y  c o n t a i n  50% 
w a t e r  (Lunz 1978). On t h e  o t h e r  hand, 
w a t e r  may compose as much as 88% o f  t h e  
f r e s h  weight  o f  Nor th  R i v e r  marsh s o i l s  
(Bowden 1982). 

The combinat ion o f  ample o rgan ic  mat- 
t e r  and i r o n  a long  w i t h  a t  l e a s t  some s u l -  
f u r  produces sediments which are u s u a l l y  
anaerob ic  j u s t  below t h e  sur face.  The 
degree  o f  reduc ing c o n d i t i o n s  i n  t i d a l  
f reshwate r  marsh sediments i s  d i f f i c u l t  t o  
determine.  Since t he  r e a c t i o n  p a i r s  f o r  
t h e  ox i da t i on - reduc t i on  r e a c t i o n s  a re  n o t  
as obv ious as t h e  s u l f u r  r e d u c t i o n  reac- 
t i o n s  i n  s a l t  marshes, c l a s s i c a l  redox 
(Eh) est imates have 1 i ttl e obv ious meani ng 
f o r  t i d a l  f reshwate r  sediments. The scant  
ev idence  which i s  a v a i l a b l e  from our  own 
resea rch  (presence of methanogens, nega- 
t i v e  Eh readings) has l e d  us  t o  conclude 
t h a t  t i d a l  f reshwater  marsh sediments a r e  
modera te ly  t o  s t r o n g l y  reducing. 

Typica l  pH values f o r  t i d a l  f resh-  
w a t e r  sediments range f r om  6.0 t o  6.5 
(Schwartz 1976, Lunz e t  a l .  1978). Wetzel 
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and Powers (1978) measured the ca t i on  ex- 
change capaci ty  of sediments from a James 
River  marsh and found values ranging from 
39.6 t o  67.3 meg x 100 g d ry  weight. Th is  
i s  a r e l a t i v e l y  h igh  value compared t o  
coastal p l a i n  and piedmont so i l s ,  bu t  typ- 
i c a l  f o r  h igh l y  organic, h igh  c lay  wetland 
sediments (personal observation). These 
h igh  values o f  ca t i on  exchange capacity 
a1 so i nd i ca te  a young, s l  i g h t l y  weathered 
sediment w i t h  h igh  n u t r i e n t  ava i l  a b i l  i ty.  

A range o f  sediment n u t r i e n t  concen- 
t r a t i o n s  i s  shown i n  Table 2. It should 
be noted t h a t  these l i m i t e d  data come from 
po l l u ted  s i tes.  It i s  possib le t h a t  un- 
po l l u ted  sediments might  have lower n u t r i -  
ent  concentrations. 

As i n  o ther  wet1 and sediments, ammo- 
nium i s  t he  most abundant form o f  inorgan- 
i c  n i t rogen (Table 2). N i t r a t e  and n i -  
t r i t e  usua l ly  do not  accumulate i n  anaero- 
b i c  so i l s .  This i s  because n i t r i f i c a t i o n  
proceeds slowly whi le deni t r i f i c a t i o n  pro-  
ceeds rapid ly .  Bowden (1982), who worked 
i n  the t i d a l  freshwater marshes o f  t h e  
North River, Massachusetts, found t h a t  t he  
amount of ammonium t h a t  i s  f ree  i n  t h e  

i n t e r s t i t i a l  water i s  o f t e n  l e s s  than the 
amount o f  ammonium adsorbed l oose l y  onto 
sediment p a r t i c l e s .  Consequently, the 
pool o f  ava i l ab le  ammonium i s  probably 
much greater  than t h e  pool o f  f r e e  ammoni- 
um. Bowden a lso  presents evidence t h a t  
the  amount o f  ammonium i n  t i d a l  freshwater 
marsh sediments may be h ighes t  i n  midsum- 
mer and lowest i n  l a t e  spring, coinc ident  
w i t h  heavy demands f o r  n i t r ogen  from new 
vegetation. He found the  h ighest  concen- 
t r a t i o n s  near t h e  sur face (3.7 mg/l). 
Lower concentrat ions were found a t  20-cm 
(8- inch)  depth (0.9 mg/ l ) ,  and an increase 
(2.0 mg/l ) was found a t  60-cm (24-inch) 
depth. 

I n  summary, from 1 i m i  ted informat ion 
i t  appears t h a t  t he  sediments o f  t i d a l  
freshwater marshes t y p i c a l l y  have (1)  a 
h igh organic content ,  ( 2 )  a pH i n  t he  6.0 
t o  6.5 range, ( 3 )  moderate t o  strong 
reducing cond i t ions ,  ( 4 )  a h igh  ca t ion  
exchange capacity, and (5)  i n t e r s  t i t i a l  
n u t r i e n t  concentrat ions which a re  h igh  i n  
aiamonium and low i n  n i t r a t e  and n i t r i t e .  
Sediment and water n u t r i e n t s  are discussed 
f u r t h e r  i n  Sect ion 3.3. 

Table 2. Concentrations of chemicals i n  t he  s o i l s  and i n t e r s t i t i a l  water o f  three 
t i d a l  freshwater marshes. na = not ava i lab le ,  + = one standard dev ia t ion .  

Soi 1 I n t e r s t i t i a l  water  

Locat ion and Total  N Tota l  P NH NO + NO Tota l  d issolved P 
reference (% dry wt.) ( %  d ry  wt.) ( g / l )  (9/1)  (9/1) 

Her r ing  Creek Marsh, 
James River, Va. (Lunz 1.5r0.8 0.7k0.4 1600t1200 look50 180k190 
e t  a1 . 1978) 

North R iver  Marsh, 
Mass. (Bowden 1982) 1.6r1.9 0.1-0.3 900-3700 0-170 n a 

Hami 1 ton and Woodbury 
Creek marshes. Delaware 0.5-1.0 0.04-0.2 na na 
R iver  (Simpson e t  a l .  
1981) 

Hami 1 ton marshes , 
Delaware R iver  1.03-1.64 0.12-0.35 n a na 
(Whi gham e t  a1 . 1980) 



1.8 HYDROLOGY AND WATER QUALITY 

The hydrology of t i d a l  freshwater 
marshes and associated streams and r i v e r s  
i s  poor ly  studied. Presumably, t h i s  envi- 
ronment i s  more s t r o n g l y  in f luenced by t h e  
e f fec ts  of i n f l o w i n g  r i v e r i n e  freshwater 
than the lower p a r t  of the  e s t u a r , ~  which, 
i n  most cases, i s  s t rong l y  influenced by 
oceanic t ides .  We have observed t h a t  
changes i n  wind d i r e c t i o n  and v e l o c i t y  
appear t o  have a greater  e f fec t  on t h e  
d a i l y  t ides  a t  t i d a l  freshwater s i t e s  than 
f u r t h e r  down the estuary.  

Certa in ly ,  more informat ion i s  needed 
on the r e l a t i v e  ef fects on t i d a l  f resh-  
water environments of upstream fl oods, 
droughts, ocean-induced t ides ,  and wind. 
Perhaps nost  important  of a l l ,  we need t o  
know the  extent t o  which the t i d a l  fresh- 
water marsh zone i s  able t o  ahsorb and 
b u f f e r  inputs o f  f loodwater from upstream. 

Water qua1 i ty data from a va r i e t y  o f  

t i d a l  freshwater s i t e s  are shown i n  Table 
3. Unfortunately, a l l  bu t  one o f  these 
l oca t i ons  are h igh l y  eutrophic. The one 
exception, the Ware Creek marshes on the  
York River  i n  V i rg in ia ,  i s  a r e l a t i v e l y  
p r i s t i n e  s i t e ,  hut has s a l i n i t i e s  s l i g h t l y  
h igher  (annual average = 7 pp t )  than a 
t y p i c a l  t i d a l  freshwater marsh. However, 
the  Ware Creek data have been included 
s ince the vegetat ion i n  these marshes con- 
t a i  ns many freshwater species. 

Comparison o f  the n i t rogen and phos- 
phorous data i n  Table 3 w i t h  the c r i t e r i a  
presented by Wetzel (1975) suggests t h a t  
these t i d a l  freshwater s i t e s  range from 
eutrophic (Ware Creek) t o  hypereutrophic 
( t h e  remaining s i t e s ) ,  Cer ta in ly ,  there  
a re  more than adequate n u t r i e n t  l e v e l s  t o  
support h igh phytoplankton production. 
The general ly  h igh ch lorophy l l  concentra- 
t i o n s  (Table 3 )  g ive f u r t h e r  proof  o f  a 
eutrophic envi ronment . !Inpub1 i shed data 
(T. Wolover, Un ivers i ty  o f  South Carolina, 
Seorgetown, pers . comm. ) conf i rm t h a t  even 

Table 3. Water q u a l i t y  parameters from a v a r i e t y  o f  t i d a l  freshwater loca t ions  arranged 
i n  approximate o rde r  o f  increasing eu t roph i ca t i on .  DOC = t o t a l  dissolved organic carbon, 
POC = t o t a l  p a r t i c u l a t e  organic carbon, TKN = t o t a l  Kjehldahl n i t rogen.  TP = t o t a l  par- 
t i c u l a t e  and d isso lved phosphorous, DO = d i s s o l v e d  oxygen, na = no t  avai lable.  Where 
two values are g iven,  one above the o ther ,  t h e  upper value = summer, the lower value ( i n  
parentheses) = w i n t e r .  

A1 ka- 
Locat ion and pH 00 Chlor. A l i n l t y  DOC POC NH' NO +N! TUN PO Total P 
reference (mgl l )  ( g l l )  (meq/l) ( m g l l )  (mgl l )  ( g l l )  ( d l )  ( g / l )  ( d 1 )  ( q l l )  

Ware Creek Marsh, 
York River na na 2.2-23.6 na 5-10 1-5 15-20 20-30 na na 110-5') 
(Axelrad e t  a l .  
1976) 

Hami 1 ton and 
Woodbury Creek 4-6 
marshes, Delarare na (10-17) na na na na 49-80 40-300 na 5-20 5-5" 
River (Simpson 
e t  a l .  1981) 

Herr ing Creek 7.3 6.9 13.9 na 3.8 na 470 500 4200 40 16n 
Marsh, James (8.0) (12.3) (0.9) (0.39) (9.11 (1.5) (460) (1600) (3300) (30) (180) 
River (Adams 1978) 

Tinicum Marsh, 
Delaware River na 0.6-11.2 na 0.8-2.0 na na 500-6000 300-10nn na na na 
(Grant and Pat r ick  
1970) 

Potomac River  4-6 5W na na na 230-500 350+ na na 40n-7W 
(Lippson e t  a l .  na (12-13) 
1979) 



unpolluted t idal  freshwater s i t e s  have 
high levels of dissolved nitrogen and 
phosphorous compounds during much of the 
year. 

Since di ssol ved nutrient 1 eve1 s are 
more than adequate to  support high phyto- 
plankton production, the  factor  1 imi ting 
production i s  probably water c la r i ty .  In 
fac t ,  most t idal  freshwater regions are 
considerably more turbid than nearby up- 
stream freshwater areas (authors' personal 
observations). This re1 a t ively  great tur- 
bidity can be largely attr ibuted t o  high 
suspended sediment loads and high phyto- 
plankton standing crops. Adams (1978) 
reported suspended solid values of 
25-27 mg/l fo r  water flushing the Herring 
Creek Marsh on the James River. Ell ison 
and Nichols (1976) give a range of 5.7 t o  
93.0 mg/l for suspended sediment in 
Virginia t idal  freshwater regions. They 
a1 so reported typical Secchi disc readings 
of 0.2 to  1.2 m (0.7 t o  3.9 f t ) .  

Examination of Table 3 also shows 

re la t ively  high concentrations of d i s -  
solved and par t icula te  organic carbon. 
The combined effects  of high suspended 
sediment loads, high organic content sedi-  
ments, high nutrient levels ,  and high phy- 
toplankton production can cause low dis-  
solved oxygen values in the summer (Table 
3). Our observations suggest tha t  i t  i s  
not unusual to have dissolved oxygen (30) 
values below 2 ppm i n  p r i s t ine  s t re tches  
of small t idal  freshwater creeks during 
the ea r ly  inorning hours of suminer months. 
Even lower concentrations can occur i n  
locations in which pollutants add fur ther  
biological oxygen demand (BOD) loadings 
(e.g., Tinicum Marsh near Philadelphia, 
Grant and Patrick 1970). This suggests 
tha t  conditions may be limiting for many 
fishes in t ida l  freshwater marshes a t  
times during the summer. 

The limited data summarized above in- 
dicate that  mid-Atlantic t idal  freshwaters 
a r e  generally (1)  eutrophic or hypereutro- 
phic, (2) contain high levels of suspended 
sediments, and (3) may have depressed oxy- 
gen concentrations during the summer. 



CHAPTER 2, COMMUNITY COMPONENTS: PLANTS 

2.1 I NTRODUCT I ON 

The physical cha rac te r i s t i cs  which 
d i s t i n g u i s h  t i d a l  freshwater wetlands (see 
Section 1.1) exer t  considerable in f luence 
on p l a n t  communi t y  development. Nearly 
a l l  o f  these wetlands are r i v e r i n e .  The 
l ack  of s t r e s s f u l  sa l  i n i  t y  l e v e l s  f a c i l  i- 
tates  u t i l  i z a t i o n  o f  t h i s  h a b i t a t  by many 
more p l a n t  species than are found i n  
coastal o r  in land brackish marshes. Such 
high d i v e r s i t y  produces a co~nplex and 
seasonal ly va r i ab le  mix ture  o f  1 i f e  forms. 
Unl i k e  nont ida l  r i p a r i a n  wet1 ands where 
marsh vegetat ion i s  confined t o  a narrow 
band para1 l e l  i ny channel s, regu la r  inunda- 
t i o n  i n  t i d a l  freshwater regions serves t o  
l a t e r a l l y  extend h a b i t a t  boundaries. 
P lan t  communities v i s i b l y  s t r a t i f y  across 
t h i s  broadened niche space, a1 though d i s -  
t i n c t  zonation i s  no t  r e a d i l y  apparent. 

No known p l a n t  species appears exclu-  
s i v e l y  i n  the t i d a l  freshwater hab i ta t .  
Most marshes are dominated by a combina- 
t i o n  o f  annuals and perennia l  s, the  major- 
i t y  of which are common t o  freshwater wet- 
lands over nuch of North America (Fasset t  
1957, Cowardin e t  a l .  1979; S i lberhorn  
1982). L a t i t u d i n a l  d i f fe rences i n  c l  imate 
as we l l  as l o c a l  v a r i a t i o n  i n  physiography 
and geology produce d i s t i n c t  heterogenei ty  
w i t h i n  t i d a l  freshwater marshes. Marshes 
i n  respect ive regions o f  the At1 a n t i c  
coast d i f f e r  markedly i n  p l a n t  species 
conposi t i o n ,  re1 a t i v e  d i ve rs i t y ,  and com- 
muni t y  s t r u c t u r e  as a r e s u l t  o f  t h i s  v a r i -  
at ion.  A1 though t i d a l  freshwater marshes 
share much i n  common w i t h  other  wetlands 
as a whole, only a l i m i t e d  amount o f  
a v a i l  able informat ion per ta ins  s p e c i f i c a l -  
l y  t o  the  f l o r a  and ecology o f  t h i s  
hab i ta t .  

The discussion which fo l lows w i l l  
focus upon those p l a n t  species which most 

commonly occur i n  t i d a l  freshwater marsh- 
es. Emphasis w i l l  be placed on descr ip-  
t i ons  o f  community s t ruc tu re  and those 
physical  and ecological  processes i n f l u -  
encing p l a n t  demography and succession. 
Hab i ta t  v a r i  a b i l  i t y  on a regional  basis 
w i l l  be discussed, a1 though i n  most i n -  
stances the  t i d a l  marshes o f  the mid- 
A t l a n t i c  States w i l l  serve as a general 
model. P lan t  species are addressed by 
common names i n  the  tex t ;  s c i e n t i f i c  names 
are l i s t e d  i n  Appendix A. 

2.2 GENERAL SPECIESIHABITAT DESCRIPTIOI\IS 

The bu l k  o f  t i d a l  freshwater marsh 
f 1  ora cons is ts  o f  (1) broad-1 eaved emer- 
gent perennia l  macrophytes (spatterdock, 
arrow-arum, pickerelweed, arrowheads), ( 2 )  
herbaceous annuals (smartweeds, tear -  
thumbs, burmari go1 ds, jewelweed, g ian t  
ragweed, water-henp, water-dock) , (3)  an- 
nual and perennia l  sedges, rushes and 
grasses (bulrushes, s p i  ke-rushes, umbrel- 
la-sedges, r i c e  cutgrass, w i l d  r i ce ,  g i a n t  
cutgrass) ,  (4) grass1 i ke p lan ts  o r  shrub- 
form herbs (sweet f lag,  c a t t a i l  ,. rose- 
nal low, water parsnip) ,  and (5) a handful 
o f  hydrophyt ic  shrubs (bu t ton  bush, wax- 
myrt le ,  swamp rose) (Whigham e t  a l .  1976; 
T ine r  1977; McCormick and Sornes 1982; 
Metz ler  and Rosza 1982; S i l  berhorn 19821. 

Regional v a r i a t i o n s  i n  species com- 
p o s i t i o n  and d i v e r s i t y  pe rs i s t ,  b u t  have 
never been descr ibed comparatively. 
Marshes of the % i d - A t l a n t i c  and Georgia 
B igh t  regions can con ta in  as many as 50 t o  
60 species a t  a s i n g l e  loca t ion ,  and a re  
comprised o f  a number o f  codominant taxa 
(Odum 1978; Sandi fer  e t  a l .  1980). Among 
the  more conspicuous species occur r ing  i n  
both regions are arrow-arum, pickerelweed, 
w i l d  r i ce ,  and c a t t a i l s .  However, there 
are notable d i f fe rences between the  t i d a l  



f reshwater marshes o f  these respective 
regions. B r i  ef ly,  vegetat ion communities 
i n  South Carolina and Georgia are o f ten  
e i t h e r  a near ly  monospecific stand o f  
g ian t  cutgrass or  a mixed community domi- 
nated by one o r  more of t h e  aforementioned 
species plus sawgrass, a1 1 igatorweed, 
plumegrass, g ian t  cordgrass o r  soft-stem 
bulrush. I n  V i rg in ia ,  Maryland, and New 
Jersey, g ian t  cutgrass becornes 1 ess preva- 
l e n t ,  and p lants such as spatterdock, 
var ious smartweeds and tearthumbs, sweet- 
fl ag, r i c e  cutgrass, and burmarigolds 
become more pro1 i f  i c . 

The vegetat ion communities i n  Mew 
England t i d a l  marshes general l y  harbor 
fewer species w i th  perennial sedges and 
grasses becoming more conspicuous const i  t- 
uents. Important components of these 
northern ma rshes inc lude reed bentgrass, 
various rushes and sedges, arrowheads, 
c a t t a i l s  and spiked l o o s e s t r i f e  ( K i v i a t  
1978a; Bowden '1982; Metz ler  and ' Rosza 
1982). 

T ida l  freshwater swamps preva i l  a1 ong 
many t i d a l  r i v e r s  from V i rg in ia  south, and 
are o f t e n  c lose l y  associated w i th  t i d a l  
freshwater marsh. Occurring p r i m a r i l y  
landward o f  the marsh, these forested 
areas are dominated by t rees  such as bald 
cypress, red maple, black gum, and tupelo 
gum ( S i l  berhorn 1982). I n  addi t ion,  t i d a l  
swamps t y p i c a l l y  harbor an understory o f  
emergent herbs and shrubs, many o f  which 
occur i n  the marsh. Some o f  these species 
inc lude arrow-arum, jewel weed, roya l  fern,  
1 i z a r d ' s  t a i l ,  A s i a t i c  spiderwort, wax- 
myrt le ,  and alder. 

I n  areas where sa l  i n i  t i e s  pe r i od i ca l -  
ly extend i n t o  o l i goha l i ne  ranges (0.5 t o  
5 pa r t s  per thousand [ppt ] ) ,  species such 
as b i g  cordgrass, common threesquare, 
narrow-1 eaved c a t t a i l  , var ious smartweeds, 
arrow-arum, w i l d  r i c e ,  marsh ma1 low, and 
water-hemp become the  most prevalent  com- 
munity components ( P h i l l i p  and Brown 1965; 
Sand i fe r  e t  al .  1980; Ferren e t  al .  1981; 
Si  1 berhorn 1982) . 

A survey o f  the  1 i t e r a t u r e  on vascu- 
l a r  p l a n t  populat ions i n  t i d a l  freshwater 
marshes indicates an inherent  v a r i  a b i l  i ty  
i n  the  composition and s p a t i a l  d i s t r i b u -  
t i o n  of p lan t  communities. However, sev- 
e r a l  dozen species occur cons i s ten t l y  a t  

many locat ions on the At1 a n t i c  Coastal 
Plain. A l i s t i n g  o f  common t i d a l  f resh-  
water wetland species plus t h e i r  general 
cha rac te r i s t i cs  and ha5i t a t   references 
are given i n  Table 4. A more extensive 
1 i s t i n g  o f  common and r a r e  species awears  
i n  Appendix A. 

2.3 COMMUNITY STRUCTURE 

Speci es Compos i t i  on 

Plant  communities can be c l a s s i f i e d  
by a number o f  cha rac te r i s t i cs  i nc lud ing  
growth form dominance, speci es dominance, 
and species composition. Generally these 
cha rac te r i s t i cs  def ine a r b i t r a r y  bounda- 
ri es between communi t y  types, but never- 
theless are useful i n  descr ib ing vegeta- 
t i o n  pat terns (Whittaker 1975). A1 though 
t i d a l  freshwater marsh f l o r a  i s  no t  par- 
t i c u l a r l y  we l l -su i ted  t o  such a c l a s s i f i -  
ca t i on  scheme due t o  i t s  unusual ly  h igh  
d i v e r s i t y ,  many attempts have been made t o  
describe marshes i n  t h i s  manner (McCormick 
1970; McCormick and Ashhaugh 1972; Whigham 
and Simpson 1975; Shima e t  a l .  1976; 
Douml e le  and S i l  berhorn 1978; McCormi ck 
and Somes 1982). I n  most instances, 
species dominance has been used as a p r i -  
mary means of c l ass i f i ca t i on ,  usua l l y  
because vegetat ion u n i t s  represented by 
near ly  pure stands of a species are e a s i l y  
mapped. Our synthesis of t h i s  in fo rmat ion  
has resul ted i n  the c l a s s i f i c a t i o n  o f  
e igh t  major f l o r i s t i c  associat ions occur- 
r i n g  i n  t i d a l  freshwater wetlands from 
Massachusetts t o  northern Flor ida.  Each 
o f  these associations, o r  community types, 
presumably resu l t s  from reponse t o  a 
s p e c i f i c  set  of envi ronnntal cond i t ions  o r  
seasonal changes (see Sections 2.4 and 
2.5) and can be described as follows: 

1 )  Spatterdock Community type - Spatter- 
dock can be found i n  d i s t i n c t l y  pure 
stands (Figure 5), espec ia l l y  i n  l a t e  
spring, i n  areas o f  the marsh adjacent t o  
open water. Generally these areas are  
below the l e v e l  o f  mean lokt water; there- 
fore,  during h igh t ide,  spatterdock stands 
are submerged ra the r  deeply. Each per iod 
o f  inundation can be extensive. Sprouting 
from th i ck  underground rhizomes, t h i s  
species forms dense c lonal  colonies o f ten  
cover ing suherged po in t  bars on t i d a l  
creek meanders. As the  growing season 



Table 4. Common species of vascular plants occurring i n  the t idal  freshwater habitat .  

G e n e r a l  H a b i t a t  Sal i n i  t y  Associated 
S p e c i e s  c h a r a c t e r i s t i c s  p r e f e r e n c e  to1 erance spcci  es 

Acorus calamus 
( S w e e t m  

A1 ternanthera 
~ h i l o x e r o i d e s  

A1 1 igatorweed) 

Grows i n  dense co lon ies  propagat ing main ly  Shallow water o r  wet s o i l ;  Fresh Pel tandra v i r g i n i c a  
by 'rhizome; stemless p l a n t s  up t o  1.5 m w i t h  channel margins Pol yqonum SDD . 
s t i f f ,  narrow basal leaves; c y l  i n d r i c a l  i n -  Impatiens capensis 
f lorescence emerges from s ide o f  stem (open 
spadi x )  ; aromatic. 

Hol low stems w i t h  simple branches hear ing  Ext reqe ly  adaptable; o f t e n  Fresh t o  ------- 
opposi te,  1 ance-shaped leaves; forms dense emersed o l i g o h a l i n e  
mats; f lowers  on long pan ic les ;  perenn ia l .  

Ascle i a s  incarnata  
Swamp m i l k w e e d ) -  7- 

4 
G -- Bidens coronata 

B i  dens 1 aev i  s 
( B u i i a 3 @ 3 ? f )  

Cal amagros t i s  
canadensi s 
-grass) 

Carex spp. - 
(Sedges) 

Echinochloa wal t e r i  
(Water's m i - w  

Erect ,  f leshy and s tout ;  up t o  2 m; leaves Common t o  levee sect ions  o f  Fresh t o  Pel tandra v i r q i n i c a  
lanceo la te  w i t h  blades as l ong  as 20 cm; not  t he  t i d a l  marsh h a b i t a t ;  mesohal i ne  Pol onum spo. 
conspicuous u n t i l  mid-summer when i t  towers t o l e ra tes  p e r i o d i c  inundat ion  
above o ther  marsh forbs. 

*o . 

T a l l ,  l e a f y ,  p ink-f lowered herb growing Cosmopol i tan ; grows i n  many Fresh t o  High marsh herbs 
s o l i t a r y  o r  i n  smal l ,  loose groups; lance- wetland s i t u a t i o n s ;  h igh  o l i g o h a l i n e  
shaped, oppos i te  leaves; reproduces v i a  seeds marsh species 
o r  rhizomes. 

Annual p l a n t s  up t o  1.5 m t a l l ,  s o l i t a r y  o r  Cosmopolitan, growing i n  t h e  Fresh 
i n  small scat tered groups; l oose l y  branched upper two- th i  rds o f  the i n t e r -  
above w i t h  opposi te leaves; l e a f  shape v a r i -  t i d a l  zone on wet mud o r  i n  
able b u t  genera l ly  toothed o r  lance01 ate; shal low water 
impressive ye l low bloom l a t e  i n  t he  growing 
season. 

Pol yqonum sno. 
h a r a n t h u s  cannabinus 
o t h e r  Bidens sop. 

Slender grass up t o  1.5 m, gene ra l l y  form- Wet meadows and th i cke t5  
i n g  dense colonies;  long, f l a t  leaves; 
loose, ovoid pan i c l e  w i t h  p u r p l i s h  color;  
perenni a1 . 
Grass1 i k e  sedges, culms most ly  3-angled, Low areas w i t h  f requent 
bea r i n  several  leaves w i t h  rough margins; f lood ing o r  damp s o i l  
up t o  ! m t a l l  and u s u a l l y  i n  groups; peren- 
n i a l  from long, s tou t  rhizomes. 

Fresh? 

Fresh 

T v ~ h a  SDD. - 
Acorus ca l  amus -- 

Branched shrub up t o  1.5 m t a l l  w i t h  Upland margins and ra i sed  F r e s h t o  H i b i s c u s s n ~ .  
l ea the ry  smooth opposi te leaves and whi te  hummocks o f  t i d a l  f reshwater 01 igohal  ine  C o r n u s n o m u m  
f lowers crowded i n t o  dense, spher ical ,  marshes; wet s o i l  
s ta l ked  heads; f lowers  June through A u g ~ ~ s t ;  
l e a f  p e t i o l e s  reddish. 

Grass up t o  2 m, s o l i t a r y  o r  i n  small groups; Shallow water; mois t  areas, Fresh t o  ------- 
long, moderately wide l e a f  blades; f lowers i n  d is turbed s i t e s  01 igohal  i n e  
a te rmina l  pan i c l e  which i s  ovoid, greenish 
purple,  and appears i n  July/August. 

(continued) 



Tab1 e 4. (Continued). 

G e n e r a l  H a b i  t a t  Sal i n i  t y  4ssociated 
S p e c i e s  c h a r a c t e r i s t i c s  p r e f e r e n c e  to1 erance soecies - 

Hibiscus spp. Shrubform herbs up t o  2 m, scat tered o r  i n  Freshwater marshes o r  the  up- Fresh t o  TyDha soo. 
l a r g e  colonies;  leaves wedge-shaped o r  land margin o f  s a l i n e  marshes vesohal ine S a r t i n a  cynosuroides 
rounded and a1 ternate;  la rge,  showy p i n k  o r  w i t h  f reshwater seepage h m  son. 
wh i te  f lowers  appearing i n  midsummer; Impatiens capensi s 
perenni  a1 . 

Eleochar is  a l u s t r i s  Perennials w i t h  ho r i zon ta l  rootstocks;  culms Channel margins o r  stream Fresh t o  Pontederi a cordata 
ua ran  stout,  s lender,  and c y l i n d r i c a l  o r  squar ish banks i n  shal low water; muddy, o l  igoha l  i ne  Scirous spp. 

w i t h  a basal sheath; f lowers  crowded onto organic substrates =s~o. 
tenninus o f  s p i k e l e t ;  between .5 and 1.5 in. Leers ia  oryzoides 

Im a t i ens  ca ens i s  Annual p l a n t s  up t o  2 m w i t h  succulent, Same as Bidens spp.; a l s o  grows Fresh Bidens son. 
- * e a f  branched stems w i t h  swe l l i ng  a t  the  j o i n t s ;  i n  shaded p o r t i o n s  o f  marshes T_ypha spo. 

co lon ia l  ; leaves a1 te rna te  and ovate o r  Polyqonum sno. 
e l  1 i p t i c  w i t h  toothed margins; f lowers 
orange and funne l - l i ke ,  appearing i n  Ju l y /  
August. 

I r i s  v e r s i c o l o r  F l a t ,  sword l ike  leaves a r i s i n g  from a s t o u t  High, shaded po r t i ons  o f  the  Fresh None i n  o a r t i c l r l a r  

~ ~ u m  creeping rhizome; large, pu rp l  i sh-b lue i n t e r t i d a l  zone i n  damp so i ;  
4 f lowers  emerge i n  spr ing  from a s t i f f  u p r i g h t  w i l l  no t  t o l e r a t e  long inunda- 
a, stem; perennial .  t i ons .  

Leers ia  o r  zoides Weak slender rass growin i n  dense, matted M i d - i n t e r t i d a l  zones o f  Fresh t o  Many; none i n  
c co lon ies .  lea! sheaths a " j  b lades very rough; marshses; h i g h  d i v e r s i t y  vege- 01 i gohal i n e  p a r t i c u l a r  

emerges tram creeping rhlzomes and o f t e n  t a t i o n  patches 
sprawls on o ther  vegetation. 

Lythrum s a l i c a r i a  Shrubform herbs forming large, dense colon- Moist  po r t i ons  o f  marshes; Fresh t o  Hihiscus snn. 
Decodon ies ;  aggressive; up t o  1.5 iq i n  he igh t  w i t h  h igh  i n t e r t i d a l  o r  upland 01 iqoha l  i ne  Convolvulus son. 
v e r t i c i l l a t u s  lanceo la te  leaves opposi te o r  whorled; upper areas 
(Loosest r i  f e )  a x i l  s branched w i t h  small purp l ish-p ink  

f lowers;  terminal  spikes pubescent; annual. 

Mi kani  a scandens Long, herbaceous vine forming matted tangles Open, wooded swamps and marshes; Fresh t o  
( C l i m b i n g e e )  over o the r  emergent p lants ;  heart-sha3ed shrub t h i c k e t s  o l i g o h a l i n e  

leaves; dense, p ink i sh  f lower  c l us te rs ;  
s lender stem; propagates by both seed and 
rhizome; perenni a1 . 

M r i c a  c e r i f e r a  Compact, t a l l  , evergreen shrub w i t h  l ea the ry  Most a1 1 coasta l  hab i ta ts ;  Fresh 
wax-mjZiT)- -k- a l t e r n a t e  leaves; sp icy  aroma; waxy, ber ry -  border between i n t e r t i d a l  zone 

l i k e  f r u i t s ;  forms extensive t h i cke ts .  and uplands 

P lan t  w i t h  f l o a t i n g  o r  emergent leaves and Constant ly submerged areas up Fresh 
f lowers attached t o  f l e x i b l e  underwater t o  1.5 m deoth, o r  i f  t i d a l ,  
s ta lks ;  r i s e s  from t h i c k  rhizomes imbedded near o r  below mean low water i n  
i n  benth ic  mds;  f lowers  deep yel low, appear- deep organic muds 
i ng  throughout the  summer. 

Acer ruhrum -- 
spo. 

Taxodium r l i s t i chuv  

Usua l ly  i n  oure 
stand 



Nyssa s y l v a n t i c a  Medium-sized t r e e  (10 m) w i t h  numerous 
N~s;;~;;uatica ho r i zon ta l ,  crooked branches; leaves crowded 

a t  tw ig  ends tu rn ing  s c a r l e t  i n  f a l l ;  f lowers  
appear i n  Apr i l lMay. 

Panicum v i r  atum Perennial  grass 1-2 m i n  he igh t  i n  l a r g e  
m h *  bunches w i t h  p a r t i a l l y  woody stems; nest of 

h a i r s  where l e a f  b lade at taches t o  sheath; 
la rge,  open d e l i c a t e l y  branched seed head 
produced i n  l a t e  summer; rhizomatous. 

Pel tandra v i r  i n i c a  Stemless p lan ts ,  1-1.5 m t a l l ,  growing i n  
a  loose co lon ies ;  several  arrowhead-shaped 

leaves on long s ta l ks ;  emerge i n  r a t h e r  
dense clumps from a t h i c k  subsurface tuber;  
f lowers  from May t o  June. 

Phragmi t as  T a l l ,  coarse grass w i t h  a  fea thery  seed 
a u s t r a l  i s  head; 1-3 m i n  he ight ;  grows aggress ive ly  
-reed ) from long, creeping rhizomes; perenn ia l  ; 

flowers from Ju l y  t o  September. 

Polyqonum a r i f o l l  P lan ts  w i t h  long, weak stems up t o  2 m t a l l ,  
Pol onum sa i t t a t u m  u s u a l l y  lean ing on other vegetat ion;  leaves 

[ ; : a r t h u e  s a q i t a t e  i n  shape and a l t e rna te ;  l e a f  mid- 
r i 6 s  and stems arined w i t h  recurved barbs; 
f lowers  small and appearing i n  l a t e  summer; 

-L annual. 
IJ 

Polyqonum punctatum Upr igh t  p l a n t s  growing from a f i b rous  
Pol onum densi-  t u f t  o f  roots;  narrowly t o  w ide ly  
T~%uT - lanceola te  leaves w i t h  s t a l k s  b a s a l l y  
Polygonum hydropi-  enclosed w i t h i n  a  membranous sheath; up 

~ E e d  s  ) 
t o  1 m; f lowers  a t  sp ike  a t  end o f  
s t a l k .  

Ponteder ia cordata Rhizomatous perennial  growing i n  dense o r  
- ( P i c k e x w e e d )  loose co lon ies ;  p l an ts  up t o  2 m t a l l  ; 

f leshy, heart-shaped leaves w i t h  p a r a l l e l  
veins and emerging from spongy s ta l ks ;  
f lowers dark v i o l e t -b lue ,  appearing June t o  
August. 

Rosa a l u s t r i s  
7 ~ a -  

Shrub up t o  2 m growing i n  loose colonies;  
stems lack  p r i c k l e s  except f o r  those occur- 
r i n g  a t  hases o f  l e a f  s ta lks ;  p i n n a t e l y  
compound leaves w i t h  f i n e  se r ra te  margins; 
showy, p ink  flowers appearing JulyJAugust. 

Flarsh/upl and borders Fresh Acer ruhrum -- 
Myrica c e r i f e r a  
m s n l .  

Dry t o  mois t  sandy s o i l s  o r  Fresh t o  Hi3iscus snn. -- 
the m id - i  n t e r t i d a l  po r t i ons  nesohal i n e  Sci rpus snp. 
o f  t i d a l  f reshwater marshes; Eleochar is o a l u s t r i s  
d is turbed areas 

Grows predominant ly as an Fresh t o  Pontederia cordata 
emergent on stream margins o r  01 igoha l  i ne  Z i z a n i a  aquat ica 
i n t e r t i d a l  marsh zones on ~nanv o ther  s o e c i ~ s  
r i c h ,  loose s i l t  

Ex t rene ly  cos~noool i t a n ,  growing Fresh t o  Spart ina cynosuroid-es- 
i n  t i d a l  and nont ida l  marshes nesohal ine Z izan ia  ?qt ta t ica  
and o f t e n  associated w i t h  d i s -  
turbed areas 

Shallow water o r  damp s o i l  ; Fresh t o  Bidens sno. 
middle t o  upper i n t e r t i d a l  01 igoha l  ine  H ih i scus  spp. 
zone I m ~ a t i e n s  canensis --- --- 

!Ipper th ree-quar ters  o f  i n t e r -  Fresh t o  Many s7ecies 
t i d a l  zone i n  f reshwater marshes o l i g o h a l i n e  
on wet o r  damp s o i l  

Lower i n t e r t i d a l  zone o f  Fresh t c ~  Nuphar lutpum 
t i d a l  f reshwater marshes o l i g o h a l i n e  Pel tandra v i r q i n i c a  

Saq i t tn r i3 -  l a t i f o l  i a  

High i n t e r t i d a l  zones o r  wet Fresh t o  Cenha la~thus occident-  
meadows 01 igoha l  i ne  - - -  a l i s  

Rumex v e r t i c i l  l a t u s  Erect ,  robust  annual w i t h  dark-green, Wet meadows o r  pond margins Fresh t o  
m t e r  dock) lance-shaped leaves; stem swol len a t  nodes; on mud or i n  shal low water 01 igoha l  i n e  

a t t a i n s  he ights  over 1.5 m.,and grows s o l i -  
t a r  o r  n  oose c o l o n i e s  f l ower  head i ?  
e v l r e n t  i n  l a t e  s p r ~ n g  and can he 53 cm I n  
length.  

(continued) 



Table 4, (Concluded). 

G e n e r a l  H a b i t a t  Sal i n i  ty  Associated 
S p e c i e s  c h a r a c t e r i s t i c s  p r e f e r e n c e  to lerance species 

Sa i t t a r i a  l a t i f o l i a  Perennial  herbs; stanless,  up t o  2 m i n  Borders o f  r i v e r s  o r  marshes Fresh t o  Pel tandra v i r q i n i c a  
h t a t o )  he igh t  and emerging from f i b rous  tubers; i n  low i n t e r t i d a l  zones on 01 igoha l  i ne  ---- Pontederia cordata 
Sa i t t a r l  f a l c a t a  leaves arrowhead-shaped o r  lanceo la te  w i t h  organic,  s i l t y  mud 
*~UF wh i te  f lowers  i n  whor ls appearing on a 

naked s t a l k  i n  July/August. 

S c i r  us va l  idus Medium t o  l a rge  rushes w i t h  c y l i n d r i c a l  o r  Brackish t o  f resh shal low Fresh t o  Other rushes 
' & t z u s h )  t r i a n g u l a r  stems; inconspicuous l e a f  sheaths; water o r  low t o  middle i n t e r -  snesohal i ne  wh~ spp. 
S c i r  us c e r i nus  usua l l y  grow i n  small groups; bear seed t i d a l  zones on organic c l ay  
I ~ 1 u s t e r s o n e n d o r s i d e o f s t m ; p e r e n n i a l .  subst ra tes  
S c i r  us americanus 

Common th ree  square) 7-- 
Spa rqani  um Stout  u p r i g h t  f o rbs  up t o  1 m w i t h  l imp, P a r t i a l l y  submerged, shal low Fresh l i z a n i a  aquat ica -- 
eur c a r  um (*cad ) underwater, emergent leaves at tached basa l l y  water marsh areas; lower t o  Leers i  a  -ides 

and a1 te rna t i ng  up the stem; t o ~ a r d s  the middle i n t e r t i d a l  zones Tf?7jGj5iiurn snn.- 
terminus, stems zig-zag bear ing sphere- l i ke  
c l us te rs  o f  p i s t i l l a t e  and staminate f lowers.  

Spart  i na  Perennial grass a t t a i n i n g  he ights  i n  excess Channel and creek margins i n  Fres !~  t o  Phragmi tes  aus t ra l  i s  
o f  3 m, having long, taper ing  leaves and t i d a l  01 igohaf i n e  marshes nesohaline - h ~  spp. 
growing froin v igorous underground rhizomes; 

0) found i n  dense monospecif ic o r  mixed stands. 

Taxodium d is t ichum T a l l  t r e e  w i t h  s t r a i g h t  t runk  (40  m), c o n i f e r -  Marsh/upland borders 
'-d'-cypress) 1  i k e  bu t  deciduous; l i g h t  porous wood covered 

by s t r i n g y  bark; unbranched shoots o r i g i n a t i n g  
from roots  as knees. 

Stout,  u p r i g h t  reeds up t o  3 m forming 
dense colanies;  basal leaves, long and 
sword-l ike, appearing before stems; y e l -  
l ow i rh  male f lower  d i s i n teg ra tes  l eav ing  
a  th ick ,  velvety-brown swel l ing  on the 
spike;  rhizomatous; perennial .  

Z izan ia  a  u a t i c a  Annual o r  perennial  aquat ic grass, 1-4 m 
t a l l ,  usua l l y  found i n  colonies;  sho r t  
underground roots, s t i f f  ho l low s ta lk ,  and 
long, f l a t ,  wide leaves w i t h  rough edges; 
male and female f lowers  separate along a  
l a rge  terminal  pan i c l e  i n  l a t e  sumner. 

Fresh? 

Very cosmopol i tan, occur r ing  Fresh t o  blany associates 
i n  shal low water o r  upper nesohal i n e  
i n t e r t i d a l  zones; some d i s -  
turhed areas 

Fresh t o  s l i g h t l y  brack ish  Fresh t o  Pel tandra v i r q i n i c a  --- 
marshes and slow streams, 01 igohal  i n e  many o ther  species 
usual 1  y  i n  sha l l  ow water; 
requ i res  s o f t  ~nud and s lowly  
c i r c u l a t i n g  water 

Zizaniopsis Perenni a1 by creeping rhizome; culms Swamps and margins o f  t i d a l  Fresh? 
mi leacea 1-4 m high; long, rough-edged leaves genic- s t r e a m  

(Giant cutgrass) u l a t e  a t  lower nodes; la rge,  loose 
terminal  pan ic les  appearing i n  mid- 
summer; aggressive. 

References: Fassett  1957; Fernald 1970; Beal 1977; Tarver e t  a l .  1979; Magee 1951; S i lberhorn  1982. 



progresses, some p l  an ts  w i  11 be overtopaed 
by o t h e r  species commonly i n h a b i t i n g  t h e  
l ow  i n t e r t i d a l  zone such as arrow-arum, 
pickerelweed, and w i l d  r i c e .  

2)  Arrow-arum1Pickerelweed Community 
Type - Arrow-arum i s  an ex t reme ly  cosmo- 
p o l  i t a n  species growing throughout  t he  
i n t e r t i d a l  zone o f  many marshes. Th is  
spec ies forms i t s  pu res t  stands i n  t h e  low 
i n t e r t i d a l  p o r t i o n s  o f  t h e  marsh i n  s p r i n g  
o r  e a r l y  summer. Pickerelweed, a  common 
assoc ia te ,  i s  e q u a l l y  as l i k e l y  t o  domi- 
na te  o r  codominate t h i s  lower  marsh zone 
( F i g u r e  S ) ,  a l though  i t s  d i s t r i b u t i o n  i s  
usual l y  more c l  unped than arrow-arum. 
Both spec ies t o l e r a t e  long  per iods  o f  i n -  
undat ion.  Other  spec ies assoc ia ted w i t h  
t h i s  community type, e s p e c i a l l y  i n  more 
e l eva ted  sec t ions  o f  the  marsh, i n c l u d e  
burrnar igolds and w i l d  r i c e ,  and l e s s  f r e -  
quen t l y ,  arrowhead, sweet f l  ag, and smart- 
weed s. 

3)  Wi ld  Rice Community Type - W i l d  r i c e  i s  
conspicuous and w i d l y  d i s t r i b u t e d  through- 
o u t  t h e  A t l a n t i c  Coastal  D l a i n .  Th i s  an- 
nual  grass can comple te ly  dominate a g i ven  
marsh, produc ing p l a n t s  which a t t a i n  
h e i g h t s  i n  excess o f  4 m (13 f t )  i n  August 
and September (F i gu re  7 ) .  W i l d  r i c e  i s  
n o t  n o t i c a b l e  u n t i l  midsummer when i t  
begins t o  over top  a d iscon t inuous  canopy 
general  l y  composed o f  arrow-arum, 
p ickere lweed , spat terdock,  arrowhead, 
smartweed, and burnar igo lds .  

4 )  C a t t a i l  Community Type - C a t t a i l s  are 
among t h e  most u b i q u i t o u s  o f  we t land  
p l a n t s  and a re  p r i n c i o a l  components o f  
many t i d a l  f reshwate r  marshes. The ca t -  
t a i l  community t ype  (F i qu re  8),  which 
i nc l udes  severa l  spec ies o f  Typha i n  t h e  
m i d - A t l a n t i c  reg ion,  i s  q o s t l y  con f i ned  t o  
t h e  upper  i n t e r t i d a l  zone o f  t h e  marsh. 
C a t t a i l s  a re  u s u a l l y  found w i t h  one o r  
more common associates---arrow-arum, rose-  
ma1 1 ow, snartweeds, jewelweed, and arrow- 
head---but w i l l  a1 so form dense inonospe- 
c i  f i c  stands. C a t t a i l  communities a re  
a1 so p r e v a l e n t  i n  d i s t u r b e d  areas, where 
t hey  o f t e n  a re  assoc ia ted  w i t h  common 
reed. 

5 )  G i a n t  Cutgrass Community T.yne - G i a n t  
cu tg rass ,  a l s o  known as southern w i l d  
r i c e ,  i s  an aggress ive perenni  a1 conf ined 
~ r e d o r i l i n a n t l v  t o  wet lands south o f  V i r q i n -  

F i  gure 5. Spat terdock cornrnuii ty  type. i a and l4aryl and. Th i s  species dominated 
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Pickerelweed Arrow-Arum 

Figure 6. Arrow-arurn/pickerelweed commu- 
n i t y  type. 

Wild Rice 

Figure 7. Elild r i c e  community t y ~ e .  



many of the t idal  freshwater marshes of 
t h i s  region, often competing with other 
plants to t he i r  exclusion. When not in 
pure stands, t h i s  grass associates with a 
variety of ot'ier emergent macrophytos in- 
cluding sawgrass, c a t t a i l s ,  wild r ice ,  a l -  
l i yator weed, water parsnip, and arrow- 
arum (Figure 9 ) .  

6 )  Mixed Aquatic Community Type - The 
mixed aquatic community consists of an 
extrenely variable conglomeration of 
freshwater marsh vegetation (Figure 1 0 ) .  
Generally occurring in the upper in te r -  
t ida l  zone of the marsh, i t  i s  comuosed of 
a number of codominarlt species which form 
an i n t r i c a t e  mosaic over the narsh sur- 
face. Important species include arrow- 
arum, rose-ma1 1 ow, smart\.reecls, water-hemp, 
burrnarigolds, sweetflag, c a t t a i l s ,  r i c e  
cutqrass,  1 oosestri  f e y  arrowhead, and jew- 
elweed. Certain comoonents of the mixed 
aquatic type dominate on a seasonal basis.  

7 )  Big Cordgrass Comrnunity Type - B i g  
cordyrass i s  often seen growing in nearly 
pure stands in narrow bands along t ida l  
creeks and sloughs, or on levee portions 
of 01 igohal ine garshes (Figure 11). 
Arrow-arum and pickerelweed are associated 
with big cordgrass i n  these locales,  b u t  
vdhon stands extend fur ther  up onto the 
marsh, t h i s  species will inter:nix with 
ca t t a i  1 s ,  cornr?ion reed, r i c e  cutgrass, and 
wild rice.  

3) Bald Cypress/Black GUT Commuqity T y ~ e  - 
The bald cypress/black gum type (Figure 
1 2 )  generally represents an ecotonal com- 
munity forming the boundary between the 
marsh i t s e l f  and wooded swam or up1 and 
fores t .  Situated in  the most landward 
portions of tile t idal  freshwater marsh a t  
approximately the level of mean high 
water, t h i s  comvunity consists of a mix- 
ture  of herbs, shrubs, and trees.  Other 
overstory species include tupelo gum, red 
maple, and ash, as well as shrubs such as 
wax-myrtl e and buttonbush. Understory 
species include typical tnarsh plants,  a7- 
tilough the i r  d ivers i ty  and density i s  
reduced because of shading. 

Zonation 

The presence of reoccurring groups of 
species which fom recognizable patterns 

Figure 3. Cattail community type. i n  many wet1 and habitats has encouraged 
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the d e s c r i p t i o n  o f  p l a n t  spec ies d i s t r i b u -  
t i o n s  i n  te rns  o f  zones. Zonat ion i n  
t i d a l  f reshwater  marshes i s  1  ess d i s t i n c t  
than i n  many o t h e r  aqua t i c  o r  we t land  
environments. Th is  i s  p a r t i a l l y  a  func- 
t i o n  o f  t h e  comp lex i t y  o f  t h e  ma jo r  t i d a l  
f reshwate r  community types. A number o f  
species c o n s i s t e n t l y  form pure o r  mixed 
stands which do no t  necessa r i l y  occur  i n  
r e g u l a r  pa t t e rns  from marsh t o  marsh 
(Whigham e t  a l .  1976, Wum 1978). I n  some 
instances, i n d i v i d u a l  species o r  groups of 
species have l i t t l e  o r  no o r q a n i z a t i o n a l  
pa t t e rn ,  appearing t o  !)e d i s t r i b u t e d  i n  a 
random fash ion  over t h e  marsh sur face.  

The ex is tence  o f  zona t ion  i s  suppor t -  
ed by some s tud ies .  I n  V i r g i n i a  t i d a l  
marshes on t h e  Chickahominy River ,  c a t -  
t a i  1  s  and rose-ma1 1 ow r e g u l a r l y  appear i n  
t h e  landward h a l f  t o  one - t h i r d  o f  t h e  
marsh p r o f i l e .  P rec ise  su rvey ing  o f  some 
o f  these areas i n d i c a t e s  t h a t  t h i s  n a t u r a l  
vege ta t ion  boundary co i nc i des  w i t h  a  20 t o  
30 cm (8 t o  12 i nch )  r i s e  i n  t h e  marsh 
sur face  (Hoover 1983). Parker  and Leck 
(1979) descr ibed two major zones i n  a  New 
Jersey rnarsh dominated by annuals. The 
1 ow marsh zone conta ined water  smartweed, 
clearweed, and water-hemp, and t h e  h i g h  
marsh zone conta ined tearthumb, bur-  
mar igo ld ,  and jewelweed. Seed1 i n g  t r ans -  
p l a n t  s tud ies  i nd i ca ted  t h a t  h i g b  marsh 
spec ies could n o t  t o l e r a t e  pro lonqed p e r i -  
ods o f  i nunda t ion  i n  t he  low marsh zone. 
Concurrent ly,  compe t i t i ve  i n t e r a c t i o n s  
seemingly con t r i bu ted  t o  t h e  exc l us i on  of 
t h e  low marsh dominates from t h e  h i g h  
marsh zone. 

Mhigham (Chesapeake Bay Center f o r  
Environmental Studies, Edgewater, 
Maryland, pers. comm.) notes t h a t  a  v a r i -  
e t y  o f  annual spec ies tend t o  congregate 
i n  t he  upper i n t e r t i d a l  reaches o f  mid-  
A t l a n t i c  coast  marshes. He pos tu l a t es  
t h a t  the a b i l i t y  o f  many o f  these spec ies 
t o  produce a d v e n t i t i o u s  r o o t s  above t h e  
marsh subs t r a t e  may be a rnechanisin a l l ow -  
i n g  g rea te r  species packing. As such, 
p l a n t s  wit11 t h i s  adap ta t i on  (e.g., bu r -  
mar igo ld )  can avoid anaerobic s u b s t r a t e  
cond i t i ons  y e t  e x p l o i t  a  low, humid, and 
densely shaded l a y e r  j u s t  above t h e  marsh 
sur face.  

I n  a  f reshwater  marsh h a b i t a t  i n f l u -  
rass  community type. enced by a r t i f i c i a l  water l e v e l  f l u c t ua -  
Hopkinson. t i o n s  on t he  Connect icut  River ,  van Raal t e  

22 



Rose-Mallow \i 

': 
Jewelweed 

F igu re  10. Mixed aqua t i c  community. 

(1982) found t h a t  p l a n t s  grew i n  d i s t i n c t  he rb i vo r y  a l l  c o n t r i b u t e d  t o  t h i s  obvious 
zones. Pickerelweed dominated t h e  low zona t i on  pa t t e rn .  Cahoon (1982) d i  s- 
i n t e r t i d a l  zone f o l l owed  by \?lore landward covered t h a t  t h e  biomass a11 o c a t i o n  pat -  
Sands o f  arrowhead and r i c e  cutgrass.  t e r n  o f  i n d i v i d u a l  wse-mal low p l a n t s  was 
T ransp lan t  experiments i n d i c a t e d  t h a t  e l e -  i n f l uenced  by s a l i n i t y ,  water depth, and 
va t ion ,  i n t e r s p e c i  f i c  compet i t i on ,  and s o i  1 temperature. The ex is tence  o f  v a r i -  
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Figure 12. Bald cypress/bl ack gum commu- 
n i t y  type. 



able physiognonies i n  t h i s  spec ies m igh t  
be considered analogous t o  t he  h e i g h t  
forins o f  smooth cordgrass whi ch de l  i n e a t e  
zones i n  s a l t  narshes. 

Where zonat ion, as an o r g a n i z a t i o n a l  
express ion o f  species d i s t r i b u t i o n s ,  ac tu -  
a l l y  e x i s t s  i n  t h e  t i d a l  f reshwate r  marsh 
h a b i t a t ,  i t  i s  p robab ly  c o n t r o l l e d  by a  
combinat ion o f  phys i ca l  va r i ab l es  and eco- 
1og i  ca l  processes. P re l  i rninary evidence 
sugyests t h a t  t he re  may be a  c e r t a i n  de- 
gree o f  cons is tency  i n  the  zona t ion  found 
i n  t i d a l  f reshwate r  oarshes. However, t h e  
e x t e n t  o f  t h i s  p a t t e r n i n g  w i t h  respec t  t o  
va r ious  community types, as we1 1  as i t s  
r e g u l a r i t y  frorn l o c a t i o n  t o  l o c a t i o n ,  i s  
unknown. 

spec ies w i t h i n  a  general  s t r u c t u r a l  frame- 
work f o r  t i d a l  f reshwate r  wetlands. As a  
f i r s t  approx imat ion t o  community s t r u c t u r e  
w i t h i n  t h i s  h a b i t a t ,  most o f  t h e  comnon1.y 
o c c u r r i n g  vege ta t i on  fa1 1  s  i n t o  one o f  t he  
f o l  l ow ing  ca tegor ies :  (1) submerged o r  
f l o a t i n g - l e a v e d  p l an t s ,  ( )  emergent 
p l a n t s  w i t h  basal  leaves and/or l e a f l e s s  
stems, ( 3 )  emergent o r  damp s o i l  herbs 
w i t h  stems bear ing  a l t e r n a t e  o r  oppos i te  
1  eaves ,. ( 4 )  grass1 i k e  o r  rush1 i ke o l  an ts ,  
and (5 )  broad-1 eaved shrubs and t r e e s  
(Magee 1381). By recogn i z i ng  t h e  aporox- 
imate  modal d i s t r i b u t i o n s  o f  common p l a n t  
spec ies o r  communi t y - t y p e  i n d i c a t o r  
spec ies w i t h i n  these s t r u c t u r a l  subgroups, 
a  t y p i c a l  marsh p r o f i l e  can be v i s u a l  i zed  
and descr ibed. 

The Marsh P r o f i l e  The marsh p r o f i l e  d e ~ i c t e d  i n  F i qu re  
13 i s  most c h a r a c t e r i s t i c  o f  m i d - A t l a n t i c  

Except f o r  t h e  most obvious community t i d a l  marshes. Seds o f  submerqed, r oo ted  
types, i t  i s  d i f f i c u l t  t o  p lace  a g iven  aqua t i c  p l a n t s  (see Sec t ion  2.6) make up 
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F igu re  13. C h a r a c t e r i s t i c  p r o f i l e  of mid-At1 a n t i c  t i d a l  f reshwate r  marsh. 
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an i n v i s i b l e ,  suspended mat o f  vege ta t i on  
a t  t h e  f o o t  o f  t he  marsh where i nunda t i on  
i s  constant .  Verg ing w i t h  t h i s  sub t i da l  
1 ayer  and ex tend ing  v a r i a b l e  d is tances  up 
on to  t he  muck sur face  o f  t h e  marsh a r e  a 
h o s t  o f  f leshy- leaved, emergent macro- 
phytes:  spat terdock,  arrow-arum, p i c k e r e l -  
weed, and arrowhead. These species, p l u s  
w i l d  r i c e ,  b i g  cordgrass, and numerous 
sedges and rushes, comprise t h e  bu l k  of 
1 ow marsh vege ta t ion .  The t r a n s i t i o n  f rom 
low t o  h i g h  marsh i s  gene ra l l y  marked by 
an inc rease  i n  species number, presumahly 
due t o  reduced per iods  o f  i nunda t ion .  The 
predominant components o f  the  h i g h  marsh 
zone i nc l ude  low swards o f  tang led  grass 
( r i c e  cutgrass) ,  e r e c t  o r  sprawl i n g  herba- 
ceous t h i c k e t s  (burmar igo ld ,  tearthumb, 
jewelweed, smartweed), t a l l  grasses o r  
grass1 i k e  p l a n t s  ( g i a n t  cutgrass, w i l d  
r i c e ,  c a t t a i l ,  sweetf lag),  and shrub1 i k e  
t h i c k e t s  (rose-ma1 low, swamp rose, loose- 
s t r i f e )  . The most 1 andward ex ten t  o f  the  
marsh u s u a l l y  co i nc i des  w i t h  t he  mean h i g h  
wate r  mark and i s  i n d i c a t e d  s t r u c t u r a l l y  
by a dense w a l l  o f  shrubbery (wax-myrt le) 
and assoc ia ted  ove rs to r y  ( ba l d  cypress, 
b l a c k  gum, red maple) and unde rs to r y  ( jew- 
elweed, A s i a t i c  sp iderwor t )  species. 

V a r i a t i o n s  on t h i s  scheme are numer- 
ous, and a r e  o f t e n  assoc ia ted  w i t h  t h e  
phys iograph ic  c h a r a c t e r i s t i c s  o f  t he  marsh 
p r o f  i 1 e. One phys iographic  f e a t u r e  con- 
s i s t e n t l y  found i n  t he  t i d a l  f reshwate r  
h a b i t a t  i s  an e leva ted  levee  forming t h e  
c r e s t  o f  t h e  channel bank. Th is  f e a t u r e  
c rea tes  a n i che  f o r  f a c u l t a t i v e  hydro- 
phytes o r  l e s s  wa te r - t o l e ran t  spec ies 
w i t h i n  the  l o w  marsh zone. P l a n t  spec ies 
commonly t a k i n g  advantage o f  the  levee- 
n iche  i n  V i r g i n i a  a re  water-hemp, common 
threesquare, squarestem sp i  ke-rus h, rose- 
mallow, g i a n t  ragweed, and o t h e r  h i g h  
marsh herbs. Simi 1 a r l y ,  subsidence areas 
w i t h i n  the  h i g h  marsh zone can c rea te  a 
n iche  f o r  obl i g a t e  hydrophytes. Th i s  
phenomenon can u s u a l l y  be a t t r i b u t e d  t o  
geo log ic  ma tu ra t i on  o f  r i v e r i n e  and estu-  
a r i n e  wet lands (see Sect ion 1.6). 

Me t z l e r  and Rosza (1982) descr ibe  a 
marsh p r o f i  l e  f o r  no r theas te rn  At1 a n t i c  
coas t  t i d a l  f reshwate r  wet1 ands. For  com- 
par ison,  i t  i s  presented i n  F i gu re  14. 
The d e f i n i t i o n  and ex ten t  o f  zones i s  
q u i t e  s i m i l a r  t o  t h a t  descr ibed f o r  mid- 
At1 a n t i c  marshes, a1 though there  a re  
s i g n i f i c a n t  d i f f e r e n c e s  i n  species compo- 
s i  t i on .  

f 
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Z O N E  D E S C R I P T I O N  S P E C I E S  C H A R A C T E R I S T I C S  

A SUBTIDAL PONDWEEDS, WATERWEED, HORNWORT 

B LOWER INTERTIDAL ARROWHEADS, SEEDBOX, BULRUSHES 

C MID-TIDAL MARSH BULRUSHES, WATER HEMP, WATER PARSNIP, 
BORDER SNEEZEWEED, SMOOTH BURMARIGOLD, WILD 

RICE, PICKERELWEED, ARROWHEADS 

D HIGH MARSH SWEETFLAG, CATTAIL, SWAMP ROSE, REED 
BENTGRASS 

E UPLAND RED MAPLE, WATER WILLOW, ARROW-WOOD 

F igu re  14. Nor theastern marsh p r o f i l e .  Mod i f i ed  from bletzl  e r  and Rosza (1982). 



2.4 FACTORS CONT3OLLIVG PLANT DEMOGRAPHY 

The d i s t r i b u t i o n  o f  p l a n t  species 
popu la t i ons  i n  any n a t u r a l  s i t u a t i o n  re -  
f l e c t s  t h e  response o f  i n d i v i d u a l  species 
t o  soec i  f i c  environmental  parameters. I n  
we t l  and h a b i t a t s  these parameters a re  
e s p e c i a l l y  va r ied ,  p r i m a r i l y  due t o  t h e  
i n f  1  uence o f  water  on habi  t a t  g rad ien ts .  
S i o l og i ca l l y -med ia ted  i n t e r a c t i o n s  between 
p l a n t  spec ies f u r t h e r  coqp l i ca te  t he  per-  
c e p t i o n  o f  phys ica l  g rad ien ts .  Much o f  
t h e  i n f o r m a t i o n  concerning t he  causes f o r  
observed s p a t i a l  d i s t r i b u t i o n s  o f  vascular  
f l o r a  i n  these marshes i s  anecdotal, a l -  
though enough e x i s t s  t o  warrant  a  general 
d i scuss ion .  

I nunda t i on  

There seems t o  be a general consensus 
among researchers i n v e s t i g a t i n g  p l a n t  de- 
mography i n  t h e  t i d a l  f reshwater  h a b i t a t  
t h a t  t he  frequency and du ra t i on  o f  f l ood-  
i n g  i s  t h e  pr imary f a c t o r  governing spe- 
c i e s  d i s t r i b u t i o n s  ( K i v i a t  1978a; Ooumlele 
and S i l b e r h o r n  1978; Ferren e t  a l .  1981; 
McCormick and Somes 1932). Despi te  t h e  
f a c t  t h a t  t he  vas t  m a j o r i t y  o f  p l an t s  
o c c u r r i n g  i n  these marshes must exper i -  
ence f l o o d i n g  on a d a i l y  basis, species 
va r y  g r e a t l y  i n  t h e i r  a b i l i t y  t o  w i ths tand  
inunda t ion .  For  some species, extens ive 
f l o o d i n g  seems t o  be a phys i o l og i ca l  r e -  
qu i  rement f o r  subsistence, whereas f o r  
o thers ,  i t  can be a de t r iment  t o  normal 
growth and development. Scul tho rpe  (1967) 
notes t h a t  nicmerous t e r r e s  tri a1 p l  ants a r e  
a b l e  t o  su r v i ve  long per iods e i t h e r c o m -  
p l e t e l y  o r  p a r t i a l l y  submerged. It i s  
conce ivab le  t h a t  f a c u l t a t i v e  hydrophytes 
have evolved i n  o rde r  t o  avo id  compet i t i on  
o r  t o  e x p l o i t  open niches i n  h a b i t a t s  such 
as these. 

s tunted progeny i n  deep-wa t e r  experimental  
p l o t s  (Yamisaki and Tange 1981). Many 
o the r  researchers work ing i n  sa l  t marsh, 
mangrove swamp, and f reshwater  l a k e  env i -  
ronments have concl  uded t h a t  inunda t ion  
e f f e c t i v e l y  con t r i bu tes  t o  segregat ion of 
p l  an t  species ~ o p u l  a  ti ons a1 ong an e l  eva- 
t i o n a l  g r a d i e n t  (Filandossian and Mc In tosch  
1950; Aifains 1963; Scul tho rpe  1957; Kerwin 
and Pedigo 1971; Odum 1971). As ye t ,  t h i s  
phenomenon has n o t  been q u a n t i t a t i v e l y  
determined f o r  t i d a l  f reshwater  marshes. 
However, evidence from o t h e r  we t l  and s i  tu -  
a t i o n s  suggests t h a t  t i d a l  f reshwate r  
p l a n t  communi t i e s  segregate a1 ong inunda- 
t i o n  g rad i en t s  as w e l l .  

Subs t ra te  

The s o i l  i n  t i d a l  f reshwate r  marshes 
can be descr ibed as a water logged o rgan ic  
muck w i t h  va r y i ng  amounts o f  sand, s i l t ,  
and c l a y  (see Sec t ion  1.7). D i f f e rences  
i n  s o i l  s t a b i l i t y ,  s o i l  mo is tu re  re ten-  
t i o n ,  and s o i l  n u t r i e n t  a v a i l a b i l  i t,y are 
a l l  r e l a t e d  t o  t h e  phys ica l  cha rac te r i s -  
t i c s  o f  a  g i ven  s u b s t r a t e  and may i n f l u -  
ence spec ies d i s t r i b u t i o n s  d i r e c t l y .  The 
s p a t i a l  he te rogene i t y  o f  subs t r a t e  charac- 
t e r i s t i c s  i s  n o t  s u f f i c i e n t  t o  e x p l a i n  
d i s t r i b u t i o n s  o r  species performance 
(1Jhigharn and Simpson 1975; Wetzel and 
Powers 1978). Wetzel and Powers (1978) 
concluded t h a t  subs t r a t e  c h a r a c t e r i s t i c s  
a f f e c t  p l a n t  demography on l y  i n  l o c a l  i zed  
zones w i t h i n  the  marsh, and then, these 
sub t l  e  d i f f e rences  a re  l a r g e l y  obscured by 
major  environmental  g rad ien ts  a c t i n g  t o  
produce species d i s t r i b u t i o n s  (e.g., e l e -  
v a t i o n  and t i d a l  i nunda t ion ) .  I n  our  
op in ion ,  t h i s  i s  an area which needs 
cons iderab ly  more research. 

Current  Flow 

I n  t h e  p rogress ion  from open water Low-gradi ent r i v e r  courses o f  the  
channels t o  t he  tnarsh-upland boundary, t h e  A t l a n t i c  Coastal  P l a i n  tend t o  f l o w  r a t h e r  
species composi t ion of vascu la r  f l o r a  s l u g g i s h l y  except du r i ng  extreme storm o r  
changes no t i cedb ly ,  even over  almost i m -  f l o o d  events. As ide from channel d i s -  
pe rcep tab le  v a r i a t i o n  i n  marsh surface charge, however, t h e  d a i l y  ebb and f l o o d  
e l e v a t i o n s  (Hoover 1983). It i s  known of t i d a l  water  on to  and o f f  t he  marsh sur-  
t h a t  common and narrow-leaved c a t t a i l s  face can produce s i g n i f i c a n t  c u r r e n t  
w i l l  segregate along a g rad i en t  of water  v e l o c i t i e s .  Much of t h i s  water  becomes 
depth i n  non t i da l  hab i t a t s ,  t h e  l a t t e r  channel i zed  i n t o  dendr i  t i c a l  ly-shaped 
species found i n  deeper water (Grace and creeks w i t h i n  t h e  marsh. These creeks 
Getze l  1951). Common reed and w i l d  r i c e  d e l i v e r  ground water  f rom h i gh  marsh t o  
a1 SO respond t o  va r y i ng  inunda t ion ,  each low marsh t o  channel l o n g  a f t e r  t h e  t i d e  
spec ies producing fewer and somewhat has ebbed (Hoover 1983). Concentrated 
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water movement may (1) impa i r  t he  a b i l  i t y  
o f  seeds, seedl ings, o r  a d u l t  p l an t s  t o  
grow and develop and (2) may con f ine  the  
d i spe rs i on  o f  p a r t i c u l a r  seeds t o  po r t i ons  
of t h e  marsh wqth l i t t l e  o r  no water f low. 

Several s tud ies  prov ide evidence t o  
suppor t  these ideas. Whigham e t  a l .  
(1979) noted t h a t  arrow-arum seed1 ings, 
which develop u n i  formly  throughout most 
sec t ions  o f  the marsh, were absent from 
streambafik areas. Higher  ra tes  o f  water 
movetilent a1 ong the  s treambank apparent ly  
prevented seeds from es tab l  i s h i n g  them- 
selves, s ince  seeds co l l e c ted  from these 
sariie areas were found t o  be phys i o l og i ca l -  
l y  capable o f  germinat ion. I n  con t ras t ,  
pickerelweed i s  known t o  p r e f e r  streambank 
1 oca t i ons ,  tak lng  advantage o f  g rea te r  
s o i l  surface temperatures on the exposed 
mud as we1 1 as reduced compet i t ive pres- 
sures i n  t h i s  area (Garbisch and Coleman 
1978). 

Sal i n i t v  

The v a r i a h i l  i t y  and complex i ty  o f  
wet land p l a n t  communities increases w i t h  
decreasing s a l i n i t y .  Anderson e t  a1 . 
(1968), s tudy ing  a 25-mJle s t r e t c h  of the 
Patuxent R i ve r  estuary  i n  Maryland, il l u s -  
t r a t e d  t h i s  f a c t  by quan t i f y i ng  p l a n t  spe- 
c i e s '  d i v e r s i t y  a t  s l t e s  w i t h  d i f f e r e n t  
s a l i n f t y  regimes (Table 5). Ry d e f i n i -  
t i on ,  t h e  t i d a l  f reshwater  h a b i t a t  should 
n o t  encounter average water sa l  i n i  t i e s  
g r e a t e r  than 0.5 opt. However, t h i s  
boundary between t i d a l  f resh  and 01 i goha- 
1 i n e  waters has been seen t o  m i  g ra te  con- 
s i d e r a b l e  d is tances over the  course o f  a 
yea r  i n  response t o  drought and f l ood  
per iods.  Marshes which i n t e r m i t t e n t l y  
come i n t o  con tac t  w i t h  elevated water 
s a l i n i t i e s  may harbor  s l i g h t l y  l e ss  
d i ve r se  p l a n t  co~notun.! t i e s  dominated by 
f a c u l t a t i v e  ha lophytes (see Sect ion 2.2). 
Freshwater species which appear t o  drop 
o u t  o f  the  p l a n t  communities i n  these 
areas inc lude  spatterdock, sweet f l  ap, 
b l ue f l ag ,  var ious sedges, and g i a n t  cu t -  
grass, 

Phys i o l og i ca l  Capabil i ty lAnaerobic  Toxins 

Pre l im inary  evidence suggests t h a t  
t i d a l  freshwater marsh s o i l s  are no t  as 
reduced as some s a l t  marsh substrates, a t  
l e a s t  i n  the  surface hor izon (see Sect ion 

1.7). Presumably, t he  ex ten t  of oxygen 
de f i c i ency  i s  no t  homogeneous over t h e  
e n t i r e  marsh p r o f i l e ,  being 1 ess i n t ense  
i n  those areas which d r a i n  r e g u l a r l y  w i t h  
each t i d a l  cycle.  Nevertheless, s o i  1s and 
associated mic rob ia l  populat ions s h i f t  
t h e i r  predominant metabol i c  pathways under 
anoxic condi t ions,  a f f e c t i n g  bo th  inorgan- 
i c  and organic  s o i l  cons t i t uen t s  --- t h i s  
can have impor tant  consequences f o r  wet- 
land p l a n t  l i f e .  

The b i o a v a i l a b i l  i t y  o f  most n u t r i e n t s  
and t ox i ns  responds t o  t h e  ox i da t i on -  
reduc t ion  cond i t i ons  o f  wet land s o i l s  
(Gambrel 1 and P a t r i c k  1978). Increased 
l e v e l s  of so lub le  i r o n  and managanese i n  
some reduced s o i l s  are repor ted  t o  be tox -  
i c  t o  p l a n t s  (Armstrong 1975), and f u r -  
thermore, may f a c i l  i t a t e  the  fo rmat ion  o f  
inorganic-oxide 1 ayers around roo t s  which 
p o t e n t i a l l y  impedes t he  t r anspo r t  o f  nu- 
t r i e n t s  frorn s o i l  t o  p l a n t  (Armstrong and 
Boatman 1967; Howel e r  1973). Extremely 
reduced s o i l  s w i t h  apprec iab le  o rgan ic  
carbon mity develop t o x i c  s u l f i d e  com- 
pounds. 

Many wet land p l an t s  have adapted t o  
these extreme cond i t i ons  , devel oping means 
o f  metabol i z i n g  anaerobical  l y  and exc lud-  
ing  tox ins  froin roots.  The p r o v i s i o n  o f  
a i r -space o r  aerenchy~iiatous t i s sue  i s  one 
mechanism enabl ing p l an t s  t o  t r a n s p o r t  
at~nospheric gas t o  anoxic rhizospheres. 
The f unc t i on i ng  o f  t h i s  pressur ized,  f l ow-  
through system has been documented i n  
d e t a i l  fo r  spat terdock (Dacey 1980), a 
species which t y p i c a l l y  t h i r v e s  i n  t h e  
most waterlogged po r t i ons  o f  t h e  marsh. 
Other emergent macrophytes which possess 
aerenchynatous t i s s u e  i nc l ude  arrow-arum, 
pickerelweed, and even c e r t a i n  grasses and 
sedges. Most of these species w i l l  be 
found i n  t i le  lower  i n t e r t i d a l  zones i n  
t i d a l  freshwater marshes. 

Competit ion 

From an eco log ica l  p o i n t  o f  view, t h e  
d ive rse  f l o r a  indigenous t o  t i d a l  f resh- 
water wetlands would seem t o  have a h i g h  
p o t e n t i a l  f o r  speci  es-speci es i nterac -  
t ions.  A conspicuous f e a t u r e  o f  many 
p l an t  communities t h a t  i s  o f t e n  cons idered 
evidence of compet i t i ve  displacement i s  
the segregat ion o f  species a long a h a b i t a t  
grad ient .  A1 though species segregat ions 



Table 5. Species composition of f ive  marshes along the Patuxent River in  Mary- 
land. The marshes have been designated by t he i r  respective sal in i  ty regimes. 
This table i s  modified from Anderson e t  a l .  (1968). 

Speci es 
Sal ini  t y  regimes 

10-17 ppt 6-10 p p t  3-7 ppt 0.5 ppt.  0.2 p ~ t  

Aster tenui fol ius 
Dis t ichl is  spicata 
Fi inbri s ty1 i s cas t l  anea 
Juncus gerardi 
Lythrilm 1 ineare 
Atriplex patul a 
Iva frutescens - 
Sci rpus robus tus 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

(continued) 
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Table 5. Concluded. 

Species 
S a l i n i t y  reqimes 

10-17 pp t  6-10 ppt 3-7 ppt 0.5 ppt  0.2 ppt 

Acer rubrum -- 
Carex a1 a t a  -- 
Carex a1 bolutescens - 
Carex annectens - 
Carex colnosa -- 
Ca rex 1 u put i na - 
Gal ium obtusum 
Geum canadense - 
Juncus effusus 
Lactuca canadens i s  
Lythrum sal  i c a r i a  
I~lyosotis & 
Rorippa p a l u s t r i  s 

corus cat amus 
Aster cal amus - 
Bidens frondosa 
Bidenslaevis -- 
Cyperus s triposus 
Cyperus r e  r ac tu s  
- 

ie- 
I r l  s vers ico lor  
Ludwigi a a1 t e r n i f l  o ra  
Lycopus v i rg in i  cus 
Orontium aquaticum 
S t u r n v  e 
Zi zani ops i s mi 1 i acea 

Spec'i es  Total s 



of sorne form (e.g . , major community t-ypes) 
are apparent in most t idal  freshwater 
habitats,  ascribing such a phenomenon t o  
competition per se i s  d i f f i cu l t .  

The mechanisms involved in competi- 
t ive  plant interactions are varied. Only 
a few studies have experimental 1 v detnon- 
strated the importance of competitive dis-  
placement in maintaining wet1 and y1 ant 
distr ibutions.  Grace and idetzel (1981) 
showed tha t  populations of common and 
narrow-leaved ca t ta i l  s segregate according 
to  water depth, the former competitively 
superior in shallow water due t o  i t s  
greater 1 eaf surface area. However, 
narrow-1 eaved ca t ta i l  has the potenti a1 t o  
grow in deeper water than comqon c a t t a i l ,  
a capacity faci l  i tated by phenotypic 
t r a i t s  such as t a l l e r ,  narrower leaves and 
greater rhizome storage. Cahoon (1982) 
also noted phenotypic responses in two 
tidal freshwater species with over1 apping 
distributions.  Pose-ma1 1 ow was found to  
respond t o  the presence of narrow-leaved 
ca t ta i l  by increasing i t s  leaf size.  How- 
ever, the consequence of such a strategy 
was a concomitant reduction in reproduc- 
t ive  output. Buttery and La~nbert (1965) 
found that  manna-grass dominated a par- 
t i cu l a r  portion of a habi ta t  gradient 
s t r i c t l y  t h r o u g h  i t s  ab i l i t y  t o  opoortun- 
i s t i  cal l y  outcompete another speci es , the 
common reed. Without fur ther  studies,  i t  
i s  d i f f i c u l t  to  accurately ascertain the 
importance of competition on species dis- 
tr ibution patterns. The evidence avail - 
able thus fa r ,  however, suggests tha t  com- 
peti t i  ve pressures act  in con junction with 
pi~ysical factors t o  produce species 
niches. 

A1 lelopathy 

Chemicals derived from one plant 
which have inhibitory effects  on the 
growth and development of another plant 
are termed a1 lelochewics. The concentra- 
tion in the soil  of alleleochemics from a 
dominant plant [nay exclude many other 
pl ant species from the community (Whit- 
taker 1975). Mcriaughton (1968) suggested 
that  c a t t a i l s  have a1 lelopathic effects  on 
other aquatic sgecies. Bonasera e t  a l .  

rnents with leaf and petiole extracts ,  as 
well as soil  extracts ,  showed that  these 
species vary i n  the i r  abil i t y  to a f fec t  
the germination of bioassay species, sug- 
gesting that  similar interactions may oc- 
cur between marshland species. 

2.5 SEASONAL SUCCESS1 ON 

A unique aspect of t idal  freshwater 
marshes i s  the continually changing 
appearance of the vegetation over the 
course of the growing season (Figure 15) 

(1979) cornpared the a1 lelopaihic potential Figure 15. Winter and ear ly  summer scenes 
of four species common to t idal  freshwater a t  the same location on t idal  freshwater 
habitats --- giant ragweed, arrow-arum, Poto~nac River. Photographs by !lj chael 
burinari gold, and comnlon ca t ta i  1. Experi- Dunn. 



(Shima e t  a l .  1976; Whigham e t  a l .  1976; 
McCormick and Somes 1982; S i l be rho rn  
1982). I n  t h e  m i d - A t l a n t i c  reg ion,  t h e  
f i r s t  r ea l  evidence o f  renewed p l a n t  l i f e  
i n  t i d a l  f reshwater  marshes i s  t he  emer- 
gency o f  spa t te rdock  i n  t he  low i n t e r t i d a l  
zone. Sho r t l y  t h e r e a f t e r ,  as temperatures 
begin t o  r i s e ,  t h e  s p i k e - l i k e  p ro j ec t i ons  
o f  arrow-arum and pickerelweed poke 
through t h e  muck su r f ace  from underground 
rhizomes. I n t e r spe rsed  among these emerg- 
i ng  perenn ia ls  a re  l a r g e  numbers o f  annual 
seedl ings, l a r g e l y  comprised o f  w i l d  r i ce ,  
burmarigolds, tearthumbs, and smartweeds. 
By e a r l y  May, arrow-arum, pickerelweed, 
and spat terdock comple te ly  dominate t he  
i n t e r t i d a l  zone, fo rm ing  a dense low cano- 
py over t h e  o t h e r  spec ies;  i n  places, t h i s  
canopy i s  over topped by the  t a l l ,  
sword-1 i ke  leaves o f  ca t t a i  1 and sweet- 
f l ag .  

Many o the r  spec ies w i l l  have germi- 
nated by e a r l y  summer, b u t  rena in  l a r g e l y  
obscured by t h e  vege ta t i on  canopy. How- 
ever, i t  i s  no t  long  be fo re  grasses such 
as w i l d  r i c e  and g i a n t  cutgrass beg in  t o  
over top t h e  1 ayer  o f  f l  esh-leaved peren- 
n i a l s ,  reaching h e i g h t s  i n  excess o f  3 
meters (10 ft) by mid -Ju ly .  As o t h e r  
species fo l l ow s u i t  (e.g., rose-mallow, 
burmarigolds, tearthumbs, water-hemp, 
jewelweed), t h e  d i v e r s i t y  o f  the  marsh 
becomes noteworthy, o f t e n  as many as 30 t o  
50 species appearing i n  a s i n g l e  qarsh  
loca t ion .  

w i l d  r i c e ,  and 
lweed , somewhat 

coming f a l l :  deep redd ish  hues appear i n  
t h e  leaves and stems o f  tearthumb; w i l d  
r i c e  stands t opp le  under t he  f o r c e  o f  
s t r ong  winds and r a i n ;  t he  dense clumps of 
arrow-arum become reduced t o  stubby, mud- 
covered spr igs .  The k i l l i n g  f r o s t s  o f  
November e l i m i n a t e  any remain ing greenery. 
A l l  t h a t  i s  l e f t  by w i n t e r  i s  a mat o f  
tangled, dead stems which gradual l y  break 
up and d isperse  under t i d a l  i n f l u e n c e  
l eav i ng  a l a r g e l y  bar ren  rmd f l  a t  u n t i l  
spr ingt ime.  

2.6 OTHER AQUATIC VEGETATION 

Large ly  igondred i n  t he  e x i s t i n g  
f l o r i s t i c  s t ud i es  o f  t i d a l  f reshwate r  
marshes a r e  (1) species of aqua t i c  vascu- 
1 a r  p l a n t s  c h a r a c t e r i s t i c a l l y  growing 
beneath t h e  water  su r face ,  ( 2 )  phy top l  ank- 
t o n  w i t h i n  t h e  water  column, and ( 3 )  ben- 
t h i c  o r  s o i l  a lgae r e s i d i n g  on muddy sub- 
s t r a t e s  o r  e p i p h y t i c  on emergent p l a n t  
pa r t s .  Each of these taxonomic groups i s  
i n h e r e n t l y  l e s s  v i s i b l e  than emergent 
marsh macropl-lytes, y e t  t h e i r  importance t o  
t h e  o v e r a l l  eco logy o f  the  t i d a l  marsh 
h a b i t a t  must n o t  be overlooked. 

Aqua t i c  Vascul a r  P l a n t s  

Submerged vascu la r  f l o r a  general  ly  
grow i n  a zone extending approx imate ly  
f rom t he  l e v e l  o f  mean low water t o  depths 
up  t o  severa l  meters depending upon t h e  
c l a r i t y  o f  t h e  water (see F igure  13).  
Th i s  zone t y p i c a l  l y  1 i e s  ad jacent  t o  
emergent low marsh, and i n  t h e  case o f  
smal l  sha l low creeks, can encompass t h e  
e n t i r e  channel. Most o f  these aqua t i c  
p l a n t s  e s t a b l i s h  r oo t s  i n  s o f t  ben th i c  
muds, p e r e n n i a l l y  g i v i n g  r i s e  t o  herba- 
ceous outgrowths. The dens i t y  and e x t e n t  
o f  stands a re  ext remely  va r i ab l e ,  and many 
species are sub jec t  t o  d r a s t i c  f l u c t u a -  
t i o n s  i n  t h e i r  popu la t ions  from y e a r  t o  
year ,  o r  i n  some cases, w i t h i n  a g i ven  
season (Southwick and P ine  1975; Bay ley 
e t  a1 . 1978). 

A t  t h e  genus l e v e l ,  waterweeds, pond- 
weeds, and watermi l  f o i l s  (F i gu re  16)  a r e  
some o f  the  more p reva len t  components of 
t i dal f reshwate r  wet1 ands o f  t h e  
A t l a n t i c  coast  (Wi lson 1962; T i n e r  1977; 
!-IcComick and Somes 1982; b le tz le r  and 
Rosza 1982). I n  V i r g i n i a ,  some f r e s h  sub- 
t i d a l  aqua t i c  beds a r e  composed o f  va r ious  



naiads, w i l d  celery, and dwarf arrowhead, 
the  1 a t t e r  species s i t ua ted  approximately 
a t  the l eve l  o f  mean low water on gen t l y  
s loping channel banks (Hoover 1983). The 
Connecticut R iver  has been described spe- 
c i f i c a l l y  as having a rooted aquatic zone 
codomi na ted by waterweeds, pondweeds, and 
w i l d  celery, w i t h  less  common species such 
as hornwort, pyglnyweed, and mud-pl an ta in  
i n  associat ion (Metz ler  and Rosza 1982). 
O f  ten, macroscopic algae are found growing 
amidst these vascular aquatic p lan ts  i n -  
c luding species o f  the genera N i  t e l  la ,  
Spi rogyra and Chara (Lippson e t  a1 . 1979; 
FlcCormick and SX 1982). 

Ecological ly, aquatic vascular p lan ts  
a re  important i n  several respects. Dense 
stands o f  aquat ic  p lan ts  can represent a 
s i g n i f i c a n t  f r a c t i o n  o f  the ove ra l l  auto- 
t roph ic  p r o d u c t i v i t y  i n  t i d a l  freshwater 
marshes. Many species are primary food- 
s t u f f  f o r  migra t ing  and nest ing waterfowl 
(see Chapter 7 ) ,  and may also serve as 
hab i ta t  f o r  various f ishes and aquat ic  
inver tebrates (Chapter 4). It i s  poss ib le  
t h a t  these p lan ts  a c t  t o  bind substrates 
w i t h  t h e i r  dense roo t  networks and may 
even encourage sediment deposi t ion by baf-  
f l i n g  water movement. However, these 
effects are no t  y e t  quant i f ied .  

As w i th  emergent vegetation, the d i -  
ve rs i  t y  o f  rooted vascular aquatics 
increases as water s a l i n i t i e s  decrease. 
Stewart (196?), working i n  estuar ies o f  
t he  Chesapeake Bay region, showed the  
dramatic increase i n  species tomposi t i o n  
behieen brackish and f resh s a l i n i t y  
regimes (Table 6). However, i n  c e r t a i n  
instances, the natura l  h i s t o r i c a l  d i s t r i -  
bu t i on  o f  these types o f  aquatic p lan ts  
has been a1 tered by the mu1 t i p l e  impacts 
o f  human populat ion growth and a c t i v i t y  
w i t h i n  the estuar ine watershed. Haramis 
and Carter (1983), i n  an extensive survey 
o f  submersed aquat ic  macrophytes i n  the 
Potomac River, found t h a t  t h e  t i d a l  f resh-  

dweed water por t ions  o f  the r i v e r  were essen- 
t i a l  l y  devoid o f  plants. Apparently, 
long-term enrichment of the  r i v e r  water 
has cailsed massive and pe rs i s ten t  a l g a l  
blooms which have a1 tered the  compet i t ive 

Figure 16. Common submerged aquat ic  balance between phytoplankton and macro- 
p lan ts  found i n  A t l a n t i c  coast t i d a l  phytes, r e s u l t i n g  i n  the dec l ine  o f  the 
freshwater marshes. l a t t e r .  



Table 6. S a l i n i t y  tolerances o f  various submerged aquatic p lan ts  common t o  
estuar ies o f  the mid-At lan t ic  coast. Modif ied from Stewart (1962). 

Species 

Sal i n i  t y  Regimes 
Pol v- Meso- 01 iuo-  T ida l  

Marine ha1:ne ha l i ne  ha l ine  Fresh 
- -- --- 

Brown aluae 
Ul va 1  actuca - 
Enteromorpha spp. 
Zos te ra  marina 
Red a1 qae 
~ u p p i a - m a r i  tima 
Zann iche l l ia  p a l u s t r i s  
Potarnogeton ec t ina tus  

--i- Potamoyeton per fo  i a t u s  
Plyriophyl l u x  spicatum 
Elodea canadensi s  

Potamo eton jramineus 
d m  pinnatum 
Myriophyllum tenel lum 
Najas g r a c i l l  ima 
Zos t e r e l  1 a  dubi a  

Speci es Tota l  s  

Phytopl ankton 

Phytoplankton are an e x t r a o r d i n a r i l y  
d i v e r s i f i e d  group o f  organisms f l o a t i n g  
f r e e l y  i n  the water column as s ing le  c e l l s  
o r  as small mu1 t i c e l  1 u l  a r  colonies . Sea- 
sonal and spa t i a l  populat ion dynamics o f  
t h i s  taxonomic group r e s u l t  from a l a rge  
and constant ly  changi ng array o f  envi ron- 
mental parameters i n t e r a c t i n g  w i th  physio- 
l o g i c a l  cha rac te r i s t i cs  o f  the organisms. 

S a l i n i t y  i s  a  major f a c t o r  i n f l uenc ing  the  
geographical d i s t r i b u t i o n  o f  phytopl ank- 
ton, c rea t i ng  a  d i s t i n c t  community i n  
t i d a l  f resh water which i s  comprised, fo r  
t he  most par t ,  o f  r i v e r i n e  taxa (Lippson 
e t  a l .  1979). L igh t ,  temperature, and 
water t u r b i d i t y  exe r t  considerable i n f l u -  
ence on photosynthesis and o ther  metabol ic 
processes such as reproduction. These 
fac to rs  i n t e r a c t  w i t h  cyc l i ng  nut r ien ts ,  
especial l y  n i t rogen and phosphorus, t o  



govern the  seasonal blooms and successions 
o f  phy top lank ton  popu la t ions .  I n  undis-  
tu rbed  t i d a l  f reshwate r  l o c a l e s  t h i s  suc- 
cess iona l  p e r i o d i c i t y  i s  f a i r l y  cons tan t  
froin y e a r  t o  year;  however, b i o t i c  t r a n s i -  
t i o n s  may be muted i n  southern A t l a n t i c  
coas ta l  reg ions where c l  i n i a t i c  changes are 
l e s s  d r a s t i c  (Sand i f e r  e t  a l .  1980). 

General i z a t i o n s  concern i  ng seasonal 
abundances and p e r i o d i  c i t i e s  o f  phyto-  
p l ank te r s  i n  f r e s h  water  a re  d i f f i c u l t  t o  
nake, espec ia l  l y  i f  unna tu ra l  n u t r i e n t  
l oad ing  occurs i n  t h e  es tuary  (Wetzel 
1975). Dne o f  t h e  f eu  e x i s t i n g  quan t i t a -  
t i v e  assessments o f  t i d a l  f reshwate r  phy- 
top lank ton  communities was coinpi led f o r  
t he  Potomac R i v e r  i n  V i r g i n i a  and r la ry land  
(Lippson e t  a l .  1979). These a l g a l  popu- 
l a t i o n s  were l a r g e l y  cha rac te r i zed  by (1) 
species o f  green a1 gae (Chlorophytes)  
which are moderate t o  h i g h  i n  abundance 
yea r  around, ( 2 )  diatoms ( 8 a c i l l  a r i o -  
phytes)  , which a re  ext remely  p reva len t  i n  
a l l  seasons except  nidsuminer and e a r l y  
f a l l ,  and ( 3 )  moderate numbers o f  blue- 
green phy top lank te rs  (Cyanophytes) pre- 
dorti inating i n  t he  summer and fa1 1 vonths. 

Chlorophyta account f o r  as much as 
one - t h i r d  o f  the  t o t a l  t i d a l  f reshwate r  
phytop lankton communi ty i n  t h e  Potomac. 
Over 100 species have been recorded from 
t h i s  area w i t h  no s i n g l e  spec ies dorninat- 
ing.  J. Fourqurean and D. Ch i l de r s  
(Depa rtnient o f  Environmental  Sciences 
3 n i v e r s i  t y  o f  V i r g i n i a ,  C l i a r l o t t e s v i l l e ;  
pers.  comm.) found t h a t  deslnids and f i l a -  
inentous Chlorophytes comprised over  50 
percen t  o f  a V i r g i n i a  t i d a l  f reshwater  
p i iy top l  ankton community i n  l a t e  fa1 1. 
Species conimonlv found i n  bo th  o f  these 
s t ud i es  inclu-de i l i c r a c t i n i u s  spp., 
Pedl astrum spp., Scenedesmus spp., Spi r o -  
gyra spp., and Microspora spp. 

The rnost ub i qu i t ous  and abundant o f  
a1 1 phytop l  ank te rs  a r e  t h e  Saci11 a r i o -  
p!iytes. Many o f  these species a re  ac t i i -  
a l l y  ep iben th ic  a lgae  which become 
en t r a i ned  i n  t he  water coluinn v i a  t i d a l  
cu r ren ts .  Peak d ia tom biomass o f t e n  
exceeds one m i l l  i on  c e l l s  per l i t e r  
j i i p p s o n  e t  a l .  1979); however, no i n f o r -  
mat ion  i s  a v a i l a b l e  concern ing t he  genera 
most c o n s i s t e n t l y  encountered i n  t i d a l  
f r e s h  waters.  

The remaining phy top l  ank ton ic  compo- 
nents  i n c l ude  var ious  Cyanophytes, eugle- 
no ids,  and d i  n o f  1 age1 1 ates. Freshwater 
spec ies o f  b l  ue-green a1 gae a re  s t r o n g l y  
i n h i b i t e d  by s a l i n i t i e s  g r e a t e r  than  a few 
p a r t s  p e r  thousand and g e n e r a l l y  do n o t  
exceed d e n s i t i e s  over  one-hundred thousand 
c e l l s  p e r  l i t e r .  Conmon aenera i n c l u d e  " 
Anabaena, Anacys ti s and Osci 1 1 i t o r i a .  
Popu la t ions  o f  eual enoids a re  t r a n s i e n t .  
and occur  o n l y  d;ring midsuminer i n  t h e  
Potomac. n e n s i t i e s  do n o t  exceed 10,000 
c e l l s  per  l i t e r .  Dur ins  l a t e  suminer t h e  
most ? reva len t  genera a r e  Euglena and z- 
chelmonas. The d i n o f l a g e l l a t e ,  P e r i d i n i -  
urn, was found t o  be an abundant c o n s t i  t u -  - 
ent  o f  phy top lank ton  communities i n  t h e  
James R i v e r  i n  V i r g i n i a  (Fourqurean and 
Ch i lde rs ,  pers.  coam.). 

Benthic/Mud A1 qae 

Ep iben th i c  a lqae grow w h o l l y  o r  Dar- 
t i a l l y  submerged on a v a r i e t y  o f  sur faces.  
They occur  as microscopic  u n i c e l l s  o r  
l a r g e r  c o l o n i a l  forms, w i t h  many spec ies 
r e s i d i n g  o n l y  t empo ra r i l y  on t he  benthos. 
P l ank ton i c  forms commonly s e t t l e  on to  Sen- 
t h i c  o r  marsh sur face  subs t ra tes  t o  com- 
p l e t e  t he  r ep roduc t i ve  o r  r e s t i n g  s tages 
o f  t h e i r  l i f e  cyc les.  The ben th i c  a l g a l  
communities o f  t i d a l  f reshwater  marshes 
a r e  n o t  w e l l  s tud ied,  and l i k e  phytop lank-  
ton,  a re  sub.ject t o  complex blooms and 
successions which make i t  d i f f i c u l t  t o  
g i v e  general  demographic desc r i p t i ons .  
The l i m i  t e d  i n f o r m a t i o n  a v a i l a b l e  suqgests 
t h a t  Cyanophytes, B a c i l  l a r i  ophytes, . and 
Chl orophytes dominate ep i ben th i c  a l g a l  
communit ies'  t i d a l  f reshwate r  h a b i t a t s .  
Many o f  these communi t i e s  a re  comprised o f  
r i v e r i n e  species which a r e  i n t o l e r a n t  o f  
sa l  i n e  cond i t i ons .  

Summer communities i n  t i d a l  f resh-  
water  p o r t i o n s  o f  t h e  Potomac R i ve r  a r e  
t y p i f i e d  by t he  b l  ue-green a1 gae 
S h i z o t h r i  x spp. and Chromul i n a  paschre i  
and by green a l gae  such as Cosmarium sop. 
and C los t re ium spp. (L ippson e t  a l .  1979). 
I n  con t r as t ,  1 a t e  fa1  1 ben th i c  a l g a l  
counts  i n  a t i d a l  f reshwate r  t r i b u t a r y  o f  
t h e  James R i v e r  showed c e n t r i c  (Cycl  o t e l l  a 
sp., S te  hanodiscus sp., Coscinodiscus 
sp.) and ---I- pennate Nav icu l  a1 es sp. ) diatoms 
t o  be t h e  dominant community c o n s t i t u e n t s  
(Fourqurean and Ch i lde rs ,  pers.  comm.). 



I n  a year  long study o f  s o i l  algae i n  
a New Jersey t i d a l  freshwater marsh, a 
t o t a l  o f  84 species, exc lus ive  o f  diatoms, 
were cataloged (Whigham e t  a l .  1980). 
Algal  d i v e r s i t y  peaked p r i o r  t o  t h e  begin- 
n ing o f  t h e  growing season. It peaked 
again i n  September a f t e r  commencement o f  
the macrophyte d i  eback. Chlorophytes 
s t rong ly  dominated t h i s  marsh surface com- 
munity, fo l lowed by Cyanophytes and then 
Xanthophytes . 

Whigham e t  al ,  (1980) mainta in t h a t  
summer growth o f  emergent macrophytes re-  
duces the  a lga l  densi ty  on muddy marsh 
substrates. Whigham and Simpson (1975) 
assessed the  p roduc t i v i t y  o f  mud algae i n  
various rnacrophyte communi t y  types. Soi 1 
type appeared t o  inf luence p roduc t i v i t y  
most s i g n i f i c a n t l y ;  t h e  s i  1 ty-sand soi 1 s 
and low organic content o f  low marsh- 
spatterdock zones provided the best  sub- 
s t r a t e  f o r  a lga l  growth. I n  contrast,  

s i l  ty-c lay s o i l s  and h igh organic contents 
found i n  mixed-herbaceous h igh marsh areas 
and c a t t a i  1 communities produced 1 ower 
a l g a l  p roduc t i v i t i es .  Presumably, edaphic 
cha rac te r i s t i cs  ac t  i n  conjunct ion w i t h  
1 ight ,  temperature, and n u t r i e n t  concen- 
t r a t i o n s  t o  produce these d i f ferences i n  
standing crop. As w i t h  phytoplankton, 
n u t r i t i v e  sewage e f f l u e n t  i s  known t o  s i g -  
n i  f i c a n t l y  increase a1 gal standing crops 
i n  t i d a l  marshes (Whigham and Simpson 
1975). 

Mud algae can o f ten  be seen forming a 
dark-greenish band on exposed channel 
banks o f  t i d a l  areas. Peak biomass f o r  
t h i s  taxa i s  estimated t o  be two t o  t h ree  
orders o f  magnitude less  than peak biomass 
f o r  vascular p lan ts  (Wetzel and Westlake 
1969). Mud algae remain as func t i on ing  
producers throughout the  e n t i  r e  year,  
however, and may con t r i bu te  more t o  t o t a l  
annual production than might  be expected. 



CHAPTER 3. ECOSYSTEM PROCESSES 

3.1 PRIMARY PRODUCTIVITY 

I n t r o d u c t i o n  

The p r imary  p r o d u c t i v i t y  o f  an eco- 
l o g i c a l  systeln, community, o r  any p a r t  o f  
such a system, i s  de f ined  as t he  r a t e  a t  
which va r ious  organisms, c h i e f l y  green 
p l  ants, a s s i m i l a t e  and synthes ize gaseous 
and d i s so l ved  i no rgan i c  substances i n t o  
o rgan ic  inat ter .  The t o t a l  amount of 
o rgan ic  ma t t e r  produced by green p l a n t s  
du r i ng  a p a r t i c u l a r  t ime  i n t e r v a l  i s  
termed gross pr imary p roduc t ion .  The r a t e  
o f  s torage of o rgan ic  mat te r  i n  p l a n t  
t i s s u e s  i n  excess o f  the  r esp i  r a i o r y  
u t i l i z a t i o n  by p l a n t s  du r i ng  t h e  p e r i o d  of 
measurenlent i s  known as n e t  pr i !nary 
product ion.  

The o rgan ic  s a t t e r  produced by vascu- 
l a r  p lan ts ,  phytop lankton,  and ben th i c  
a lgae i n  t h e  t i d a l  f reshwate r  h a b i t a t  
serves as an energy source f o r  va r ious  
he te ro t r oph i c  organi s-as. Much 1 i v e  mate- 
r i a l  can be consumed i n  s i t u  by va r ious  
herb ivores.  M i c rob i a l  popu la t ions  decom- 
pose and u t i l i z e  a l a r g e  f r a c t i o n  o f  t he  
dead p l a n t  m a t e r i a l  on t h e  marsh surface. 
D e t r i t i v o r e s  f u r t h e r  fragment decomposing 
p l a n t  remains. A1 though a s i g n i f i c a n t  
p o r t i o n  o f  t h i s  o rgan ic  ma t t e r  i s  u t i l i z e d  
and s to red  w i t h i n  the marsh h a b i t a t ,  a  
l a r g e  f r a c t i o n  may be expor ted o u t  o f  the  
system. T i d a l  cu r ren t s  and wind encourage 
t he  en t ra inment  and t r a n s p o r t  o f  o rgan ic  
carbon t o  downstream es tua r i ne  l oca t i ons .  
M i g r a t i n g  consumers may feed w i t h i n  t h e  
h a b i t a t  and then move on. It i s  est imated 
t h a t  s a l t  marshes expo r t  about one-ha1 f o f  
t h e  n e t  pr i tnary p roduc t ion  t o  ad jacen t  
t i d a l  waters  (Teal 1962, Odum and Sk je i  
1974) ; however, a  comparable f i g u r e  i s  no t  
a v a i l  ab le  f o r  t i d a l  f reshwater  marshes. 

Produc t ion  Est imates 

The biomass and p r imary  p roduc t ion  of 
t i d a l  f reshwate r  wet lands have been 
repor ted  t o  be very  h i gh  (Odum 1978). 
Numerous est imates o f  s tand ing  c rop  and 
annual aboveground n e t  p roduc t i on  e x i s t  
f o r  t he  dominant species o f  vascu la r  
p l a n t s  o c c u r r i n g  w i t h i n  t h i s  h a b i t a t  
(Tab le  7); however, t he re  a re  o n l y  a  few 
est imates o f  t o t a l  n e t  communi ty produc- 
t i o n  (Whigham e t  a l .  1976, Dournlele 1981). 
The e x i s t i n g  da ta  on biomass and produc- 
t i o n  show a g r e a t  deal o f  v a r i a b i l i t y  b o t h  
w i t h i n  and between vege ta t i on  types, y e t  
i t  appears t h a t  t h e  t o t a l  n e t  community 
p roduc t i on  o f  these marshes g e n e r a l l y  
ranges f rom 1,000 t o  over  3,500 g/m2/yr 
(Odum 1978). P r o d u c t i v i t y  measures 
repor ted  f o r  s a l i n e  wet lands f a l l  w i t h i n  
t h e  saoie range as those  f o r  t i d a l  f r esh -  
wa te r  marshes, w i t h i n  a  g i ven  l a t i t u d i n a l  
zone (e.g., mid-At1 a n t i c )  ; t h e  biomass 
p roduc t i on  o f  f r e s h  t i d a l  wet lands may be 
g rea te r  than  h i ghe r  sa l  i n i  ty communities 
(Whigham e t  a l .  1976). 

Ob ta in ing  accura te  est imates o f  n e t  
p roduc t i on  i n  t i d a l  marshes, e i t h e r  on a 
per-spec ies o r  community bas is ,  i s  d i f f i -  
c u l t  because of (1)  seasonal pa t t e rns  o f  
biomass a l l o c a t i o n ,  ( 2 )  t h e  he te rogene i t y  
i n  p l a n t  community composi t ion,  ( 3 )  sea- 
sonal biomass t u rnove r  due t o  l e a f  mo r t a l -  
i ty ,  decomposit ion, and herb ivo ry ,  and ( 4 )  
t h e  i nhe ren t  problems i n  measuring t h e  
p roduc t i on  o f  belowground p l a n t  p a r t s  
(Whigham e t  a1 . 1978). T r a d i t i o n a l l y ,  
i n v e s t i g a t o r s  have compared t h e  p roduc t i v -  
i t y  of t i d a l  we t land  vege ta t ion  by measur- 
i n g  peak a e r i a l  s tand ing  crops. However, 
t h e r e  i s  no o b j e c t i v e  way o f  p i n p o i n t i n g  
t h e  exac t  moment a t  which t h e  peak c r o p  
e x i s t s ;  t he re fo re ,  t h e  p o t e n t i a l  f o r  e r r o r  
w i t h  s i n g l e  ha r ves t  methods i s  h i g h  
(McCormick and Somes 1982). By r e s t r i c t -  



Table 7. Peak standing crop and annual production est imates f o r  common t i d a l  f resh-  
water vegeta t ion  types. Data are l a r g e l y  generated from mid-At lan t ic  t i d a l  f reshwater  
marshes. Values are i n  grams per m2 dry weight. Average values are not necessar i l y  a 
func t ion  of t a b l e  entr ies,  bu t  represent best  estimates from selected 1 i t e r a t u r e  
values. T h i s  t a b l e  i s  an extension o f  those produced by Whigham e t  a1 . (1978) and 
McCormick and Somes (1982). 

Peak standing crop 
Annual 

Vegetation t ype  Tops Roots Dead production State Source 

Spatterdock 514* 
245 
743* 
516 
6 05 
529* - 

1175 

Average 627 

Arrow-arum/ 459 
pickerelweed 648* 

988 
1286 
5 94* 
587* - 
667 
553 

Average 671 

Wild r i c e  2091* 
1178" 
5 60 
1390 
1600 
866* 
1346 
11 17 

Average 1218* 1578 

Giant cutgrass 1039 518 - 2048 G A 1 

Smartweed- 
r i c e  cutgrass 



Table 7. Continued. 
Peak standing crop 

Annual 
Vegetation type Tops Roots Oe ad production State Source 

Average 1141 869 

Cattail 2338 - 167 - MD 7 
1190* - 300 - MD 4 
96 G - - 1868 MD 8 
987 - - - NJ 11 
850 1800 - - NJ 5 
1007" 1371 - - NJ 6 - - - 95 6 NJ 13 
1297* - - 1320 IVJ 16 
1199 - - 1534 NJ 10 
804 5053 - - NJ 14 
1310* - - - PA 9 

Average 12 15 1420 

aur~nari gold 1025 - - 910 NJ 16 
1109 - - 1771 NJ 10 
900 - - - PA 9 

Average 1017 1340 

Sweetfl ag 117 4* - - - MD 12 
605 - - - NJ 11 
81 9* - - - NJ 15 
623 - - 1071 NJ 10 

Average 85 7 

Avera ye 432 

Water- hemp 1112 - - 1547 NJ 10 
678 560 - - NJ 5 

Average 960 

Giant Ragweed 

Average 1205 

(continued) 



Table 7. Concluded 

Peak standing crop 
Annual 

Veyetati on type Tops Roots Dead production State Source 

Cormnon reed 

Average 1850 ,I872 

Big cordgrass 3543* - - - MD 12 
95 1 - 241 - MD 4 
1207 - - 1572 MD 8 

Average 2311 

Spiked- 2 104 - - 2100 NJ 16 
l o o s e s t r i  f e  1373 - - - PA 9 

Average 1616 

Swanp rose 699** - - - MD 12 

Red map1 elash 522** - - 

Bald cypress 344** - - - MD 12 

rvlud a1 gae 4* - - - NJ 16 

*Value generated f rom more than one estimate 
**Leaves o f  woody p l  ants; no wood i s  included 

L i s t  o f  Sources : 

1-Birch and Cooley 1982 8-Johnson 1970 15-Wass and Wright  
2-Cahoon 1962 9-McConnick 1970 1969 
3-Doumlele 1381 10-McCormick 1977 16-Whigham and 
4-Flemer e t  a1 . 1978 11-McCormick and Ashbaugh 1972 Simpson 1975 
5-Good and Good 1976 12-McCormick and Somes 1982 
6-Good e t  a1 . 1975 13-Stevenson e t  a l .  1976 
7-Heinle e t  a l .  1974 14-Walker and Good 1976 



i n g  the  sampl ing e f f o r t  t o  j u s t  one p o i n t  
d u r i n g  t h e  growing season, those p l a n t  
t i s s u e s  which develop a f t e r  sampling and 
those t h a t  senesce o r  a re  consumed by 
i nsects  be fo re  sampl i n g  a re  missed. Given 
t h e  dramat ic  seasonal successional changes 
t h a t  a re  known t o  occur  i n  almost a l l  
t i d a l  f reshwate r  vege ta t i on  communities, 
est imates o f  t o t a l  community p roduc t ion  
a re  l i k e l y  t o  he inaccura te  and unde res t i -  
mated un less  mu1 t i p 1  e harvests  a re  made. 

Dens i t y  o f  vege ta t i on  and speci es 
colnposi t i o n  a1 so y r e a t l y  i ~ f l  uence produc- 
t i o n  est imates. Doumlele (1981) noted 
t h a t  peak biomass values f o r  arrow-arum 
f rom a number o f  d i 5 f e r e n t  s tud ies  ranged 
f rom 57 t o  1,286 g/m . These d r a s t i c  d i f -  
ferences were a t t r i b u t e d  t o  t he  degree o f  
spacing between i n d i v i d u a l s  a t  va r ious  
l o c a t i o n s  and t o  t he  r e l a t i v e  pureness o f  
t h e  predominant vege ta t ion  type w i t h i n  a  
g i ven  stand. Pure stands o f  any g i ven  
species a r e  uncommon i n  t i d a l  f reshwate r  
marshes, e s p e c i a l l y  a t  h igher  e leva t ions .  
To ta l  biomass p roduc t ion  est imates of 
mixed t i d a l  f reshwater  marsh communities 
a r e  s t r o n g l y  dependent on species composi- 
t i o n .  A d i v e r s i f i e d  cornillunity can con ta i n  
a  v a r i a b l e  p r o p o r t i o n  o f  pro1 i f i c  produc- 
e r s  (e.g., comlnon reed o r  w i l d  r i c e )  o r  
species w i t h  i n h e r e n t l y  lower  biomass p ro -  
d u c t i o n  (e.g., arrow-arum o r  spat terdock)  
(Whigham e t  a l .  1978; Joumlele 1981). 

I nspec t i on  o f  t h e  peak s tanding c rop  
and annual n e t  p roduc t ion  est imates com- 
p i l e d  i n  Table 7 c l e a r l y  revea ls  the  h i g h  
v a r i  abi 1  i ty between species. Marshes 
dominated by t a l l  reeds and grasses such 
as l d i l d  r i c e ,  comison reed, g i a n t  cutgrass,  
b i g  cordgrass, o r  c a t t a i l  produce t h e  
g r e a t e s t  q u a n t i t i e s  o f  biomass, g e n e r a l l y  
i n  t he  range o f  1,500 t o  2,000 g/m2/yr. 
Consider ing the  p o t e n t i a l  he igh ts  and den- 
s i t i e s  a t t a i n e d  by these species, such ex- 
t r a o r d i n a r y  p roduc t i on  r a t e s  are n o t  sur-  
? r i s i n g .  Ea r l y  i n  t h e  growing season, 
many marshes a r e  doini nated extens i ve ly  by 
fl es hy-1 eaved macrophytes (arrow-arum, 
pickerelweed, spa t te rdock)  and would seem- 
i n g l y  show h igh  r a t es  o r  biomass accumul a- 
t i o n .  However, a l l  these species show 
maxiinum peak s tand ing  crops o f  l e s s  than  
700 g/m2/yr. I n  r e a l i t y ,  a l l  o f  these 
emergent pe r ren i  a1 s produce a e r i  a1 leaves 
and stems composed p r i m a r i l y  o f  water  and 
a i r - f i l l e d  aerenchynatous t i ssue .  

Other  vege ta t ion  produc ing s i g n i f i -  
cant  q u a n t i t i e s  o f  biomass on an annual 
bas is  i n c l ude  burmar igo ld  (1,340 g/m2), 
water-hemp, g i a n t  ragweed, rose-ma1 low 
(069 g/m2), and sweet f lag.  I n  add i t i on ,  
shrubs and hydrophy t i c  t rees  may supply  
300 t o  700 g/m2 o f  l e a f  m a t e r i a l  on to  the  
marsh surface. 

No s a t i s f a c t o r y  method e x i s t s  f o r  
q u a n t i f y i n g  belowground p roduc t i on  i n  wet- 
1 and hab i t a t s .  Belowground p roduc t ion  
measurements, however, a r e  e s s e n t i a l  t o  
t k e  accurate assessment o f  per-species o r  
comriiuni t y  p r o d u c t i v i t y .  Whighain e t  a1 . 
(1978) suggested t h a t  be1 owground produc- 
t i o n  can be q u i t e  h i gh  f o r  some soecies. 
Data f o r  c a t t a i l ,  spat terdock,  and arrow- 
arum show impress ive underground produc- 
t i o n  c a p a b i l i t y  ( see  Table 7), b u t  as per- 
r e n i a l s ,  these va lues do n o t  represent  
biomass accumulat ion from a s i n g l e  g r o v i  ng 
season. I n  o rder  t o  account f o r  changes 
i n  belowground biomass on a y e a r l y  bas is  
f o r  e i t h e r  annual o r  p e r r e n i a l  species, 
p roduc t ion  r a t es  need t o  be ca l cu l a t ed  
over  shor t ,  repeated i n t e r v a l s .  41 though 
l a r g e l y  u n q u a n t i f i  ed, t he  r a t e s  o f  below- 
ground p roduc t ion  i n  these soec ies are 
thought  t o  be high. 

Un fo r tuna te ly ,  t h e  peak s tand ing  crop 
p roduc t ion  i n f o r m a t i o n  i n  Tab le  7, f rom 
s tud i es  spanning a number o f  years  and 
l oca t i ons ,  i s  n o t  conducive t o  making 
between-mars h comparisons o f  p r o d u c t i  v i  t.~. 
I f  seasonal changes i n  cornrnuni ty b i  ornass 
p e r  marsh u n i t  were q u a n t i f i e d  (e.g., 
Doumlele 1981), o u r  understanding oP t he  
f a c t o r s  i n f l u e n c i n g  marsh p r o d u c t i v i  t v  
would be g r e a t l y  enhanced. 

Biomass P a r t i t i o n i n g  

The p a r t i t i o n i n g  o f  n e t  p r ima ry  pro-  
duc t i on  between aboveground and belou-  
ground s t r u c t u r e s  o f  t i d a l  f reshwate r  
macrophytes can p r o v i d e  i n s i g h t  i n t o  t he  
1 i f e  h i s t o r y  s t r a t e g i e s  o f  species popula- 
t i ons .  Whigham and Simpson (1978) noted 
t h a t  y e a r l y  p roduc t i on  i n  annual spec ies 
i n c l u d i n g  grasses ( w i l d  r i c e )  and herbs 
(burmar igo ld ,  jewelweed, smartweed, 
water-hemp) was l a r g e l y  a1 l o c a t e d  t o  
aboveground shoot p roduc t i on  except  du r i ng  
e a r l y  stages o f  growth. A t  peak s tand ing  
crop, t he  r a t i o  o f  belowground ( r o o t s )  t o  



aboveground (sterns) b i  omass (R : S) averaged 
l ess  than 0.5 f o r  a l l  annual species 
measured. Perennials exh ib i t ed  more va r i  - 
a t i o n  i n  pat terns o f  biomass a l loca t ion ,  
but general ly  p a r t i t i o n e d  greater  amounts 
o f  biomass t o  be1 owground p lan t  parts. 
Arrow-arum provides the most extrerne 
example o f  t h i s  trend, a l l oca t i ng  up t o  
90% o f  i t s  t o t a l  biomass t o  roo ts  and 
rhizomes ( R : S  much greater  than 1.3). 

Dif ferences i n  biomass p a r t i  ti oni  ng 
are most l i k e l y  re la ted  t o  reproduct ive 
st rategies,  surv iva l  s t ra teg ies ,  o r  physi- 
01 og ica l  adjustments associated w i t h  
e x p l o i t a t i o n  of s t r e s s f u l  por t ions  o f  a 
hab i ta t  gradient  (Whigham and Simpson 
1976; Ferren and Schuyler 1980). Annual 
seed1 ings a1 loca te  more biomass t o  r o o t i n g  
s t ruc tures  dur ing establ  ishment phases, 
then convert t o  a r a p i d  phase o f  shoot 
growth. Anaerobic condi t ions p reva i l  i n g  i n  
low marsh substrates demand phys io log ic  
adaptations for  surv iva l .  The deep under- 
ground tubers produced by arrow-arum are  
adapted t o  cope w i th  such stresses, but  
the energy expenditure required t o  main- 
t a i n  such st ructures i s  great. 

3.2 OECOMPOSITION AND LITTER PRODUCTION 

Decompos i t i  on o f  marsh p l  ant mater i  a1 
(reviewed by Brinson e t  a l .  1981) va r i es  
g rea t l y  i n  response t o  a v a r i e t y  o f  fac- 
t o m .  These inc lude ambient tempera tures, 
moisture, p e r i o d i c i  t y  o f  f looding,  n u t r i -  
ent avai 1 abi 1 i t y  from external  sources, 
presence o r  absence o f  oxygen, consumer 
a c t i v i t y ,  and a range o f  p l a n t  subs t ra te  
cha rac te r i s t i cs  inc lud ing  n i t rogen and 
crude f i b e r  content. I n  s p i t e  o f  t h i s  
va r i ab i  1 i ty, there  are several general 
trends associated w i t h  t i d a l  freshwater 
p l a n t  mater ia l  which we have i den t i f i ed .  

Table 8. Two groups o f  t i d a l  freshwater 
vascular  p lan ts  based on ra tes  o f  decompo- 
s i t i o n  under s i m i l a r  cond i t ions  are 
arranged i n  approximate order  o f  r a t e  o f  
decay w i t h  t he  most r a p i d  a t  the  top. 
Other p lan ts  i n  the marsh l i e  between 
these two groups. Decay ra tes  are o f  
aboveground a a t e r i  a1 on1 y. 

Species Reference 

RAPID DECOMPOSERS 
Spatterdock, Nu har luteurn 
Arrow-arum. P&ra v i rq in ica  
Burnlarigold, aidens l a e v i s  
Pickerelweed, Pontedaria cordata 
Arrowhead, Sa m t m  
Hibiscus ( 1 h b - c h e u t o s  
Mi ld  r i c e ,  Zizania aquatica 

Van Dyke (1979) 
Odum and Heywood 
Sickels e t  a l .  
Our unpubl ished 
Our unpublished 
Cahoon (1902) 
Our unpubl ished 

( 1978) 
(1977) 

data 
data 

data 

SLOW DECOMPOSERS 
Sednes. Carex soo. Qowden (pers. corn% ) 
~ r o i d - i e a f t t a i l ,  T ha l a t i f o l i a  Rrinson e t  a l .  (1981 
Narrow-leaf c a t t a i l .  an u s t i  o l i a  Brinson e t  a l .  il%l! -iP7i 8ur unpublished data Comnon reed. Phra mites austra i s  
Hlbiscus ( s t e h c u s  rnoscheutos Cahoon (1982) 

o-----o Spartina cynosuroides 

I 1 .  1 
0 5 10 20 30 40 50 

OAYS ELAPSED 

Tida l  freshwater vascular  p lan ts  can Figure 17. Typical decomposition curves 
be placed i n t o  two general groups based on f o r  h igh marsh p lan ts  (e.g., S a r t i n a  
the r a t e  a t  which they decompose (Table cynosuroides) and low marsh p l a n t h  
8). One group, general ly  found i n  t he  low Zizania aquat ica)  subject  t o  s i m i l a r  envi -  
and mid sect ions of t he  marsh, decompose ronmental condit ions. From Turner (1975). 

m and Heywood 1978) 
se ~ l a n t s  have re la -  

r e s i s t a n t  compounds 
, cel lu lose,  1 i g n i n )  ra tes  o f  oxygen consumption (BOD) dur ing  

l y  h igh amounts o f  n i t r ogen  decomposition (Van Dyke 1978). During the  
t o t a l  d ry  weight  according t o  warm summer months, these p lan ts  may l ose  

so have the h ighes t  30% t o  40% of t h e i r  d ry  weight i n  one week 
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and completely decompose i n  4 t o  5 weeks 
(Van Dyke 1979, Turner 1978). 

The second ground o f  t i d a l  freshwater 
p lan ts  (Table 9) are found i n  the h igher 
sect ions of the marsh and have nwch slower 
rates of deco~nposit ion (Figure 17) .  I n  
general, they conta in h igh concentrat ions 
of r e s i s t a n t  co!npounds and lower concen- 
t r a t i o n s  o f  n i t rogen than the  f i r s t  group 
o f  p lan ts  (3unn 1975). Consumption o f  
t h i s  type o f  p lan t  mater ia l  bv d e t r i t i -  
vores i s  s i g n i f i c a n t l y  lower than from the  
f i r s t  group (see Section 3.5). 

P lants t h a t  decompose r a p i d l y  
dominate the low marsh i n  t i d a l  freshwater 

Table 9. Typical zooplankton t o  be ex- 
pected i n  mid-At lan t ic  t i d a l  freshwater. 
i lata from Lippson e t  a l .  (1979) f o r  the  
Potomac River, and from Van inge l  and 
Joseph (1968) f o r  the York River. 

J e l l y f i s h  
w i n t e r  j e l l y f i s h ,  Cyanea c a p i l l a t a  

Copepods 
Eu rytemora a f f i  n i  s  
Nesocycl ops edax 
Acar t ia  tonsa 

(see Chapter 2). The low marsh has a 
modest l i t t e r  l a y e r  dur ing the summer 
months and very 1 i t t l e  l i t t e r  dur ing  the 
w in ter  and spring. This cont r ibu tes  t o  
the h igh  e r o d i b i l i t y  o f  the low marsh 
(Sect ion 1.6) and the  tendency t o  release 
n u t r i e n t s  i n t o  t i d a l  waters dur ing  the 
w in te r  and spr ing (Sect ion 3.3).  The h igh 
marsh w i t h  i t s  slower decomposing p lan ts  
re ta ins  a s i g n i f i c a n t  l i t t e r  l aye r  
throughout the  yea r  (personal observa- 
t i o n ) .  I n  some northern marshes, such as 
the  North River garsh i n  Massachusetts 
which i s  dominated b,y species o f  Calama- 
r o s t s  Carex, and Typha, and where 
decomposition ra tes  are qeneral 1 y s l  ower, 
much o f  the marsh re ta ins  a s i g n i f i c a n t  
1 i t t e r  l a y e r  dur ing a l l  seasons (Bowden 
1982). The same s i t u a t i o n  e x i s t s  i n  
southeastern marshes dominated by g ian t  
cutgrass which has an extensive rhizome 
system and produces a t h i c k  peat layer .  

Not on ly  do the  r a p i d l y  decomposing 
p lan ts  have a high n i t rogen t  content, hut 
dur ing the e a r l y  stages of decomposition 
the n i t rogen and phosphorous content nay 
increase (Odum and Heywood 1975; Turner 
1978) (see Figure 18). Sickels e t  a l .  
(1977) and Whigham e t  a l .  (1980) showed 
t h a t  t i d a l  freshwater rnarsh 1 i t t e r  i s  cap- 
abl e o f  concentrat ing both phosphorus and 
n i t rogen from selvage e f f l u e n t  released 
onto the  marsh surface. This n u t r i e n t  
concentrat ion has imp1 i cat ions f o r  under- 
standing n u t r i e n t  f l u x  (Sect ion 3.3). 

Neomysis ameri cana 
It appears t h a t  the low marsh, w i t h  

Allphi pods i t s  seasonal l i t t e r  layer ,  may serve as a 
Corophidm lacus t re  n u t r i e n t  s ink  only dur ing  the suminer and 
Monocul odes edwards i f a l l  months wh i le  the h igh  narsh may have 
Gammarus S ~ P .  a  greater  year- long n u t r i e n t  uptake 

capacity. 

C l  adocerans 
Daphnia I n  summary, the  low atid h igh marsh 
Sida c r y s t a l  1 ina  p lan ts  o f  t he  t i d a l  freshwater marsh 
Leptodora k i n d i i  decoinpose a t  dramatical l y  d i f f e r e n t  rates. 
Bosmina l ong i  r o s t r i s  This leads t o  d i f fe rences i n  the thickness 

and dura t ion  o f  the  l i t t e r  layer ,  erosion 
Rot i  f e r s  rates, and n u t r i e n t  re ten t i on  capaci ty  i n  

Ke ra te l l a  cochlear is  d i f f e r e n t  sect ions o f  the  marsh. As a 
Brachionus ca l  c i  f l o r u s  resu l t ,  depending upon the  r e l a t i v e  pro- 

por t ions  o f  h igh and low marsh vegetat ion, 
Benthic inver tebra te  la rvae these :narshes may vary i n  t h e i r  capaci ty  

Rhi thropanopeus h a r i s s i  i (mud crab) t o  absorb excess loads o f  n u t r i e n t s  ( i  .e., 
sewage e f  f 1 uent) . 
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Figure 18. Changes i n  t o t a l  n i t rogen and phosphorus content o f  decaying w i l d  r i c e ,  
Zizani a  aquatica, expressed as percent o f  the remaining ash-free dry  weight. P lo t ted  
m a r e  mean + 1 S. E. From Turner (1978). 

3.3 NUTRIENT C Y C L I N G  (OTHER THAN CARBON) 

The general model o f  n u t r i e n t  c y c l i n q  
i n  es tuar ine  lnarshes i s  based on a  number 
o f  s tudies (e.g., 9xelrad e t  a l .  1976; 
Va l i e la  and Teal 1979; Nixon 1980). This 
model appears t o  apply i n  p r i n c i p l e  t o  
t i d a l  freshwater marshes. Certa in 
d e t a i l s ,  however, may be d i f f e ren t .  

The general estuar ine model ( Figure 
19) i nd i ca tes  t h a t  coastal marshes act 
p r i m a r i l y  as transformers o f  nu t r i en ts ,  
p a r t i c u l a r l y  n i t rogen and phosphorus; i n  
add i t i on  they may func t i on  as e i t h e r  s inks 
o r  sources of n u t r i e n t s  depending upon a  
v a r i e t y  o f  condi t ions.  As transformers 
they import d issolved oxid ized inorganic 
forms ( n i t r i t e ,  n i t r a t e ,  phosphate) and 
export  d issolved and p a r t i c u l a t e  reduced 
forms (ammonium, forms o f  organic n i t rogen 

and phosphorous compounds). There i s  a  
tendency f o r  coastal wetlands t o  have a  
n e t  import o f  nu t r i en ts  a t  the beginning 
and dur ing the growing season and t o  have 
a  net  export  i n  the autumn and w in ter .  
Whether a  spec i f i c  marsh i s  a  net importer  
o r  exporter  of n u t r i e n t s  depends on a  num- 
ber  of fac tors  inc luding:  (1 )  succession- 
a l  age o f  the  marsh, (2)  s a l i n i t y  and 
redox cha rac te r i s t i cs ,  ( 3 )  presence o r  
absence o f  upland sources o f  n u t r i e n t s ,  
( 4 )  presence o r  absence o f  human inputs o f  
nu t r i en ts ,  (5 )  t i d a l  energy input ,  and (6) 
magnitude and s t a b i l  i t y  o f  n u t r i e n t  f l u x  
i n  the estuary t o  which the  marsh i s  
coupled (Stevenson e t  a l .  1977). 

T idal  freshwater marshes apparent ly  
f unc t i on  i n  a  s i m i l a r  fashion (Hein le and 
Flemer 1976; Stevenson e t  a1 . 1977; Adams 
1978; Siinpson e t  a l .  1978; Simpson e t  a l .  



SOURCES 
(LARGELY INORGANIC, OXIDIZED N AND P COMPOUNDS) 

PRECIPITATION 
GROUNDWATER SEEPAGE 

TIDAL FLOODING OR RIVER INFLOW 
NITROGEN FIXATION 

ANIMALS (BIRDS, MAMMALS, FISH, ETC.) * 
MARSH COMMUNITY 

(LARGELY MICROBIAL ACTIIVITY) 

NITROGEN PHOSPHORUS 

PLANT UPTAKE AND RELEASE ORTHOPHOSPHATE ADSORPTION 
DETRITAL UPTAKE AND RELEASE PLANT UPTAKE AND RELEASE 
AMMONlFlCATlON 
(ORGANIC -AMMONIUM) 
DISSIMULATORY NITRATE REDUCTION 
(NITRATE AND NITRITE -AMMONIUM) 

OUTPUTS 
(LARGELY ORGANIC P, AND REDUCED AND ORGANIC N) 

TIDAL FLUSHING 
ATMOSPHERIC RELEASE OF AMMONIA 

DENlTRlFlCATlON 

Figure 19. A general model o f  n i t rogen and phosphorus n u t r i e n t  cyc l i ng  i n  coastal 
marshes. Based on Va l i e la  and Teal (1979) and Nixon (1980). 

1981; Bowden 1952). One possib le d i f f e r -  
ence, however, i s  t h a t  the  c h a r a c t e r i s t i c  
seasonal n u t r i e n t  exchange tendencies are  
more pronounced i n  t i d a l  freshwater 
marshes, probably due t o  a lack  o f  w in te r  
p l a n t  and l i t t e r  cover. I n  these marshes 
the re  appears t o  be a c l e a r  pa t te rn  o f  
n i t r i t e ,  n i t r a t e ,  and phosphate import 
from r i v e r  water t o  the marshes a t  the  
beginning o f  the growing season. This i s  
metabol i zed by bac ter ia  i nto  forms more 
useful t o  p lan ts  ( e . ,  ammonium) and 

s tored dur ing  the summer months i n  both 
p l a n t  t issues and the l i t t e r  l a y e r  on the 
sur face o f  the marsh. Whigham e t  a l .  
(1980) demonstrated the importance of the 
l i t t e r  l a y e r  i n  hold ing both n i t rogen  and 
phosphorus temporar i ly  dur ing  the summer 
and e a r l y  autumn. La ter  i n  the autumn 
there  i s  considerable export  o f  reduced 
n i t rogen and phosphorus due t o  the rap id  
disappearance o f  dead and dying p lan t  
mater ia l  from the  lower sect ions of the 
marsh. During t h e  w in te r  n u t r i e n t s  con- 



t i n u e  t o  be exported, but a t  a slower 
ra te .  

The preceding discussion remains 
hypothet ical .  There i s  a l ack  o f  s tud ies  
on processes involved i n  the  cyc l i ng  o f  
n i t rogen and phosphorus i n  t i d a l  f resh-  
water marshes. Whether the spr ing  and 
auturnn peaks o f  n u t r i e n t  f l u x  are  more 
pronounced than i n  sa1 t marshes remains t o  
be demonstrated conclusively.  

The importance o f  n i  trogen f i x a t i o n  
i n  t i d a l  freshwater wetlands i s  no t  cer -  
t a in .  Excessive shading by the Sroad- 
leaved p lan ts  (arrow-arum, pickerelweed, 
spatterdock) may l i m i t  the a c t i v i t y  o f  
blue-green algae t o  creek banks dur ing t h e  
e a r l y  spr ing and l a t e  autumn. 

Bowden (1982) has emphasized the im- 
portance o f  ammonium i n  t i d a l  freshwater 
marshes. I n  a mass balance study o f  t he  
North River, Massachusetts, he found the  
gross ammonium product ion by microbes t o  
be 53.5 g ~/m'/yr.  This product ion r a t e  
was s u f f i c i e n t  t o  supply a l l  o f  t he  n i t r o -  
gen required t o  support p l  a ~ t  product ion 
(est imated t o  be 22.3 g N/m / y r ) ,  micro- 
b i a l  assimi l a t i o n  (measured as 17.9 
g ti/m2/yr) , and n i  tri f i c a t i o n  (measured as 
11.6 g f4/m2/ y r )  . The ammonium product ion 
r a t e  was supported by e f f i c i e n t  i n te rna l  
recycl  i ng  of n i  trogen i n  1 i t t e r ,  by micro- 
b i a l  immobi l izat ion o f  ammonium and n i -  
t r a t e ,  and by sedimentation o f  a l loch-  
thonous oryanic matter frorn the adjacent 
r i v e r .  This marsh imported inorganic 
n i  trogen dur ing the p l a n t  growing season. 
Unl i k e  many southern marshes, an extensive 
l i t t e r  l a y e r  pe rs i s t s  a l l  year and may 
re ta rd  n i t rogen export even dur ing the  
winter .  

Most other  studies (e.g., Axelrad e t  
a l .  1976; Hein le and Flexer 1976; Steven- 
son e t  al .  1977; Adams 1978; Simpson e t  
a1 . 1981) have concluded t h a t  t i d a l  fresh- 
water marshes are ne t  exporters o f  both 
n i t rogen  and phosphorus on an annual 
basis. This may r e f l e c t  the f a c t  t h a t  a l l  
o f  these studies were done i n  eutrophic o r  
hypereutrophic locat ions.  Under these 
condi t ions,  the marsh sediment-plant com- 
p l  ex can become saturated w i  t h  both n i t r o -  
gen and phosphorus, a t  l e a s t  i n  the low 
marsh. Without a permanent l i t t e r  l a y e r  
o r  s i g n i f i c a n t  amounts o f  peat, there may 

be no mechanism f o r  excessive n u t r i e n t  
storage and the marsh func t ions  as a ne t  
source o f  nu t r i en ts .  Th is  suggests t h a t  
many t i d a l  freshwater wetlands probably do 
no t  have a great  ass im i l a t i ve  capaci ty  f o r  
e i t h e r  sewage e f f l u e n t  o r  heavy metals 
(discussed i n  Chapter 9). 

I n  summary, the ove ra l l  pa t te rn  o f  
n u t r i e n t  cyc l  ing i n  t i d a l  freshwater 
marshes appears t o  be s i m i l a r  t o  the pat- 
t e r n  hypothesized f o r  es tuar ine  marshes. 
Simply stated, ox id ized n i t rogen  and phos- 
phorous compounds are processed w i t h i n  the 
marsh and reduced co~npounds are  released 
back i n t o  the  r i v e r .  I n  t i d a l  freshwater 
marshes the spr ing i n f l u x  o f  ox id ized com- 
pounds and the auturnn re lease o f  reduced 
compounds may be more pronounced than i n  
estuar ine marshes. I n  addi t ion,  most 
t i d a l  freshwater marshes which have been 
studied appear t o  be net  exporters o f  both 
n i  troyen and phosphorus. 

3.4 CARBON FLUX 

As i n  the  case w i th  most wetland eco- 
systems, knowledge o f  carbon f l u x  i n  t i d a l  
freshwater marshes i s  incolnplete. Yeveral 
s tudies have addressed t h i s  t o p i c  (e.g.,  
Axelrad e t  a l .  1976; I i e i n le  and Flemer 
1976; Adams 1978), but no tnore than hypo- 
theses can be presented a t  t h i s  time. 

Sources ( o r  i npu ts )  o f  organic carbon 
f o r  the marsh include: ( 1 )  pr imary pro- 
duct ion w i t h i n  the marsh, (2)  d issolved 
and p a r t i c u l a t e  carbon f lowing i n t o  the 
rnarsh on the  r i s i n g  t i d e ,  (3 )  d issolved 
carbon i n  rainwater, and (4)  d issolved 
carbon i n  groundwater. Outputs frorn the 
(narsh include: (1) export  o f  d issolved 
and p a r t i c u l a t e  carbon on the outgoing 
t ide ,  ( 2 )  permanent b u r i a l  o f  carbon i n  
the marsh sediments, and ( 3 )  re lease o f  
methane and carbon d iox ide  t o  the  atmos- 
phere. The most s i g n i f i c a n t  inouts  are 
most l i k e l y  primary product ion i n  the 
marsh and carbon imported on the  f l ood ing  
t ide .  The l a t t e r  probably inc ludes con- 
s iderabl  e amounts o f  t e r r e s t r i a l  carbon 
brought from upstream i n  the r i v e r  water 
(Biggs and Flemer 1972). S i g n i f i c a n t  out- 
puts are probably t i d a l  export  and b u r i a l .  
Regardless o f  the net carbon f l u x  (ne t  
import o r  ne t  expo'rt) f rom an i n d i v i d u a l  
marsh, i t  i s  important t o  note t h a t  there  



i s  an approximate 100% turnover o f  t)?e 
aboveground biomass on an annual basis. 

I nd i v idua l  t i d a l  freshwater marshes 
func t ion  as net  importers o r  exporters o f  
organic carbon i n  response t o  the  same 
fac tors  which con t ro l  t h i s  process i n  
estuar ine marshes (discussed by Odum e t  
a l .  1978 and Nixon 1980). These fac tors  
include, but  are no t  l i m i t e d  to, t i d a l  
range, basic geomorphol ogy, re1 a t i  ve 
amount o f  marsh versus open water, and 
amount o f  freshwater input  t o  the  system. 
Studies by Axelrad e t  a l .  (1976) and Adams 
(1978) found s i g n i f i c a n t  e x ~ o r t  o f  carbon 
from t i d a l  freshwater marshes on the York 
and James Rivers i n  V i rg in ia .  I n  both 
cases the bulk o f  export  appeared t o  he i n  
the form o f  d issolved carbon compounds 
ra the r  than p a r t i c u l a t e  va t te r .  But 
Heinle and Flemer (1976), on the  other  
hand, found ne i the r  export nor import i n  
poor ly  flooded 01 i gohal ine marshes on the  
Patuxent R iver  i n  Maryland. 

CJith only a handful o f  s tudies com- 
p l? ted ,  i t  i s  d i f f i c u l t  t o  conclude much 
beyond the  f o l l  o\vi ng hypotheses. T idal  
freshwat2r narshes t h a t  (1 )  are r e l a t i v e l y  
young (see Section 1.7), ( 2 )  do no t  have 
an outer  berm o r  na tura l  dike, ( 3 )  have 
s i g n i f i c a n t  icesheari  ny o f  the vegetat ion 
dur ing the winter ,  and ( 4 )  have a s i g n i f i -  
cant t i d a l  range, probably export  s i g n i f i -  
cant quan t i t i es  of both p a r t i c u l a t e  and 
dissolved carbon. Older marshes t h a t  a re  
rnore developed both geological  l y  and eco- 
l o g i c a l l y  (i.e., have a l a rge  area o f  h igh  
marsh) probably do not  export s i g n i f i c a n t  
quan t i t i es  o f  p a r t i c u l a t e  carbon (Hein le 
and Flemer 197G); they may, however, 
export  q u a n t i t i e s  o f  dissolved organic 
carbon. This l a s t  p o i n t  i s  f a r  from re-  
sol ved. 

Nethanogenesis i s  one aspect o f  car- 
bon f l u x  which deserves c lose study i n  
t i d a l  freshwater marshes. As pointed out  
by Swain (1973), there  i s  a gradient  o f  
methane l oss  i n  progressing f r o n  fresh- 
water t o  rnarine wetlands. ilnder fresh- 
water condi t ions,  methanogenesis i s  an 
important pathway o f  anaerobic decompos i- 
t ion ;  under marine condi t ions i t  i s  re la -  
t i v e l y  minor because sul f a t e  reduct ion  
reg1 aces methanogenesi s. Since SO, i s no t  
t y p i c a l l y  abundant i n  freshwater, t h i s  
means t h a t  methane release from freshwater 

environments should be w c h  higher than 
from sealvater environments. There i s  
considerable evidence t o  support t h i s  
hypothesis (Robert Harr iss,  NASA, Hampton, 
V i rg in ia ;  pers. comm.), al though King and 
Wiebe (1973) reported r e l a t i v e l y  .h igh 
methane release ra tes  froin Georgia coastal 
s a l t  marshes. 

Fol lowing cur ren t  theor ies,  t i d a l  
freshwater marshes should re lease s i g n i f i -  
cant  amounts o f  methane. This can occur 
through (1) d i r e c t  re lease t o  the atnos- 
pilere from the lnarsh surface, (2 )  re lease 
from plants such as c a t t a i l s  (Sebacher and 
Harr iss,  i n  press), o r  (3 )  release from 
dissolved methane i n  creek water (Har r iss  
e t  al .  1982). Lipschul t z  (1981) measured 
the release o f  methane from a t i d a l  f resh-  
water marsh dominated by Hibiscus 
moscheutos. He estimated an annual loss  
of 10.7 g c ~ , / m ~ / y r ,  a value more s i m i l a r  
t o  freshwater condi t ions than marine. On 
the  o ther  hand, t h i s  l oss  was l ess  than 1% 
o f  annual ne t  primary product ion i n  t h i s  
marsh and, therefore,  appears unimportant. 
Robert t la r r i ss  (pers. comm.) suggested, 
based on p r e l  iminary measurements, t h a t  
ra tes  o f  methane release from t i d a l  fresh- 
water may be much higher than ind ica ted by 
Lipschul t z ' s  (1981) estimate. More work 
i s  needed i n  t h i s  area. 

3.5 ENERGY FLOW 

Any attempt t o  describe energy f low 
i n  t i d a l  freshwater marshes w i l l  be specu- 
l a t i v e  since no complete study ex i s t s  f o r  
t h i s  hab i ta t .  We can, however, present a 
hypothet ical  model based on a few p a r t i a l  
s tudies and our experience i n  the  f i e l d .  

Our hypothet ical  model (F igure 20) i s  
based on func t iona l  groups. I n  some cases 
these represent a s ing le  group ( i  .e., ju-  
ven i l e  f i shes )  wh i le  others, such as Sen- 
t h i c  fauna, may inc lude many taxa. Sevor- 
a1 p r e l  iminary but  important observations 
can be derived f r o n  t h i s  model. 

(1 )  There appear t o  be three p r i n c i p a l  
sources o f  energy t o  support food wehs-- 
marsh macrophytes, t e r r e s t r i  a1 organic 
mater ia l ,  and phytoplankton. Benthic 
m ic ro f l o ra  w i t h i n  t he  marsh may be o f  some 
importance, but t he re  i s  p resent ly  no 
in fo rmat ion  t o  conf i rm t h i s .  The r e l a t i v e  
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Figure 20. Hypothetical pathways o f  energy f l ow  i n  a t i d a l  freshwater marsh ecosystem. 
Not a l l  possib le pathways have been drawn. For example, benth ic m i c r o f l o r a  i n  t he  
marsh may provide carbon f o r  consumers; however, evidence i s  lack ing  a t  t h i s  time. 

importance of the th ree major sources o f  d issolved versus  articulate d e t r i t u s  i s  
energy i s  unknown. We suspect t h a t  marsh t o t a l l y  unknown a t  t h i s  time. Water 
p lan t  d e t r i t u s  and associated micro- d ra in ing  t i d a l  freshwater rnarshes t yp i ca l -  
organisms are most important i n  we l l -  l y  contains 5 t o  10 tirlles as much d i s -  
f lushed marsh systems, t h a t  t e r r e s t r i a l  
mater ia l  i s  o f  importance where l a r g e  
r i v e r  systems b r i ng  quan t i t i es  o f  organic 
carbon from upstream sources, and t h a t  
phytoplankton plays a key r o l e  i n  c e r t a i n  
s i  tua t ions  (see number 3 be1 ow). "1 t 
(2)  I n  general, we suspect t h a t  t i d a l  
freshwater wetlands are p r i m a r i l y  
d e t r i  tus-based ecosyste~ns, a1 though t h i s  

number o f  benth ic inver tebra tes  \ t i 1  1 

I 
i s  unproven. Dunn (1978) shored t h a t  a w -  

9 - r ead i l y  consume vascular p lan t  d e t r i t u s  a 
a 
c 

5 f 
$ d 

from t i d a l  freshwater marshes (F igure  21). 
Large quan t i t i es  o f  p a r t i c u l a t e  and d i s -  
solved carbon are f lushed out o f  these o 
marshes and a l so  from upstream sources PLANT 

(see Section 3.4). A t  c e r t a i n  times o f  
the year ( l a t e  summer, autulnn, w in te r ) ,  Figure 21. Percent l e a f  d i sc  consumed 
la rge quan t i t i es  o f  p a r t i c u l a t e  d e t r i t u s  (ODW) by amphipods, Gamarus fasciatus, 
are present on the marsh surface and on during 96-hr feeding tes ts .  P lo t ted  val -  
the bottom o f  the marsh creeks (personal ues represent the mean o f  three samples 2 
observations). The re1 a t i v e  importance of 1 S.E. From Dunn (1978). 
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solved carbon as p a r t i c u l a t e  carbon. 
There are, however, s i g n i f i c a n t  q u a n t i t i e s  
o f  p a r t i c u l a t e  ma te r i a l  a v a i l a b l e  f o r  t he  
benthos. Associated w i t h  t h i s  p a r t i c u l a t e  
m a t 2 r i a l  a re  l a r g e  numbers o f  b a c t e r i a  and 
f ung i  (Marsh and Odum 1979), suggest ing 
t h a t  i t  has an enhanced food value. 

( 3 )  The food chain c o n s i s t i n g  o f  phyto-  
p l  ank ton /de t r i  tus-zoopl  ankton-1 a r v a l  and 
j u v e n i l e  f i s h e s  i s  o f  cons iderab le  
i n t e r e s t  and importance t o  man because o f  
the  co~n~nerc ia l  f i s h e r i e s  invo lved .  The 
da td  o f  Van Engel and Joseph (1968) i n  t he  
York and Pamunkey Rivers  documented t h e  
key r o l e  o f  zooplankton as a d i e t a r y  com- 
ponent f o r  a  wide v a r i e t y  o f  l a r v a l ,  pos t -  
l a r v a l ,  and j u v e n i l e  f i shes ,  many o f  com- 
lnerc ia l  importance. They found t h a t  t h e  
most common zooplankters  i n  f i s h  stomachs 
were t h e  nlysid, Yeomysis americana; t h e  
copepods, Aca r t i a  tonsa and Eur ternora 

7%- a f f i n i s ;  f o m i v e  species o f  c  a  ocer-  
ans; and several  s ~ e c i e s  o f  a m ~ h i ~ o d s .  
~ h e s e  zooplankters ,  ' i n  tu rn ,  ha've ' been 
shown t o  i nges t  bo th  phytop lankton and 
organic  d e t r i t u s  (He in le  e t  a l .  1977). 

(4 )  W i t h i n  t h e  marsh system (marsh sur -  
face, smal l  marsh creeks),  t e r r e s t r i a l  and 
aqua t i c  i n sec t s  a long w i t h  t h e  ben th ic  
fauna appear t o  be impor tan t  i n  the  d i e t s  
o f  onnivorous f i shes .  Van Enqel and 
Joseph (1968) found t h e  c rab  ~ h i t h r o p a n o -  
peus h a r i s s i i  and t he  s l l r i~nps  Crangon 
septemspinosa and Pal aemonetes p u g i o  t o  be 
impor tan t  components o f  t h e  d i e t s  of a  
v a r i e t y  o f  f i shes .  Dias e t  a l .  (1978) 
emphasized t h e  importance o f  t h e  aqua t i c  
l a r v a e  o f  t e r r e s t r i a l  i n sec t s  as a food 

source f o r  t i d a l  f reshwate r  f i shes ,  w h i l e  
Diaz and Boesch (1977) mentioned t h e  s i g -  
n i f i c a n t  c o n t r i b u t i o n  o f  ben th i c  fauna 
(01 i gochaetes, c h i  ronomid 1 arvae, t he  
A s i a t i c  clam) i n  t he  d i e t s  o f  ben th i c  
feeding f i s h e s  such as c a t f i s h ,  s t r i p e d  
bass, carp, perch, ee l ,  and cypr inodon t  
minnows (see Chapter 5 f o r  more on t h i s  
sub jec t ) .  

5 )  D i r e c t  usage o f  marsh p l a n t  m a t e r i a l  [ 1  eaves , seeds) appears cons iderab ly  
impor tan t  i n  t i d a l  f reshwate r  marsh sys- 
tems, i n  f a c t ,  p robab ly  niore impor tan t  
than i n  s a l t  marshes. Muskrats, beaver 
( du r i ng  t h e  summer), and n u t r i a  consume 
q u a n t i t i e s  o f  f r e s h  p l a n t  m a t e r i a l  (see 
Chapter 8)  ; o the r  mammals i n c l u d i n g  whi te-  
t a i l  deer i n g e s t  sma l le r  q u a n t i t i e s  (per- 
sonal observa t ion ) .  B i r d s  u t i l  i z e  t h e  
seed p roduc t ion  o f  t i d a l  f reshwate r  
marshes ex tens i ve l y  i n  t he  l a t e  summer, 
f a l l ,  and e a r l y  w i n t e r  (see Chapter 7).  
I n sec t s  graze c e r t a i n  marshpi ants  h e a v i l y  
( i  .e., H ib iscus)  w h i l e  o t he r  p l a n t s  such 
as Phragmites a re  scarce ly  touched. 

I n  sumnary, ou r  knowledge o f  energy 
f l o w  i n  t i d a l  f reshwate r  wet lands i s  
almost t o t a l  l y  specu la t i ve .  We hypothe- 
s i z e  t h a t  foodwebs a re  gene ra l l y  
d e t r i  tus-based w i t h  a  v a r i e t y  o f  ornni- 
vorous ben th ic  fauna serv ing  as the  i n t e r -  
mediary 1  i n k  t o  f i shes .  Zooplankton ap- 
p a r e n t l y  p l a y  a key r o l e  i n  suppor t ing  
1 a r va l  and j u v e n i l e  f i shes .  D i r e c t  
g raz ing  and seed consumption by mammals, 
b i r ds ,  and i n s e c t s  a re  p robab ly  mpre s i g -  
n i f i c a n t  than i n  h i ghe r  s a l i n i t y  es tua r i ne  
marshes f a r t h e r  downstream. 



CHAPTER 4. COMMUNITY COMPONENTS: INVERTEBRATES 

4.1 ZOOPLANKTON t h a t  t he  amount o f  p a r t i c u l a t e  d e t r i t u s  
ava i l ab le  i n  the ea r l y  spr ing  con t ro l s  

The zooplankton community o f  t i d a l  zooplankton product ion and t h a t  t h i s ,  i n  
freshwater i s  dominated by a combination tu rn ,  may in f luence year c lass s t rength  i n  
o f  freshwater r o t i f e r s  and cladocerans fishes such as wh i te  perch and s t r i p e d  
a1 ong w i t h  estuar ine copepods. Typical bass (Joseph M i  hursky, Chesapeake Bi o l  ogi -  
exarnpl es o f  the d i f f e ren t  phyla are shown ca l  Laboratory, Solomons, Yaryl and; Ders. 
i n  Table 9. Although the numbers o f  comm.). 
species represented are f a r  less than 
fu r ther  downstream, there  i s  some evidence Based on 1 im i ted  data o f  our own, i t  
t h a t  t o t a l  numbers (dens i ty )  o f  zooplank- appears t h a t  the  mysid, Neomysis ameri- 
t on  i n  t i d a l  freshwater a re  s i g n i f i c a n t l y  =, and several species o f  amphipods 
greater  than i n  contiguous nont idal  fresh- provide the greates t  biomass o f  food f o r  
water o r  estuar ine water (Van Engel and l a r v a l  and j u v e n i l e  f i shes  i n  t i d a l  f resh-  
Joseph 1968). water. The two species of copepods, the 

c1 adocerans, and the  r o t i  f e r s  apparently 
A t  any p a r t i c u l a r  l oca t i on  the  plank- are t h e  most important food sources f o r  

ton may be dominated by r o t i f e r s ,  clado- recen t l y  hatched la rvae and pos t la rvae (Ed 
cerans, o r  copepods depending upon t h e  Houde, Chesapeake B io log i ca l  Laboratory, 
season. Lippson e t  a1 , (1979) reported Solomons, Mary1 and; pers. comm.). 
t y p i c a l  concentrat ions of zooplankton from 
the  t i d a l  freshwater sec t ion  o f  t h e  
Potomac River  as: (a) r o t i f e r s  (80 4.2 BENTHIC INVERTEBRATES 
species), 5,000 t o  20,000/m3 w i t h  a peak 
i n  sgr ing and summer; (b) cladocerans Comprehensive documentation o f  the 
(approxi~nately 8 species), 5,000 t o  benthos i n  t i d a l  f reshwater  i s  scarce. An 
100,000/m3 w i t h  peaks i n  spr ing and fa1 1 ; ear l y  study o f  the Hudson River, New York 
and ( c )  copepods (approximately 9 (Townes 1937), character ized the  benthos 
species), 1,000 t o  over 100,000/m3 w i t h  a o f  t i d a l  freshwater as composed o f  f resh-  
cha rac te r i s t i c  1 a te  summer peak. I n  t he  water sna i ls ,  01 i gochaetes (Limnodri  l u s  
York River, Van Engel and Joseph (1968) spp.), chironomids, and the amphipod, 
found the dominant zooplankton i n  terms of Gammarus fasc ia tus .  This amphi pod seems 

e t o  be the mysid, Neomysis ameri- t o  be c h a r a c t e r i s t i c  o f  many t i d a l  f resh-  
he copepods, Eurytemora a f f i n i s  and water loca t ions .  Dunn (1978) found i t  t o  

tonsa, several species of amphi- be abundant i n  p l a n t  and a lga l  rnats i n  
, a r a  number of species of V i r g i n i a  wh i l e  Calder e t  a l .  (1977) men- 

t i o n  i t  as common i n  South Carol ina f resh-  
water t i d a l  marshes. 

on i n  t i d a l  freshwater 
n t  food source f o r  t he  Studies o f  southern t i d a l  freshwater 
ae of anadrornous f ishes benthos are re1 a t i  ve l y  rare. Dorjes 

shad. There i s  (19771, quoted i n  Sandi fer  e t  a1. ( 1 9 8 0 ) ~  
pods der ive  a found the dominant macrobenthi c i nve r te -  
i r  d i e t  from brates i n  t h e  t i d a l  freshwater areas of 

(Hein le and the  Ogeechee estuary, Georgia, t o  5e the 
n hypothesized amphi pod, Lea i d a c t y l  us dy t iscus  , and t$e  



polychaete, Scolecol epides v i r i dus .  I n  of chironomids, approximately 1 g o f  nema- 
South Carol ina, Calder e t  a1 .mj found todes ( t h e  major component o f  the  micro- 
these two species t o  compose 60% by number benthos), and 1 g t o  2 g of the A s i a t i c  
of the rnacrobenthos from t i d a l  freshwater clam. 
st retches o f  t h e  South Edisto River. The A s i a t i c  clam, introduced e a r l i e r  

One o f  t he  most complete studies of 
t i d a l  freshwater benthos i s  t h a t  o f  Diaz 
(Diaz and Boesch 1974; 9 iaz  1977; Diaz e t  
a l .  1978). H is  studies concentrated on 
the  t i d a l  Jalnes River, a t yp i ca l ,  although 
h igh l y  eutrophic,  t i d a l  freshwater r i v e r  
i n  V i rg in ia .  The marsh macrobenthos was 
dominated qual i t a t i  ve ly and q u a n t i t a t i v e l y  
by t u b i f  i c i d  01 igocliaetes and l a rva l  
chi rono~nid insects.  01 i gochaetes were 
most abundant and c h i  ronomids were most 
diverse. Dominant species included a 
ch i  ronomid, Chi ronoms tanypus , and an 
01 i gochaete, m n i s  spp. A1 so h igh l y  
abundant was the  introduced A s i a t i c  c l  am. 
Corbicul a f l  umi nea ( fo rmer ly  C. mani 1 en- 

-which i s  discussed be1 ow. 

i n  t h e  century, i s  we l l  establ ished 
throughout  t i d a l  freshwater environments 
i n  t h e  Southeastern States (Sandi fer  e t  
a l .  1980). It entered the southern t r i b u -  
t a r i e s  o f  Chesapeake Bay about 1968 (Diaz 
1977) and has since spread northward a t  
l e a s t  as f a r  as t h e  Potomac River  where i t  
was es tab l ished by 1975 and now reaches 
dens! t i e s  as great  as 665/m? (Dresl  e r  and 
Cory 1980). Diaz and Boesch (1977) have 
noted t h a t  the ease w i th  which the A s i a t i c  
clam has populated t i d a l  freshwater may be 
a c l u e  t o  the extent  t o  which benth ic  com- 
mun i t i es  are s t ruc tured by physical  ra the r  
than b i o l o g i c a l  processes i n  t h i s  environ- 
ment. Presumably, i f  i n t e r s p e c i f i c  compe- 
t i t i o n  and compet i t ive exclus ion were i n -  
tense, t he  spread and p r o l i f e r a t i o n  o f  the 
A s i a t i c  clam would not  have been as 

These studies a l so  showed t h a t  the dramatic. 
number o f  benthic macrofauna s ~ e c i e s  i n  
t i d a l  freshwater i s  considerably ' lower (69 Penaeid shrimp do not  appear t o  occur 
according t o  Koss e t  a l .  1974; 49 accord- i n  t i d a l  freshwater hab i ta ts  i n  h igh  den- 
ing  t o  Diaz 1977) than fu r ther  upstream i n  s i t i e s ,  although they are very common a t  
nont ida l  freshwater (between 150 and 200 s l  i g h t l y  h igher sal i n i  t i e s  (personal 
species according t o  K i r k  1974). This observat ion) .  However, the  caridean 
r e l a t i v e l y  sirnple community s t ruc ture  i n  shrimp, p a r t i c u l a r l y  Palaemonetes pugio, 
t i d a l  freshwater was a t t r i b u t e d  t o  a l ack  has been reported commonly i n  t i d a l  fresh- 
o f  d iverse habi tats;  the most ava i lab le  water  from Georgia (Sandifer e t  a1 . 1980) 
h a b i t a t  was a s i l t y  mud bottom (Diaz and t o  V i r g i n i a  (personal observation). I n  
Boesch 1977). Diaz (1977) l ikened t i d a l  Sou thCaro l i naandGeorg ia ,  t h e f r e s h w a t e r  
freshwater benthic communities t o  those shrimp, Yacrobrachium ohione and l. scan- 
found i n  la rge lakes, such as the Great thurus  are common i n  t i d a l  f r e s h x r  
Lakes, o r  the profundal zone of smaller -(5iFKfer e t  a l .  1980). 
1 akes, pol l u ted  harbors, o r  the  v i c i n i t y  
o f  r i v e r  mouths. Furthermore, he con- A general and pre l im inary  l i s t  o f  
cluded t h a t  there i s  no species o f  benthic rep resen ta t i ve  benthic macrofauna from 
animal which i s  special ized f o r  exclus ive t i d a l  f reshwater  marsh systems i s  shown i n  
existence i n  t i d a l  freshwater. Most Table 10. I t  i s  probable t h a t  c e r t a i n  
species which are present appear t o  be groups such as c ray f i sh  and amphipods are 
eurytopic (wide range of to lerance) w i t h  even more important than i nd i ca ted  but 
few species e x h i b i t i n g  qual i t a t i v e  have been poor ly  sampled i n  past  studies. 
p re fermce f o r  a p a r t i c u l a r  substrate I n  add i t i on ,  more mobile estuar ine organ- 
type. isms a r e  known t o  s t ray  i n  f a i r  numbers 

(persona l  observations) i n t o  t i d a l  fresh- 
Diaz e t  a l .  (1978) found the  macro- water (e.g., the b lue crab, Ca l l inec tes  

benthic d i v e r s i t y  (HI) i n  the Janes t i d a l  sapidus, the mud crab, Rhithropanopeus 
freshwater marshes t o  be r e l a t i v e l y  low, h a r i s s i  i , the caridean shrimp, Pal aemone- 
ranging from 2.0 t o  2.2. Mean dens i t ies  tes  pugio, and, i n  the southern p a r t  o f  
were 1800-4000/m2; 85% t o  97% 1 ived i n  the i t s  range, the brackish water f i d d l e r  
top 10 an of marsh sediment. Annual pro- crab, - Uca minax). Except f o r  t he  work o f  
ddct ion was estimated ( i n  dry g/m2/yr) as Diaz, our  knowledge of the t i d a l  fresh- 
4 g t o  7 g o f  ol igochaetes, l ess  than 1 g water  macrobenthos i s  very pre l iminary.  
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Table 10. Representat ive benthic macro- 
fauna from m id -A t l an t i c  t i d a l  freshwater 
environments. Data from Lippson e t  al. 
(1979) f o r  t h e  Potomac River, Grant and 
Par t i ck  (1970) f o r  the Delaware River, and 
Diaz (1977) and Diaz and Boesch (1977) f o r  
the James River .  

Sponges 

Spongi 1 l a  1 acus tr i  s and other species 

Hydra 

Hydra americana 
Protohydra spp. 

Barentsia r a c i l u s  
L o p h * p o d e l ~  , 

Pectinatel a magni t ica  

Leeches 

Fanil ies Glossiphoni idae, Piscicol idae 

01 i gochaetes 

Families Tubificidae,  Naididae 
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Figure 22. Seaward change i n  (a)  s a l i n -  
i t y ,  (b )  species composition, and ( c )  to -  
t a l  numbers o f  microfauna of the  marshes 

Insects along the  Rappahannock Estuary, V i rg in ia .  
Dipteran larvae (especially family Chironomidae) 

From El 1 i son and Nichols (1976). 
Larvae of Epheineroptera, Odonata, Trichoptera, 
and Coleoptera 

Amphipods 

F a l l e l a  azteca 
amnarus m t u s  

m y l u s  dytKcus  (southeastern States) 

Crustaceans 

s t r i c t u s ,  D i f f l u g i a  const r ic ta ,  and D. 
py r i f o rm is .  Density o f  ten reaches 
2,000120 m1 o f  sediment. Jus t  downstream, 

Crayfish i n  the o l igoha l ine  zone o f  the estuary; 
Blue crab. Call inectes sapidus t he  thecamoebinids disappear and are 
Caridean shrimp, Palae~nonetes paladosus replaced by the  Arnnioastuta fauna. This i s  

 lo^ I U S ~ S  a qroup o f  fo ramin i fe ra  dominated by - .  
Fingernail clam, Pisidium spp. Ammoas t u t a  salsa and inc lud ing  AS trammina 
Asiatic clam. ~o-lurninea (formerly C .  mamlensis) 
Bracki s tuater  clam. b n q i a t a  

r a r a  and M i  1 iammina e a r l  andi . D i f f e r e n t  - 
Pulmonate s n a i l s  (at  least s i x  families) groups o f  forams predominate a t  1 ocat ions 

f u r t h e r  do\~nstrearn i n  the estuary a t  
h igher s a l i n i t i e s  ( E l l i s o n  and Nichols 
1976). 

The microbenthos i n  t i d a l  freshwater 
i s  more thoroughly documented than the 
macrobenthos thanks t o  the work o f  Robert 
E l l i s o n  and Maynard Nichols (summarized i n  
E l l i s o n  and Nichols 1976). They have 
described a sharp demarcation i n  the d i s -  
t r i b u t i o n  of t h e  microbenthos which occurs 
a t  the border between t i d a l  freshwater and 
estuar ine cond i t ions  (Figure 22). I n  the  
t i d a l  f reshwater  marshes the dominant 
group i s  t h e  thecamoebinids (a group o f  
amoeba w i t h  theca o r  tes ts ) ;  the foramini -  
fera, common i n  estuarine sat i n i t i e s ,  a re  
absent. Dominant species o f  thecamoe- 
b i n i d s  are  Centropyxis arenata, C, con- 

The demarcation between thecamoe- 
b in ids  and forams provides a convenient 
geological and ecological  i n d i c a t o r  o f  the 
extent  o f  t i d a l  freshwater wetlands i n  the 
recent  geological record. Using the 
occurrence o f  these organisms i n  marsh 
cores, E l l i s o n  and Nichols (1976) con- 
cluded t h a t  t he  t i d a l  freshwater environ- 
ment moved downstream i n  the James River  
basin during the most recent per iod o f  
r e l a t i v e  sea l e v e l  s t a b i l i t y  (pas t  6000 
years) perhaps due t o  sediment depos i t ion  
and marsh b u i l d i n g  throughout t he  estuary. 



4.3 MARSH PLANT INSECT COMMUVITY 

Pub1 ished i n f o rma t i on  deal i n g  w i t h  
t he  i n s e c t  community assoc ia ted w i t h  vas- 
c u l a r  p l a n t s  o f  t i d a l  f reshwate r  i s  ve r y  
inadequate. One excep t ion  i s  the  study o f  
Simpson e t  a l .  (1979) t h a t  descr ibes t h e  
i n s e c t s  assoc ia ted  w i t h  t h ree  p lan ts :  
burmari  go1 d, arrow-arum, and jewelweed. 
I n  general ,  t hey  found both low d e n s i t i e s  
of i n s e c t s  and low species d i v e r s i t y .  
I n sec t s  f rom 32  fa rn i l  i e s  and 6 o rders  were 
co l l e c t ed ;  o n l y  11 f a m i l i e s  were found on 
a l l  th ree  spec ies o f  p lan ts .  The Coc- 
c ine1  1 idae  ( l a d y b i r d  bee t l  es)  were t h e  
most ub iqu i tous .  Other  common f a m i l i e s  
were the  Curcul  i on i dae  (snout  b e e t l  es)  , 
the  Lampyridae ( f i  r e f 1  i e s )  , the  Lagnuridae 
(1  i z a r d  b e e t l  es) , t h e  d i p t e r a n  f a m i l y  
Do1 i chopodi dae ( long-1 egged f l i e s )  , t h e  
O t i  t i d a e  (p ic ture-winged f l i e s )  , t h e  
Syrphidae ( f l o w e r  f l i e s ) ,  t h e  Tachin idae 
(deer  and horse f l i e s )  , t h e  hemipteran 
Anthocor idae (minute p i  r a t e  bugs), and t h e  
ho~nopterans Aphidae ( p l a n t 1  i c e )  and Cica- 
d e l l  i dae (1  e a f  hoppers). Add i t i ona l  
f a i n i l  i e s  were found on ly  on s p e c i f i c  
p lan ts .  

Simpson e t  a l .  (1979) found l i t t l e  
evidence o f  herb ivorous i n s e c t s  o r  o f  
he rb i vo r y  i n  general  and concluded t h a t  
t i d a l  f reshwater marshes, 1  i ke coas ta l  
Spa r t i na  marshes, a r e  o n l y  1 i g h t l y  grazed. 
Cahoon (1982), on t h e  o t h e r  hand, found 
g raz ing  r a t es  on H ib i s cus  t o  be as h i g h  as 
20% t o  30% i n  c e r t a i n  l o c a t i o n s  i n  
Mary1 and t i d a l  f reshwate r  marshes. We 
have recorded g raz ing  r a t e s  on a m i x t u r e  
o f  t i d a l  f reshwater marsh p l a n t s  as h i gh  
as 12% t o  15% i n  d i s c r e t e  patches o f  
marsh, bu t  l e s s  than 10% f o r  t h e  marsh as 
a whole (unpubl ished data).  A t  t h i s  t ime, 
w i t h  l i t t l e  data i n  hand, we must agree 
w i t h  Simpson e t  a l .  (1979) t h a t  g raz i ng  
r a t es  by i n s e c t s  on most p l a n t s  i n  t i d a l  
f reshwater  a re  low, H ib i s cus  excepted. 

A1 though d i r e c t  g raz ing  r a t e s  may be 
low, i t  should be emphasized t ha t  i n s e c t s  
apparen t l y  p l  ay an impor tan t  r o l e  i n  
energy f low i n  t he  t i d a l  f reshwater  marsh 
system (see Sec t ion  3.5). I n  p a r t i c u l a r ,  
t he  aqua t i c  l a r v a e  o f  t e r r e s t r i a l  i n s e c t s  
appear t o  be an impor tan t  food source f o r  
t h e  pos t l a r vae  and j u v e n i l e  f i s h e s  which 
u t i l i z e  t h i s  h a b i t a t  as a nursery  area 
(see Chapter 5 ) .  



CHAPTER 5. COMMUNITY COMPONENTS: FISHES 

5.1 INTRODUCTION 5.2 THE FAUNA: AFFINITIES AND NATURAL 
HISTORY OF IMPORTANT SPEC1 ES 

The t i d a l  freshwater p o r t i o n  o f  
A t l a n t i c c o a s t e s t u a r i e s  i s a  t r a n s i t i o n a l  Freshwater Fishes 
zone between a t y p i c a l l y  freshwater f i s h  
fauna found above t i d a l  in f luence and I n  t i d a l  freshwaters, f i s h  o f  fresh- 
fauna cha rac te r i s t i c  o f  the 01 igohal ine water a f f i n i t y  are p a r t i c u l a r l y  common. 
po r t i on  o f  t he  estuary. No f i s h  species I n  fac t ,  up t o  a s a l i n i t y  o f  approximately 
i s  known t o  be r e s t r i c t e d  t o  the t i d a l  3.5 ppt, freshwater f i s h  o f t e n  outnumber 
freshwater hab i ta t .  Instead, the f i sh  estuarine, anadromous, and marine species 
communi t y  o f  t i d a l  freshwater (summarized combined (Keup and Ray1 i s s  1954). Soecies 
i n  Appendix B) i s  a complex and seasonally o f  freshwater f i s h  found i n  t i d a l  f resh-  
var iab l  e mixture o f  freshwater forms waters general l y  occupy 1 e n t i c  (slow- 
t o l e r a n t  o f  low s a l i n i t y  condit ions, t y p i -  f lowing) hab i ta ts ,  such as lakes, ponds, 
ca l  estuar ine residents, anadromous fishes and r i v e r  backwaters, i n  nont ida l  fresh- 
on spawning runs and t h e i r  juveni les,  waters. I n  t i d a l  freshwaters, freshwater 
j u v e n i l e  marine f i s h  using the area as a forms are more o f ten  associated w i t h  shal- 
nursery ground, and a d u l t  marine f i s h  best lows and vegetat ion than w i t h  deeper 
considered seasonal t r ans ien ts  (F igure channels. Freshwater species charac ter i  s- 
23). t i c  o f  l o t i c  hab i ta t s  w i t h  f a s t  f low ing 

water and gravel substracts r a r e l y  extend 
Because the  unconsol idated sediments t h e i r  range i n t o  t i d a l  f reshwaters 

and dense vegetat ion make sampling w i t h i n  ( ~ i p p s o n  e t  a l .  1979). 
the  marsh d i f f i c u l t ,  most of our i n foma-  
t i o n  on f i shes  o f  the t i d a l  freshwater The three fam i l i es  w i t h  the  most 
reaches of the estuary comes from trawl species and i n d i v i d u a l s  i n  t i d a l  f resh-  
surveys i n  the main channels and beach water are the  cypr in ids  (minnows, shiners, 
sein ing i n  unvegetated shallows. As a carps), cent rarch ids  (sunfishes, crappies, 
resu l t ,  much of the  fo l lowing discussion bass), and i c t a l u r i d s  ( ca t f i shes ) .  While 
concerns the fishes of t i d a l  freshwaters a r e l a t i v e l y  l a r g e  propor t ion  o f  t he  cat-  
i n  general and i s  not r e s t r i c t e d  t o  those f i s h  and sunf ish populat ions i n  a given 
f ishes tha t  use the marsh d i r e c t l y .  Where geographic area extends i n t o  t i d a l  f resh-  
d i r e c t  use has been observed, t h i s  d is -  water habi tats,  t h i s  i s  no t  the case fo r  
t i n c t i o n  i s  made. the minnows. As a group, minnows a re  much 

more common above the Fa l l  L ine  i n  non- 
t i d a l  hab i ta ts .  

RIVERS ESTUARIES OCEANS 

Minnows are small , o f t e n  school i n q  
species, most abundant i n  t he  shore zone. 
Of t h i s  group, the  s p o t t a i l  shiner, s i l -  
very minnow, s a t i n f i n  shiner, and golden 
shiner  are the tnost common. Many o f  the 
other  smaller members o f  t h i s  group l i s t e d  

f i g u r e  23. D i s t r i bu t i ons  o f  d i f f e r e n t  i n  Appendix !3 a re  bes t  considered s t rays  
types of fishes by s a l i n i t y  zones. Modi- i n  t i d a l  freshwaters because t h e i r  occur- 
f ied  from Lippson e t  al .  (1979). rence there  i s  sporadic. As a group the  
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minnows occupy midwater and ben th i c  habi  - 
t a t s .  The carp  and g o l d f i s h  have been 
in t roduced  w ide l y  f rom Asia and may be 
l o c a l  l y  common i n  t i d a l  f reshwaters.  Soth 
species have broad niches; they a r e  omniv- 
orous i n  feeding h a b i t s  and have wide 
to1  erances f o r  v a r i a t i o n s  i n  d i s so l ved  
oxygen, t u r b i d i  t y ,  and sal i n i  ty .  

4s a group t h e  sunf ishes a re  most 
common i n  shallow, s t i l l  waters con ta i n i ng  
some cover.  The sma l le r  menbers o f  t h e  
f a m i l y  i n  the  genera Enneacanthus and 
E l  assoma are i n v a r i  aSly assoc ia ted w i t h  
vege ta t i on  and are most abundant i n  t i d a l  
and non t i da l  swamps (Wang and Kernehan 
1979, Lee e t  a1 . 1930). The b l  ueg i  11 and 
largemouth bass are common i n  t i d a l  f resh-  
waters throughout  t he  mid- and southeast 
A t l a n t i c  reg ions.  The pumpkinseed i s  more 
colnnon i n  the  m id -A t l an t i c ,  w h i l e  the  red-  
b reas t  and redear sunf ishes,  warmouth, and 
b lack  c rapp ie  reach peak abundance i n  
t i d a l  f reshwaters  i n  t h e  southeast.  
Juven i les  o f  a l l  these species are most 
abundant i n  t h e  shal lows, and l a r g e r  
f i s h e s  a re  found i n  deeper water. A l l  h u t  
t he  sma l l es t  sunf ishes a re  impor tan t  t o  
spo r t s  f ishermen. As a r e s u l t  o f  t h e i r  
r e c r e a t i o n a l  value, many species have been 
in t roduced  t o  areas ou ts ide  t h e i r  n a t i v e  
range (see Appendix B) .  

Ca t f i shes  are bottom o r i en ted  and 
w e l l  adapted t o  feeding i n  t u r b i d  waters  
which o f t e n  occur i n  t i d a l  f reshwater  
hab i t a t s .  Here they l o c a t e  t h e i r  p rey  
p r i m a r i l y  by nonv isual  means ( i e . ,  by 
t a c t i l e  and o l f a c t o r y  s t imu l  i ) .  They a l s o  
t o l e r a t e  cond i t i ons  o f  low d i sso l ved  oxy- 
gen. 3 f  the  l a r g e r  members o f  t he  genus 
I c t a l u r u s ,  the wh i t e  c a t f i s h ,  channel ca t -  
f i sh, brown b u l l  head, and ye1 low b u l l  head 
a re  common. The sma l le r  members of t he  
genus Noturus a re  known as madtoms and a r e  
nore  abundant i n  non t i da l  f reshwaters.  
Only t he  tadpo le  madtom i s  common i n  t i d a l  
f reshwaters .  

A number o f  o t h e r  species o f  f resh-  
water  f i s h  a re  r es i den t  i n  t i d a l  f resh-  
waters and a re  impor tan t  t he re  e i t h e r  
because o f  t h e i r  numerical  abundance o r  
t h e i r  r o l e  as predators.  O f  t h e  s a a l l e r  
species, t h e  mosqu i t o f i sh  i s  p a r t i c u l a r l y  
abundant a1 ong creek edges, i n  backwaters, 
and on t h e  marsh surface. One o r  inore of 
t he  d a r t e r s  and suckers are o f t e n  common, 

The d a r t e r s  r es i de  i n  t h e  shal lows, t h e  
suckers i n  s l i g h t l y  deeper water. The 
p i r a t e  perch i s  l o c a l l y  common i n  t h e  
upper t i d a l  f reshwater  h a b i t a t ,  p a r t i c u -  
l a r l y  where the  rnarsh and swamp a re  i n  
c lose  p rox im i ty .  Gars, p i c ke re l s ,  and 
bowf in  a re  r e s i d e n t  p reda to rs  whose abun- 
dance and a c t i v i t i e s  probably  a f f e c t  t he  
popu la t i on  s t r u c t u r e  o f  t h e  sma l l e r  f i s h  
species us i ng  t he  t i d a l  f reshwater  
hab i t a t .  

Es tuar ine  Fishes 

The es tua r i ne  component o f  the  t i d a l  
f reshwater f i s h  assemblage i s  cotnposed o f  
r es i den t  soecies t h a t  compl e t e  t h e i r  
e n t i r e  l i f e  c y c l e  i n  t he  estuary ,  These 
species a re  general l y  most abundant i n  
lower,  more sa l  i n e  p o r t i o n s  o f  t he  estu-  
ary, b u t  several  extend t h e i r  ranges i n t o  
t i d a l  f reshwaters .  

The cypr inodon t ids  o r  k i l l i f i s h e s  are 
very  abundant i n  t i d a l  f reshwate r  marshes 
where they occur i n  schools i n  the  shal-  
lows and on the  marsh sur face  a t  h i gh  
t i de .  At low t i d e  these smal l  f i s h e s  con- 
gregate a long marsh edges and a l s o  on t he  
marsh sur face  i n  r i v u l e t s  and t i d e  oools. 
The two most common species i n  t i d a l  
f reshwaters  are t h e  banded k l l l i f i s h  and 
t h e  mummichog (Raney and Massrnann 1953; 
Hast ings and Good 1977; V i r g i n i a  I n s t i t u t e  
o f  Marine Science 1978; Lipnson e t  a l .  
1979). These two species feed o ~ p o r t u n i s -  
t i c a l l y ,  t a k i n g  food i tems i n  p r o p o r t i o n  
t o  t h e i r  r e l a t i v e  abundance i n  t h e  env i -  
ronment ( Baker-Di t t u s  1978; Vit-gi n i a  
I n s t i t u t e  o f  Marine Science 1978). The i r  
d i e t s  a re  ve ry  s i m i l a r  and the.v sometimes 
even feed i n  mixed schools (Raker-Di t tus 
1978). Whi le t h e i r  n iches appear b road l y  
over lapping,  the two species may reach 
peak abundance i n  d i f f e r e n t  hah i  t a t  
patches. Hast ings and Good (1977) sug- 
gested t h a t  t he  mumrnichog shows a p r e f e r -  
ence f o r  muddy subs t r a t e  and t h e  handed 
k i l l i f i s h  f o r  sandy areas. K i l l i f i s h e s  
a r e  o f t e n  used as b a i t  hv spo r t s  f ishermen 
and a r e  impor tan t  forage f i s h e s  f o r  numer- 
ous l a r g e r  f i shes  which are o f  commercial 
o r  s p o r t  importance. K i l l  i f i s h e s  a re  a l s o  
an impor tan t  food i t em  f o r  most species o f  
wading b i r d s  (see Chapter 7 ) .  

The bay anchovy and t i dewa te r  s i l v e r -  
s ide, small pe l ag i c  school i ng f i shes ,  a re  



important forage species f o r  l a r g e r  f i shes  
of recreat iona l  o r  connnerci a1 i n t e r e s t .  
The t idewater  s i l  vers ide i s  most abundant 
spr ing through f a l l  and i s  o f ten  more 
abundant i n  t i d a l  freshwaters where i t  may 
breed than i n  s a l t  water (Raney and 
klassmann 1953; V i r g i n i a  I n s t i t u t e  o f  
Marine Science 1978; Lippson e t  a1 . 1979). 
Bay anchovy juven i les  and adu l ts  enter  
t i d a l  freshwater i n  spr ing  t o  feed. I n  
l a t e  spr ing adu l ts  re tu rn  downstream t o  
spawn i n  areas o f  >10 p p t  s a l i n i t y ,  f4ewl.y 
hatched l a rvae  move irpstream t o  o l igoha- 
1 ine  and t i d a l  freshwater nursery areas i n  
summer (Dovel 1971, 1981). Most anchovies 
r e t u r n  t o  the lower estuary t o  overwinter  
(Lippson e t  a1 . 1979; Dovel 1981). 

Hogchokers and naked gobies are 
bottom-oriented estuar ine res idents whose 
young use t i d a l  freshwater and o l igoha l  i ne  
nursery grounds. Spawned i n  mesohal i n e  
por t ions o f  the  estuary i n  midsummer, 
young o f  both species are  transported 
upstream i n  the  sa1 t wedge t o  the  upper 
estuary where they are common i n  t he  shal- 
lows through autumn. The species d i f f e r  
i n  t h e i r  use o f  t h i s  h a b i t a t  i n  c o l d  
weather. Hogchoker adul t s  and juveni 1 es 
nay overwinter  here, wh i le  naked gobies 
r e t u r n  downstream t o  adu l t  hab i ta t  i n  the  
middle and lower estuary (Van Engel and 
Joseph 1968; Dovel e t  a l .  1969; Lippson 
e t  a l .  1979). 

Anadromous Fishes 

Anadromous f ishes are those which 
ascend from an oceanic h a b i t a t  t o  f resh-  
water t o  spawn. L ike  the  anadromous 
f ishes, semianadrornous forms ascend t o  
freshwaters t o  spawn, but spend most o r  
a l l  of t h e i r  l i v e s  w i t h i n  the estuary 
ra the r  than the  ocean. Many o f  these 
f i shes  are  o f  considerable commercial 
irnportance i n  At1 an t i c  coast estuaries. 
Charac ter is t i cs  o f  these f i shes  are sum- 
marized i n  Table 11. 

O f  the anadromous f ishes,  the 
c lupeids (herr ings and shad) are o f  major 
commercial importance. These f ishes are 
captured on the  upstream spawning runs i n  
g i l l  nets operated i n  t i d a l  f resh and 
brackish waters. Except f o r  h ickory shad, 
the peak abundance of young o f  these 
species i s  i n  t i d a l  freshwaters. I n  t h i s  
nursery area, the juven i les  feed heav i ly  

on small inver tebrates before r n i  g r a t i  ng t o  
t h e  lower estuary o r  out  t o  sea by l a t e  
f a l l  o r  ear ly  winter .  While i n  the nurs- 
e r y  area, these juven i les  are important 
forage f i shes  f o r  s t r i ped  bass, wh i te  
perch, cat f ishes,  and others. Consider- 
able research on the  b io logy  o f  the anad- 
romous clupeids has been conducted by the 
var ious s ta te  agencies responsible f o r  
f i sher i  es management and i s  summarized i n  
t h e i r  progress repo r t s  ( Adams 1970; Shol a r  
1975; Loesch and K r i e t e  1976; Hawkins 
1980; Cur t is  1981; Loesch e t  al., 
undated). 

The two species o f  sturgeons, once 
important commercially i n  east coast estu- 
ar ies,  were badly overf ished and t h e i r  
numbers decimated by the t u r n  of the cen- 
t u r y  (Reiger 1977). I n  a d d i t i o n  t o  
decl ines due t o  overexpl o i  t a t i  on, small 
sturgeons o f  no economic value were pur- 
posely destroyed when they became 
entangled i n  and damaged the g i l l  nets o f  
he r r i ng  and shad fishermen (Ryder 1890; 
Brundage and Meadows 1982). The shortnose 
sturgeon, probably never common, i s  now 
designated an endangered speci es , and the 
A t l a n t i c  sturgeon i s  r e l a t i v e l y  ra re  
(Ryder 1890; Bigelow and Schroeder 1953; 
Reiger 1977). Because sturgeons are rare, 
r e l a t i v e l y  l i t t l e  i s  known o f  t h e i r  
s p e c i f i c  hab i ta t  preferences f o r  s~awn ing  
and nursery areas. Both species o f  s t u r -  
geons spawn i n  nont ida l  and t i d a l  f resh-  
waters and the j uven i l es  [nay remain i n  
freshwater f o r  several years (Vladykov and 
Greeley 1963; Brundage and leadows 1952). 
Small commercial f i s h e r i e s  s t i l l  e x i s t  f o r  
t he  A t l a n t i c  sturgeon i n  New York and the 
Carol inas (Reiger 1977). 

Of a l l  the  f ishes occupying t i d a l  
freshwaters a t  some t i a e  i n  t h e i r  1 ives, 
probably none has received greater  a t ten-  
t i o n  than the  s t r i p e d  bass, a species o f  
major com~nerci a1 and spo r t  importance 
(Figure 24). Though mesent  along the 
e n t i r e  A t l a n t i c  coast o f  the United 
States, spawning i s  1 arge ly  r e s t r i c t e d  t o  
th ree estuaries. Major t r i b u t a r i e s  o f  
Chesapeake Bay account f o r  approximately 
90% o f  the s t r i ped  bass spawned on the 
east coast, wh i le  the  Hudson River, New 
York, and the Roanoke River, North Caro- 
l i n a ,  account f o r  the remainder (Berggren 
and Lieberman 1977). I n  the mid-At lant ic ,  
a d u l t  s t r i ped  bass overwinter  i n  the lower 



Tab1 e 11. C h a r a c t e r i s t i c s  o f  anadromous and semianadro~nous f i shes  o f  t h e  A t 1  a n t i c  coast.  

F ish  Spawning area 

Spawning Residence t ime  
temperature o f  j u v e n i l e s  i n  

" C Nursery ground t i d a l  f reshwater  Commercial use Reference 

Anadromous 

A lew i fe  Small n o n t i d a l  f reshwater  12-22.5 
streams, a l s o  t i d a l  f resh;  
p r i m a r i l y  t r i b u t a r i e s ,  on 
bot tom 

Blueback I n  m id -A t l an t i c ;  t i d a l  15-24 
h e r r i n g  f r e s h  & low b r a c k i s h  ( t o  

2 p p t )  t r i b u t a r y  streams. 
I n  Southeast; r i v e r  f l o o d -  
p l a i n s  & backwaters, aban- 
doned r i c e f i e l d s ,  main 
stream & t r i b u t a r i e s  

American Nont ida l  & t i d a l  f reshwater  12-20 
shad i n  main stream; on sha l low 

f l a t s  w i t h  r e l a t i v e l y  
s w i f t  cu r ren ts  

H i cko ry  M id -A t l an t i c ;  t i d a l  f r esh -  13-21 
shad water  mainstream & lower  

p o r t i o n  o f  some t r i b u t a r i e s  
on shoals.  Southeast At-  
l a n t i c ;  t r i b u t a r y  streams, 
l akes  & r i v e r  f l o o d p l a i n s  

Sea Nont ida l  f reshwater  streams 11-24 
lamprey i n  r a p i d l y  f l o w i n g  water;  14-15.6 

w i l l  use t i d a l  f reshwater  (peak) 
i f  passage blocked 

A t l a n t i c  Nont ida l  & t i d a l  f reshwaters,  14-18 
sturgeon a1 so 01 i goha l  i n e  waters 

Shortnose Nont ida l  & t i d a l  f reshwaters  8-19 
sturgeon 

T i d a l  f reshwater  U n t i l  l a t e  f a l l  F e r t i l  i z e r  Uang &, Kernehan 1979; 
& 31 igoha l  i n e  Lippson e t  a l .  1973 
areas 

W i t h i n  5 n a u t i c a l  I J n t i l  l a t e  f a l l  F e r t i l  i z e r ;  &darns 1970; C h r i s t i e  
m i l e s  o f  spawning l i v e - b a i t  f i s h e r y  R Walker 1952; Uanq 
areas 4 Kernehan 1379 

Same general area 
as spawning area, 
o r  s l i g h t l y  down- 
stream 

Brack ish  & marine 
waters 

Nata l  f reshwater  
streams 

Freshwater 

Upper es tuary  

! In t i1  l a t e  f a l l  Food f i s h ;  eqrrs 'lassnlann e t  a l . ,  
f o r  c a v i a r  1952; Sho lar  1977; 

Llawkins 19W 

L i t t l e ;  , juven i les  Food f i s h  Adams 1Q7Q; Wana L 
inove t o  sounds R Kernehan lq79; 
o f f s h o r e  waters Hawkins 1980 
soon a f t e r  hatch ing 

3-4 years '  as 
a~nmocoete 
l a r v a e  

Up t o  R years  

Up t o  4 years 

"one; a pes t  Wang t Kernehan 
spec ies  1979 

Food f i s h ;  egqs \ / ladykov R c r e e l e v  
f o r  c a v i a r  1953 

Once used as food H e i d t  R G i l h e r t  1981; 
f i s h ;  endanqered, Srundage 4 Yeadows 
cannot he l e q a l  1 y 1982 
harvested 

(cont inued)  



Spawning Residence t ime 
temperature o f  juveni les i n  

Fish Spawning area O C  Nursery ground t i d a l  freshwater Commercial use Reference 

Rainbow Nontidal freshwater streams, 8.9-18.3 Brackish & marine L i t t l e ;  juveni les Food f i s h  Scott  & Crossman 
smel t brooks; t i d a l  freshwater i f  waters move r a p i d l y  t o  1973; Y i rchels  % 

progress blocked; main sea Stanley 1951 
stream & t r i b u t a r i e s  

Tomcod Nontidal & t i d a l  Freshwater 0-3.9 Ol igohal ine areas L i t t l e ;  mainly Food f ish,  rec- 5 c o t t  K Crossqan 
streams use brackish reat ional  use 1973 

waters on1 v 

Str iped Tidal f resh ti o l igoha l ine  10-23 Same as spawning area, U n t i l  l a t e  summer Gfajor food f i s h  Hang t Kerneban 1974; 
bass ( t o  2 ppt) i n  mainstream; 15-18 a lso associated L i  onson e t  a1 . 1979 

waters 2 in depth (peak) t r i b u t a r i e s  

A t l a n t i c  Nontidal freshwater 0ct.-Dec. Nontidal freshwater None; juveni les Food f ish; rec- 'cott  R Crossqan 1971 
salmon i n  Mew on ly  migrate reat ional  

England through t i d a l  
& Canada freshwater 

4% 

6 Threespine nont ida l  & t i d a l  freshwater, lo-? Tidal f resh & Throughout summer ?lone 
st ick leback 01 igohal i n e  waters o l igohal  ine 

Scott  ,t Crnssman 1973; 
Wang Q+ Kernehan 1379 

Semi anadromous --- 
White Tidal fresh & 01 igohal ine 10-20 Shallows downstrPaa Sl i g h  t downs t rearn Food f i s h  
perch ( t o  2 ppt),  t r i b u t a r i e s  & 14-18 o f  spawning areas; ~novement i n  summer, 

main stream; shallows; also (peak) mouths o f  t r i b u t a r y  but may re~nai n 8. 
nont ida l  freshwater creeks & m i n  stream, overwinter i n  deeper 

t i d a l  freshwater channels 

Uang R Kerneqan 1979; 
L i p ~ s o n  e t  a l .  197s 

Yellow Mainly t i d a l  f resh & 01 igo-  6.8-12.5 Downstream of spawning Probably through Food f i sh  
perch hal ine ( t o  2 ppt);  less i n  area; lawer port ions & f a l l  

nont ida l  fresh; t r i b u t a r i e s  mouths o f  t r i b u t a r i e s  & 
main stream 

Wang L i  ooson 4 Yernehan e t  a1 . 1979 1979; 

Gizzard Main1 y t i d a l  freshwater, 10-25 Tidal fresh 8 01igo- Probably through L i t t l e ;  considered Waw a Kernehan 1979; 
shad main stream & t r i b u t a r i e s ;  15-25 hal ine, i n  shallows f a l l  a trash f i s h  Lippson e t  a1 . 1979 

a1 so nont ida l  freshwater (peak) 



Figure 24. S t r i ped  bass, t h e  most impor- 
t a n t  s p o r t  and commercial f i s h  u t i l i z i n g  
t i d a l  f reshwater  env i  ron~nents.  Photograph 
by Dennis A l len,  R e l l e  W. Baruch I n s t i t u t e  
f o r  Marine Science and Coastal Studies, 
U n i v e r s i t y  o f  South Caro l ina,  Georgetown. 

es tua r y  and open ocean, r e t u r n i n g  t o  t h e i r  
na ta l  streams i n  s? r i ng  t o  spawn (Lippson 
e t  a l .  1979). I n  Georgia, s t r i p e d  bass 
are e t i t i  r e l y  r i v e r i n e ,  never  e n t e r i n g  
coas ta l  waters (Hornsby 1980). We have 
chosen t o  c l a s s i f y  s t r i p e d  bass as anad- 
romous because i n  t he  m id -A t l an t i c ,  t h e  
area o f  peak abundance, some p ropo r t i on  o f  
t i le  spawning popu la t i on  overw in te rs  i n  t h e  
ocean. 

Spawning occurs i n  t i d a l  f r e s h  and 
o l i g o h a l  i n e  waters i n  t he  n a i n  watercourse 
when temperatures exceed 10°C (50°F) e a r l y  
A p r i l  a t  t he  l a t i t u d e  of Chesapeake Say. 
Most adul t s  r e t u r n  t o  es tua r i ne  waters 
a f t e r  spawning. Juven i l e  s t r i p e d  bass 
p r e f e r e n t i a l l y  i n h a b i t  nearshore zones 
w i t h i n  t h e  t i d a l  f reshwater  and o l igoha-  
l i n e  nursery  area where food i s  denser 
than i n  channels and deeper waters 
(Boynton e t  a1 . 1981). Juven i les  move 
g radua l l y  downstream as they  grow. 

D e t a i l e d  s tud ies  on s u r v i v a l  o f  .iu- 
v e n i l e  s t r i p e d  bass and v a r i a t i o n  i n  year- 
c l  ass s t r e n g t h  have demonstrat2d t h a t  t h e  
c r i t i c a l  pe r i od  i s  t h e  l a r v a l  stage. It 
i s  hypothesized t h a t  v a r i a t i o n  i n  food 
dens i t i e s ,  p r i , ~ i a r i l y  r o t i f e r s  and copepod 
n a u p l i i  w i t h i n  the t i d a l  f reshwater  and 
01 i gohal i n e  nursery  zone, may be t h e  c r i  t- 
i c a l  f a c t o r  i n  de te rmin ing  year -c lass  
s t r e n g t h  ( A t l a n t i c  S ta tes  Marine F i she r i es  
Commission 1981). Apparent ly,  s t rong  yea r  
c lasses a r e  c o r r e l a t e d  w i t h  c o l d  w i n t e r s  
and h i g h  sp r i ng  r uno f f .  It i s  thought 
t h a t  h i gh  r u n o f f  con t r i bu tes  n u t r i e n t  and 
d e t r i t a l  i n f l u x e s  vdhich f a v o r  h i gh  zoo- 
p lank ton  dens i t i e s ,  and thus  h i gh  l a r v a l  

The on l y  catadrornous f i s h  species i n  
es tua r i es  i n  t h i s  geographic area i s  t h e  
American ee l .  Eels  spend n e a r l y  a1 1 t h e i r  
l i v e s  i n  f r e s h  o r  b rack i sh  water,  r e t u r n -  
i n g  t o  the  ocean i n  t h e  r eg i on  o f  the 
Sargasso Sea o f f  Bermuda t o  spawn. Young 
e s l s  r e t u r n  t o  t he  coast  and en te r  
es tuar ies ,  some ascending i n t o  n o n t i d a l  
f reshwaters.  Eels a re  ub i qu i t ous  through- 
o u t  t h e  es tuary  and a re  ve ry  common i n  the  
t i d a l  f reshwate r  reaches. They r e a d i l v  
e n t e r  t i d a l  marsh creeks and may move onto 
t h e  marsh i t s e l f  ( V i r q i n i a  I n s t i t u t e  o f  
Marine Science 1975, ~ i v i a t  YS; Livpson 
e t  a l .  1979). 

Marine Fishes 

Marine f i s h e s  soawn a t  sea and spend 
most o f  t h e i r  l i v e s  i n  t he  marine h a b i t a t .  
They use es tua r i es  e i t h e r  as nursery  
areas, i n  which case they a re  es tua r i ne  
dependent, o r  as seasonal feedi  nq grounds 
as adu l t s .  Many more marine f i s h e s  use 
t h e  lower  es tuary  than t i d a l  f reshwaters.  
A t l a n t i c  menhaden, spot, croaker,  s i l v e r  
perch, weakfish, spo t ted  sea t rou t ,  b lack  
drum, and t h e  summer f l ounde r  a re  mar ine 
species whose young occupy nursery  areas 
extending i n t o  t i d a l  f reshwate r  reaches 
du r i ng  t he  warmer months (Massmann e t  a l .  
1952; Dove1 1971; Thomas and Smith 1973; 
Markle 1976; V i r g i n i a  I n s t i t u t e  o f  Marine 
Science 1978). I n  Georgia and F l o r i da ,  
snook and ta rpon  a re  dependent upon t i d a l  
f reshwater  and 01 i goha l  i n e  nursery  "areas 
(Rickards 1968). General 1  y, these vounq- 
of- the-year,  and a d u l t s  o f  mar ine species 
as we1 1, l eave  t h e  es tuary  as telnperature 
dec l ines  i n  t he  f a l l .  

CJe have attempted t o  summarize these 
d i ve r se  pa t t e rns  o f  h a b i t a t  use i n  Table 
12. The more common species f o r  which 
adequate 1 i f e  h i s t o r y  i n f o rma t i on  i s  
a v a i l  ab l  e  a re  arranged by a f f i n i t y  group 
on the  bas is  o f  t h e i r  use o f  t i d a l  f r esh -  
waters. 

5.3 COMMUNITY STRUCTURE 

Re1 a t i  ve Abundance 

The r e l a t i v e  abundance o f  f i s h  
species i n  t i d a l  f reshwaters  i s  bes t  



Table 12. Patterns of use o f  t i d a l  fresh- 
water h a b i t a t  by f ishes.  

Pattern of 
Aff i ni ty group habitat use Exarnpl es 

I. Freshwater Resident Pumpki nseed 
Tessellated darter 
Redfln pickerel  
Longnose gar 
Largernou th bass 

Spawn elsewhere Some ca t f i sh  
Most suckers 

11. Estuarine Resident Mumni chog 
Tidewater si  lverside 

Nursery area Hogchoker 
Naked goby 

111. Anadrornous Nursery area American shad 
A1 ewife 
Striped bass 

Migratory only Hickory shad 
Rainbow me1 t 

I V .  Marine Nursery area Spot 

Feeding ground Mu1 l e t  
for adults 

assessed from comparable da ta  c o l l  ected a t  
a ser ies o f  s i t es .  I n  Tab le  13 the  most 
common f ishes  from ten  s tud ies  are 
arranged by rank abundance. The e igh t  
species l s i t e d  f o r  each s tudy  account f o r  
between 80% and 99% o f  a1 1 f i s h e s  captured 
i n  these inves t iga t ions .  Wh i l e  d i f f e r -  
ences e x i s t  i n  sampl i ng method01 ogy and 
propor t ion  o f  the  annual c y c l e  covered, 
some general i zat ions a r e  p o s s i  b1 e. Over- 
a , freshwater species outnumber a1 1 
others. Estuarine and m i g r a t o r y  forms 
(anadromous and semi anadromous) a r e  about 
equal ly  abundant. Marine f i s h e s  are t l ie  
l e a s t  comlnon group i n  t i d a l  f reshwaters. 

The coverage i n  t h i s  t a b l e  on a l a t i -  
tud ina l  basis i s  r e l a t i v e l y  complete 
except f o r  North Carol ina. Only t he  Cape 
Fear, New, and White Oak R ive rs  i n  t he  
southern p o r t i o n  of t h i s  s t a t e  have t i d a l  
freshwater marshes comparable t o  those o f  
the other  states. ~ n f o r t u n a t e f y ,  the 
survey data from the t i d a l  f reshwater  por- 
t i o n  o f  these three r i v e r  systelns are 
inadequate t o  inc lude i n  t h i s  table. 
Biogeographic observations f rom Table 13 
are discussed i n  Section 5.7. 

Di vers i ty 

Seasonal d i v e r s i t y  i n  t i d a l  f resh-  
waters i n  the mid-At1 an t i c  general l y  peaks 
i n  l a t e  summer and ea r l y  f a l l  when the  
young o f  freshwater, estuarine, anadro- 
nous, and marine forms are  s t i l l  on the  
nursery ground (Merr iner  e t  a l .  1976, 
L ip ton  and Travelstead 1978). I n  the 
southeast, the d i v e r s i t y  peak appears t o  
be l a t e r  - i n  f a l l  o r  w i n t e r  (D. Holder, 
Department o f  Natural Resources, Georgia 
Game and Fish, Waycross, pers. comm.; 
Hornsby 1982). Few data sets e x i s t  from 
which t o  compare d i v e r s i t y  o f  f i shes  along 
a s a l i n i t y  gradient.  The data o f  Mer r iner  
e t  a1 . (1976) from birnonthly trawl sa~npl es 
i n  the Pinakatank q iver ,  V i  r q i n i a ,  showed 
more species a t  the sa l  ine  end o f  the gra- 
d i  ent (20 species, mean s a l i n i t y  16.3) 
than a t  the 01 i gohal i ne-seaonal l y  f resh 
end (11 s ~ e c i e s ,  mean s a l i n i t y  4.3). 
S im i l a r l y ,  Dahlberg (1972) found a de- 
crease i n  f i s h  species r ichness from the 
mouth o f  the Newport River, Georgia, as 
h i s  sampl ing extended i n t o  freshwater. No 
r e a d i l y  discernable d i f fe rences ex i s ted  i n  
t he  d i v e r s i t i e s  o f  co l l ec t i ons  o f  f i shes  
made a t  two times by beach seine i n  meso- 
ha l i ne  (H' = 1.80, 1.62) and t i d a l  f resh-  
water reaches (ti1 = 2.20, 0.94) o f  the 
James River, V i r g i n i a  (L ip ton  and Travel-  
stead 1973). I n  surnmary, i t  aopears t h a t  
the  t i d a l  freshwater f ishes are l ess  
d iverse than i n  more sa l i ne  oor t ions  of 
the  estuary. 

5.4 FUNCTION OF TIDAL FRESi-IWATEq MARSH 
FOR FISHES 

Spawning Location 

The t i d a l  freshwater marsh i t s e l f  i s  
a spawning ground f o r  several species o f  
f i shes  (Table 14). The shal low water 
marsh edges, channel s, and t i d a l  impound- 
ments a re  spawning areas f o r  a l a rge  num- 
ber o f  other  species. The on ly  ob l i ga te  
marsh spawners are the two k i l l i f i s h e s ,  
the banded k i  11 i f  i shy and mumi chog (Tab1 e 
14). These two species a lso breed i n  
h igher s a l i n i t y  marshes. The use o f  the  
narsh as a spawning s i t e  i s  a f a c u l t a t i v e  
use by the remaining marsh spawners; they 
a l so  breed i n  the shallows i n  both t i d a l  



Table 13. Numerically dominant f ishes  in t idal  freshwaters, New York to  Georgia. 

Hudson R. Woodbury Delaware R. Potomac R. Rappahannock Pamunkey James River  Winyah Bay Savannah R. Savannah R .  Altamaha 9. Altamaha 9. 
Rank NY C k . ,  NJ t r i b u t a r i e s  VA River,VA R., VA V4 drainage, SC nxhow, creek qainstrearn oxhow mainstrearn 

- 
1 blueback mummichog w h i t e  perch w h i t e  perch A t l a n t i c  hlueback s p o t t a i l  largemouth s t r i o e d  s t r i p e d  h lack  channel 

h e r r i n g  menhaden h e r r i n g  sh iner  bass m u l l e t  m u l l e t  c rapp ie  c a t f i s h  

2 w h i t e  banded rmm~nichog A t l a n t i c  blueback s a t i n f i n  spot p i r a t e  redbreast redhreast 5 l u e q i l l  hoachoker 
perch k i l l i f i s h  menhaden h e r r i n g  sh ine r  perch sun f i sh  sun f i sh  

3 tesse la ted s i l v e r y  banded g i zza rd  rmmmichog s p o t t a i l  wh i t e  perch warmouth spot ted  q izzard  redbreast  redhreast 
d a r t e r  minnow k i l l i f i s h  shad sh ine r  sucker shad sun f i sh  sun f i sh  

4 banded a l e w i f e  t i dewa te r  t h r e a d f i n  t i dewa te r  tesse- t h r e a d f i n  banded redear soot ted  warmouth Flathea6 9. 

k i l l i f i s h  s i l v e r s i d e  shad s i l v e r s i d e  l a t e d  shad k i l l i f i s h  sun f i sh  sucker m a l l  ca t -  
d a r t e r  f i s h  

5 s p o t t a i l  blueback hogchoker brown wh i t e  perch kner ican t idewater  ye l l ow  b l u e g i l l  bowf in  o i  r a t e  brown 
sh iner  he r r i ng  b u l l  head shad s i l v e r s i d e  bu l lhead oerch h u l l  head 

6 y o l d f i s h  pumpkin- bay anchovy a l ew i f e  s a t i n f i n  banded mumnichog bowf in  g izzard  larqemouth tadoo le  c a r p ~ ~ j c k e r  
seed sh iner  k i l l  i- shad hass inadtom soecies 

f i s h  

7 pumpkin- brown pumpkinseed spot s t r i p e d  a l e w i f e  g i zza rd  s t r i o e d  howf in  k e r i c a n  F1 o r i da  wh i t e  
seed b u l l  head bass shad m u l l e t  shad gar c a t f i s h  

8 American wh i t e  b l u e g i l l  
shad perch 

banded t i d e -  s t r i p e d  brown largemouth h l u e q i l l  o i z za rd  h l ~ ~ e q i l l  
k i l l i f i s h  water bass b u l l  head bass shad 

s i l v e r -  
s i d e  

sam- 9,260 12,143 41,025 4,546 1,500 6,000 6,319 46n unknown unknown 4,140 11,611 
~ 1 . e  
s i z e  

sam- Sum Sum, Fa1 1  Spr -Fa l l  Spr-Fal l  Sum-Fa1 1, Summers, seasonal ly Zor-Sum seasonal ly seasonal ly 11-31-79 10-4-Qn 
PI e 1969-1970 1976 1951 1949-1951 1976-1951 1982 
pe r i od  

p l ace  shore shore shore zone channel shore zone shore shore zone e n t i r e  w id th  shore zone s'lore zonP ~ n t i r e  o n t i r e  
zone zone zone & marsh creeks, oxhow r i v e r  

i n t e r i o r  d i tches w id th ,  4.3 
ha 

sam- seine seine seine g i l l  net, seine seine s e i n e , f y k e g i l l n e t ,  e l ec t r o -  e l e c t r o -  rotenone rotenone 
PI e fyke net,  ne t ,  minnow  lankt ton shock shock 
method D-traps t r aps  net,  

rotenone 

number 18 + 17 43 
species 

source Per l -  Hast inqs Smith 1971 Powell 1977 Massman e t  Massqann VIMS 1978 N. Roark Hornshv Hornq'lv n. H n l r l ~ r  ~lnlnc-P 
a l .  1952 e t  a1 

1952 

- - . " -. " ,. . 
pers.  corn. 1982 1982 pers. corn. 1987 

*N. Roark, S.C. W i l d l i f e  and Marine Resources Department. Charleston, SC. 



Table 14. Fishes reported to spawn in tidal freshwater. (Compiled from I-ippson e t  a l .  
1979; Wang and Kernehan 1979; Christie and Walker 1982; Curtis 1982; Anonymous.) 

Channels or shoals Tidal 
k r s h  Shall ows away from shore impoundments 

Banded kill  ifish 
Mummichog 
Mosqui tof i sh 
Eastern mudininnow 
Bluegill 
Pumpkinseed 
Carp 
Redfin pickerel 
Chain pickerel 

Go1 den shiner American shad Largemouth bass 
Satinfin shiner BluebackherringC Northernpike 
Spottail shiner A1 e~.ii fe Slueback herring 
Silvery minnow Hickory shadC 20 others 
Tessellated darter Striped bass 
Tidewater silverside Gizzard shad 
Yellow perch 
Whi t e  perch 
Hickory shad 
B l  ueback herring 
Atlantic needlefisha 

a~eported t o  spawn in this habitat in Potonac River, Virginia. Generality of tidai 
,,freshwater spawning unknown. 
C 
in the southeast region 
in inid-Atlantic region 

and nontidal freshwaters. Those species 
using the shallows may spawn just off the 
edge of the marsh, often in association 
w i  t h  submerged vegetati on. The presence 
of marshes i s  probably of 1 i t t l e  conse- 
quence for the breeding activities of the 
channel spawners. The re1 a t i  ve importance 
of tidal impoundments as soawninq loca- 
tions i s  poorly known. These habitats are 
rather common from the Cape Fear Siver, 
North Carol i n a ,  south through Georgia. 
Since Curtis (1982) reported the findin? 
of the eggs of 20 species in an abandoned 
ricefield on the Cooper River, South 
Carol ina, i t  is  1 ikely that these habitats 
wi 11 be important spawning locations. 

Primary Habitat for Resident Species 

The tidal freshwater marsh and associated 
shall ows and waters provide year-round 
food and shel ter  for adults and juveniles 
of resident species. Resident fishes are 
primarily freshwater species and may or 
may not spawn i n  tidal freshwaters. This 
group includes the fol 1 owi ng common 
fishes: longnose gar, American eel, red- 
fin and chain pickerels, carp, goldfish, 
silvery minnow, golden shiner, satinfin 
shiner, spottail shiner, white and creek 

chubsuckem, white and channel catfish, 
brown bull head, banded ki 11 if  i sh , mum- 
michog, mosqui tofish, redbreast sunfish, 
pumpkinseed, bluegill, largeniouth bass, 
bl ack crappie, and tessellated darter. 

Nursery Zone and Juvenile Habitat 

The role as a nursery zone for the 
young of nonresident adults (Table 15) i s  
a particularly important function of tidal 
freshwater marshes and associated shal- 
lows. The broad zone a t  the t ip of the 
sa l t  wedge (i .e., the freshwater-sal twater 
interface) i s  often the region of maximum 
primary and secondary productivity within 
the estuary (Dovel e t  al. 1969; Cronin and 
Nansueti 1971). The hydraulics of the 
s a l t  wedge can act to concentrate the lar-  
val stages within the upper portion of the 
estuary near the tidal freshwater zone. 
In addition, i t  i s  in this same river 
reach that tidal freshwater and 01 igoha- 
line marshes occur. The often extensive 
vegetated zone of these marshes provides 
shel ter  to small fishes and an additional 
feeding ground rich i n  benthic invert@- 
brates, algae, and detritus. 

Dovel (1971, 1981), in studying the 



Table 15. Fishes using t i d a l  freshwaters OCEAN - ESTUARY - RIVER 
as nursery grounds. 

A f f i n i t y  group 
Speci es Anad- Ma- Estu- 

romous r i n e  a r i ne  

FRESHWATER 
A1 ewi f e  t 
Arneri can shad t 
At1 a n t i c  menhaden t 
At1 a n t i c  sturgeon t 

Bay anchovy t 
Bl  ueback her r ing  t 
Gizzard shad t 

Hogchoker t 

Naked goby t 
Shortnose sturgeon t 
Southern f lounder t 
Spot t 

St r iped bass t Figure 25. Concept o f  rnovement o f  
Tidewater s i l  vers ide + es tuarine-dependent f i s h  l a rvae  through 
White perch t the low-sal i n i  t y  c r i t i c a l  zone and toward 
Ye1 low perch + the  ocean as the f i s h  grow. The movements 

o f  i nd i v idua l  f i s h  (*) show a gradua l ly  
changing r e l a t i o n s h i p  t o  the  s a l t  f r on t ,  
which r e s u l t s  i n  a downstream s h i f t  of 
nursery zones f o r  succeeding stages of 

i ch thyop l  ankton of the  Patuxent Pivery devel * w e n t  ( f r o m  Dovel , 1981). 
Maryland, and the  Hudson River, New York, 
formulated the concept o f  the c r i t i c a l  
zone o f  the  estuary, an area encompassing 
t h a t  p o r t i o n  o f  the estuary w i t h  s a l i n i -  in the creeks (Curtis 1982)- 
t i e s  betw2en 0 and 1 Q  p p t  (F igure 25). 
Dove1 considered t h i s  region c r i t i c a l  Estuar ies are bel ieved t o  he imnor- 
s ince i t  i s  w i t h i n  t h i s  area t h a t  t h e  t a n t  nursery grounds because they a re  (1) 
su rv i va l  and st rength of each year c lass  r i c h  i n  food and (2)  low i n  oredators. 
of most species of anadromous f ishes i s  The second p o r t i o n  of t h i s  explanat ion i s  
determined. Dovel f u r the r  pointed o u t  l l O t  e n t i r e l y  accurate f o r  t i d i d  fresh- 
t h a t  t h i s  c r i t i c a l  zone i s  v a r i a b l e  i n  Waters. While t i d a l  freshwaters l a c k  
l o c a t i o n  and ex tent  s ince i t  i s  affected l a r g e  marine predators, freshwater oreda- 
by both freshwater runoff and t i d a l  tor's a re  abundant (see Section 5.5 below). 
changes. T ida l  freshwaters may ac t  as an important 

nursery ground because juven i les  are found 
The t i d a l  freshwater marsh and asso- i n  the extreme sha l l  ows and l a r g e r  nreda- 

c ia ted  shallows are a l so  important h a b i t a t  t o r y  f ishes i n  deeper waters, as suggested 
f o r  the j uven i l es  o f  res ident  freshwater the South Carol ina data above* 
species l i s t e d  i n  t he  previous sect ion.  Juveni les may a l so  se lec t  hab i ta t s  w i t h  
The south Carol ins Wild1 i f e  and par ine h igh  stem dens i t i es  (marsh surface and/or 
Resources Depart~nent compared th ree  sets vegetated shal lows) where the foraging 
o f  abandoned r i c e f i e l d s  and adjacent t i d a l  e f f i c iency  of f i s h  predators i s  reduced 
creeks dur ing two summers. On an areal  (Vince etalo 1976, CrOwder and 
basis, over  80% of a l l  f i sh  co l l ec ted  were 1979)- 
taken i n  r i c e f i e l d s .  Ninety-two percent 
o f  O- t o  4-inch gamefish (largemouth hass, 5.5 TROPHIC ASSOCIATIONS 
redbreast sunfish, warinouth, pumpkinseed) 
were captured i n  r i c e f i e l d s .  Larger f i sh ,  The d i e t s  o f  f i shes  recorded from 
s i x  inches and greater, were more numerous t i d a l  freshwater marshes are given i n  
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Appendix B. Wherever possible, publ ished a t e  steps i n  t he  food chain, s p e c i f i c a l l y  
information was sought from studies under- through the small crustacea and immature 
taken i n  t h i s  hab i ta t .  The d ie ta ry  i n f o r -  insects.  
mation appears i n  as much d e t a i l  as was 
given i n  the o rg ina l  c i t a t i o n ,  and d i e t a r y  The most abundant f i shes  which prey 
items are l i s t e d  i n  order o f  decreasing on small f i shes  i n  t i d a l  freshwater 
importance f o r  a species. marshes include largemouth bass, longnose 

gar, American eel,  r e d f i n  p i cke re l ,  chain 
A number of general i za t i ons  are pos- p ickere l ,  bowfin, warmouth, black crappie, 

s i b l e  from these data. F i r s t ,  most f i s h  and s t r i ped  bass. Wading b i rds ,  k i n g f i s h -  
pass through several ontogenetic feeding ers,  c e r t a i n  ducks, terns, and g u l l s  take 
stages. The s t r i ped  bass i s  a good small f i shes  i n  the shallows. Ospreys 
example. The post larvae are n lank t ivor -  feed both on the  marsh a t  h igh  t i d e  and i n  
ous. Juveni les begin t o  take l a rge r  food l ess  t u r b i d  waters next  t o  the  marsh where 
inc lud ing  a range of benth ic inver te -  they take l a r g e r  f ishes from coves, t i d a l  
brates. Adults continue t o  take some creeks and the  mainstream (see Chapter 7 
inver tebrates,  but  are main1 y pisc ivorous and Appendix D)  . 
(see Appendix B). Such changes are a 
funct ion o f  both growth and maturat ion o f  I t  appears from these observations 
the feeding apparatus and c a p a b i l i t i e s  as t h a t  the abundant primary product ion o f  
we l l  as changes i n  hab i ta t .  Secondly, t he  marsh system i s  channeled through a 
many f i s h  are oppor tun is t i c ,  w i thou t  hos t  o f  small inver tebra te  consumers of 
s t r i c t  food preferences. Instead, they p l a n t  d e t r i t u s  and algae t o  numerous small 
tend t o  feed on l o c a l l y  and seasonal ly and medium-sized f ishes and then t o  a 
abundant food resources w i t h i n  an appro- smal ler  number o f  top predators, i nc lud ing  
p r i a t e  s i ze  range, swi tching t o  other  predaceous f ishes, b i r d s  (Chapter 7),  and 
items as food a v a i l  a b i l  i t i e s  change. mama1 s (Chapter 8 ) .  

The t i d a l  freshwater marsh has an 
abundance o f  srnal 1 crustaceans, iqrnature 5.6 SEASONALITY 
insects, and annel id worms (see Chapter 
4). Crustaceans ( i n c l u d i n g  a~nphi pods, The t roph ic  pat terns described above 
ostracods, c l  adocerans , mysids, and cope- a re  seasonal i n  nature. The anadromous 
pods) and insec t  nymphs and larvae are and semianadro~nous f ishes are among the 
important foods f o r  near ly  a l l  the smal ler  e a r l i e s t  spawners, The i r  young begin t o  
f i shes  and many o f  t he  l a r g e r  ones t h a t  use the t i d a l  freshwater nursery area ear- 
use t h i s  hab i ta t .  Annel id worms (o l i go -  l y  i n  t h e  spring, o f t e n  before the f resh-  
chaetes) are apparently not  a major d ie-  water f i shes  spawn. Other ea r l y  a r r i v a l s  
t a r y  i tem i n  t h i s  hab i ta t ,  poss ib ly  a re  the juveni les o f  w in te r  spawning ma- 
because they tend t o  be infaunal  ra the r  r i n e  f ishes inc lud ing  the  croaker and 
than epibenthic, A1 te rna t i ve l y ,  they may spot. As the waters warm, the freshvrater 
be more important  than they appear t o  be species begin t h e i r  reproduct ive season 
due t o  a l ack  of hard ch i t i nous  par ts  and more juveni les are found i n  the shal- 
which would appear i n  gu t  contents. They lows. The res ident  k i l l i f i s h e s  spawn i n  
may be thus underestimated i n  food hab i t  midsummer. Thus, there are sequential  ar- 
studies. r i v a l s  o f  juven i les  i n  t h i s  nsrsery area. 

Invar iab ly ,  the greatest  number o f  i n d i -  
Depsi te the  abundance of algae and v iduals and of species are  observed i n  

p l a n t  d e t r i t u s  i n  t h i s  hab i ta t ,  few summer and f a l l  i n  the  mid-At lan t ic  ( ~ e r -  
species of f i s h  feed d i r e c t l y  on these r i n e r  e t  a l .  1976; L ip ton  and Travelstead 
resources. Those whose guts do conta in  1978). 
appreciable quan t i t i es  o f  these items 
inc lude g izzard  shad, s t r i p e d  mul let ,  s i l -  As temperatures dec l ine  i n  the l a t e  
very minnow, golden shiner, blacknose f a l l  i n  t h i s  region, f i s h  populat ions de- 
dace, mamh k i l l i f i s h ,  and hogchoker c l  ine. The juven i les  o f  the anadromous, 
(Appendix B). More general ly ,  these abun- marine, and es tuar ine  species (except f o r  
dant resources o f  d e t r i t u s  and algae a re  t h e  k i l l i f i s h e s )  move downstream t o  over- 
made ava i l ab le  t o  f i s h  through intermedi- w in ter  i n  the lower estuary o r  t o  r e t u r n  
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t o  t h e  ocean. The freshwater res iden ts  
tend t o  move t o  deeper waters where the  
temperatures are s l i g h t l y  h i ghe r  and l ess  
va r i ab l e .  Some r e s i d e n t  k i l l  f i s h e s  may 
burrow i n  s i l t y  sediments w i t h i n  the  marsh 
( K i v i a t  MS) o r  move t o  deeper waters 
( F r i t z  e t  a l .  1975). I n  t he  m id -A t l an t i c  
t he  shal lows a re  l a r g e l y  deser ted i n  t he  
w in te r ,  and i c e  may cover  t h e  marsh. De- 
s p i t e  species-speci  f i c  v a r i a t i o n s  i n  the  
re1 a t i v e  abundance, communi ty -wide popul a- 
t i o n  l e v e l s  are l e s s  v a r i a b l e  seasonal ly  
i n  t h e  southern p o r t i o n  of our  geographic 
coverage (F igure  26). 

5.7 B IOGEOGRAPHY 

The geographic area covered by t h i s  
conmuni t y  p r o f i l e  i s  la rge ,  and t he re  a re  
ev i den t  d i f f e rences  i n  t h e  f i s h  communi- 
t i e s  i n  t h e  no r t he rn  and southern por-  
t i o n s .  Marine biogeographers have long 
recognized t h a t  on t h e  A t l a n t i c  coast  Cape 
Cod, t4assachusetts, and Cape i-latteras, 
North Caro l ina,  a re  boundary areas sepa- 
r a t i n g  coas ta l  reg ions  w i t h  d i s t i n g u i s h -  
ab le  water masses, f l o r a s ,  and faunas 
(Marshal l  1951; P i e l o u  1979; Wh i t la tch  
19'32). S i m i l a r l y ,  North Carol i n a  seems t o  
be a t r a n s i t i o n  area i n  t h e  d i s t r i b u t i o n  
pa t t e rns  o f  f reshwate r  f i shes ,  w i t h  a num- 
b e r  o f  species t e rm ina t i ng  e i t h e r  nor thern  
o r  southern ranges a t  t h i s  l a t i t u d e  
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F igure  25. Comparison o f  seasonal va r i a -  
t i o n  i n  t o t a l  f i s h  numbers i n  t h ree  r i v e r  
systems. ( R e l a t i v e  abundance i n  a r b i t r a r y  
u n i t s  because o f  d i  f f e rence  i n  sampl i ng  
methods. Data f rom Holder, pers.  comm.; 
Hornsby 1982; Me r r i ne r  e t  a1 . 1976). 

(Jenk ins e t  a1. 1971; Lee e t  a l .  1380) .  
Exainination o f  Table 13 suggests r e a l  d i f -  
ferences i n  t h e  f i s h  communities of t h e  
m i d - A t l a n t i c  (Hudson R iver  t o  James ~i v e r )  
and t h e  Southeast (South Carol i n a  and 
Georgia). Based on Appendix B, Tab le  11, 
and Table 13, t h e  f o l l o w i n g  genera l  i z a -  
t i o n s  regard ing  1 a t i  t ud i na l  d i f f e r e n c e s  i n  
f i s h  conmuni t i e s  i n  t i d a l  f reshwate rs  can 
be made: 

1. Some species, 1 a rge l y  r e s t r i c t e d  
t o  non t i da l  f reshwaters i n  t h e  
m id -A t l an t i c ,  arc! cozrion i n  t i d -  
a l  f res iwa te rs  i n  t he  S o ~ t h e a s t  
(bowf in ,  warmouth, p i r a t e  perch ,  
banded sun f i sh ) .  

2. Some species present i n  b o t h  
areas use d i f f e r e n t  spawning 
h a b i t a t s  i n  t he  two r e g i o n s  
( h i c k o r y  shad, blweback h e r -  
r i n g ) .  

3. Juveni 1 e s c i  aenids (drums) ex- 
tend i n t o  t i d a l  f reshwate rs  i n  
t h e  mid-At1 a n t i c ,  h u t  a p p a r e n t l y  
n o t  i n  t h e  Southeast. 

4. There i s  a g rea te r  tendency f o r  
some mar ine species t o  p e n e t r a t e  
f reshwate r  i n  t h e  Sou theas t  
( s t r i p e d  mu1 l e t ,  southern fl'oun- 
de r )  . 

5. There i s  l e s s  pronounced season- 
a l  chanye i n  f i s h  dens i t y  i n  t h e  
Southeast. 

6. As a r e s u l t  o f  human nod i f i ca-  
t i o n  of t he  environment, t h e r e  
e x i s t s  i n  t h e  Southeast a r a t h e r  
un ique h a b i t a t  ( t h e  abandoned 
r i c e f i e l d ,  analogous t o  a t i d a l  
impoundment) which appears t o  h e  
i n t e n s i v e l y  used as spawning and 
j u v e n i l e  hab i t a t .  



CHAPTER 6, COMMUNFY COMPONENTS: AMPHIBIANS AND REPTILES 

Much l i t e r a t u r e  ex i s t s  concerning the r i v e r  cooter, F lo r i da  cooter)  a re  by s i g h t  
amphibians and r e p t i l e s  o f  freshwater t he  most conspicuous members o f  the  
1 akes , ponds, r i ve rs ,  streams, swamps, and herpetofauna o f  t i d a l  freshwater wetl  ands . 
marshes. This l i t e r a t u r e ,  however, r a r e l y  These t u r t l e s  are abundant i n  almost a l l  
mentions t i d a l  freshwater wet1 ands as a r i v e r  drainages i n  the  Southeastern Uni ted 
h a b i t a t  f o r  these two groups of organisms. States. The t u r t l e s  reported from mid- 
For example, Behler and King (1979) l i s t  a A t l a n t i c  t i d a l  freshwater wetlands are  a 
t o t a l  o f  283 species of amphibians and diverse group. ranging from very r a r e  
r e p t i l e s  f o r  North h e r i c a .  Only one of species such as the  fa1 se man t u r t l e ,  
these i s  l i s t e d  as i nhab i t i ng  t i d a l  fresh- introduced a t  the Tinicum marshes near 
water marshes. We feel t h a t  t h i s  repre- Phi ladelphia, t o  t he  ub iqu i tous  snapping 
sents the  f a c t  t ha t  many b i o l o g i s t s  f a i l  t u r t l e .  The wood t u r t l e  i s  a nor thern 
t o  recognize t i d a l  freshwater wetlands as species, occas iona l ly  found i n  the h igh 
a d i s t i n c t  community type, and no t  t he  marsh. Arndt (1977) s ta ted  t h a t  i n  the 
f a c t  t h a t  there i s  an absence of fauna i n  wet sedge meadows he surveyed along the 
t h i s  community. Delaware Bay the bog t u r t l e  was the most 

common r e p t i l e  found. Once considered an 
Included i n  our compi lat ion are 102 endangered species, the  hog t u r t l e  i s  now 

species: 22 salamanders, 28 frogs and recognized as being secre t ive  ra the r  than 
toads, 18 tu r t l es ,  6 l i za rds ,  and 28 r a r e  (Arndt  1977). Eastern box t u r t l e s  
snakes (Appendix C ) .  Two reasons account a re  usua l l y  considered t o  be t e r r e s t r i a l .  
f o r  t h i s  l a rge  number of species: (1 )  t h e  We have found a s u r p r i s i n g  number o f  r e f -  
l a rge  geographic region covered and ( 2 )  erences which record box t u r t l e s  as beinq 
the many r e p t i l e s  and amphibians using found occasional ly  t o  commonly i n  t i d a l  
nont idal  freshwater hab i ta t s  t h a t  can a l so  freshwater wetlands (rlcCormick 1970; Arndt 
use t i d a l  freshwater hab i ta ts .  Many 1977; Mckenzie and Barcl ay 1980). 
species o f  amphibians, espec ia l l y  those 
which 1 i v e  i n  the t e r r e s t r i a l  envi ronment Diamondback te r rap ins  are brackish 
as adults, must breed i n  permanent water and s a l t  water t u r t l e s .  They o f ten  en te r  
and a lso spend t h e i r  l a r v a l  stages there. t h e  t i d a l  freshwater reaches o f  estuar ies.  
These species have no t  been inc luded i n  Once hunted ex tens ive ly  f o r  food, the pop- 
Appendix C because t h e  l i t e r a t u r e  d i d  no t  u l a t i o n s  o f  these t u r t l e s  were r a p i d l y  
s p e c i f i c a l l y  i d e n t i f y  them from t i d a l  decimated (McCauley 1945). Between 1880 
freshwater habi ta ts .  and 1900 approximately 23,900 kg (50,000 

1 b) o f  meat were harvested annual ly from 
6.1 SPECIES COMPOSITION Maryland alone. By 1920 the harvest  was 

373 kg (823 l b ) .  With lega l  p ro tec t i on  
Salamanders are genera l ly  r a r e  o r  from ind i sc r im ina te  harvest ing, the take 

uncommon i n  t i d a l  freshwater wetlands. increased t o  2,600 kg (5,800 1 b) by 1935 
Mudpuppies, sirens, and amphiumas are (McCauley 1945). A major f a c t o r  i n  the  
uncommon i n  nor thern marshes, becoming continued increase i n  t h i s  species has 
more common t o  the south. Frogs and toads been the  loss  o f  a market due t o  changing 
a r e  much more common i n  t i d a l  freshwater pub l i c  t as tes  (McCauley 1945). Cur rent ly  
wet1 ands than sal  amanders . t e r r a p i n  i s  considered a h igh-pr iced de l  i- 

cacy i n  many par ts  of Maryland; however, 
River  t u r t l e s  (e.g., painted t u r t l e ,  o v e r a l l  pub l i c  demand i s  s t i l l  low. 
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Lizards and 1 izard-1 i k e  r e p t i l e s  are 
the l e a s t  common group o f  r e p t i l e s  i n  the 
t i d a l  freshwater wetl  ands. Those species 
l i s t e d  i n  Appendix C are most o f t e n  found 
i n  t i d a l  swamps, shrub marshes, and h igh  
marsh where vegetat ion i s  h igh  enough f o r  
them t o  escape inundation. The American 
a1 1 i g a t o r  was once abundant throughout 
coastal p l a i n  r i v e r s  and marshes i n  the  
Southeast. The i r  populat ions decl ined 
d ras t i ca l  l y  due t o  over exp lo i t a t i on .  
Fol lowing protect ion,  a1 1 i g a t o r  popul a- 
t i o n s  have increased rap id ly ,  bu t  the  
species remains on the  l i s t  o f  threatened 
species (Federal Register 1980). A1 l i g a -  
t o r s  are found i n  t i d a l  freshwater marshes 
and swanips from North Carol ina t o  Flor ida.  
They are more comlnon i n  the southern por- 
t i o n  o f  t h i s  range. Although a l l i g a t o r s  
use t i d a l  freshwater wetlands, they are 
found i n  a v a r i e t y  o f  other wetland habi- 
t a t s .  

Three species o f  watersnakes, Nerodia 
( fo rmer ly  Nat r ix ) ,  appear t o  he the most 
abundant snakes i n  t i d a l  freshwater wet- 
lands. These snakes ( p l  ain-be1 1 ied, nor- 
thern, and banded watersnakes) make use o f  
the low marsh, h igh marsh, and t i d a l  
swamps. They a lso  use a wide v a r i e t y  o f  
o ther  wet l  and hab i ta ts .  Cottonmouth moc- 
casins are fo~ lnd  from the south shore o f  
the James River  southward. The many 
repor ts  o f  t h i s  species from o ther  por- 
t i o n s  o f  t he  Chesapeake Bay are proabably 
s igh t i ngs  o f  Nerodia which are mistaken 
f o r  the cottonmouth(lMc~au1 ey 1945). 

There are no species o f  amphibians o r  
r e p t i  1 es inc luded here which are confined 
s o l e l y  t o  t i d a l  freshwater wetlands. A1 1 
are capable o f  using a wide v a r i e t y  o f  
wetl  and and t e r r e s t r i  a1 habi tats.  

5.2 LATITUDINAL DISTRIBUTION 

Chesapeake Bay i s  a region where many 
species reach t h e i r  d i s t r i b u t i o n a l  1 im i  t s  
and can be used as a d i v id ing  l i n e  f o r  
d i s t i ngu i sh ing  a northern and southern 
herpetofauna. Southern species (e.g., 
cottonmouth moccasin) are a t  the nor thern 
edge o f  t h e i r  range, and northern species 
(e.g., bog t u r t l e )  are a t  the  southern 
edge of t h e i r  range. Musick (1972a) l i s t s  
41 species which reach t h e i r  nor thern 
d i s t r i b u t i o n a l  1 i m i t  around the Chesapeake 

Bay and another n ine  species ~ h i c h  reach 
t h e i r  southern 1 i m i  t. 

Reasons f o r  t h i s  separat ion are based 
on the change i n  w in te r  c l imate  between 
northern and southern areas. T ida l  f resh-  
water wetlands i n  New England, Delaware 
Bay, and Chesapeake Bay are subjected t o  
much more severe w in ters  than t i d a l  f resh-  
water wetl  ands from North Carol i na  south- 
ward. The northern marshes are o f ten  
f rozen and covered by snow f o r  prolonged 
periods. Freezing temperatures are i n f r e -  
quent and o f  sho r t  dura t ion  along the  
southern At1 a n t i c  coast. R e ~ t i l  es and 
amphibians, being both ectothermic (co ld -  
blooded) and incapable o f  long d istance 
migrat ion,  a re  the ver tebra te  group most 
a f fec ted  by t h i s  l a t i t u d i n a l  change i n  
cl imate. As a r e s u l t  we see t h a t  the  
species d i v e r s i t y  o f  t h i s  group i s  g r e a t l y  
reduced i n  nor thern regions i n  comparison 
t o  southern regions. O f  the species 
1 is ted,  25 are  reported from t i d a l  fresh- 
water wetlands i n  Vew England and 83 are 
given f o r  the wetlands o f  Georgia. 

6.3 DAILY AND SEASONAL VARIABILITY 

The temporal v a r i a b i l  i t y  exh ib i t ed  by 
amphibians and r e p t i 1  es i s  probably 
greater  than t h a t  shown by b i rds  and mam- 
mals. This temporal v a r i a t i o n  i s  mani- 
fested as d a i l y  and seasonal a c t i v i t y  
cycles. Most amphibians and r e p t i l e s  
h ibernate dur ing the  w i  n t e r  months, o f t en  
seeking a hibernaculum which may be 
loca ted some distance from the  nearest 
wetland (Cagle 1942, 1950; Gibbons 1970; 
Erns t  1971, 1976). K i v i a t  (1978b) cata- 
loged the fo l l ow ing  species o f  t i d a l  
freshwater r e p t i l e s  which commonly use 
muskrat lodges o r  burrows f o r  t h e i r  w in te r  
quarters: snapping t u r t l e ,  musk t u r t l e ,  
mud t u r t l e ,  spotted t u r t l e ,  bog t u r t l e ,  
wood t u r t l e ,  f a l s e  nap t u r t l e ,  pond 
s l  ider ,  painted t u r t l e ,  and nor thern  water 
snake. I n  southeastern Pennsylvania, 
Ernst  (1971, 1976) found t h a t  most t u r t l e s  
using wet, nont ida l  sedge meadorvs along 
t h e  Susquehanna R ive r  are a c t i v e  on ly  from 
A p r i l  t o  September. Da i l y  a c t i v i t y  cyc les 
are  a1 so we l l  developed and are dependent 
on a i r  and water temperature (Cagle 1942, 
1953; Ernst  1971, 1976; Arndt 1977). 
Tur t les ,  espec ia l l y  those i n  t he  genera 
Chryseinys and Clemmys are  r a r e l y  ac t i ve  



u n t i l  the  ainbient temperature reaches 
10" C o r  higher. I f  the temperature goes 
above 34" C, many o f  these same t u r t l e s  
w i l l  become inact ive,  seeking cool areas. 
S imi la r  pat terns o f  w in te r  and d a i l y  
a c t i v i t y  are noted f o r  frogs, toads, and 
snakes (Noble 1954; O r r  1971). Salaman- 
ders o f  the fam i l y  Plethodontidae are  
adapted t o  co ld  waters w i t h  h igh oxygen 
l e v e l s  and hence might  be more a c t i v e  i n  
the w in te r  than the  other  species o f  
r e p t i l e s  and amphibians l i s t e d  i n  
Appendix C. 

5.4 ECOLOGICAL RELAT IONSllIPS 

Most t i d a l  freshwater amphibians and 
r e p t i l e s  are primary o r  secondary carn i -  
vores. They feed on a wide v a r i e t y  o f  

animal matter  from t i n y  insec ts  t o  
medium-sized mama1 s and b i r d s  (Appendix 
C). One important exception t o  t h i s  
genera l iza t ion  are the t u r t l e s  i n  t he  
genus Chrysemys. While young, these t u r -  
t l e s  are  carnivorous. As they mature, 
they switch t o  a d i e t  which i s  almost 
completely vegetable mat te r  (Ernst  and 
Barbour 1972). This change i n  d i e t  may 
cause the  t o t a l  biomass o f  these species' 
populat ions t o  reach very high values, on 
the order o f  200 t o  500 kg/ha (Table 16). 
Only f i s h  and the t i g e r  salamander have 
populat ion biomass dens i t ies  which exceed 
those o f  herbivorous t u r t l e s  ( Iverson 
1982). Most carnivorous mamals and b i r d s  
have populat ion standing stock biomasses 
which are 10 t o  100 times l ess  than t h a t  
o f  these t u r t l e s  (Table 17). A1 thouqh 
these estimates are based on s tud ies  done 

Table 16. Populat ion densi t ies (numbers/ha) and standing stock biomass (kg/ha) o f  se- 
lec ted  species o f  t u r t l e s  and various other ver tebrate groups. Data are  modi f ied from 
Iverson (1982), Tables 1 and 2. 0 = Ominivorous, C = Carnivorous, H = Herbivorous. 

Species or  group 
Food Populat ion 

Habi tat  hab i ts  Density biomass 

Snapping t u r t l e  marsh C 1.2 9.1 
Snapping t u r t l  e pond C 59 181 
Mud t u r t l e  creek 0 81+ 2 0 
Musk t u r t l e  pond 0 80 8.4 
:dusk t u r t l e  lake 0 150 10.2 
Painted t u r t l e  lake 0 4 9 11.2 
Painted t u r t l e  pond 0 571-591 28-102 
Spotted t u r t l e  pond 0 40-80 3.2-8.7 
Bog t u r t l e  bog 0 123 10.9 
Bog t u r t l e  swamp 0 140 12.9 
Chicken t u r t l e  pond 0 40 8.2 
R iver  cooter  spr ing  H 170 384 
F lo r i da  cooter  spr ing  H 154 31 1 
River  cooter  pond H 5.2 4.0 
Pond s l  i d e r  pond 0 58- 36 1 27-283 
Pond s l i d e r  r i v e r  0 190 40 
So f t she l l  r i v e r  C 42 19 

Large mammals - H - 280 
Small mannals - H - 100 
Large mammals - C - 1 
Small marrenal s - C - 1 
Bi  rds  - 0 ,C - 1 
Snakes - C - 5 
Frog s - C - 2 7 
Sal amanders - C - 2 1 
F ish  - C - 477 
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Tab1 e 17. E f f i c i e n c y  o f  secondary produc- 
t i o n  by va r ious  species o f  an iqa ls .  Data 
adapted from Pough (1930), Table 3. 

E f f i c i e n c y  ( % )  
Species Gross Net 

Warm-blooded 
C o t t o n t a i  1  r a b b i t  
Deer :nouse 
Meadow v o l e  
Savannah sparrow 
Long-b i l  1  ed marsh wren 

Cold-blooded -- 
Red-backed sal  amander 
Southern toad  
Nor thern  watersnake 
Corn snake 

i n  ponds, streams, and n o n t i d a l  f reshwater  
marshes, t hey  a r e  p robab ly  comparable t o  
t h e  va lue  i n  t i d a l  f reshwate r  wet1 ands. 

High popu la t i on  biomass does n o t  
n e c e s s a r i l y  i n p l y  t h a t  t h e  energy f l o w  
through t h e  popu la t i on  i s  a l so  l a rge .  A 
r e s u l t  of ectothermy i s  t h a t  h i g h  biomass 
can be supported w i t h  a low l e v e l  o f  
energy f l o w  i f  t h e  organisms a re  e f f i c i e n t  
a t  u t i l  i z i  ng what they  consume (Pough 
1980). I t has been shown t h a t  t h e  gross 
and ne t  e f f i c i e n c y  o f  secondary p roduc t i on  
(i.e., t h e  e f f i c i e n c y  o f  an o rgan i sn  i n  
conve r t i ng  what i t  ea t s  i n t o  body mass) o f  
ainphibians and r e p t i l e s  i s  10 t o  100 t imes  
g rea te r  than t h a t  o f  b i r d s  and mammals 
(Table 17). Hence t h e  biomass o f  h e r b i -  
vorous t u r t l e s  may become l a r g e  and be 
supported by a low l e v e l  o f  energy f l o w  
through t h e  e n t i r e  popu la t ion .  A nanage- 
ment consequence o f  t h i s  p o i n t  i s  t h a t  i t  
may take a l ong  t ime f o r  t h e  popu la t i ons  
t o  reach h i g h  l e v e l s .  If t h e  popu la t i ons  
a r e  exterminated frorn an area, i t  w i l l  
t a ke  many years f o r  them t o  recover  
( I ve r son  1982). The e f f e c t  o f  amphibian 
and r e p t i l e  popu la t ions  on t h e  s t r u c t u r e ,  
func t ion ,  and energy f low w i t h i n  wet lands 
i s  poo r l y  understood and should be s t ud i ed  
more i n  t h e  f u t u re .  
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CHAPTER 7. COMMUNITY COMPONENTS: BIRDS 

7.1 INTRODUCTION and snamps from the  lower Chesapeake Bay. 
He d i d  not, however, r e f e r  d i r e c t l y  t o  

T ida l  freshwater wetl  ands provide a t i d a l  freshwater marshes. Domenic Ciccone 
var ied  h a b i t a t  f o r  b i rds .  Of the  d i f -  (Refuge Manager, Mason Neck National Wild- 
ferent  types o f  coastal wet l  ands, t i d a l  1 i fe Refuge, Lorton, V i rg in ia ;  pers. 
freshwater wetlands are  among t h e  most comm.) c i t e d  76 b i r d  species from the 
s t r u c t u r a l  l y  diverse. S t ruc tura l  d i v e r s i -  t i d a l  freshwater marshes a t  Mason Neck on 
t y  i s  provided by the  broad-leaved p lan ts  t he  upper Potomac River. ,4n add i t i ona l  
c h a r a c t e r i s t i c  of the  low marsh, t a l l  th ree  species were l i s t e d  as upland 
grasses o f  the h igh  marsh, the  intermedi-  species which f requent ly  entered the  
a te  canopy provided by the shrub zone, and marsh. Mass and W i l  k ins  (1978) found 129 
the  h igh canopy found i n  t i d a l  freshwater species using a t i d a l  freshwater marsh 
swamps. which had been b u i l t  by the  Army Coros o f  

Engineers on dredgespoil i n  t he  James 
T ida l  freshwater wetl ands harbor a River. Harold 01 son (Refuge Manager, 

h igher d i v e r s i t y  of b i rd1  i f e  than strut- Presqui le National Wi ld l  i f e  Refuge, Hope- 
t u r a l l y  s impler  wetland types such as s a l t  we l l ,  V i rg in ia ;  oers. comm.) s ta ted  t h a t  
o r  b rack ish  water marshes. Low marsh and 83 species o f  b i r d s  are comqonly seen i n  
adjacent exposed m d f l  ats are used by the  t i d a l  freshwater marshes a t  Presqui l  e. 
shorebirds and r a i l s .  The grasses and P. E. Young (Outdoor Recreation Planner, 
sedges c h a r a c t e r i s t i c  of h igher e levat ions Georgia Coastal Nat ional  Wi ld l  i f e  Refuge 
i n  t h e  marsh a re  s i m i l a r  t o  grassland o r  Complex, Savannah, Georgia; pers. comm.) 
savanna hab i ta t s  and support an abundance provided an exhaustive l i s t  of 215 species 
o f  seed-eating species. T idal  channels which are  known t o  u t i l  i z e  t i d a l  f resh-  
and pools provide h a b i t a t  f o r  wading water wetlands i n  Georgia. O f  these 
b i rds .  Waterfowl use the  open water areas species, 63 are most ly  l i m i t e d  t o  t i d a l  
i n  a d d i t i o n  t o  the marsh surface i t s e l f ,  marshes; the  remaininq 151 species use the  
Shrubs and t rees found i n  t he  h igh  marsh t i d a l  swamps and upland fo res ts  which 
and along the  upland-marsh ecotone provide border the  t i d a l  marsh. Sandi fer  e t  a l .  
h a b i t a t  f o r  a l a rge  nulnber of arboreal (1980) l i s t e d  76 b i r d s  which i n h a b i t  the  
b i rds .  These arboreal b i r d s  can of ten be pa lus t r ine ,  nonforested wetlands o f  the 
found feeding i n  o r  over the marsh proper. South Carol ina and Georgia coasts. They 

a l so  l i s t e d  122 species from forested 
The few surveys which have been con- pa lus t r i ne  wetlands. 

ducted i n  t i d a l  freshwater wetlands reveal 
a d iverse  assemblage o f  b i rds .  K i v i a t  Based on in fo rmat ion  obtained from 
(1978a) observed 142 species of b i r d s  the  1 i t e r a t u r e  and l i m i t e d  f i e l d  surveys 
which used the  t i d a l  freshwater marshes conducted by T. J. Smith, we have compiled 
along the  Hudson River. The Hamilton a 1 i s t  (Appendix D) of 280 species of 
marshes on the Delaware River i n  New b i r d s  which use t i d a l  f reshwater  wetlands 
Jersey supported 64 species o f  b i r d s  dur- f o r  feeding, breeding, roost ing,  o r  o the r  
i n g  the summer (Hawkins and Leek 1977). a c t i v i t i e s .  Me have inc luded r a r e  and 
McCormick (1970) reported 246 species from abundant species- The most common 
the reg ion  of t i le Tinicum marshes near species, o r  those which are n O S t  deoendent 
Phi ladelphia.  Mass (1972) l i s t e d  109 on t i d a l  freshwater wetlands, are d is -  
species as being found i n  t he  freshwaters cussed here. 
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The b i r d s  of t i d a l  freshwater wet- 
lands have been d iv ided i n t o  seven groups 
f o r  t he  purposes o f  t h i s  volume, The d is -  
t i n c t i o n  as t o  group membership vras made 
on the basis o f  trophodynamics o r  on the 
method employed by a p a r t i c u l a r  species i n  
procur ing i t s  food (hawki nq, d i  vinq, prob- 
ing) .  The seven groups are: f l o a t i n g  and 
d i v ing  waterbi rds,  wadinq b i rds ,  r a i  1 s and 
s horebi rds, b i  r ds  of prey, g u l l  s  and 
terns, arboreal b i rds,  and ground- and 
s hrub-dwel 1 i ng hi rds. These groups are 
not  meant t o  represent gu i l ds  i n  an eco- 
l o g i c a l  sense, r a t h e r  they are intended t o  
show very general a f f i n i t i e s  between 
groups and provide f o r  ease o f  discussion. 

7.2 FLOATING AND DIVING WATERBIRDS 

This group o f  44 species i s  comprised 
p r i m a r i l y  o f  members o f  t he  waterfowl 
f am i l y  (Anatidae) p lus gal 1 inules,  coot, 
pel icans, grebes, doubl e-crested cormo- 
ran t ,  and anhinga. Because o f  t h e i r  eco- 
nomic and recreat iona l  importance, water- 
fowl are t i le  most studied and best  under- 
stood o f  the  wetland avifauna, bu t  charac- 
t e r i z a t i o n  o f  t h e i r  u t i l i z a t i o n  o f  wetland 
hab i ta t s  remains d i f f i c u l t .  Shaw and 
Fredine (1956) inventor ied  the  wetl  ands o f  
the  Uni ted States and rated them according 
t o  t h e i r  value t o  t h i s  group. Many areas 
ra ted  as having h igh waterfowl use a t  t h a t  
t ime no longer support even srnall popula- 
t ions .  An example i s  the g rea t l y  reduced 
use o f  the Susquehanna F la ts  region o f  the 
upper Chesapeake Bay dur ing the pas t  20 
years. This can be re la ted  t o  a drar~iat ic 
decrease i n  the  amount o f  submerged aquat- 
i c  ve e t d t i o n  (Bayley e t  al. 1978). Lynch 
(19683 s ta ted  ". . . cases o f  cons i s ten t l y  
heavy e x p l o i t a t i o n  o f  these coastal wet- 
lands ( r e f e r r i n g  t o  a l l  types o f  wetlands) 
by waterfowl are almost overshadowed by 
instances o f  t h e i r  p a r t i a l  o r  i n t e r n i  t t e n t  
use o r  even casual abandonment." 

As an example of the v a r i  able nature 
o f  waterfowl use o f  d i f f e r i n g  wetland 
types and o f  d i f f e r e n t  wetlands of t he  
same type, we present three years o f  an- 
nual mid-winter waterfo~rl l  survey data f o r  
V i r g i n i a  (Table 18). This survey i s  con- 
ducted i n  e a r l y  January, across the e n t i r e  
country t o  prov ide  baseline data on trends 
i n  waterfowl populat ions and on changes i n  
h a b i t a t  use. V i r g i n i a  i s  d iv ided i n t o  19 

survey u n i t s  which we have arranged along 
a gradient  o f  sal ine  t o  freshwater. Pat- 
te rns  of use between years, between d i f -  
f e r i n g  s a l i n i t i e s ,  and among u n i t s  o f  the  
same s a l i n i t y  are s t r i k i n g  (Table 18). 
The Paniunkey, Mattaponi , and Chickahominy 
Rivers a l l  have l a rge  acreages o f  t i d a l  
freshwater marshes and swamps. Only t he  
Pamunkey i s  used s u b s t a n t i a l l y  by geese, 
of ten having more than 10,000 i nd i v idua l s ,  
wh i l e  the  Chickahominy has less  than 100. 
The greatest  use by dabbl ing ducks o f  t i d -  
a l  freshwater marshes a lso  occurs along 
the  Pamunkey b u t  i s  h i g h l y  var iab le .  Over 
a three-year period, January populat ions 
i n  the Pamunkey f l uc tua ted  by a f a c t o r  o f  
four. The Nattaponi R iver  marshes, which 
are less  than f i v e  k i lometers from the  
Pamunkey, receive l i t t l e  use by dabbl ing 
ducks. Tidal freshwater marshes along 
these two r i v e r s  appear, v i s u a l l y ,  t o  be 
i d e n t i c a l  (T. J. Smith, personal observa- 
t i o n ) .  Causes fo r  d i s p a r i t i e s  i n  usage 
a re  unknown bu t  may be r e l a t e d  t o  s u b t l e  
h a b i t a t  di f ferences, h i s t o r i c a l  fac tors ,  
microcl  imatol og ica l  d i f fe rences between 
s i tes ,  disturbance, o r  some o ther  causes. 

These data a lso i n d i c a t e  o ther  impor- 
t a n t  po in ts  i n  the use o f  wetlands by 
waterfowl. Dabbling ducks and geese 
(espec ia l l y  Canada geese) appear t o  be 
most c lose l y  t i e d  t o  t i d a l  freshwater wet- 
lands (Figure 27). D iv ing  ducks and 
mergansers are found i n  t i d a l  f reshwater  
hab i ta t s  but are rmch more common i n  
01 igohal ine  and brack ish  wet l  ands. Sea 
ducks are  almost never found i n  t i d a l  
freshwaters, being most abundant i n  Srack- 
i sh and sa l i ne  environments. I n  more 
no r the r l y  areas where t i d a l  f reshwater  
wetlands are i n  c lose r  p rox im i t y  t o  brack- 
i s h  and s a l t  marshes, the d i v i n g  and sea 
ducks occur more r e g u l a r l y  i n  t he  f resh-  
water areas. 

O f  the various types o f  coasta l  marsh 
and wetland hab i ta ts ,  Shaw and Fredine 
(1956) rated sha l l  ow, t i d a l  f reshwater  
marshes as the most important  h a b i t a t  f o r  
ducks, geese, and swans. Stewart (1962) 
provided one of the  most comprehensive 
discussions o f  w in ter ing  h a b i t a t  use by 
waterfowl. I n  the upper Chesapeake Bay 
region, t h i r t e e n  wetland hab i ta t s  were 
del ineated, two o f  which were t i d a l  f resh-  
water marsh systems. These two h a b i t a t  
types (es tuar ine  r i v e r  marshes and f resh  



Figure 27. Late autumn mixed assemblages 
of Canada geese and ducks in t idal  fresh- 
water marshes of the Pamunkey Ri very 
Virginia. This photograph was taken from 
an a i r c r a f t  approximately 200 f ee t  in the 
a i r .  

estuarine bay marshes) comprised only 
4 . 8 2 h f  the en t i re  study area. Dabbling 
ducks were obviously selecting t idal  
freshwater marshes in place of other 
avai 1 ah1 e wet1 and habitats (Tab1 e 1 9 ) ,  
especially early in the autumn. Green- 
winged teal  were the most selective;  in 
sone inonths one quarter of these birds 
were found in t idal  marshes comorisinq 
only one-twentieth of the total  wetland 
area. Ma1 lards ,  American black ducks, and 
American ~i geon were a1 so select ive ,  b u t  
not to the- extent of green-winged teal 
(Table 19). 

Diving ducks such as canvasback, red- 
head, scaup, buff1 ehead, common go1 deneye, 
and ruddy ducks were highly selective fo r  
freshwater and 01 igohal ine estuarine hay 
habitats (Stewart 1962).  These species do 
u t i l  ize t idal  freshwater marshes but were 
not as common there as i n  the open-water 
bays (Stewart 1962). 

The seasonal pattern of waterfowl use 
in t idal  freshwater marshes i s  most 1 ikely 
determined h.y a combination of food avail-  
ab i l i t y ,  food qual i ty ,  and weather condi- 
tions. The vegetation of tidal freshwater 
marshes provides an abundant source of 
high energy foods when waterfowl need them 
most, i .e.,  immediately following t he i r  
southward migration when energy s tores  are 
depleted and prior t o  the northward f l i gh t  
when energy reserves must be bu i l t  up.  
During the winter months when a b i rd ' s  
maintenance requi rements ;nust be met, 
lower qual i ty foods avai 1 able in brackish 
and sal ine environments are sui tab1 e. 
Additionally, a t  northern locations t ida l  
freshwater wetlands freeze over in the 
winter and food plants are  not available;  
the waterfowl are forced t o  move to more 
brackish wetlands o r  to migrate to areas 
fur ther  south. 

The seeds and rhizomes of annual and 
perenni a1 sedyes, rushes, grasses, and 
broad-leaved herbs appear to be favored 
foods of most waterfowl. Those species 
most co~ninonly eaten include threesquare, 
softstem bulrush, saltrnarsh bulrush, r ice  
cutgrass, knuckl egrass, ha1 berdl eaf tear-  
thumb,  dotted smartweed, Walter's mil l e t ,  
dwarf spi kerush, squares tem spikerush, 
fragrant u~nbrel lasedge, and wildrice. I t  
appears tha t  these ;niddle t o  upper in ter-  
t idal  marsh species are more important 
food items than are the seeds and rhizomes 
of the broad-leaved species of the low 
marsh (Stewart 1962; Conrad 1965; Kerwin 
and Webb 1971; Perry and Uhler 1981). 
However, exceptions to the above general i -  
zation do occur. Perry and Uhler (1981) 
reported t h d t  approximately one third of 
the food by volume of the wood ducks from 
the James River in Virginia was arrow- 
arum. They a1 so s ta ted tha t  Canada geesse 
occasional l y  fed on pickerelweed. Stewart 
(1962) 1 i sted arrow-arun as important in 
the d ie t s  of Canada geese, mallards, black 
ducks, and wood ducks from the upper 
Chesapeake region. Ye1 low water1 i l y  i s  an 
irnportant food of r i n  -necked ducks in the 
upper Chesapeake Bay 9 Stewart 1962). 

The great  diversity of foods avail-  
able t o  and eaten by waterfowl in t idal  
freshwater wetlands indicates the value of 
t h i s  habi ta t  type to  them (Perry and Uhler 
1931). A notable feature of the food 
habits of waterfowl i s  the opportunistic 



Table 18. D i s t r i b u t i o n  of waterfowl i n  various regions o f  V i r g i n i a  dur ing  e a r l y  Janu- 
a ry  1978-1980. Regions are arranged on a gradient  of s a l i n i t i e s ,  from t i d a l  sa l  ine  t o  
t i d a l  freshwater. Data provided by Fa i r f ax  H. Set t le ,  D i s t r i c t  B i o l o g i s t ,  V i r g i n i a  
Commission o f  Game & In land Fisheries. TR = Trace. 

Sal i n e  - Rrackis l l  

Mobjack Chi nco- Yi r g i n i a  Lower Lbper Poquoson Halnpton Lower York 
teague b a r r i e r  e a s t e r n  e a s t e r n  Roads Jaqes Pi v e r  

is lands shore, shore, R i v e r  
bayside bayside 

Whistl ing swan 

Canada geese, snow geese, and Srant 

Dabbling ducks 

Diving ducks 

Sea ducks 

Table 19. Percentage of t o t a l  species populat ion present i n  t he  upper 
Chesapeake Bay, observed i n  t i d a l  freshwater hab i ta ts ,  es tuar ine  r i v e r  
marshes, and f resh  estuarine bay marshes. (Tabulated from data i n  Stew- 
a r t  1962.) NR = Not reported. 

Species Oct. hlov. Dec. Jan. Feh. March 

Whist1 i n g  swan 0 3 TR 0 NR 1 

Dabbl i ng ducks 
Ma1 1 ard 13 17 14 12 NR 9 
Slack duck 16 9 4 4 NR 6 
Green-winged tea l  52 30 24 16 NR 36 
k ~ i e r i c a n  w i  yeon 4 15 TR 0 NR T R 
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Freshwater 

Lower Reedville Back Hog upper Presquile Chicka- Pamunkey Mattaponi llpper 
Rappa- Bay Island James hminy River River h o o a -  
hannock River River hannock 
River Qi vpr 

feeding and consequently the wide d i v e r s i -  
t y  o f  items eaten. Perry and Uhler  (1981)  
examined 115 gizzards from e i g h t  species 
of waterfowl and found 136 d i f f e r e n t  food 
items. Ten American black ducks a te  51 
types o f  food wh i l e  f i v e  American wigeon 
consumed 2 1  d i  f f e r e n t  foods (Table 20). 
Other examples o f  rnarsh onnivores are the  
American coot, common g a l l i n u l e ,  and Dur- 
p l e  g a l l i n u l e  which feed on the leaves and 
seeds o f  sedges, rushes, spi  kerushes, 
w i l d r i c e ,  and pondweeds. They a l so  take a 
1 arge number o f  aquat ic  insects,  tadpoles, 
sna i ls ,  frogs, and small f i s h .  

the  t i d a l  freshwater wetlands o f  the Poto- 
mac River, V i r g i n i a  (Stewart 1962) .  
Loons, pel icans, cormorants, and anhinqas 
are a l so  f i s h  eaters. Ga l l i nu les  and 
grebes consume a broad range of aquat ic  
inver tebra tes  and ver tebrates.  During the 
f a l l ,  grebes and g a l l i n u l e s  w i l l  ea t  the 
seeds o f  numerous marsh p lan ts  such as 
w i  l d r i  ce, sedges, and rushes (Terres 
1981) .  

Few waterfowl breed i n  t i d a l  f resh-  
water wetlands o f  the mid- and south 
A t l a n t i c  coasts. 9n l y  wood ducks, and t o  
a lesser  ex tent  American b lack ducks and 
ma1 1 ards, commonly use these wet1 ands f o r  
breeding habi t a t .  S t o t t s  and Davi s (1960) 
found t h a t  65% o f  the nests o f  American 
black ducks were loca ted i n  upland areas 
o f t e n  hundreds o f  yards from the nearest 
water. Only 17% o f  the nests were i n  the 
marsh and these were loca ted on e levated 
s i t e s  above t h e  h igh - t i de  l i n e .  Once t h e  

Perry and Uhler  (1981) reported t h a t  
two hooded mergansers taken from the  upper 
James River, V i rg in ia ,  fed exc lus i ve l y  on 
alewives. Johnny dar te rs  and American 
eels are eaten by the hooded merganser i n  
the upper Chesapeake Bay (Stewart 1962).  
Common mergansers were reported t o  feed on 
pumpki nseed sunf ish  and ye1 1 ow perch a1 ong 



Table 29. Breadth of diet of selected species of waterfowl from tidal 
freshwater wetlands. Calculated from data presented in Stewart (1962) and 
Perry and Uhler (1981). 

Spe ci es 

Number of Number of Food 
Num be r animal pl a n t  i terns/ 

examined foods foods bi rd 

Canada goose 
Wood duck 
Arneri can wi geon 
Green-wi nged teal 
Nall ard 
a1 ack duck 
Pintail  
Northern shoveler 
ilooded rllerganser 

eggs have hatched, the brood moves to the 1962; Perry and Uhler 1981). The remain- 
nearest wetland. Although brood rearing ing species are most abundant in tidal 
way occur in a n~lnber of habitats, i t  freshwater when i t  l i e s  in the vicinity of 
seerns t h a t  sedge, cat tai l ,  and bulrush large areas of brackish or s a l t  marsh. 
~ndrshes are  favored (Be1 1rose 1975). Pi ed-bill ed grebes, gallinules, and coots 
Availabili ty o f  cover i s  the most impor- occasionally nest in the marsh, choosing 
tant cr i ter ion for brood-reading areas high marsh si tes  with plentiful sedges and 
since duck1 i nys feed on aquatic insects, reeds for constructing their floating 
not vegetation. Wood ducks are tree- nests. 
cavity nesters and their breeding activity 
i s  restricted t o  freshwater swamps (tidal 
and nontidal ) and wooded uplands. They 7.3 WADING BIRDS 
will often nest over one mile from the 
nearest water. Favored species dhich pro- Fifteen species of herons, egrets, 
vids suitable cavities include cypress, ibises, and bitterns make up  this familiar 
syca~nore, sweet gun, willow, and red group of marsh birds. These species are 
maple. Once the eggs have hatched, the commonly seen during the summer throughout 
brood is  immediately lead t o  the nearest the Atlantic coastal region. Only the 
marsh. The tidal freshwater wetlands limpkin and wood stork are restricted in 
along the rdestern shore o f  the Chesapeake range, being found soutCl of YoutCl Carn- 
Bay, such as along the Pamunkey and 1 i na. The great blue heron ( Figur~ 28) f s 
Nattaponi givers in Virginia, are used the only species found during winter I n  
extensively for brood rearing by this tile northern parts of the Atlantic coast. 
species (Smith, personal observation), as The other snecies ,xigrate southward in the 
are similar areas througiiout the inid- and winter. Along the southern portions of 
south Atlantic (anonymous reviewer). the coast, waders are present year-round. 

These birds make heavy use of the tidal 
Loons, grebes, pel icans, gannet, channels, creeks, and ponds found through- 

mergansers, cormorant, anhinga, and gall i-  o u t  the low and high marshes. They are 
nules compri se the remainder of the float- a1 so found commonly along the banks of 
ing and diving waterbird group. Of these, watercourses in tidal swamps and s a l t  
only the common and hooded mergansers, marshes. 
pied-billed grebe, gallinules, coot, and 
anhinga are found with regularity in tidal Fish, from small minnows and silver- 
freshrtater marshes and swamps (Stewart sides to catfish, are preferred prey. 
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7.4 RAILS AND SHOREBIRDS 

Figure 28. The great blue heron feeds in 
tidal freshwater rnarshes throughout the 
year. 

Other food i tems include: crayfish, 
snai ls ,  frogs,  1 izards,  and snakes. Occa- 
s i onal ly herons and h i  t t e rns  consume some 
warm-blooded prey i tems such as mice and 
shrews or even young birds. Limpkins have 
have a highly specialized d i e t  consisting 
almost ent i re ly  of snails .  

Green herons and bit terns nest in 
t idal  freshwater marshes. Green herons 
build nests of s t icks  in vegetation low to  
the ground. Bitterns use sedges and 
grasses t o  construct nests low over the 
wdter. Breeding colonies of herons use a 
lride variety of trees and shrubs to sup- 
port the i r  nests, and sometimes nest on 
the ground in dense vegetation. The 
actual location of the nest s i t e  i s  not 
c r i t i c a l  to these birds as they will f l y  
1 onq di stances betwezn heronry and feeding 
grounds (Kushlan 1977; Maxv~ell and Kale 
1977). During the summer when these 
waders are raising young, the i r  f i sh  prey 
i s  most abundant within the rnarsfi (see 
Chapter 5 ) .  The food which the waders 
gather from t idal  freshwater marshes i s  
undoubtedly iinportant to  the tnai ntenance 
of ddul t s  and to  the growth and survival 
of thei r young. 

A t  l eas t  35 species of shorebirds and 
r a i l s  tnake extensive seasonal gse of the 
h i g h  marsh, low rnarsh, and especially of 
the associated tidal f l a t s .  Hawkins and 
Leck (1977) observed ki l ldeer ,  spotted 
sandpiper, sora r a i l ,  and  American \'rood- 
cock in t idal  freshwater rnarshes in New 
Jersey during the sumr?er. The woodcock 
was confirried as nesting in the wildricef 
arrow-arum zone of th is  wetland. The oth- 
e r  three species were believed to have 
nested b u t  nests were never found. 
?lcCormick and Somes (1982) observed a num- 
ber of species of sandpiners and r a i l s  a t  
Old!nans Marsh, also in Yew Jersey. 
Greater ye1 1 o ~ l  egs were observed year- 
round, coinrnon snipes and dun1 ins during 
winter and in nigration, kinq r a i l s  in the 
sumrner, and large nu~ribers of l eas t  sand- 
pipers, nectoral sandpipers, and Virginia 
rai  1 s during surnlner and rni qra t i  ons. Les- 
se r  yellowlegs were seen only dtlrinq 
migration. Fifty percent or more of the 
total sightings of these ~ i q h t  soecies, 
sumlrled over all  habitats surveys, were 
made in tidal freshwater marshes 
(McCorlnick and Sornes 1982). Y i  rly r a i l s  
are one of the few species of birds to be 
active during winter months in the t idal  
freshwater wetlands of the upper Chesa- 
peake Bay (?leanley 1975). King r a i l s  
remain active despite snow and ica cover- 
ing the rnarsh surface. Peak abundance of 
soras occurs during fa l l  migration a t  
tidal freshwater wetlands along the ent i  re 
At1 antic coast (ldebster 1964, i'leanley 
1965). 

Primary foods of these snecies 
include freshwater worrns, crayfish,  
snai ls ,  and mollusks. I n  fact ,  they will 
e a t  almost any invertebrate organisms 
found in the upner few centimeters of tbe 
sediment surface (Baker and Baker 1973; 
Schneider 1978). Ourinq t'.reir fa1 1 migra- 
t ions,  surprising nu~nbers of shorebirds 
qake extensive use of the seeds of marsh 
plants suc9 as w i  ldr ice ,  three-square, 
ha1 berdl eaf tearthumb, dotted smartweed, 
redroot sedge, r ice  cutgrass, and rnanv 
other marsh plants. Yany sl~orehirds are 
present only during the fa l l  migration 
when the seed supply i s  maxi~um. An 
interesting note i s  the u t i l i za t ion  of 
wildrice by ra i l s .  Ourin? autcmti rdqra- 
tion large numbers of soras (and possibly 



other rai ls)  gather to feed on the seeds 
of this abundant marsh plant (Uebster 
1964; Mean1 ey 1965). We have observed 
flocks of several hundred soras feeding on 
wildrict? seeds in tidal freshdater marshes 
along the Chickahominy River (Snli t h y  per- 
sonal observation). Ouring the month-long 
period in the fal l  bvhen wildrice seeds are 
ripening, they may comprise 90% of the 
sora's diet  (Uebster 1964). 

7.5 BIRDS OF PREY 

Hawks, falcons, eagles, osprey, owls, 
vultures, and the loggerhead shrike form 
this group of 23 predatory or carrion- 
eating birds. These species are a t  the 
top of the wetlands' food pyramid and so 
were never abundant. Recently, some 
species of birds of prey have suffered 
ra?id and  drastic declines in population 
size because of pollution, habitat loss, 
and, inost importantly, chlorinated hydro- 
carbon pesticides (Yenny et al.  1974). Of 
this group the southern bald eagle and 
peregrine falcon are officially 1 isted as 
endangered ( Federal Register 1980). 
Swallow-tailed kites and Cooper's hawks 
are groposed for inclusion on South 
Carol i na ' s endangered and threatened 
species 1 i s t s ,  respectively (Gauthreaux e t  
al. 1979, quoted in Sandifer e t  al. 1980). 
Additional ly,  the barn owl , great-horned 
owl, merl in, Mississippi kite, and logger- 
head shrike are ?reposed for special- 
concern status by South Carolina. All of 
these species Rave suffered large declines 
in population size in the South Carolina 
coastal zone in recent years. 

prefer the ecotone between forested and 
norlforested habitats. They are most often 
found in the region where the tidal fresh- 
water marsh grades into upland forest or 
tidal swamp. 

Popul ations of osprey are recovering 
from their pesticide-caused decl ines of 
the 1960's. Ospreys are common along many 
stretches of the At1 antic coast. Breedi nq 
ospreys use tidal freshwater wet1 ands 
around the Delaware Bay (Hawkins and Leek 
1977), Chesapeake Bay (Henny e t  a1 . 1974), 
and along the Georgia Bight (Sandifer e t  
al.  1980). Henny e t  al .  (1974) reported 
the observation t h a t  nesting ospreys use 
man-made structures (e.g., navigation 
buoys, towers) almost as much as natural 
structures. This habit appears to be qore 
prevalent in the Maryland portions on the 
bay. In Virginia, ospreys are more prone 
to use trees such as cypress to hold their  
nests (Henny e t  a1 . 1974). 

Ospreys and bald eagles are highly 
dependent on tidal marshes for the produc- 
tion of fish, their primary prey. Marsh 
hawks are also very dependent on tidal 
wetlands. 411 three of these raptors can 
use wetlands along the entire estuarine 
salinity gradient, and so are not 
restricted t o  tidal freshwaters. r3f the 
other birds of prey in this group none are 
completely dependent on tidal freshwater 
marshes since they al l  can exploit a vari- 
ety of other habitats, both wetland and 
up1 and. 

7.6 GULLS, TERNS, KINGFISHERS, AND CROWS 

Southern bald eagle populations Included in this group of 20 species 
appear t o  have stabilized in the past are gulls, terns, crows, and kingfishers. 
decade. Breeding eagles are found along Gulls are present during winter and during 
tidal freshwater stretches of the Potomac migration. Common and Fors t e r '  s terns are 
River (Lippson e t  al. 1979). In  South present in the summer and during ~nigra- 
Carolina, areas of impounded marsh, many tion. Fish and American crows, laughing 
of which are tidal freshwater habitats, gulls, ring-billed gulls, and the belted 
are apparently very important for nesting kingfisher can be found year-round. Her- 
eagles (Sandifer e t  al. 1980). ring gulls and great black-backed gulls 

are common winter residents of coastal 
Northern harriers (marsh hawks) and saltwater areas which often range u p  the 

American kestrels are comtilon in tidal estuary to  tidal freshwater regions. 
freshwater iaarshes, especially in winter. Glaucous and Iceland gull s are reported 
geed-shouldered and red-tailed hawks are from the vicinity of the Tinicum !4arsh 
common permanent residents. Cooper's near Phi 1 adel phi a ,  Pennsyl vani a. 
hawks are more likely to be found in river McComick (1970) reported that these gulls 
swamps. knerican swal 1 ow-tai Ted kites are attracted by garbage dumps which are 
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close t o  these marshes. This may no t  
r e f l e c t  t r u e  use o f  t he  t i d a l  freshwater 
wetlands by these species. 

T ida l  creeks, channels, and pools i n  
the  marsh are used f o r  hunt ing f i s h .  The 
be1 ted  k ing f i she r ,  American crow, and f i s h  
crow breed i n  t i d a l  freshwater wetlands. 

7.7 ARBOREAL BIRDS 

Th is  i s  the  l a r g e s t  group, comprising 
90 species. Flycatchers and swallows are 
the most i inportant species i n  t h i s  group. 
Stewart and Robbins (1958) reported t h a t  
f l ocks  o f  swallows numbering i n t o  the  tens 
o f  thousands could be seen over t i d a l  
freshwater marshes i n  the upper Chesapeake 
Bay dur ing f a l l  and spr ing migrat ions,  
ev iden t l y  feeding on the abundant insec t  
fauna o f  t he  marsh. Sandifer e t  a l .  
(1980) noted t h a t  swal lows were important 
t o  t i d a l  freshwater wetlands i n  South 
Carol i na  and Georgia f o r  s i m i l a r  reasons. 
We have commonly observed f l yca tche rs  
feeding over t i d a l  freshwater wetlands i n  
V i r g i n i a  (Hoover and Smith, personal ob- 
servat ions) .  Species such as eastern 
k i  ngbi rds and great-crested f l yca tchers  
w i l l  perch i n  t rzes  o r  shrubs along the  
upland border o f  the  marsh i n  search o f  
prey. When an i nsec t  i s  spotted f l y i n g  
over the marsh, the b i r d  dar ts  ou t  t o  
capture it. Both swallows and f l yca tchers  
are important  insec t ivores  i n  the marsh. 
Many o f  the  o ther  species 1 i s t e d  i n  t h i s  
group are b i rds  o f  the  ecotonal community 
between the  marsh and upland. The wood 
warblers have mostly been reported from 
t i d a l  freshwater marshes and swamps dur ing 
migrat ion.  While these warblers are i n  
t r a n s i t  between summer and w in te r  quar- 
te rs ,  these wet1 ands may provide important 
temporary hab i ta t .  The arboreal b i r d s  as 
a group a re  the l e a s t  dependent on t i d a l  
freshwater marshes f o r  t h e i r  surv iva l .  

7.8 GROUND AND SHRUB BIRDS 

F i f t y - t h r e e  species o f  b i r d s  are 
included i n  t h i s  group which i s  composed 
o f  t he  emberizids and f r i n g i l  i d s  (spar- 
rows, juncos, finches, blackbirds, wrens, 
and several o ther  species). The seeds o f  
the h igh  marsh p lan ts  which are  important  
t o  o ther  groups are a l so  the s tap le  d i e t  

of these species. Ten species are  record- 
ed as breeding i n  t i d a l  freshwater 
marshes, i nc lud ing  ring-necked pheasant, 
red-winged blackbird,  h e r i c a n  go1 d f inch ,  
rufous-sided towhee, savannah sparrow, 
grasshopper sparrow, t r e e  sparrow, ch ip-  
p ing sparrow, f i e l d  sparrow, swamp spar- 
row, and song sparrow (Meanley and Webb 
1963; Hawkins and Leck 1977). Large 
f l ocks  of red-winged blackbirds,  d i ckc i s -  
sels, and bobol inks create a spectacular  
s i g h t  i n  w i l d r i c e  marshes when they con- 
gregate dur ing e a r l y  autumn. Flocks num- 
ber ing i n t o  t h e  tens o f  thousands are com- 
mon. The t im ing o f  the a r r i v a l  o f  these 
l a rge  f locks coincides w i t b  seed se t  by 
the  w i l d r i c e .  I t  takes on ly  a few days 
f o r  these b i r d s  t o  consume vos t  of the 
crop and then move t o  another marsh. 
Bobol inks were re fe r red  t o  as r i c e b i r d s  i n  
t he  l a s t  century by p lan ta t i on  o w e r s  i n  
Georgia and South Carol ina. These b i r d s  
w i t h  t h e i r  voracious appet i tes  i n f l i c t e d  
heavy losses on the r i c e  crops. 

O f  the b i rds  i n  t h i s  group, marsh 
( I  ong-b i l l  ed) wrens and sedqe ( sho r t -  
b i l l e d  marsh) wrens are most dependent on 
t i d a l  freshwater marshes. Sho r t -b i l  l e d  
niarsh wrens a re  most abund3nt i n  b rack ish  
and s a l i n e  environments, though they are 
common i n  t i d a l  freshwater marshes. 
Sho r t -b i l  l e d  marsh wrens are considered a 
regional  l y  endangered species i n  New 
Jersey (Hientzleman 1971). 

7.9 ENERGY FLOW AND AVIAN CO?4MUNITY 
DYNAMICS 

Wiens (1973) suqqested th ree poss ib le  
r o l e s  for  b i r d s  i n  ecosystems: (1 )  they 
may d i r e c t l y  e f f ec t  the  ecosystem by 
in f luenc ing  the  f low o f  n u t r i e n t s  and/or 
energy, ( 2 )  by ac t i ng  as c o n t r o l l i n g  fac- 
to rs ,  they flay help n a i n t a i n  s t a b i l i t y  i n  
t he  ecosystem w i thou t  p lay ing  a major r o l e  
i n  n u t r i e n t  and/or energy f lows, and (3)  
they may simply be f r i l l s  l i v i n g  o f f  the 
excess product ion o f  t he  ecosystem and 
having no i n f l uence  on i t  whatsoever. 
There have been few s tud ies  on the  r o l e  o f  
b i r d s  on energy and n u t r i e n t  flows i n  eco- 
systems o f  any type t o  t e s t  Wien's ideas. 

The r o l e  o f  h i  rds  i n  n u t r i e n t  cyc l  i n q  
has n o t  been s tud ied  i n  t i d a l  freshwater 
wetlands. Bedard e t  a l .  (1980) examined 



the ef fects of seabirds on n u t r i e n t  con- a l .  (1973) examined the  energy f low o f  t h e  
cent ra t ions  w i t h i n  the St. Lawrence R iver  e n t i r e  s a l t  marsh/ shal low bay reg ion  o f  
estuary. The e f f e c t  of i f i tpor t ing n u t r i -  Baratar ia Bay i n Louisiana. These authors 
ents t o  the  estuary from outside sources reported an average y e a r l y  standing crop 
by seabirds was n e g l i g i b l e  compared t o  the o f  0.044 g dry w t / m 2  f o r  t he  avian compo- 
amount of n u t r i e n t s  already present i n  the nent o f  t he  system. This value i s  s l i g h t -  
system. nanny e t  a l .  (1975), McColl and l y  h igher than what Hawkins and Leck 
Burger (1976), and Onuf e t  al .  (1977) Dre- reported f o r  on ly  the common breeding 
sented data t o  show t h a t  on a l o c a l i z e d  b i r d s  i n  a t i d a l  freshwater marsh. When 
scale b i r d s  may be qui t e  important.  I n  the nonbreedi ng b i rds,  uncomrnon breedi  ng 
these three studies, b i r d s  (Canada geese, b i rds ,  and the  j uven i l e  b i r d s  which are 
F rank l i n ' s  gu l l s ,  and herons, resnective- produced are included i n  the  ca l cu la t i ons ,  
l y )  were shown t o  be important by import- the annual biomass o f  b i r d s  i n  t i d a l  
i ny  n i t rogen,  phosphorus, potassium, and freshwater lnarshes w i l l  probably be h iqher 
organic carbon t o  wetland systems. Nanny than i n  s a l t  o r  brackish marshes. Day e t  
e t  a l .  (1975) and Onuf e t  a l .  (1977) were a l .  (1973) reported t h a t  t o t a l  consumption 
abl2 t o  show t h a t  the imported n u t r i e n t s  by the b i r d s  amounted t o  7.33 g dry  wt / r l12 
1 ed t o  increased l eve l s  o f  primary produc- f o r  the year. A po r t i on  o f  the  b i r d ' s  
t ion.  Onuf e t  a l .  (1977) presented addi- consumption i s  returned t o  the marsh sur-  
t i ona l  evidence t o  show elevated secondary face as feces. This amounted t o  2.20 q 
production i n  regions receiv ing n u t r i e n t  d ry  wt/m2/yr. Respirat ion accounted f o r  
inputs by herons. The input  of n u t r i e n t s  5.11 g dry wt/m2/yr, and the rernaininq 
led  t o  increased n i t rogen content of t+e  0.022 g d ry  wt/m2/yr was product ion by the  
p lan ts  (mangroves i n  t h i s  instance) which b i rds .  Day e t  a l .  (1973) s t a t e  t h a t  cer -  
made them more pal a tab le  t o  herbivores. t a i n  groups o f  b i rds,  esoec ia l l y  the dah- 
On a loca l  scale then, b i rds  can be an b l i n g  ducks, may be ten times more abun- 
if i iportdnt vector  i n  n u t r i e n t  flow. dant i n  nearby freshwater marshes. Energy 

f low through the  avifauna o f  t i d a l  f resh-  
I n  t i d a l  f reshwatermarshes tn ig ra to ry  water marshes may be somewhat h igher  than 

waterfowl and shorebirds and the l a rge  i n  brackish and s a l t  marshes. 
f l ocks  o f  b lackbirds and r a i l s  could pos- 
s i b l y  act as n u t r i e n t  exporters since they Although the f low o f  energy through 
feed i n  the  wetlands and then leave. If the  avian component o f  t i d a l  freshwater 
c o l o n i a l l y  nest ing species were t o  develop wetlands represents only a small p o r t i o n  
a colony i n  o r  ne3r a marsh, t h i s  could of the ove ra l l  energy f low, b i r d s  can 
c e r t a i n l y  provide f o r  an i npu t  of n u t r i -  exe r t  other  in f luences on the  system. 
ents. Reed (1978) studied the e f f e c t  o f  grazinq 

by snow geese on t i d a l  freshwater marshes 
The r o l e  o f  b i rds  i n  the energy flow along the  S t .  Lawrence R iver  i n  Canada. 

o f  lnarhes has 1 ikewise received 1 i t t l e  He found t h a t  increasing grazing pressure 
at tent ion.  Hawki ns and Leck (1977) resu l ted  i n  greater  pr imary product ion by 
examined the  breeding b i r d  fauna i n  th ree three-square, the dominant p lant .  Hence 
t i d a l  freshwater marsh hab i ta ts  i n  New grazing f a c i  1 i tated energy f low through 
Jersey. These included a c a t t a i l  marsh, t he  e n t i r e  system. Along the mid-At lan t ic  
h igh marsh, and low marsh. Breeding b i r d  coast, hoviever, snow geese are much more 
biomass i n  these marsh hab i ta t s  was e s t i -  common i n  s a l t  marshes. The.y can d r a s t i c -  
mated t o  be 0.012-0.017, 0.006, and 0.007 a l l y  reduce primary product ion and cause 
g dry  wt/m2, respect ive ly .  The energy changes i n  species composition o f  the 
f low through the  breeding b i r d  component marsh vegetat ion (Lynch e t  a l .  1947; Sn i th  
o f  t h i s  system was estimated using and Odum 1981; Smith 1983). Canada qeese 
measured weights o f  b i r d s  present i n  the  have been reported t o  cause temporary, 
mdrsh and convert ing t o  energy using l o c a l  l oss  o f  vegetat ion from t i d a l  f resh-  
standard metabol ic equations. Energy f l o w  m t e r  wetlands through overgrazing (Smith, 
was reported as 0,037-0.050, 0.015, and personal observation). Thus, organisms 
0.021 kcal/:n2/day i n  each of the wetland which account f o r  on ly  small f r a c t i o n s  of 
types studied, respect ively.  Over the  t h e  t o t a l  energy f low may '7ave more impor- 
SO-day breeding season t h i s  represented t a n t  impacts on the  system than energy 
2.82-3.00, 0.30, and 1.26 kcal/n2. Day e t  f l ow  alone would suggest. 
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CHAPTER 8. COMMUNITY COMPONENTS: MAMMALS 

8.1 SPECIES OCCURRENCE 

The 45 spec ies o f  mammals t h a t  we 
have found t o  be r epo r t ed  from t i d a l  
f reshwater marshes (Appendix E )  range from 
abundant, a lmost  ub i qu i t ous  species such 
as t h e  V i r g i n i a  opossum, t o  r e l a t i v e l y  
r a r e  o r  l o c a l  i zed  species such as t he  
nine-banded a rmad i l l o .  I n  t h i s  s e c t i o n  we 
have chosen t o  focus on l y  on t h e  common o r  
eco l og i ca l  l y  impo r t an t  spec ies.  Due t o  
t h e  l a c k  o f  pub l i shed  s t ud i es  r e s t r i c t e d  
t o  t i d a l  f reshwate r  marshes, r eg i ona l  
occurrences l i s t e d  i n  Appendix E should 
n o t  be const rued as comprehensive. 

A v a r i e t y  o f  rnammals u t i l i z e  t he  
t i d a l  f reshwate r  marsh as year-round r e s i -  
dents  (Tab le  21a). A1 1 o f  these species 
have t h e  f o l  l ow ing  c h a r a c t e r i s t i c s :  (1) 
they  a r e  capable o f  o b t a i n i n g  a1 1 o f  t h e i r  
n u t r i t i o n a l  needs from w i t h i n  t h e  t i d a l  
f reshwate r  h a b i t a t  ( n o t e  t h a t  these 
species a re  e i t h e r  herb ivorous o r  omniv- 
orous),  ( 2 )  t h e y  have a f u r  coa t  ~ h i c h  i s  . . .  
r e l a t i v e l y  imperv ious t o  water, and 
( 3 )  t hey  have t h e  a b i l i t y  t o  nes t  (and 
h i be rna te  i n  more n o r t h e r n  areas)  w i t h i n  
t h e  marsh e i t h e r  i n  a  submerged lodge o r  a  
nes t  e l eva ted  on vege ta t ion .  A v a r i e t y  o f  
o t h e r  spec ies are unable t o  e x i s t  i n  the  
t i d a l  f reshwate r  na r sh  h a b i t a t  on a perma- 
nen t  bas is ,  bu t  make p e r i o d i c  feed ing  
fo rays  i n t o  t h e  marsh (Tab le  21b). 

O f  t he  species l i s t e d  i n  Appendix E 
and Tables 21a and 21b, those which appear 
t o  be most dependent upon t h e  t i d a l  f r esh -  
water  marsh h a b i t a t  i n c l u d e  t he  r i v e r  
o t t e r ,  muskrat, n u t r i a ,  mink, eas te rn  
raccoon, marsh r a b b i t ,  and marsh r i c e  r a t .  
Th i s  does n o t  imply,  o f  course, t h a t  these 
species do n o t  use a1 t e r n a t e  h a b i t a t  such 
as swamps, r i v e r  bot tom f l o o d ~ l a i n s ,  and 
f reshwate r  streams . 

Tab1 e 21a. Examples o f  mammals commonly 
found i n  t i d a l  f reshwater  rnarshes as year -  
round res iden ts .  

Star-nosed mole Meadow v o l e  
Marsh r a b b i t  Y u t r i a  
Bea ve r Eastern raccoon 
Marsh r i c e  r a t  R i v e r  o t t e r  
Muskrat Mink 

Tab le  21b. Examples o f  rnamlnals which make 
forays i n t o  t i d a l  f reshwate r  marshes f o r  
feeding purposes, bu t  which are n o t  con- 
s ide red  permanent res iden ts .  

V i r g i n i a  opossum Red and g ray  f o x  
Least  and s h o r t - t a i  l e d  S t r i p e d  skunk 

shrews 
B i g  brown b a t  Bobcat 
House mouse Whi t e - t a i l e d  deer  
Norway r a t  

Compari sons o f  :gamma1 species d i v e r -  
s i t y  between t i d a l  f reshwate r  marshes on 
one hand and s a l i n e  marshes, n o n t i d a l  
f reshwate r  marshes and swamps on t h e  
o ther ,  have gene ra l l y  n o t  been made. We 
suspect t h a t  species d i v e r s i t y  i s  s i g n i f i -  
c a n t l y  h i ghe r  i n  t i d a l  f reshwate r  marshes 
than i n  s a l i n e  marshes; however, da ta  f o r  
compari son wi  t h o n t i d a l  f reshwate r  and 
up1 and h a b i t a t s  a re  general  l y  l a c k i n g  f o r  
t h e  eas t  coast.  

8.2 ROLES I N  MARSH ECOLOGY 

Un fo r t una te l y ,  n o t  much i s  known 
about t he  eco log i ca l  i n t e r a c t i o n s  between 



the va r i ous  soecies of mammals i n  t i d a l  
f reshwater  marshes. Most in format ion 
which i s  a v a i l a b l e  comes from research i n  
the wet lands of Louisiana o r  the  01 igoha- 
l i n e  s t r e t c h e s  of east coast marshes. 
Nei ther  h a h i  t a t  i s  d i  r e c t l y  coinparable t o  
t i d a l  ' resi iwater narshes. For t h i s  reason 
much of t h e  information which follokvs i n  
t h i s  s e c t i o n  should be regarded as e i t h e r  
e x t r a p o l a t i o n s  o r  guesswork !lased on 
i n fo rma t ion  from b e t t e r  s tudied habi tats.  

In r e v i  evri ng the fo11 owing ina ter ia l  
two p o i n t s  should be remembered. (1) The 
process of h e r b i  vary i s  probably important 
both d i r e c t l y  as an impact on the s t ruc-  
t u re  o f  t h e  t i d a l  freshwater p lan t  commu- 
n i t y  and i n d i r e c t l y  through i t s  e f f e c t  on 
substrate rnorphol ogy and i n t e g r i t y .  (2)  
The h iqhe r  t roah i c  l e v e l s  (predators) a re  
probabiy n o t  a; important to' the  s t ruc tu re  
and f u n c t i o n i n g  of the t i d a l  freshwater F igure 29. Whi te- ta i led deer feeding i n  a 
marsh cornmuni ty. V i r g i n i a  t i d a l  freshwater marsh. Photo- 

graph by Michael Dunn. 
Herbi vo r e s  - 

W e l l e r  (1978) states t h a t  the  
a c t i  v i  t y  o f  herbivoroils animal s  i s  t he  
rnos t i ,npor tan t  factor ,  a f t e r  f l uc tua t i ons  
i n  b~a te r  1 eve l ,  i n  s t ruc tu r i ng  p l a n t  corn- 
muni t i e s  i n  nont ida l  freshwater wetlands. 
I n  t i d a l  f reshwater  wetlands t h i s  i s  a lso  
probably t r u e  w i t h  only t i d a l  ac t i on  it- 
se l f  being inore important. A l a rge  number 
o f  the mammals which are found i n  t i d a l  
f reshwater  wetlands are herbivorous 
(Appendix E). Small mammals such as mice 
i n  the genus Peromyscus f a l l  i n t o  t h i s  
t roph i c  category. The wh i te - ta i led  deer 
a lso feeds on the leaves and stems o f  w i l d  
r i ce ,  c a t t a i l s ,  and other  wetland p lants 
( F i  yure 29). However, herbivorous musk- 
rats,  n u t r i a ,  and beavers in f luence wet- 
land vege ta t i on  t o  the  greatest  extent. 

?!uskrats are fwnd  i n  a va r i e t y  o f  
marsh types;  from nont ida l  freshwater 
rnarshes of the Midwest t o  t i d a l  s a l t -  
marshes o f  the A t l a n t i c  and Gul f  coasts. 
T ida l  f reshwater  marshes dominated by 
sweetf lay, arrow-arum, and w i l d  r i c e  a r e  
considered favored hab i ta t  fo r  muskrats 
along t h e  A t l a n t i c  coast (McCorrnick and 
Somes 1982 1. Threesquare and c a t t a i l  
marshes a long  the eastern seaboard are 
a1 so considered prime muskrat h a b i t a t  
(McCormick and Somes 1952). Wass and 
Wi lk ins  (1978) reported h igh muskrat 

dens i t i es  (2.25 a c t i v e  houses/ hectare)  i n  
a t i d a l  freshwater marsh dominated by 
burmarigold on the  Janies River. I n  
Louisiana muskrats appear t o  be most abun- 
dant i n  brackish and 01 igohal  i n e  marshes 
i n  which threesquare rushes (Sci rpus 
americanus and 2. o lne i ) are  the  dominant 
-1misano & 

Surpr is ingly,  the inuskrat i s  no t  
found i n  the coastal marshes o f  Georgia 
and most o f  South Carol ina, al though i t  
occurs i n  the piedmont regions o f  both 
states.  The more southern d i s t r i b u t e d  
muskrat, the  round- ta i led  muskrat 
( ~ e o f i b e r  a1 l e n i ) ,  occurs i n 1  and i n  south 
Georaia (as close t o  t he  coast as the 
~keeieenokee Basin). It would n o t  be sur-  
p r i s i n g  t o  f i n d  t h i s  muskrat eventua l ly  
extending i t s  range i n t o  the  t i d a l  f resh-  
water hab i ta t  along the Georgia coast. 

k s k r a t s  feed ex tens ive ly  on the  
shoots, roots, and rhizomes o f  three-  
squares, c a t t a i l ,  sweet f l  ag, arrow-arum, 
and o ther  marsh plants. These p lan ts  may 
represent almost 80% (by weight) o f  t he  
muskrat d ie t .  The young shoots, which are 
h igh  i n  nu t r ien ts ,  especial l y  n i t rogen,  
and o lde r  stems are favored i n  t he  sp r i ng  
and summer, respec t i ve l y  (We1 l e r  1991). 



Leaves of marsh p lan ts  are seldom, if 
ever, consumed. During the w in ter  months 
roo ts  and rhizomes comprise almost 100% o f  
the muskrat d i e t  (Stearns and Goodwi n 
1941). The a c t i v i t y  o f  muskrats i n  dig- 
ging up roo ts  and rhizomes can have 
de le ter ious  e f f e c t s  on marsh s o i l s .  Roots 
and rhizomes o f  marsh p lan ts  are  the  
f i b e r s  which b ind  the  marsh substrate. 
When muskrats remove these p l a n t  orgarls, 
the  substrate lacks cohesiveness and i s  
e a s i l y  resuspended and may be washed away 
by storms and even normal t i d a l  ac t i on  
(Lynch e t  a1 . 1947). Muskrats harvest a 
l a r g e r  mass o f  above-ground p lan t  par ts  
( leaves and stems) than Selow-ground p l a n t  
par ts .  Above-ground por t ions  o f  the vege- 
t a t i o n  are used i n  const ruc t ion  o f  t h e i r  
houses and feeding p l  atforms. Muskrat 
houses may be 2-3 m (5-10 f t )  wide a t  the  
base and 2 m ( 6  f t )  t a l l .  Often mud and 
s t i c k s  are  worked i n t o  the  house t o  
strengthen it. It i s  common t o  see upland 
vegetat ion sprout ing from the  tops o f  
those muskrat houses which are not  inun- 
dated by t ides .  

The m s k r a t s '  pract ices o f  d igging up 
roo ts  and rhizomes f o r  food and o f  c lear -  
ing la rge areas o f  above ground vegetat ion 
for houses could p o t e n t i a l l y  cause denud- 
ing  and d i s r u p t i o n  o f  l a rge  areas o f  marsh 
(Lay and O 'Ne i l  1942; Lynch e t  a l .  1947; 
Weller 1981). The prac t ices  o f  snow geese 
have s i m i l a r  e f f e c t s  on s a l t  marshes 
(Smith and Odurn 1981, Smith 1983). Areas 
o f  t he  marsh which are heav i l y  grazed and 
disrupted by muskrats ( o r  geese) are 
re fe r red  t o  as eat-outs by marsh managers. 
Eat-outs may range up to  several square 
k i lometers i n  area (Lynch e t  a l .  1947). 
Generally, the in f luence o f  muskrats on 
the vegetat ion i s  no t  t h i s  severe. 
I n i t i a l l y  a small c l ea r i ng  i s  created 
immediately around the house. I f  there  
are many muskrat f am i l i es  present i n  a 
given marsh, t h i s  w i l l  r e s u l t  i n  many 
small openings i n  the vegetation. 
Numerous small open areas ac tua l l y  benefi  t 
a v a r i e t y  o f  o ther  wetland species inc lud-  
i n g  waterfowl, grebes, and herons (Weller 
and Spatcher 1965, We1 l e r  and Fredrickson 
1974). Continued muskrat a c t i v i t y  may 
enlarge and deepen these i n i t i a l  excava- 
t ions .  Arrowheads, arrow-arum, and spat- 
terdock may become establ ished i n  the 
small ponds which open around muskrat 
1 odges (Mean1 ey 1975). When the muskrat 

populat ion grows t o  h igh dens i t ies ,  these 
small openings are enlarged and may be 
jo ined t o  o ther  openings nearby. It i s  
est imated t h a t  i f  the muskrat popu la t ion  
reaches dens i t i es  greater  than 75 i n d i v i d -  
ua l s  per  hectare (33/acre), losses o f  
vegetat ion and accompanying popu la t ion  
crashes are 1 i k e l y  (Dozier  e t  a1 . 1948, 
Er r ing ton 1963, Wilson 1968, Weller 1981). 
Eat-outs are usual l y  revegetated w i t h i n  
several years dependi ng on c l  ima t i c  condi - 
t i o n s  and the seve r i t y  o f  the eat-out 
(Lynch e t  a l .  1947). I n  cases where 1 it- 
t l e  vegetat ion remains o r  storms have 
washed away the  marsh s o i l  s, revegetat ion 
may not  occur f o r  10-15 years. Lynch 
e t  a l .  (1947) and Wel ler  (1981) presented 
excel 1 en t  d i  scussions o f  the various suc- 
cessional pathways which nay be fo l lowed 
a f t e r  marshes have been grazed by muskrats 
( o r  geese). Unfor tunate ly,  t h e i r  work 
deals w i t h  brackish marshes and nont ida l  
freshwater marshes, respect ive ly .  I n  a 
general manner t h e i r  resul  t s  probably ho1 d 
f o r  t i d a l  freshwater marshes as we l l .  

Along the  A t l a n t i c  coast, n u t r i a  a re  
common i n  Maryland arld North Carol ina 
(Evans 1970), espec ia l l y  i n  Dorchester and 
Somerset Counties, Mary1 and. The d i s t r i -  
bu t ion  o f  n u t r i a  i n  V i r g i n i a  i s  no t  w e l l  
known. Evans (1970) presents d i s t r i b u t i o n  
maps showing t h a t  t i d a l  freshwater reaches 
o f  the James, Chickahominy, Pamunkey, 
Mattaponi, and Rappahannock Rivers are 
inhab i ted  by nu t r i a .  Mass (1972) s ta ted  
t h a t  n u t r i a  are abundant i n  the 01 igoha- 
l i n e  marshes around Back gay, V i r g i n i a ,  
bu t  d i d  no t  mention t h e i r  occurrence i n  
any o f  V i r g i n i a ' s  t i d a l  r i v e r  marshes. 
These marshes abound w i t h  muskrats and 
would seem t o  be ideal  n u t r i a  h a b i t a t  
also. Lippson e t  a1 . (1979) s ta ted  t h a t  
n u t r i a  are present i n  moderate numbers 
along the  Potomac River. 

N u t r i a  are ecological  l y  s i m i l a r  t o  
muskrats. A small d i f f e rence  i s  t h a t  nu- 
t r i a  feed more heav i l y  on leaves o f  marsh 
p lan ts  than do muskrats. Leaves may make 
up 20% o f  t h e i r  d i e t  a t  c e r t a i n  times of 
t he  year (Wil  l n e r  e t  a l .  1979). During 
most o f  the year, roo ts  and rhizomes com- 
p r i s e  the  bu l k  (70%) o f  t he  n u t r i a ' s  d i e t  
(W i l l ne r  e t  a1 . 1979). Because t h e i r  
hab i ta t s  and feeding hab i t s  are s i m i l a r ,  
n u t r i a  and muskrats may 5e competi tors. 
I n te rac t i ons  between these two species 



h?ve not been direct ly  studied. Studies in 
Louisiana indicate that  nutria have a 
greater preference fo r  freshwater marshes 
than do muskrats (Wilson 1968, Palmisano 
1972). Along the Atlantic coast nutria 
and muskrats appear to  be found in the 
same types of marshes, ranging from oligo- 
ha1 ine threesquare marshes t o  t idal  fresh- 
water wetlands a t  the heads of estuaries 
(Evans 1970, Lippson e t  a l .  1979). 

Direct  f ie ld  experiments will be 
required t o  fu l ly  understand the ecologi- 
cal relationships between nutria and musk- 
ra t s .  

Nutria are  not tolerant of cold tem- 
peratures and are often kil led by hard 
freezes. (Willner e t  al .  fs79). During 
the winter of 1975-1977 substantial nutria 
mortality was noted by Willner and co- 
workers i n  the marshes of Oorchester 
County, Mary1 and. They reported i t  common 
t o  find dead nutrid with extensive f ros t -  
b i t e  damage t o  feet  and t a i l s .  I t  i s  not 
l ikely  tha t  nutria will expand the i r  range 
northward. However, they could easily 
move into t i da l  wetlands in South Carolina 
and Georgia. 

Beavers are becoming more common, 
especial l y  in the t idal  freshwater marshes 
a t  the headwaters of the t r ibutar ies  to 
Chesapeake Bay. Often beavers will dam 
the upper reaches of a t idal  freshwater 
stream, cu t t ing  o f f  the influence of the 
t ide  (Figure 30). We have observed the 
a c t i v i t i e s  of beavers on a tr ibutary of 

the Chickahominy River in Virginia. Wild 
r ice  was growing on both sides of the dam. 
The only noticeable difference was t ha t  on 
the upstream side the wild r i ce  was much 
more open and generally l e s s  dense than on 
the downstream side.  The influence of 
beavers in other habitats i s  well known 
and they obviously can have an impact on 
t idal  freshwater marshes. The nature of 
the effect  of beavers needs to  be studied 
in deta i l .  

Carnivores 

From an economic standpoint, the most 
important carnivorous mammals in t idal  
freshdater marshes are the raccoon, m i n k ,  
and r iver  o t t e r .  These species are very 
important to  the fu r  trade in the United 
States (Chabreck 1979). Raccoons prey 
heavily on juvenile muskrats and may play 
a role in controll ing the s ize  of muskrat 
populations. Predation by raccoons may 
keep muskrat populations be1 ow the 1 eve1 s 
where they will damage marsh vegetation 
and/or where i t  i s  feasiSle to harvest 
them (Wilson 1953). Mink and r iver  o t t e r  
occasionally prey on muskrats ( ~ i l s o n  
1954). For the mink, however, mice, 
voles , and srnal 1 birds are more important 
food items. River o t t e r  feed primarily on 
f i sh ,  taking only small amounts of other 
foods (Wif son 1954). 

Except for  the relation between rac- 
coons and t he i r  muskrat prey, the rela- 
tionships between mammal ian predators and 
the i r  prey i n  wetlands are  poorly under- 

Figure 30. Beaver dam 
Virginia. 

a t i da l  freshwater 
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marsh stream near the  Potomac River, 



stood. We do not  know i f  any carnivores 
are a c t i n g  as keystone predators, keeping 
t h e i r  prey populat ions i n  check. The r o l e  
o f  carnivores on n u t r i e n t  and energy flows 
w i t h i n  wet1 ands i s  not understood. 

8.3 ECONOMIC VALUE 

While i t  i s  c l e a r  t h a t  a  number of 
mammals o f  the  t i d a l  freshwater marsh have 
valuable p e l t s  (e.g., o t t e r ,  mink, n~usk- 
r a t ,  n u t r i a ,  and raccoon) and t h a t  p e l t s  
from t h i s  h a b i t a t  enter  the commercial 
market, the magnitude o f  t h i s  f u r  produc- 
t i o n  i s  n o t  known. This i s  because 
de ta i l ed  harvest  records are no t  a v a i l -  
able; the o r i g i n  o f  muskrat p e l t s  from 
t i d a l  freshwater, o l igoha l ine ,  and estu- 
a r i ne  hab i ta t s  i s  not  d i f f e r e n t i a t e d  by 
most o f  the  State and Federal agencies 
which keep f u r  product ion records. 
Louisiana i s  one exception and records 
from t h i s  s t a t e  o f f e r  some i n s i g h t  i n t o  
the  r e l a t i v e  importance o f  t i d a l  f resh-  
water marshes as f u r  producers. 

Data gathered by Palmisano (1972) and 
Chabreck (1979) are  summarized i n  Table 
22. As shown by t h i s  table,  freshwater 

marshes are most important  f o r  n u t r i a ;  
01 i gohal i n e  marshes f o r  muskrats; and 
swamps f o r  mink, raccoon, and r i v e r  o t t e r .  
The harvest  o f  muskrats i s  g reater  i n  
f reshwater  marshes than i n  swamps and i s  
a t  l e a s t  comparable t o  t h a t  o f  b rack ish  
and o l i goha l i ne  marshes. Harvest o f  a l l  
o the r  species i s  g reates t  i n  the  f resh-  
water wetlands (marshes and swamps) than 
i n  the o ther  categories. I n  terms o f  do l -  
l a r s ,  the freshwater marshes are second i n  
value t o  swamps. Swamps ga in  t h e i r  va lue  
based on the l a rge  catch of r i v e r  o t t e r ,  
valued a t  c lose t o  650 per sk in.  

O f  course, t h i s  data cannot be 
ex t rapo la ted  d i r e c t l y  t o  eas t  coast t i d a l  
marshes. Louisiana f resh marshes are  
often nont ida l  o r  a f f ec ted  on ly  by i r r e g u -  
l a r ,  wind-driven t ides ;  as a  r e s u l t ,  t he  
vegetat ion i s  considerably d i f f e r e n t  from 
eas t  coast  t i d a l  freshwater marshes. 
Nevertheless, t h e  Louisiana data suggest 
t h a t  muskrat harvest  from t i d a l  f reshwater  
marshes on the east coast must be substan- 
t i a l  and t h a t  harvest  o f  beaver, mink, 
o t t e r ,  and n u t r i a  i s  probably greater  from 
t i d a l  freshwater than t h a t  from areas o f  
h igher  sa l  i n t i  es. Our personal observa- 
t i o n s  from V i r g i n i a  and Maryland tend t o  
support t h i s  specu la t ive  hypothesis. 

Table 22. Mean number o f  aquatic furbearers harvested per 400 hectares 
988 (1000 acres) according t o  marsh type. Data o r i g i n a l l y  from Palmisano 
(1972) and Chabreck (1979). 

Speci es 
Marsh type 

Brackish 01 igoha l  i ne  Fresh Swamp 

ilu sk. r a t  

N u t r i  a  

Mink 

River  o t t e r  3 I 6 98 

Raccoon 1 1 1 2 

Tota l  Value $1124 $2752 $4564 $5040 
($1400 ha) 



CHAPTER 9- VALUES, ALTERATIONS, AND MANAGEMENT PRACTICES 

9.1 VALUE TO MAN Table 23a. Commercial f i s h  harvest  from 
the  t i d a l  freshwater p o r t i o n  o f  t he  Poto- 
mac River. Values are i n  pounds/year 

I n  reviewing the mater ia l  presented averaged f o r  the per iod  1964-1971. From 
i n  t h e  f i r s t  e i g h t  chapters, i t  becomes Lippson e t  al. 1979. 
c l  e a r  t h a t  t i d a l  freshwater wet1 and eco- 
sys terns have a considerable inherent  value 
t o  man. Both d i r e c t  and i n d i r e c t  values 
a r e  involved.  Unfortunately, both cate- 1. Ca t f i sh  (brown bul lhead, 138,872 
g o r i e s  o f  values tend t o  defy conventional wh i te  and channel c a t f i s h )  
economic analysis, and i t  i s  very d i f f i -  2 *  Strip* bass 34,211 
c u l  t t o  place an economic value on these 3- American eel  28,028 
wet1 ands. A f t e r  examining the fo l lowing 4 *  American shad 18,203 
1 i s  t i ng , we have concluded t h a t  t i d a l  5. White perch 5,449 
f r e s h w a t e r  wetlands are best  regarded as 6 *  h r ~  5,064 
" p r i c e l e s s " .  7. Alewi fe and blueback her r ing  1,121 

8. Yellow perch 754 
F i  s h e r i e s  9. Crappies 18 7 

10. Hickory shad 22 
A number o f  species o f  freshwater, 

e s t u a r i n e ,  marine, and anadromous f ishes Tota l  231,911 
use t i d a l  freshwater a t  some stage i n  
t h e i r  l i f e  h i s t o r i e s  (see Chapter 5). 
T h i s  r e s u l t s  i n  extensive sport  and com- 
m e r c i a l  f i she r ies  i n  most t i d a l  freshwater 
r i v e r s .  As an example, the Potomac River  Table 23b. Commercial f i s h  harvest  from 
suppor t s  a commercial f ishery worth sever- the  e n t i r e  t i d a l  Potomac Xiver. Values 
a1 m i l l i o n  do l la rs .  A r e l a t i v e l y  small a re  i n  poundslyear averaged f o r  the per iod  
p o r t i o n  of the Potonac catch a c t u a l l y  1964-1971. From Lippson e t  a l .  1979. 
comes from t i d a l  freshwater (Table 23a). 
Iiowever, close examination o f  the t o t a l  
r i v e r  catch (Table 23b) reveals t h a t  the 
l e a d i n g e i g h t s p e c i e s s p e n d p a r t o f t h e j r  1. Alewi feandb lueback 7,044,637 
l i f e  cyc le  i n  t i d a l  freshwater even though h e r r i n g  
t h e y  may be captured f u r t h e r  downstream. 2. At1 an t i c  menhaden 3,952,136 
T h e r e  are also f i s h  not represented i n  3 *  Striped bass 1,117,248 
T a b l e  23a, t ha t  u t i l i z e  t i d a l  freshwater 4*  422,691 
as a nursery area, invade o r  pass through 5 -  American shad 366,495 
as j u v e n i l e s  O r  adults, and may be eventu- 6. American eel 340,738 
a l l y  caught a t  a d i s tan t  locat ion.  The '* White perch 191,327 
~ t l a n t i c  menhaden and s t r i ped  bass are 8- Cat f ish (same as Table a) l61,o88 
exampl es . 9. Flounders 47,309 

10. B lue f i sh  44,356 
Sport  f i sher ies '  catches from t i d a l  

f reshwater  are no t  we l l  documented but  a re  Tota l  13,688,025 
a p p a r e n t l y  high (personal observation). 
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Important spo r t  f i shes  inc lude s t r i p e d  
bass, largemouth bass, whi te perch, sever- 
a l  species o f  c a t f i s h  and sunfish, crap- 
pie, p ickere l ,  and ye l low perch. The 
qua1 i t y  o f  s p o r t f i s h i n g  can be excel lent .  
For example, the Chickahominy R iver  
provides some of the most cons is ten t  and 
product ive  f i s h i n g  i n  t he  s t a t e  o f  
V i rg in ia .  

Trapping 

As discussed i n  Chapter 8, t i d a l  
freshwater marshes provide excel 1 en t  habi - 
t a t  f o r  a v a r i e t y  o f  mammals inc lud ing  
valuable f u r  bearers such as beaver, 
n u t r i a ,  muskrat, raccoon, and o t t e r .  A 
s i q n i f i c a n t ,  bu t  undocumented p o r t i o n  o f  
the  f u r  product ion o f  V i rg in ia ,  Delaware, 
Maryland, and New Jersey comes from these 
mars hes . 
Bi rds  

We have attempted t o  emphasize the  
d i v e r s i t y  o f  b i rds  found i n  t i d a l  fresh- 
water marshes i n  Chapter 7. This h a b i t a t  
provides an important l oca t i on  f o r  breed- 
ing, feeding, and stopovers dur ing migra- 
t o r y  movement. Resident and v i s i t i n g  
b i  rds  inc lude those o f  considerable recre- 
a t i ona l  importance (ducks and geese) as 
we l l  as b i r d s  o f  i n t e r e s t  t o  birdwatchers. 

Endangered Species 

We have been unable t o  i d e n t i f y  any 
endangered animal species which i s  so le l y  
dependent upon t i d a l  freshwater. There 
are several endangered and threatened 
anirnal s, however, which use these areas 
extensively.  These inc lude the peregr i  n 
falcon, t he  Anerican bald eagle, the 
American a1 1 i g a t o r  (south o f  V i  r g i n i a ) ,  
and the sho r t  nose sturgeon. 

Ferren and Schu ly le r  (1980) mentioned 
t h a t  a number o f  rare p lan t  species occur 
i n  t i d a l  freshwater wetlands. Further- 
more, they have documented the  e x t i r p a t i o n  
( l o c a l  e rad i ca t i on )  o f  s i x  p l a n t  species 
from t i d a l  freshwater sect ions o f  the 
Delaware River, seven from the  Schuyl k i l l  
River  and, possib ly ,  f i v e  o r  more species 
from the Rar i t an  River. Factors consid- 
ered responsib le f o r  the ex t i r pa t i ons  
inc lude dumping o f  dredge spoi 1, 1 a n d f i l l ,  
and refuse as we1 1 as bul  kheading, damming 

o f  t r i b u t a r i e s ,  and d i k i n g  o f  wetlands. 

Aesthet ic  Value 

Considerations o f  aes thet ic  value are 
complicated by extreme s u b j e c t i v i t y  and 
l ack  o f  e a s i l y  q u a n t i f i a b l e  variables. I n  
s p i t e  o f  t h i s ,  t i d a l  freshwater wetlands 
appear t o  have a broad appeal t o  many 
types o f  people. The combination o f  (1) 
diverse p lan t  communities, (2 )  p l e n t i f u l  
w i  l d l  i f e ,  (3) d i v e r s i t y  of landscape types 
( f o res t ,  marsh, waterways) i n  c lose jux ta-  
pos i t ion ,  ( 4 )  broad expanses o f  open land, 
(5 )  numerous f lower ing  plants, and (6)  a 
d i v e r s i t y  o f  p l a n t  types ranging from 
broadleaf  t o  grasses and ferns produces an 
area w i t h  a great  deal o f  appeal f o r  a r t -  
i s t s ,  sportsmen, n a t u r a l i s t s ,  s c i e n t i s t s ,  
and others. Fur ther  amp1 i f y i n g  t h i s  h igh 
aes thet ic  appeal i s  the occurrence o f  many 
t i d a l  freshwater wet1 ands i n  c lose oroxim- 
i ty t o  major urban areas, such as Boston, 
New York City, Phi ladelphia,  and 
Washington, D.C. 

Value as a B u f f e r  

As pointed out  by Simpson e t  a l .  
(1983) t i d a l  freshwater marshes l i e  i n  an 
intermediate p o s i t i o n  between coastal 
waters and marshes on one s ide and upland 
land and streams on the other. Po l l u tan ts  
(heavy metal s, n u t r i e n t s )  and suspended 
sediments from upstream sources can be a t  
l e a s t  p a r t i a l  l y  in te rcepted and processed 
i n  the t i d a l  freshwater system. Sediments 
are  trapped by reduced f lows on top  o f  the  
marsh surface w i t h  the r e s u l t  t h a t  down- 
stream loadings on the  estuary are 
reduced. 4s s3own b.y Grant and P a t r i c k  
(1970), eutrophic r i v e r  water i s  processed 
i n  the t i d a l  freshwater marsh by a combi- 
na t i on  o f  sediments, bacter ia,  algae, and 
vascular  p lants.  The r e s u l t  i s  t h a t  
reduct ions rnay occur i n  n u t r i e n t  concen- 
t ra t i ons ,  SOD ( b i o l o g i c a l  oxygen demand), 
COD (chemical oxygen demand), and sediment 
loads. Tn c e r t a i n  cases marsh p lan ts  may 
r a i s e  the  d issolved oxygen concentrat ion 
o f  the r i v e r  water f low ing through the 
marsh on the r i s i n g  t ide .  The n e t  r e s u l t  
i s  t h a t  the t i d a l  freshwater narsh can ac t  
as a p a r t i a l  f i l t e r  t o  improve the water 
q u a l i t y  o f  freshwater f low ing i n t o  the 
head o f  the  estuary. The magnitude o f  
t h i s  cleansing ac t i on  i s  no t  w e l l  docu- 
mented. Certa in ly ,  i t  must vary from one 



estuary to the rlext dependinq upon rela- regions. Local inputs of sewage and other 
tive inputs of river and tidal water, the wastes have exacerbated the problem. The 
degree of eutrophication of inflowing results are manifold: (1) rapid sediment 
water, the extent of tidal freshwater wet- deposition rates on the wetland surfaces 
land, and the time of year. (Chapter I ) ,  ( 2 )  hypereutrophication a t  

many s i t e s  (Chapter 3 ) ,  and (3)  alteration 
of plant and animal community composition. 

9.2 CONNECTIONS WITH ADJACENT ECOSYSTEMS 
In colonial times in the Northeast 

I n  any consideration of the manage- and mid-Atlantic States, mill ponds were 
ment of tidal freshwater wetland ecosys- constructed across the upper ends of many 
telns, i t  i s  important t o  recognize that tidal freshwater s i tes .  In most cases, 
these are extremely open ecosysteqs and these unused ponds remain, partially 
are coupled with a variety of nearby s.vs- fil led with sediment, and covering si tes  
tems. By "open" we mean that significant of former tidal freshwater marshes. 
flows of nutrients, including carbon, move 
between tidal freshwater wetl ands and Ricef iel d Conversions 
nearby systems such as terrestri  a1 up1 and 
forests, tidal swamp forests, nontidal and In the Southeast during the 18th and 
tidal freshwater rivers, and downstream f i r s t  half of the 19th centuries, slave 
oligohaline marshes. For example, as we labor converted thousands of hectares of 
discussed in Chapter 3, inputs of nitrogen freshwater tidal marsh and swamp to diked 
and phosphorus to tidal freshwater marshes ricefields (Figure 31). Some of these 
can co~ne from the adjacent river water as diked areas, particularly in South 
well as from upland terrestrial sources. Carolina, are now managed for waterfowl, 
This means that attempts to aanage tidal trapping, and even aquaculture (Sandi fer 
freshwater wetlands must also include e t  al. 1980). Many other former rice- 
considerations of human activities in fields s t i l l  exist. These ricefields are 
nearby associated sys tems. There are many in disrepair and have perforated dikes 
situations similar to the Tinicum Harsh on which allow the tide to r i se  and fa1 1 nor- 
the Delaware River (Grant and Patrick mally. These areas are covered with a 
1970). The marsh i t se l f  thas been pre- typical freshwater marsh plant community 
served wi t h  no di rect a1 terations. How- dominated by giant cutgrass. Management 
ever, i t  has been badly degraded by activ- options for these old ricefields range 
i t ies  (sewage and waste dumping) further from continued control for waterfowl pro- 
upstream. duction t o  complete abandonment and a 

return t o  tidal freshwater aarsh. Correct 
management decisions for individual loca- 

9.3 ALTERATIONS BY MAN tions are usually d i f f icul t  to , reach. 
Often, the answer i s  determined by s i te-  

Historical Aspects specific characteristics such as the num- 
oer of waterfowl supported in the managed 

Since the arrival of the f i r s t  colo- marsh versus the aaount of juvenile fishes 
nists a t  Jarnestown, Virginia, tidal fresh- supported by the natural marsh. 
water wetl ands have undergone a continui ng 
progression of a1 terations and changes, Twentieth Century Problems 
resul ting from human activities. Almost 
al l  of this  habitat on the Atlantic coast The pattern of alterations begun in 
i s  in the 13 original colonies; much of i t  colonial times continues unabated in the 
l i e s  adjacent to major cities.  Most tidal la te  twentieth century. High sedimenta- 
freshwater wetlands are connected to tion rates in tidal freshwater marshes 
rivers wi~ose watersheds have been dramat- s t i l l  occur because of poor land use prac- 
ically a1 tered over the past three cen- tices upstream. Interruption of fresh- 
turies. Poor farming practices combined water input from upstream sources i s  
with extensive forest clearing and land caused by diversions for irrigation and 
development have produced heavy loads of navigation purposes and is  widespread. 
sediments and dissolved nutrients in the Two recent large diversions in the South- 
freshwaters flowing i nto tidal freshwater east,  the Santee-Cooper diversion in South 
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Figure 31. Abandoned ricefields.  Photograph by Dennis A1 len. 

Carolina fo r  fac i l i t a t ing  hydroelectric 
power generation and the par t ia l  diversion 
of the  Savannah River between South Caro- 
l ina and Georgia for  navigation concerns, 
have caused upstream sal i ni ty increases 
and conversion of t idal  freshwater wet- 
lands to 01 igohaline wetlands. 

Diking, dredging, and f i l l i n g  of 
t idal  freshwater wet1 ands have occurred 
throughout the Northeast and mid-At1 ant ic  
States. Some of the most damaging epi- 
sodes have occurred on the Connecticut, 
Hudson, Delaware, and Poto~nac Rivers 
(personal observation). A character is t ic  
siqn of t h i s  t.yype of a l tera t ion i s  the 
profusion of monotypic stands of the com- 
rnon reed (Phragmites austral  i s )  on many of 
these s i t e s .  

As ~en t i oned  i n  Chapter 3 ,  eutrophi- 
cation of t idal  freshwater i s  a widespread 
and persistent problem a t  inany 1 ocations. 
On many of the t idal  freshwater s t re tches  
of the Potomac and Delaware Rivers, 
eutrophication, in combination with s ig -  
nificant heavy metal inputs, has led to 
drastical  l y  lowered di ssol ved oxygen con- 
centrations and to sirnpl i f  ied animal com- 
muni t i e s  (fewer species).  

Pesticide contamination of t idal  fresh- 
water wetlands does not appear to  be 

general ly we1 1 documented. However, the 
most serious kepone contamination from the 
Allied Chemical sp i l l  occurred in the 
t idal  freshwater zone of the James River, 
Virginia (Drifmeyer e t  a l .  1980). Even 
today, many years a f t e r  the event, many 
f i sher ies  remain closed i n  the t idal  
freshwater James Ri ver because of contin- 
uing contamination. 

A1 tera t ion of t idal  freshwater wet- 
land ecosystems i s  a problem which began 
i n  colonial times and has become even 
worse i n  the twentieth century. The close 
proximity of th is  habitat  to large ui-ban 
areas,  shippi ng channels, and industri a1 
s i t e s  has produced a rml t i  tude of problems 
ranging from d i rec t  impacts such as diking 
t o  more subtle changes resulting froin 
eutrophication. 

9.4 POTENTIAL FOR SEWAGE ASSIMILATION 

Grant and Patrick (1970), in one of 
the e a r l i e s t  ho l i s t i c  studies o f  a tidal 
freshwater marsh, concluded tha t  consider- 
able potential existed to assimilate and 
process nutrients contained in raw or  par- 
t i a l  ly  treated sewage. Uhigharn and 
Simpson (1978) confi rmed tha t  these 
marshes could take up nutrients,  a4 l e a s t  
on a seasonal basis (see  discussion i n  



Section 3.3). Simpson e t  al .  (1981) fur-  
t he r  demonstrated a capacity t o  remove 
metals f rom r i v e r  water f lowing across the  
marsh. 

Recen t l y ,  however, Whigham e t  a1 . 
(1980) d i r e c t l y  tested the a b i l i t y  o f  
t i d a l  f r e s h w a t e r  marshes t o  accumulate 
n u t r i e n t s  f rom secondary t reated sewage. 
They conc luded t h a t  the marsh can assimi- 
l a t e  n u t r i e n t s  fran sewage dur ing the 
spr ing and summer growing season, bu t  t h a t  
there i s  a tendency t o  release n u t r i e n t s  
i n  the f a l l  and winter. Evident ly ,  the  
lack of a permanent 1 i t t e r  l a y e r  o r  
extensive peat deposits, along w i t h  cer- 
t a i n  o t h e r  sediment chemistry character is-  
t i c s  (e.g. , pY), 1 i m i t s  the capacity o f  
t h i s  t ype  o f  marsh to  process and assimi- 
l a t e  l a r g e  q u a n t i t i e s  o f  p a r t i a l l y  t rea ted 
sewage. 

I n  sumqary, i t  appears t h a t  t i d a l  
f reshwater  marshes may be usefu l  i n  
irnprovi ng t h e  water qua1 i t y  o f  Iiyoereu t r o -  
phic r i v e r s  such as the  James, Potolnac, 
and Delaware, a t  l e a s t  on a seasonal 
basis. On the other hand, t h e i r  use as 
d i r e c t  r e c e i v e r s  o f  t reated sewage seems 
unfeasi b l  e. 

9.5 REST MANAGE!4rlEFIT PRACTICES 

C1 ea r1 y, t i d a l  freshwater marshes 
have g r e a t  value t o  man. The wisest 
management p lan  appears t o  be p ro tec t i on  
and p rese rva t i on .  Contro l led hunting, 

trapping, and f i s h i n g  are compatible w i t h  
t h i s  plan. Dumping o f  p o l l u t a n t s  and 
sewage i s  destruct ive.  D ik ing  o r  impound- 
i n g  these marshes i s  not  advisable. Par t  
of t h e i r  unique character  and t h e i r  h igh  
p r o d u c t i v i t y  can be traced t o  the  d a i l y  
t i d a l  pulse (Odum e t  a l .  1983). Most 
evidence suggests t h a t  insec ts  (mosqui toes 
and b i t i n g  f l i e s )  are a miniqal  problem i n  
t i d a l  freshwater t h a t  i s  f looded d a i l y  
(Dai ber e t  a1 . 1976) ; therefore,  mosquito 
d i t c h i n g  o r  d i k i ng  i s  n o t  necessary o r  
cos t  e f fec t ive .  

While preservat ion o f  t i d a l  f resh-  
water marshes i s  desi rable,  cons t ruc t i on  
o r  bu i l d ing  o f  new marshes w i t h  expensive 
p l a n t  propagation programs does no t  seem 
t o  be necessary. Lunz e t  a l .  (1978) con- 
cluded t h a t  the vegetat ion o f  t i d a l  f resh-  
water marshes can become es tab1 i shed very 
r a p i d l y  on new s i t e s  (e.g., spo i l  disposal 
i s l  ands) w i thout  much he1 p from humans. 

Although much o f  the t i d a l  freshwater 
acreage on the east coast does n o t  l i e  i n  
preserved t rac t s ,  v i r t u a l l y  a1 1 States 
pro tec t  t h i s  h a b i t a t  w i t h  the same laws 
which p ro tec t  other  t i d a l  wetlands. I n  
addi t ion,  there  are s i g n i f i c a n t  areas o f  
t i d a l  freshwater marsh which are loca ted 
i n  Federal and Sta te  refuges and w i l d1  i f e  
management areas. P r i va te  organizat ions 
have a l so  played a r o l e  i n  preserv ing 
these wetlands. For example, t h e  Nature 
Conservancy recen t l y  acqui red Chapmant s 
Pond, the  l a r g e s t  t r a c t  o f  t i d a l  f resh-  
water marsh on the Connecticut R iver  
(Nature Conservancy 1982). 



CHAPTER 10. COMPARtSON OF 
TIDAL FRESHWATER MARSHES AND SALT MARSHES 

10.1 A GENERAL COMPARISON 

I n  Chapter 1 (F igure  1)  we show t h a t  
es tuar ies  cons i s t  o f  a gradient  o f  condi- 
t i o n s  from t i d a l  freshwater a t  the head o f  
the estuary to  near marine condi t ions a t  
the mouth. Throughout t h i s  p r o f i l e  we 
have mentioned apparent d i f fe rences 
between t i d a l  freshwater wet1 ands and the  
Spart ina-dominated sal t marshes c lose r  t o  
the ocean. To f a c i l  i t a t e  t h i s  comparison, 
we have prepared a tab le  o f  physical and 
b i o l o g i c a l  cha rac te r i s t i cs  o f  the  two 
types o f  ecosystems (Table 24). This 
t a b l e  i s  based upon e a r l i e r  attempts t o  
cont ras t  the  two wetland types (Odum 1975, 
Odum e t  a1 . 1978). I n  considering these 
cha rac te r i s t i cs ,  two po in ts  should be 
remembered. (1) The estuary i s  a grad ien t  
from freshwater t o  marine condit ions. (2 )  
Charac ter is t i cs  a t  any given l oca t i on  may 
f l u c t u a t e  d a i l y ,  seasonally, o r  from year  
t o  year. 

10.2 PHYSICAL COMPARISONS 

A l l  o f  the physical cha rac te r i s t i cs  
presented i n  Table 24 are a lso discussed 
i n  Chapter 1. Essent ia l ly ,  there are two 
s i g n i f i c a n t  d i f fe rences i n  the two types 
o f  ecosystems. F i r s t ,  the sediments i n  
t i d a l  freshwater are h igh i n  clay, s i l t ,  
and organic matter,  b u t  general ly  low i n  
peat (see exceptions i n  Section 1.6) and 
i n  t o t a l  p l a n t  r o o t  biomass. This r e s u l t s  
d i r e c t l y  i n  a h igher s u s c e p t i b i l i t y  t o  
erosion, low p r o f i l e  stream banks, and 
t i d a l  creeks w i t h  low s inuos i ty  (Garofalo 
1980) compared t o  h igher s a l i n i t y  estu- 
a r i n e  marshes which general l y  have 
greater  percentages o f  sand, peat, and 
p l a n t  r o o t  mater ia l .  These d i f fe rences i n  
substrate can be traced t o  sediment 
sources and the types o f  p lan ts  growing i n  
the two environments. T ida l  freshwater 

sediments are derived p r i m a r i l y  from up- 
stream r i v e r  sources (c lays,  s i l t ,  f i n e  
organic matter) ;  i n  addi t ion,  much o f  the 
organic content  probably comes from 
autochthonous p lan t  production. The 
p lan ts  i n  t i d a l  freshwater marshes gener- 
a l l y  have a r e l a t i v e l y  low root /shoot  
r a t i o  (see Section 3.1) lead ing  t o  l ess  
r o o t  and peat mater ia l  i n  the sediments. 
S a l t  marsh sediments are derived from a 
v a r i e t y  o f  sources inc lud ing  some sand 
from downstream (marine) sources. I n  
add i t ion ,  the s a l t  niarsh p lan ts  tend t o  
have a h igher  root/shoot r a t i o .  

The second great  d i f f e rence  i n  the 
physical  cha rac te r i s t i cs  o f  the two env i -  
ronments concerns water chemistry. Sal t 
marshes are f looded by water conta in ing 
s i g n i f i c a n t  q u a n t i t i e s  o f  seawater; water 
f l ood ing  t i d a l  freshwater marshes i s  
l a r g e l y  r i v e r  water. As a r e s u l t  s a l t  
marsh water i s  not  or l ly s a l t i e r  but  d i f -  
f e r s  considerably i n  i t s  elemental makeup. 
For example, seawater has approximately 
th ree orders o f  rnagni tude more d issolved 
s u l f u r  than freshwater. For t h i s  reason, 
t he  process o f  s u l f u r  reduct ion  i s  impor- 
t a n t  i n  sa1 t marshes under marine condi- 
t i o n s  bu t  probabl'y i s  of less  s ign i f i cance  
i n  freshwaters. See Morr is  e t  a l .  (1978) 
f o r  a d iscussion o f  the chemical d i f -  
ferences i n  marine and freshwater and the 
zone of t r a n s i t i o n  between the two. 

10.3 BIOLOGICAL COMPARISONS 

Charac te r i s t i cs  o f  the vascular p l a n t  
community a re  discussed a t  l eng th  i n  
Chapter 2. The s i g n i f i c a n t  di f ferences i n  
d i v e r s i t y ,  zonation, seasonal succession, 
and root /shoot  r a t i o s  are summarized i n  
Table 24. Benthic a l g a l  product ion 
appears t o  be r e l a t i v e l y  low i n  t i d a l  
freshwater wetlands ( less  than 1% o f  t o t a l  
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Tab1 e 24. Hypothetical comparisons of ecosystem characteri s t i c s  between t idal  fresh- 
water marshes and higher sa l in i ty ,  Spartina-dominated s a l t  marshes (based on Odum 1978, 
Odun e t  a1 . 1978). 

Characterist ics Tidal freshwater marsh Sal t  marsh 

Physical 

Location Head of estuary (above 
01 igohal ine zone) 

!lid and lower estuary 

Sal ini ty  Average be1 ow 0.5 ppt Average above 8.0 pot 
and below 35 p p t  
(approx 

tlydrol ogy 2 i  veri ne i nf 1 uence and 
t idal  influence 

Largely t idal  influence 

Sil t-cl ay, h i g h  organic 
content, low root and 
peat content 

More sand, lower 
organic content, higher 
peat and root content 

Sediments 

Sediment redox 
potenti a1 

Iiloderate-strongly reducing 
(redox pai r s  unkown) 

Strongly reducing, 
(due to sulfur  reduc- 
t ion)  

Sediment erodabi 1 i ty High erodabi 1 i ty 
(par t icular ly  i n  the low 
marsh) 

General 1 y 1 ower 
erodahil i t y  

S treambank morphology Low gradient, l i t t l e  
undercutting 

Steeper gradient, 
more undercutti ng 

Stream channel 
morphology 

Low senuos i ty Moderate t o  high 
sinuosity 

Di ssol ved oxygen Very 1 ow (summer) 
(water column) 

Dissolved sul f u r  Trace (1 ppn) 

8iol ogical 

Low ( summer) 

Very high (2500 ppm) 

!.lac rophytes Freshwater species Marine and es tuar ine  
species 

;!acrophyte diversity High species diversity Low species d ivers i ty  

Macrophyte zonation Present, b u t  not always Pronounced 
d i s t inc t  

Seasonal sequence of Pronounced Absent o r  minor 
dominant ~nacrophytes 

Piacrophyte root/shoot Low (general ly be1 ow 2.0) High (general 1 y above 

(continued) 
5.0) 
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Table 24. Continued. 

Characteristics Tidal freshwater marsh Salt marsh 

Biological 

Above-ground annual 
primary product ion 

Comparable ( ? )  

Very low (less than 1% of 
Net community primary 
production) 

Floderate (may be as 
High as 30% of net 
communi t y  primary 
production) 

Benthic algal 
production 

Comparable ( ? )  Phytoplankton 

Moderate t o  slow for 
a1 1 plants 

Low marsh plants = 
extremely rapid, high 
marsh plants = moderate 
t o  slow 

Decomposition rate of 
intertidal vascular 

Sulfur reduction 
predominates 

Methanogenesi s and 
fermentation probably 
predominate 

Anaerobic 
decomposition 

Pronounced spring uptake 
of NO, NO, PO large 
autumn re1 ease of reduced 
compounds 

More even orocessing 
and re1 ease (conversion 
from oxidized t o  
reduced forms throughout 
the year) 

Nutrient cycles 

Sewage assimilative 
capacity 

Low Moderate 

Adult insects, crus- 
taceans, polychaetes, 
mollusks 

Primary consumers Larval and adult insects, 
01 i gochaetes, amphi pods 

Variable (5-15%), higher 
on Hibiscus 

Low (5%) Di rect grazing 

High ( low C/N ratio low 
crude fiber) 

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

Oetri tus qua1 i ty  

Low species diversity, 
freshwater species 

Invertebrates 
(other than insects) 

Floderate species 
diversity, estuarine 
and marine species 

Insects 

Fi shes 

B o t h  aquatic 1 arval insects i40stly adult terres- 
and terrestri a1 speci es t r i  a1 species 

Freshwater and 01 igohal ine Marine and estuarine 
species, and larvae, species 
juveni 1 es, and spawning 
adults of anadromous species 

(continued) 



Table 24. Concluded. 

Charac ter is t i cs  T ida l  freshwater marsh S a l t  marsh 

B io log i ca l  

Rept i les and 
amphibi ans 

Waterfowl 

Fu rbearers 

High species d i v e r s i t y  Low species d i v e r s i t y  

High species d i ve rs i t y ,  Low t o  moderate species 
h igh b u t  spo t t y  dens i t i es  d i v e r s i t y  , moderate 

dens i t i es  

High species d i v e r s i t y ,  Low to  moderate species 
moderate dens i t i es  d i v e r s i t y ,  moderate 

dens i t i es  

ne t  community prirnary production according 
t o  Whigham and Simpson 1976). The data o f  
Gallagher and Oaiber (1974), on the o ther  
hand, show t h a t  benth ic a lga l  product ion 
can con t r i bu te  as inuch as 39% o f  the n e t  
comrnuni t y  pr imary production i n  some s a l t  
marshes. The lower con t r i bu t i on  from 
t i d a l  freshwater may r e f 1  ec t  the extensive 
shadi ng from broad-1 caved t i d a l  freshwater 
p lants.  Phytoplankton production may be 
s i m i l a r  i n  the t i d a l  creeks of the two 
ecosystems. Good comparat i ve data are  
general ly  lack ing,  bu t  Axel rad e t  a1 . 
(1976) found s i m i l a r  ra tes  o f  primary pro- 
duct ion (5 t o  15 mg c/m3/hr i n  the two 
environinents. Conversely, i n  t he  North 
River, Massachusetts, h igher ch lorophy l l  
concentrat ions were found i n  t i d a l  fresh- 
water and 01 igohal i ne  loca t ions  than down- 
stream i n  the  estuary proper (J. Hobbie 
and 3. Peterson, Ecosystems Center, Woods 
Hole, Massachusetts; pers. comm.). 

I n  add i t i on  t o  the d i f fe rences d i s -  
cussed i n  Chapters 3 through 8 and those 
noted i n  Table 24, several add i t i ona l  
po in t s  should be made. I l n l i ke  the  vascu- 
l a r  p l a n t  community, most components of 
t he  t i d a l  freshwater marsh animal commu- 
n i t y  a re  much less d iverse  than i n  s a l t  
marshes. For example, Diaz e t  a l .  (1978) 
found t h a t  t he  benthic macrofauna i n  the  
t i d a l  freshwater p o r t i o n  o f  the  James 
River  was l ess  d iverse than f u r t h e r  down- 
stream i n  the high s a l i n i t y  zone. I n  the 
same r i v e r ,  E l l i s o n  and Nichols (1976) 
reported a lower d i v e r s i t y  o f  benth ic 
microfauna i n  t i d a l  freshwater. S i in i la r -  
ly ,  the  f i s h  co~nmuni t y  i n  the James R ive r  
had i t s  lowest d i v e r s i t y  i n  th,e t i d a l  
freshwater sect ion (Dias e t  a l .  1978). I n  
the  case o f  rnacrofauna and f ishes,  the  
number o f  species increased downstream 
toward the estuary mouth and upstream i n  
nont ida l  freshwater. We suspect t h a t  the 
same pa t te rn  also holds f o r  zooplankton 
(personal observation). 

I n  Chapter 3 we discussed di f ferences 
i n  decompsoi t i on ,  decomposition rates, 
de t r i t us ,  n u t r i e n t  cyc l ing,  and consumers. 
Inver tebrates are discussed i n  Chapter 4, 
f ishes i n  Chapter 5, waterfowl i n  Chapter 
6, amphibians and r e p t i l e s  i n  Chapter 7, 
and furbearers i n  Chapter 8. Sewage 
a s s i m i l a t i v e  capacity and f i s h e r i e s  are 
covered i n  Chapter 9. The s i g n i f i c a n t  
differences i n  these aspects o f  the  two 
wetland types are sammarized i n  Table 24. 

Not a l l  anirnal species, however, 
appear t o  f o l l o w  t h i s  p a t t e r n  o f  reduced 
species d i v e r s i t y  i n  t i d a l  freshwater. 
Mammals, waterfowl, and i nsec ts  are prob- 
aSly more d iverse i n  t i d a l  freshwater 
marshes than i n  s a l t  marshes, presumably 
because o f  t he  h igher d i v e r s i t y  and food 
value found i n  freshwater p l a n t  species. 



10.4 COMPARISON WITH NOWTIDAL FRESGfWATER 
MARSHES 

Few researchers have directly com- 
pared tidal and nontidal freshwater marsh 
ecosystems which l i e  in close proximity. 
There are intriguing questions associated 
with such a comparison since in one case 
tidal energy i s  present and in the other 
i t  i s  absent. One could hypothesize that 
the presence of tidal energy might encour- 
age higher primary production in tidal 
freshwater marshes than in nontidal fresh- 

water marshes (Odum 1971). Mum e t  al.  
(1983) compared the annual net production 
of giant cutgrass, Zizani opsi s mil iacea, 
in the two environments separated by a 
dike and found 38% greater production in 
tidal freshwater. As with all compari- 
sons, variability in factors other than 
tidal amp1 i tude (e.g., substrate type, 
nutrient supply) creates difficulties.  I t  
seeins, however, that carefully control led 
comparisons of tidal freshwater and non- 
tidal freshwater may reveal a great deal 
about the ecological importance of tidal 
energy. 
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APPENDIX A 
Plants of the Tidal Freshwater Marsh 

Family and species list of character is t ic  plants occurring in  t idal  
freshwater marshes of the Atlantic coastal region. Scient i f ic  
nomenclature conforms w i t h  the National Lis t  of Scient i f ic  Plant Names 
(Soil Conservation Service 1982). Ccmmon names conform with Gray's 
Manual of Botany (Fernald 197 1). 

Osmundaceae 
n s m u n d a u  Royal Fern 

Pol y podiaceae 
w b i l i s  Sensitive Fern 

U e l v ~ t e r o i d e s  Marsh Fern 

Salviniaceae 
Bzolla- . . Water Fern 

Pinaceae 
d i s t i c h w  Bald Cypress 

Ty phaceae 
lu2k.B- 
_TvDha anaustifolia 
2YRbB_Lauca 

m n e n s i s  

Common Cattail  
Narraw-leaved Cattail  
Blue Cattail  
Southern Cattail  

Sparganiaceae 
SDaraaniwneurvcaraun -- Great Burreed 

Branching Burreed 

Potomogetonaceae 
P o t a m o m  
Zannichnellia ga lus t r i s  

Pondueeds 
Horned Pondweed 

Na jadaceae 
Naiasa2L Naiads 

Alismataceae 
A1 i ma subcorda tyn 
Sanittariasubulata 

i t t a r i a  fa lcata  

Mud-plantain 
b a r f  Arrowhead 
Bul tongue 
Duck-potato 

Hydrochari taceae 
E l o d e a m  
Ellodeanuttallll . . Wa terweeds 

Nuttall Waterweed 
Tapegrass 
Frogbi t 

Gramineae 
P austral  is 
=ginicus 

Colr~non Reed 
Wild Rye Grass 



Gramineae continued: 
-arostF;r canadensis 
Cinna grundinacea 
SDartina cvnosuroidea 
Spart- a1 t e r n i f l o r a  
a a r t i n a  g e c t i n a t a  
Phal a r i  s arundinacea 
Leersia y i r a in ica  
Leers ia  orvzoides 
2 i z a n i o ~ s i . s  mil iac- 
Zizania  jwuatica 
Panicum viraatum 
Echinochloa c rusaa l l  i 
Echino- ya1 terj ,  
Arundodonax 

Cyperaceae 
Q m r u s  Seg 
C v ~ e r u s  sfrinosus 
Q o e r u s  esculentus 
Eleocharis  obtusa 
EJeocharis ~ a l u s t r b  
Eleocharis a uadranaul a t a  
Dichromena colora t a  
F imbr i s tv l i s  autunnal is 
ScirDusamericanus 
S c i r ~ u s  robustus  
S c i r ~ u s  smithii 
ScirDusvalidus 
S c i r ~ u s  cvmri_nus 
ScirDus f l u v i a t l l l s  

. . 
Bhvnchosmra macrostachra 
iaEii!m .iamaicense 
C a r e x u  
Carexlurida 
Carex crinita 
Carexy ul  ~i noi dea 
Carexi5ki&a 
Carexalata 
Carexsauarrosa 

Araceae 
Pel tm Yirninica 

m u a t i s m  
Acoruscalamus 

Lemnaceae 
Lemna~ge, 

Comnel inaceae 
C o m ~  virainica 
Murdannia keis& 

Reed-Bentgrass 
Wood-Reedgrass 
Big Cordgrass 
Smooth Cordgrass 
Freshwater Cordgrass 
Reed-Canarygrass 
Whitegrass 
Rice Cutgrass 
Giant  Cutgrass 
Wild Rice 
Switchgrass 
Barnyard Grass 
Wal ter8 s Millet 
Giant  Reed 

Umbrella-sedges 
Strawcolor Unbrella-sedge 
Yellow Nutgrass 
Blunt Spike-rush 
Creeping Spike-rush 
Squarestem Spike-rush 
S t a r  Rush 
Autumn Sedge 
Comnon Threesquare 
Stout  Bulrush 
Smith' s Bulrush 
Soft-stem Bulrush 
Woolgrass 
River Bulrush 
Horned Rush 
Saw-grass 
Sedges 
Sallow Sedge 
Fringed Sedge 
Foxtai l  Sedge 
Erect  Sedge 
Broadwing Sedge 
Spreading Sedge 

A r  row-Arum 
Go1 dencl ub 
Sweetflag 

Duckweeds 

Day flower 
Asian Spiderwort 



Pontederiaceae 
Ponteder ia  cordata 
Zosterella- 

Pickerelweed 
Waters ta rgrass  

J uncaceae 
+ l u n c u s s ~ p ~  
Juncusacuninatus 
Juncus- 
Juncuseffusus 

Rushes 
Sha rp f ru i t  Rush 
Toad Rush 
Soft Rush 

B l u e  Flag 
Southern Blue Flag 
Yellow Iris 

Saururaceae 
2edumGicernuus Liza rd ' s  Ta i l  

Sal i c aceae  
Salixgpp, 
Sallixcaroliniana 

Willows 
Swamp Willow 

My r i c aceae  
liw!Scerifera Wax-Myrtle 

Betul  aceae  
CarPinuscaroliniana 
w s e r r u l a l t e  

American Hornbeam 
Tag Alder 

Ur t icaceae  
PileaouDila 
Boetmeriacvlindrica 

C1 earweed 
Fa l s e  Nettle 

Pol y gonaceae 
Aune ixve r t i c i l l a tu s  
Polvnonunvirninianun 
folvaonun- 
YolvaonumDensvlvanicun 
Polvnonun- 
PolvnonunhvdroPiPer 
PolvRonunDersicaria 
PolvPranwnaunctatun 
Palvaonun.hvdroDiDeroides 
Pdvnonunsanittatun 
Palvaon\anarffoliLan 

Water Dock 
Junpseed 
Southern Smartweed 
Pinkweed 
%amp Smartweed 
Common Smartweed 
Lady's Thunb 
Water Smartweed 
Mild Water-pepper 
S a g i t t a t e  Tearthumb 
Halberd-leaved Tearthumb 

Amaranthaceae 
Amaranthus- Water-Hanp 
-Dhilcxeroides A1 1 iga  torweed 



Cera tophyllaceae 
C e r a t o ~ h v l l ~  demersun 

Nymphaeaceae 
Nu~har luteun rnacro&yLlm Spat terdoc k 
NuPhar luteun varieaatwn Bullhead L i l y  
Nym~haea odorata White Water Lily 
B r a s e r u  schreberi Water-Shiel d 

Ranunculaceae 
Clematis crisDa 

Rosaceae 
Rasa p a l u s t r b  
JiQs3multiflora 

Legminosae 
Gledi t i s a  aauatica 
Cassia fasciculata 
AmorDha f ruticosa 
aDiosamericana 
S t r o P h o s t v l e s F  
Aeschvnomene W n i c a  

Aceraceae 
Acerrubrun 

Bal saminaceae 
Imoatiens c a ~ e n s i s  

Ma1 v aceae 
Kostelet&s virnini ca 
Hibiscus moscheutoQ palustr ig  

cus - 
Hibiscus laevis (militaris) 

Guttiferae 
HvDericun- 

Elatinaceae 
El&im mericana 

Ly thraceae 
Decodon ver t ic i l l a tua  
Lvthrw lineare 
Lvthrun w c a r i a  

Cornaceae 
Nvssa aauatica 
Nvssa svlvatica 

Blue Jasmine 

Swamp Rose 
Mu1 tif lora Rose 

Water Locust 
Partridge Pea 
Indigo-Bush 
G roundnut 
Pink Wild Bean 
Sensitive-joint Vetch 

Red Maple 

Jewelweed 

Seashore-Mallow 
Swamp Rose 
Mallow Rose 
Hal berd-leaved Rose 

St. John's Wort 

Waterwort 

Swamp Loosetsrife 
Linear Loosestrfe 
Spiked Loosestrife 

Cotton G u n  
Black Gun 



Ona graceae 
Jossiaeare~en~ 
LudwuriaDalustris 

Creeping Primrose-W i l low 
Water-pursl ane  

Halorrhagidaceae 
.!mauham Water-Mil f o i l s  

Umbelliferae 
E w n ~ i u n  i i c r u a t i c ~  
Cicuta  maculata 
Siun suave  
P t i l  imniun w a c e w  

Marsh Eryngo 
Water Hemlock 
Water Parsn ip  
Mock Bishop1 s Weed 

C1 e t h r aceae  
Clethra- Sweet Pepperbush 

Oleaceae 
Fraxinuspennsvlvanica Red Ash 

Ascl epiadaceae 
A s c l e ~ i a g  incaraata Swamp Milkweed 

Convolvul aceae  
I(;onv_olvulusarvensis 
! 2 ! u m a @ s e P i L m  
i2J.E&mc;omr>irct.a 
llxmQscDccinew 

F ie ld  Bindweed 
Hedge Bindweed 
Swanp Dodder 
Morning Glory 

Labiataceae 
LvcoDusvirainicus 
LYCOPUS- 

W ater-Horehound 
European Horehound 

Bignoniaceae 
CanDslsradicans Trunpet Flower 

Scrophul a r  i a c e a e  
Cratiolavfrninfana 
Linderina lu2i3 

Hedge- hyssop 
Fa l s e  Pimpernel 

Lent i  bul a r  i a c e a e  
Utr i cu l  aria Bladderworts 

Rubi aceae 
! & & i M ? ! m  Stiff  Bedstraw -- Buttonbush 

Caprifol i a c e a e  
Vlburnun re- 
Viburnum d e n t a t m  

Arrawwood 
Southern Arrowwood 

Canpanulaceae 
.Lobelia- Cardinal Flower 



Composi t a e  
Vernoni a noveboracensis  
Euvatoriun ~ e r f o l  i a t u n  
Eupa tor iade l  phus f i s t u l o s u s  
Mikania scandens  
Aster 
Aster subu l a tu s  
Bacchar i s  h a l i m i f o u  
Pluchea purDurascens 
Iva f r u t e s c e n s  - 
Ambrosia t r i f i d a  
Bidens 
Bidens J a e v i s  
Bidens connata 
Bidens cclmosa 
Bidens frondosa 
Bidens coronau 
Cosmos b i ~ i n n a  t u s  
Heleniun autunnalc: 
Senecio- 

Ironweed 
Boneset 
Joe-Pye-Weed 
Climbing Hempweed 
Asters 
Annual Marsh Aster 
Groundsel Tree 
Marsh Fleabane 
Marsh Elder 
Gian t  Rapeed  
Burmar igol  d s  
Smooth Burmarigol d 
Swamp Beggart icks  
LeafLbract Beggar t icks  
Black Beggart icks  
Tickseed S u n f l w e r  
Spanish Needles 
Sneezeweed 
Ragworts 



APPENDIX B 
FISH OF TIDAL FRESHWATERS 

I n t r o d u c t i o n  

The g e o g r a p h i c  r e g i o n  on w h i c h  we have  c o n c e n t r a t e d  i n  o u r  a c c o u n t  i s  t h e  Hudson R i v e r ,  N Y  t h r o u g h  s o u t h e r n  G e o r g i a .  We make 
o c c a s i o n a l  r e f e r e n c e s  t o  a r e a s  n o r t h  o r  s o u t h  of  t h e s e  b o u n d a r i e s  where  i s f o r m a t i o n  i s  a v a i l a b l e  on g i v e n  s p e c i e s ,  e v e n  t h o u g h  s u r v e y s  
o f  t h e  e n t i r e  community were  u n a v a i l a b l e .  The s p e c i e s  i n c l u d e d  i n  t h i s  t a b u l a t i o n  a r e  l i m i t e d  t o  documented o b s e r v a t i o n s  f rom t i d a l  
f r e s h w a t e r s .  The s o u r c e s  of  i n f o r m a t i o n  i n c l u d e  p u b l i s h e d  a c c o u n t s ,  m a s t e r ' s  t h e s e s ,  government  r e p o r t s ,  and p e r s o n a l  ~ 0 i n n I ~ n i c a t i o n  
f rom f i s h e r i e s  w o r k e r s  w i t h  v a r i c u s  s t a t e  a g e n c i e s .  These  s o u r c e s  a r e  numbered i n  t h e  Appendix w i t h  a  key g i v e n  a t  t h e  end .  
Nomencla ture  f o l l o ~ s  Robins  e t  a l .  ( 1 9 8 0 ) .  We h a v e  n e i t h e r  i n c l u d e d  h y b r i d s  n o r  s u b s p e c i e s  i n  t h i s  l ist .  

R e l a t l v e  abundance  r e f e r s  t o  t h e  abundance  i n  t i d a l  f r e s h w a t e r s  o n l y .  T h i s  a s s e s s m e n t  d o e s  n o t  a p p l y  o v e r  t h e  whole  g e o g r a p h i c  r a n g e ,  
n o r  o v e r  a l l  h a b i t a t s  o c c u p i e d  by t h e  s p e c i e s .  

E x p l a n a t i o n  o f  c a t e g o r i e s  and a b b r e v l a t l o n s  

Compass d i r e c t i o n s  e x p r e s s e d  i n  l o w e r  c a s e  ( n , s , e , w ) .  
S t a t e  and p r o v i n c e  a b b r e v i a t i o n s  a r e  c a p i t a l i z e d  and  
a r e  s t a n d a r d  p o s t a l  o n e s  g i v e n  i n  C a r l a n d e r  ( 1 9 6 9 )  and  
L e e  e t  e l .  (1980). U n l e s s  o t h e r w i s e  n o t e d  G u l f  c o a s t  

rl 
r e f e r s  t o  t h e  Gulf of Mexico. 

8 US STATES 
Alabama AL Ohio OH 
C a l i f o r n i a  C  A Okl a h o s a  0 K 
C o n n e c t i c u t  CT P e n n s y l v a n i a  PA 
Del aware  DE S o u t h  C a r o l i n a  SC 
F l o r i d a  FL T e x a s  TX 
G e o r g i a  G A V i r g i n i a  Y R 
Ill in01 s IL CANADA 
L o u i s i a n a  LA B r i t i s h  Colombia BC 
Maine ME New Brunswick  N K  
Maryland  H D  Newfoundland N F 
M a s s a c h u s e t t s  H A  Nova S c o t i a  NS 
M i s s i s s i p p i  HS L a b r a d o r  LB 
M i s s o u r i  NO O n t a r i o  ON 
New Hampshi re  N H  OTHER 
New J e r s e y  NJ G r e a t  Lakes  G L 
New York N Y  Mexico HEX 
Nor th  C a r o l i n a  N C  A t l a n t i c  ATL 

P a c i f i c  PAC 

R - r a r e .  Seldom s e e n ,  l i k e l y  a s t r a y  from an a d j a c e n t  h a b i t a t .  
END - e n d a n g e r e d .  T h r e a t e n e d  w i t h  e x t i n c t i o n .  
U - uncommon. I n f r e q u e n t l y  e n c o u n t e r e c .  
O - occasional. Seen  f r e q u e n t l y  enough t o  be 

considered a r e e u l a r  member o f  t h e  community. 
C - common. E n c o u n t e r e d  on n e a r l y  e v e r y  s a e p l i n g  t r i p  d u r i ~ g  

t h e  a p p r o p r i a t e  s e a s o n .  
L C  - l o c a l l y  common. P r e s e n t  i n  a p p r e c i a b l e  numbers,  b u t  

r e s t r i c t e d  t o  p a r t i c u l a r  h a b i t a t s  o r  l o c a l i z e d  a r e a s .  
A - a b u n d a n t .  Conspicuous  by i t s  p r e s e n c e .  Encountered  i a  

a p p r e c i a b l e  numbers on e v e r y  sampl ing  t r i p  d u r i r g  t h e  
a p p r o p r i a t e  s e a s o n .  

LINK - unknown. I n s u f f i c i e n t  d a t a  t o  a s s e s s  abunoance  i n  t i d a l  
f r e s h u a t e r s .  

f u  : < 0.5 p p t .  
b r a c k i s h  = > 0.5 PPt .  

Food i t e m s  l i s t e d  i n  d e c r e a s i n g  o r d e r  of  f r e q u e n c y  
of  w c u r r e n c e .  

I n f o r m a t i o n  i s  p r o v i d e d  on a f f i n i t y  g r o u p ,  r a n g e  
o f  h a b i t a t s ,  p r e f e r r e d  h a b i t a t ,  s e a s o n a l i t y  O f  u s e ,  
d i f f e r e n c e s  i n  j u v e n i l e  and a d u l t  u s e  of  h a b i t a t .  



APPENDIX B. F i s h e s  of t i d a l  f r e s h w a t e r s  of  t h e  mid and s o u t h  A t l a n t i c  c o a s t .  

Name 

P e t r o m y z o n t i d a e  - 
l a m p r e y s  

G e o g r a p h i c  S a l i n i t y  Re1 a t i v e  
r a n g e  r a n g e  a b u n d a n c e  

PPt 

Food h a b i t s  Comments 

Lamnetra c3,3a.vDter2 u p p e r  OH fw - 1.5 
l e a s t  b r o o k  lamprey  d r a i n a g e ,  ATL 

coas t -PA t o  NC 

h ~ s i r a  ~ERSD!U u p p e r  OH fw 
American b r o o k  lamprey  d r a i n a g e ,  ATL 

coast-NH t o  
Roanoke R i v e r ,  NC 

k t r p m y z o ~  m r j u  ATL coas t -LB 
s e a  l a m p r e y  t o  FL, a l s o  

G L 

A c i p e n s e r i d a e  - 
s t u r g e o n s  

S o u r c e  

U f  il t e r - f  e e l e r s ;  a d u l t s  non- R e s t r i c t e d  t o  s m a l l  33 , 35 
p a r a s i t i c  s t r e a m s .  Burrows i n  

s e d i m e n t .  

R f  i l t e r - f e e d e r s ;  a d u l t s  non- A s  p r e v i o u s  s p e c i e s .  3 3 , 3 5  
p a r a s i t i c  

C Young t o  f o u r  y e a r s  n o n p a r a s i -  Anadromous;  a s c e n d s  fw 33,35 
t i c ,  f e e d i n g  on m i n u t e  o r g a -  s t r e a m s  i n  s p r i n g  t o  spawn. 
n i sms .  A d u l t s  p a r a s i t i c ,  f e e d i n g  Young s t a y  3-4 y e a r s  i n  
o n  t h e  b lood  o f  o t h e r  f r e s h w a t e r s .  
f i s h e s .  

p c i ~ e n ~ r  b r e v i r o s t y y @  NK t o  S t .  fw - 35 R ,  E N D  A bottom f e e d e r .  Anadron~ous ;  s m a l l  popula-  5 , 6 , 4 6 ,  
s h o r t n o s e  s t u r g e o n  J o h n ' s  R i v e r ,  FL Young: a l g a e ,  p r o t o z o a ,  c r u s -  t i o n s  e x i s t  i n  Canada,  5  2 

t a c e a n s ,  s m a l l  i n s e c t s  Maine, t h e  Hudson, Delaware  
A d u l t s :  b e n t h i c  o r g a n i s m s ,  s m a l l  & Altamaha R i v e r s .  E x t i r -  

p l a n t s  p a t e d  o r  t h r e a t e n e d  t h r o u g h -  
o u t  much of  i t s  r a n g e .  

Aci~sps9r QZYL~YLC$_~S LB t o  n e  FL 
A t l a n t i c  s t u r g e o n  

L e p i s o s t e i d a e  - 
g a r s  

Lneisea&as essus much of e  ha1 f  fw - 33 
l o n g n o s e  e a r  of  US 

p l a t v -  FL & C A  
ThiMU 
F l o r i d a  g a r  

R A bo t tom f e e d e r .  Anadromous; young r e m a i n  6 , 3 3 , 4 6  
Young i n  fw;  a q u a t i c  i n s e c t s ,  i n  fw a  y e a r ,  i n  

a m p t ~ i p o d s ,  o l i g o c h a e t e s ,  e s t u a r y  up t o  4 y e a r s .  
~ ~ L Y I I I  c l a m s .  

I n  m a r i n e  environments; g a s -  
t r o p o d s ,  s h r i m p ,  amphlpods ,  
o t h e r  b e n t h i c  i n v e r t e b r a t e s ,  
s m a l l  f i s h  ( l a u n c e ) .  

C Young t o  50 mm; s m a l l  of fw a f f i n i t y ,  b u t  v e r y  6 . 3 3  
c r u s t a c e a n s ,  i n s e c t  l a r v a e  t o l e r a n t  of  h i g h e r  s a l i n -  

A d u l t s ;  a l m o s t  e n t i r e l y  f i s h  i t i e s .  
t a k e n  i n  t h e  w a t e r  column. 

fw LC m o s t l y  f i s h ,  a l s o  
c r u s t a c e a n s ,  i n s e c t s  

Recorded  f rom Altamaha & 2 6 , 2 7  
Savannah  R i v e r s ,  CA 



Name G e o g r a p h i c  S a l i n i t y  R e l a t i v e  
r a n g e  r a n g e  a b u n d a n c e  

PPt 

Food h a b i t s  Comments S o u r c e  

Amiidae  - 
b o w f i n s  

&La s?lr_a 
b r v f  i n  

MS, OH fw 
G u l f  & GL 
d r a i n a g e s ,  
ATL coast-CT 
t o  FL 

N o c t u r n a l  f e e d e r s  on f i s h ,  I n h a b i t a n t  o f  s l u g g i s h ,  2 6 , 3 3 ,  
c r a y f i s h ,  i n s e c t s ,  m o l l u s c s ,  c l e a r  o f t e n  v e g e t a t e d  low- 46,50, 
e a r t h w o r s s ,  f r o g s ,  l e e c h e s .  l a n d  w a t e r s .  More corn- 5  1 

mon i n  t i d a l  f w ' s  i n  s. 
p o r t i o n  of  i t s  r a n g e .  

E l o p i d a e  - 
t a r p o n s  

K e u a l o ~ ~  &l=L&_o_s ATL c o a s t -  SC fw - 35 R 
t a r p o n  t o  B r a z i l  

A n g u i l l i d a e  - 
h) f r e s h w a t e r  e e l s  
h) 

Anauilh EsxLCg_ta 
American e e l  

A T L c o a s t - G u l f  f w - 3 5  A 
of S t .  Lawrence 
t o  West I n d i e s  

J u v ;  f i s h ,  c o p e p o d s ,  o s t r a c o d s ,  Spawns o f f s h o r e .  Young i n -  2 6 , 2 7 ,  
s h r i n p ,  i n s e c t s  h a b i t  h e a d w a t e r s  o f  b r a c k -  3 3  

Adul t s ;  a l m o s t  e x c l u s i v e l y  i s h  & f'w s t r e a m s .  A d u l t s  
f i s h .  m a r i n e .  Recorded from A l -  

t amaha ,  G A ,  S t .  J o h n ' s ,  
FL 

I n  f w :  L a r g e l y  n o c t u r n a l  f e e d e r s  9 , 6 4 , 6 7  
Young; b e n t h i c  m a c r o i n v e r t e -  & h i g h l y  o p p o r t u t t i s t i c .  

b r a t e s  ( i n s e c t  nymphs  & l a r v a e ,  Burrow i n  mud i n  w i n t e r .  
o l i g o c h a e t e s ,  c l a d o c e r a n s )  Eave been  c a p t u r e d  on 

O l d e r  f i s h ;  c r a y f i s h ,  t a d p o l e s ,  fw t i d a l  marsh  s u r f a c e ;  
f  i s h .  f e w e r  i n v e r t e b r a t e s .  e a t a d r o m o u s .  
I n  b r a c k i s h  w a t e r :  s o f t  b l u e  
c r a b s ,  b i v a l v e s ,  p o l y c h a e t e s .  

O p h i c h t h i d a e  - 
s n a k e  e e l s  

f lrrQ~hia  EliasMfus 
s p e c k l e d  worm e e l  

C l u p e i d a e  - 
h e r r i c g s  

U a a  wfiraLis 
b l u e b a c k  h e r r i n g  

ATL coast-NC 18 - 35 R I n  b r a c k i s h  w a t e r ;  p o l y c h a e t e  A s t r a y  from t h e  l o w e r  3 , 1 1 , 5 7  
t o  B r a z i l  worms, s a n d  c r a b s  e s t u a r y .  Recorded  o n l y  

i n f r e q u e n t l y  from t i d a l  
f w ' s .  

ATL c o a s t -  fw - 35 C- A J u v ;  f e e d  a t  s u r f a c e  on Anadromous; spawn it- f a s t  1 5 , 1 6 .  
NS t o  S t .  c l a d o c e r a n s  ( p r i m a r i l y  f l o w i n g  w a t e r  o v e r  h a r d  3 3 9 3 7  
J o h n ' s  R i v e r ,  b o s m i d s ) ,  c o p e p o d s ,  c r u s -  s u b s t r a t e .  J u v e n i l e s  u s e  
FL t a c e a n  e g g s ,  c h i r o n o m i d  t i d a l  f w  & low s a l i n i t y  

l a r v a e  ( a s  d r i f t )  n u r s e r y  a r e a s  u n t i l  
autumn. 



Name 

&Is= Wiarrts 
h i c k o r y  s h a d  

G e o g r a p h i c  
r a n g e  

ATL c o a s t -  
ME t o  FL 

u s 2  p s e u d o & r _ e g g m  GL, NF t o  
alewife sc 

&aa &a~ldi&L_m_a G U I ~  o f  st. 
A m e r i c a n  s h a d  L a w r e n c e  t o  

FL, p e a k  
a b u n d a n c e  CT 
t o  N C ;  i n t r o -  
d u c e d  on  US 
w e s t  c o a s t  

R r e v o o ~ t J _ a  J y r a n n u s  NS t o  FL 
A t l a n t i c  menhaden  

QQrsaQm upasfiznMn HA t o  MEX, 
g i z z a r d  s h a d  MS b a s i n  b 

G L  

S a l i n i t y  R e l a t i v e  
r a n g e  a b u n d a n c e  

P P t  

Food  h a b i t s  

fw - 35 0 c h i e f l y  s m a l l  f i s h  

C J u v  i n  t i d a l  f w ;  c l a -  
d o c e r a n s ,  c o p e p o d s ,  c r u s -  
tacean eggs,  i n s e c t s  
( v a r i o u s  d i p t e r a n s )  

fw - 35 C-A J u v ;  f e e d  s o m e w h a t  o p p o r -  
t u n i s t i c a l l y  b o t h  a t  t h e  
s u r f a c e  & b e n e a t h  t h e  s u r f a c e  
o n  c l a d o c e r a n s  ( p r i m a r i l y  
d a p h n i d s ) ,  c h i r o n o a i d  
l a r v a e  ( a s  d r i f t ) ,  w a t e r  
b o a t m e n ,  t e r r e s t r i a l  i n s e c t s  
( f l l e s ,  g n a t s ,  a n t s ) ,  
f i s h  l a r v a e  

fw - 33 C-A f  il t e r - f e e d e r s : s m a l l  
c r u s t a c e a n s ,  e s p e c i a l l y  
c o p e p o d s ,  a n n e l i d  worms,  r o t i -  
f e r s ,  u n i c e l l u l a r  
p l a n t s  

fw - 29 C-A J u v ;  p r o t o z o a ,  c o p e p o d s ,  
o s t r a e o d s  
A d u l t s ;  m i c r o s c o p i c  p l a n t s ,  
p h y t o p l a n k t o n ,  a l g a e ,  
d e t r i t u s  

Q-3 &fgg&se n a t i v e  t o  lower fw - 17 0-C p r i n c i p a l l y  p l a n k t o n ,  also 
t h r e a d f i n  s h a d  MS & G u l f  d i p t e r a n  l a r v e e  (w 

c o a s t  d r a i c a g e s ;  $PrY9, c h i r o n o m i d s )  
w i d e l y  i n t r o -  
d u c e d  e l s e -  
w h e r e  

E n g r a u l i d a e  - 
a n c h o v i e s  

Comments  S o u r c e  

A n a d r o m o u s ;  l e a s t  common 1 , 2 2 , 6 5  
s p e c i e s  o f  t h i s  g e n u s ,  
P e a k  a b u n d a n c e  C h e s a p e a k e  
Bay & NC. J u v e n i l e s  s p e n d  
l i t t l e  time i o  t i d a l  fw 
n u r s e r y .  

A n a d r o m o u s ;  s p a w n  i c  s l o w e r  1 5 , 3 7 , 6 5  
m o v i n g  w a t e r  t h a n  b l u e b a c k  
herring. Juveniles use f w  
t i d a l  L low sal ir1t.y n u r -  
s e r y  a r e a s  u n t i l  a u t u m n .  

Anadromous ;  s p a w n  p r i m a r i l y  1 5 , 1 6 , 6 5  
i n  ma in  c h a n n e l s  o v e r  
s a n d  s k o a l s  In a r e a s  
o f  p e r c e p t i b l e  c u r r e n t s .  
J u v .  u s e  fw t i a a l  h l o w  
s a l i n i t y  n u r s e r y  a r e a s  
u n t i l  m id  t o  l r t e  
a u t u m n .  

Spawn a t  s e a .  J u v e n i l e s  2 4 , 3 5 , 4 6  
a r e  e s t u a r i n e  d e p e n d e n t .  

Spawns  i n  fw. Young i n h a -  4 5 , 4 6  
b i t  fw 6 low b r a c k -  
i s h  n u r s e r y  s r e a s .  
P r e f e r s  q u i e t  w a t e r s  o f  
l a k e s  l a r g e  r i v e r s ,  e s t u a -  
r i e , s .  Young a r e  i n , p o r t a n t  
f o r a g e  f o r  s e v e r a l  
s p e c i e s  o f  game f i s h .  

Spawns i r  fw, j u v e r ; i l e s  6,35,46 
ea te r  e s t u a r i n e  waters. 

&nc_hea & f r h W  #A t o  MEX 
bay a n c h o v y  

fw - 35 C-A F e e d s  p e l a g i c a l l y  o n  I m p o r t a n t  f o r a g e  s p e c i e s  3 3 , 4 6  
z o o p l a n k t o n ;  c o p e p o d s ,  i n s e c t  f o r  l a r g e r  s p e c i e s  o f  
l a r v a e ,  m y s i d s ,  s h r i m p s ,  l a r v a l  c o m m e r c i z l  i m p o r t a n c e .  M o s t  
f i s h e s ,  g a s t r o p o d  l a r v a e ,  c r a b  a b u n d a n t  a t  s a l i n i t i e s  
z o e a e .  F e e d s  o n  b e n t h i c  o r g a n l s m s  l e s s  t h a n  20 p p t .  
when z o o p l a n k t o n  a r e  s c a r c e .  



S a L D 9  Sa.31 
A t l a n t i c  s a l m o n  

O s m e r i d a e  - 
s m e l t s  

!Amsrus rrrs-x 
r a i n b o w  s m e l t  

Umbr idae  - 
mudminnows 

N k b r a  urnaa? 
e a s t e r n  mudminnow 

E s o c i d a e  - 
p i k e s  

UsX m s r i G z l P u s  
r e d f  i n  p i  c k e r e l  

m a  his* 
n o r t h e r n  p l k e  

WntgPr 
c h a i n  p l c k e r e 3  

G e o g r a p h i c  S a l i n i t y  R e l a t i v e  
r a n g e  r a n g e  a b u n d a n c e  

p p t  

Food h a b i t s  S o u r c e  

Hudson S t r a i t  fW - 35 U N K  J u v ;  may f l i e s ,  c h i r o n o m i d s ,  Anadromous ;  spawn i r  non- 5 5  
t o  CT R i v e r ;  c a d d i s f l i e s ,  s t o n e f l i e s ,  C l a -  t i d a l  fw i n  Oct-Dec.  F r y  
A r c t i c  C i r c l e  d o c e r a n s ,  d i p t e r a n s ,  m o l l u s c s ,  i n h a b i t  r i f f l e s ,  s p e n d i n g  
t o  P o r t u g a l ,  f i s h  f r y  ( s u c k e r s )  2-3 y e a r s  i n  n o n t i d a l  fw. 
s G r e e n l a n d  A d u l t s  & young  m i g r a t e  

t h r o u g h  t i d a l  f w l s .  H a j o r  
c o m m e r c i a l  & s p o r t  impor-  
t a n c e .  

CL, LB t o  NJ fw - 35  U Young: c o p e p o d s ,  c l a d o c e r a c s ,  Anadromous;  spawn i n  non- 6 , 3 0 , 3 2  
A d u l t s  i r !  fw l a k e :  i n s e c t  t i d a l  fw a t  n i g h t .  J u v e -  
l a r v a e ,  c o p e p o d s ,  a m p h i p o d s ,  n i l e s  move r a p j d l y  t o  s e a .  
s m a l l  m o l l u s c s ,  f i s h  ( s h i n e r s )  

ATL c o a s t -  fw - 4 U I n  fw s t r e a m :  c o p e p o d s ,  
Long I s l a n d  c a d d i s f l y  l a r v a e  
t o  FL 

ATL c o a s t -  
s ME t o  
FL. A l s o  
L a k e  Champla in  
d r a i n a g e  

n  E u r o p e ,  A s i a  
h N A m s  t o e  
N Y ,  a l s o  n MS 
b a s i n  

fw - 8.7 0 F r y ;  p l a n k t o n  
J u v ; c l a d o c e r a n s ,  a m p h i p o d s ,  
i m m a t u r e  i n s e c t s  
A d u l t s ;  f i e h .  c r a y f i s h .  
d r a g o n f l y  nymphs 

fw - 1.6 U N K  A a i u r n a l  f e e d e r .  
f r y ;  m i c r o c r u s t a c e a n s ,  f i s h  

l a r v a e  
< 4 0  m m ; i n s e c t s ,  s m a l l  c r u s t a -  

c e a n s  
>65mm; p r i a a r i l y  f i s h .  a l s o  

s a l a m a n d e r s ,  c r a y f i s h ,  may- 
f l i e s  

ATL c o a s t  - fw - 22 0- C  
NS t o  
FL ,  MS 
d r a i n a g e  

Young; i n v e r t e b r a t e s  i n -  
c l u d i n g  a m p h i p o d s ,  c h i r o -  
n o m i d s ,  d a p h n i d s  
A d u l t s ;  f i s h  (minnows ,  
s u n f i s h )  , f r o g s ,  c r a y f i s h  

I n h a b i t s  s m a l l ,  s l u g g i s h  6 , 4 6  
muddy s t r e a m  & weed 
b e d s .  B u r r o w s  i r ,  s o f t .  
s i l t y  s u b s t r a t e s .  

I c h a b i  t s  s l u g g i s h  s t r e a m s ,  6 , 4 6 , 5 0  
weed b e e s ,  swamps. 

I n h a b i t s  weedy l a k e s ,  6 , 3 3  
p o n d s ,  r i v e r s .  B r e e d s  i c  
Chapman ' s  Pond,  a  t i d a l  
lake on t h e  C o n n e c t i c u t  
R i v e r .  I m p o r t a n t  game 
s p e c i e s .  

A d u l t s  f e e d  n o c t u r a l l y  in 6 , 1 9 , 4 4  
s h a l l o w s ,  r e s t  i n  d e e p e r  
w a t e r  by day .  



Name G e o g r a p h i c  
r a n g e  

S a l i n i t y  R e l a t i v e  
r a n g e  a b u n d a n c e  

PPt  

Food h a b i t s  Comments S o u r c e  

C y p r i n i d a e  - 
minnows, c a r p s  

P r i m a r i l y  i n h a b i t s  s t i l l  3 3 , 4 6  
o f t e n  oxygen  d e f i c i e n t  
w a t e r s  w i t h  t h i c k  
v e g e t a t i o n .  

i n t r o d u c e d  f rom 
A s i a ;  p r e s e n t  
t h r o u g h o u t  US 

fw - 17 LC Omnivorous w i t h  p r e -  
f e r e n c e  f o r  p h y t o p l a n k t o n .  
Young f e e d  more on 
z o o p l a n k t o n  & i n s e c t  
l a r v a e .  

I n h a b i t s  s t r e a m s ,  r i v e r s ,  33 .46  
ponds ,  impoundments;  
b o t h  c l e a r  & t u r b i d  
O f t e n  c o n s i d e r e d  a  p e s t  
d u e  t o  h a b i t  of  s t i r r i n g  
up bot tom s e d i m e n t s  d u r i n g  
f e e d i n g .  

Clprin~3 carDio 
common c a r p  

i n t r o d u c e d  f rom 
A s i a ;  w i d e l y  
d i s t r i b u t e d  i n  
ATL c o a s t  
d r a i n a g e s  

fw - 17.6 C An o m n i v o r o u s  bottom- 
f e e d e r  t a k i n g  vege-  
t a t i o n ,  i n s e c t s ,  worms. 
w a t e r s .  

S t .  Lawrence fw - 14 0- C 
& ON 
d r a i n a g e s ;  
ATL c o a s t  s 
t o  Al tahama,  
C A 

F e e d s  i n  l a r g e  s c h o o l s  
n e a r  bottom on d i e t o m s ,  
d e s m i d s ,  f i l a m e n t o u s  
a 1  g a e .  

More a b u n d a n t  i n  c h a n n e l  46.50 
t h a n  i n  c o v e s .  

H ~ b o ~ n a t h u s  r e p i u s  
e a s t e r n  s i l v e r y  
minnow 

b e n t h i c  i n s e c t s ,  c r a y f i s h ,  
s n a i l s ,  f i s h ,  f i l a -  
mentous  a l g a e  

New s p e c i e s  d e s c r i b e d  3 3 , 6 4  
i n  1971.  More 
common a b o v e  f a l l  l i n e .  

lissmds r a w  
b u l l  chub  

James ,  Chowan, fw R 
Roanoke, Neuse 
& T a r  R i v e r s ,  
V A  & N C  

P r e f e r s  q u i e t  v e g e t a t e d  1 9 , 3 3 , 4 6  
w a t e r  w i t h  a c c e s s  
t o  e x t e n s i v e  v e g e t a -  
t e d  s h a l l o w s .  

Notemin~n_u_s EUBQ= 
k c a s  
e o l d e n  s h i n e r  

Omnivorous ;  a l g a e ,  
macrophy t e s ,  amphipods ,  
m o l l u s c s ,  d e t r i t u s ,  i n s e c t s  

T y p i c a l l y  f o u n d  i n  n o n t i d a l  33,50 
f re shwaters  i n  c h a n n e l s .  
A s c h o o l i n g  mid-water form. 

NY s through fw R 
Cape Fear R i v e r ,  
N C  

NokPEis mPO1111S 
comely shf ner 

m o u  r n ~ l ~ ~ r G 3  
s a t i  nf i n  s h i n e r  

Hudson R i v e r  fw - 2 LC 
& Lake ON 
d r a i n a g e s  s 
t o  Peedee  R i v e r ,  
SC 

I n  fw s t r e a m ;  i n s e c t  
l a r v a e  ( m a y f l i e s ,  c a d d i s -  
f l i e s ,  s t o n e f l i e s )  

P r e f e r e n t i a l l y  i n h a b i t s  1 9 , 3 3 , 4 6  
u e e d l e s s  s t r e a m s ,  s t r a y -  
i n g  i n t o  t i d a l  f w ' s .  

Ns_troDLs kiflml&u 
b r i d l e  s h i n e r  

H A  t o  Neuse fw - 11.8  U 
R i v e r ,  NC 

s m a l l  i n v e r t e b r a t e s ,  
a l g a e ,  macrophy t e s  

I n h a b i t s  s l u g g i s h  s t r e a m s  3 3 , 4 6  
o v e r  a r e a s  of  mud, 
s i l t ,  d e t r i t u s  i n  s l a c k -  
w a t e r  a r e a s  w i t h  mcde- 
r a t e  t o  a b u n d a n t  
v e g e t a t i o n .  





Name 

C a t o s t o m i d a e  - 
s u c k e r s  

G e o g r a p h i c  S a l i n i t y  R e l a t i v e  
r a n g e  r a n g e  a  bundance  

P P ~  

Food h a b i t s  Comments 

~ ~ s c ~ ~ r l n u s  S t .  Lawrence fw - 10.7 R A b e n t h i c  f e e d e r  on  I n h a b i t s  t u r b i d  r i v e r s  
q u i l l b a c k  R i v e r ;  DE i n s e c t  l a r v a e  & o t h e r  and c l e a r  l a k e s .  

d r a i n a g e  t o  o r g a n i s m s  f o u n d  i n  bo t tom 
A 1  t amaha ,  CA ; s e d i m e n t s .  
MS b a s i n  & 
G u l f  c o a s t  

S o u r c e  

Mgg-yg commersoni  A r c t i c  C i r c l e  fw - LC I n s e c t s ,  m o l l u s c s ,  worms, cope- I n h a b i t s  l a r g e r  s t r e a m s ,  1 9 , 3 3  
w h i t e  s u c k e r  s t o  New b r a c k i s h  p o d s ,  c l a d o c e r a n s ,  o s t r a c o d s ,  a s c e n d s  s m a l l  c r e e k s  i n  

Mexico & G A  m i c r o s c o p i c  p l a n t s  s p r i n g  t o  spawn. 

E U - z e p  o b l  ongus  - ME t o  fw C L a r g e l y  c r u s t a c e a n s  ( c l a d o -  I n h a b i t s  q u i e t  w a t e r s  w i t h  3 3 , 4 6 , 6 4  
c r e e k  c h u b s u c k e r  A 1  tamaha,  GA; c e r a n s ,  o s t r a c o d s ,  c o p e p o d s ) ,  t h i c k  g r o w t h s  of s u b -  

w G u l f  c o a s t  a l s o  c h i r o n o m i d  l a r v a e ,  m e r g e n t  v e g e t a t i o n .  
& MS b a s i n  n e m a t o d e s ,  m o l l u s c s ,  d i a t o m s  

E.L.hlXluaQC! sll!S..e2&3 s V A  t o  Lake  fw U Young; c o p e p o d s ,  c l a d o -  
l a k e  c h u b s u c k e r  Okeechobee ,  FL; c e r a n s ,  c h i r o n o m i d s  

G u l f  & MS 
-L d r a i n a g e s  
h) 
-4 i i ~ € s & n l i ~ f i ~  oiaricans MS, OH fw - R - U  b o t t o m  f a u n a  

n o r t h e r n  hog s u c k e r  & G L  b r a c k i s h  
b a s i n s ;  u p p e r  
ATL c o a s t  
d r a i n a g e s  s 
t o  n  G A  

O c c u p i e s  ponds ,  oxbows, 6 , 2 6 , 3 3 ,  
s l o u g h s ,  impoundments.  4 1 
P r e f e r s  c l e a r  w a t e r  & 
a q u a t i c  v e g e t a t i o n .  

More a b u n d a n t  a b o v e  f a l l  6 , 3 2 , 3 3 ,  
l i n e .  46 ,54  

w r m ~  melanou Cape F e a r  R i v e r  fw - LC A b e n t h i c  f e e d e r  on i n s e c t  I n h a b i t s  l a r g e r  s t r e a m s ,  6 , 2 6 , 2 7 ,  
s p o t t e d  s u c k e r  t o  3 G A ;  b r a c k i s h  l a r v a e  ( p a r t i c u l a r l y  c h i r o n o -  oxbows, impoundments.  3 3 , 6  8 

MS 6 G u l f  m i d s ) ,  c r u s t a c e a n s  ( c l a d o c e -  I n t o l e r a n t  of t u r b i d  
d r a i n a g e s  r a n s ,  c o p e p o d s ) ,  o l i g o c h a e t e  w a t e r s .  

worms. 

WQSLQ~~ DMSQLSR~Z Hudson R i v e r ,  fw - 5 0-c m o l l u s c s ,  m i c r o c r u s t a c e a n s ,  I n h a b i t s  l a r g e  r i v e r s  & 3 3 , 3 5 , 5 0 ,  
&.L~lll N Y  t o  S a n t e e  immature  i n s e c t s  s m a l l  t r i b u t a r i e s .  R e a d i l y  54 
s h o r t h e a d  r e d h o r s e  R i v e r ,  SC; e n t e r s  b r a c k i s h  w a t e r s .  

MS & S t .  
Lawrence b a s i n s ,  
GL, Hudson Bay 
d r a i n a g e  

I c t a l u r i d a e  - 
c a t €  i s h e s  

I c t a l  u r u g  b r u n n e u a  'NC t o  n  FL 
s n a i l  b u l l  head  

L C  Omnivorous b e n t h i c  f e e d e r ;  
m o l l u s c s ,  i n s e c t  l a r v a e ,  
s m a l l  f i s h .  f i l a m e n t o u s  
a l g a e .  

More a b u n d a n t  i n  non- 
t i d a l  fw 's. Recorded  
f rom Al tahama,  G A  



Name 

ww a ! u 3  
w h i t e  c a t f i s h  

G e o g r a p h i c  
r a n g e  

S a l i n i t y  R e l a t i v e  
r a n g e  a b u n d a n c e  

P P t  

Food h a b i t s  Comments S o u r c e  

M i n o r .  s p o r t  i m p o r t a n c e .  23 .33 .46 ,  
Most  t r i b u t a r i e s ,  main- 6 3  
s t r e a m .  

N Y  to  FL; 
w i d e l y  
i n t r o d u c e d  

fw - 14 .5  C-A 4-57 cm; a n  o p p o r t u n i s t i c  
f e e d e r ;  amphipods ,  i s o p o d s ,  
d e c a p o d s ,  c o p e p o d s ,  c l a -  
d o c e r a n s ,  my s i d s ,  cumaceans ,  
c h i r o n o m i d  l a r v a e ,  p o l y -  
c h a e t e  worms, s m a l l  c l a m s ,  
l a r v a l  & a d u l t  i n s e c t s ,  f i s h  

n a t i v e  t o  MS 
b a s i n s t o  

fw - 7 
b l u e  c a t f i s h  

HEX 

Young; z o o p l a n k t o n  
A d u l t s ;  i n s e c t  l a r v a e ,  c r a y -  

f i s h ,  f i s h ,  d e t r i t u s  

I n t r o d u c e d  I n t o  J a m e s  6 , 3 3 8 4 6  
& Rappahannock  R i v e r s ,  Va. 
C h a r a c t e r i s t i c  o f  d e e p  
r i v e r s  & s w i f t  c u r r e n t s .  

Young; i s o p o d s ,  s m a l l  c r u s t a -  
c e a n s ,  i n s e c t  l a r v a e  

A d u l t s  ; i n s e c t s ,  s m a l l  
c r u s t a c e a n s ,  p l a n t  d e b r i s ,  
f i s h ,  f r o g s  

Recorded  f rom a  t r  i b u -  6 , 3 3 , 4 9 ,  
t a r y  o f  Potomac R i v e r  5  1 
Va. & Winyah Bay 
d r a i n a g e ,  SC. I n h a b i t s  
p o n d s ,  p o o l s ,  swamps. 

I c t a l u r u s  melas n a t i v e  t o  MS 
b l a c k  b u l l h e a d  d r a i n a g e  & 

& n  MEX 

I n h a b i t s  swamps, d i t c h e s ,  1 9 , 3 3 , 4 6 ,  
s l u g g i s h  s t r e a m s .  5 1 mi?l~r!rus Al&aS n a t i v e  t o  e fw 

y e l l o w  b u l l h e a d  k c  US 
d 
IU 

I n  s t r e a m ;  d e c a p o d  c r u s t a -  
c e a n s  ( p a l a e m o n i d  s h r i m p ,  
c r a y f i s h ) ,  m a y f l y  nymphs, 
a n n e l i d  worms,  b e e t l e s  

dli 
& t a l u s & a  n e b u l o s u _ s  n a t i v e  t o  e  fw - 8 
brown b u l l h e a d  h a l f  of US 

& s Canada 

i n s e c t  l a r v a e  ( d i p t e r a n s ,  
m a y f l i e s ,  c a d d i  s f l i e s ,  
d r a g o n f l i e s ) ,  m o l l u s c s ,  
a l g a e ,  f i s h  ( s p o t t a i l  s h i n e r ,  
e l v e r s ) ,  p o l y c h a e t e  worms, 
z o o p l a n k t o n  

I n h a b i t s  s l u g g i s h  oxbows, 3 3 , 3 9 , 4 6  
b a c k w a t e r s ,  impoundments .  
M i  nor  s p o r t  i m p o r t a n c e  . 

J u v e n i l e s  i n h a b i t  s m a l l  26v33 .51  
c l e a r  s t r e a m s .  A d u l t s  
i n h a b i t  s l o w  moving 
w a t e r s  o f  l a r g e  r i v e r s .  

L&l+l!US wX= NC t o  s G A  
Gs?blH 
f l a t  b u l l h e a d  

J u v ;  i n s e c t s  
A d u l t s ;  f i s h ,  i n s e c t s ,  anne-  

l i d s ,  m o l l u s c s ,  b r y o z o a n s  

I n h a b i t s  m a i n s t r e a m .  4 6 , 6 4  
R e s t s  i n  d e e p  w a t e r  by 
d a y ,  moves t o  s h a l l o w s  
a t  n i g h t  t o  f e e d .  

r n l u r u s  p u n c t a t u s  n a t i v e  t o  
c h a n n e l  c a t f i s h  G u l f  & MS 

d r a i n a g e s ;  
i n t r o d u c e d  
e l  sew h e r e  

i n s e c t  l a r v a e  ( c h i r o n o m i d s ,  
d i p t e r a n s ) ,  t e r r e s t r i a l  i n s e c t s ,  
s p i d e r s ,  c r u s t a c e a n s  ( c l a -  
d o c e r a n s ,  h a r p a c t i c o i d  c o p e p o d s ,  
o s t r a c o d s ) ,  p l a n t  m a t e r i a l  
( b e r r i e s ,  g r a s s e s ,  SagLt- 

s e e d s ) ,  m o l l u s c s ,  f i s h  
& f i s h  e g g s  

I n h a b i t s  q u i e t  w a t e r s  w i t h  6 , 1 1 , 2 6 ,  
e x t e n s i v e  v e g e t a t i o n .  B e s t  3 3 , 3 5 , 4 6  
c o n s i d e r e d  a  s t r a y  i n  t i d a l  
f w l s ,  e x c e p t  i n  Al tahama 
w h e r e  i t  is r e l a t i v e l y  
common. 

l k a ~ ~ ~  e ~ r i g ~ i 3  ATL, G u l f  
t a d p o l e  madtom & MS d r a i n -  

a g e s  

I n  l a k e ;  c l a d o c e r a n s ,  o s -  
t r a c o d s ,  i s o p o d s ,  c h i r o n o m i a s  
k d e t r i t u s  



Name G e o g r a p h i c  S a l i n i t y  R e l a t i v e  
r a n g e  r a n g e  a b u n d a n c e  

P P t  

Food h a b i t s  Comments S o u r c e  

kwi!mQ iEsianis N Y  t o  CA 
m a r g i n e d  madtom 

f  u 0  I n  s t r e a m ;  i n s e c t  l a r v a e  More a b u n d a n t  above  f a l l  1 9 , 3 3 , 4 6  
( d i p t e r a n s ,  s t o n e f l i e s )  , f i s h  1 i n e .  

m m  ; ! e e t a c ~ ~ ~  SC t o  LA 
s p e c k l e d  madtom 

O c c u p i e s  a r e a s  o f  mode- 3 3  
r a t e  c u r r e n t .  

P ~ l o d i c t u s  ow n a t i v e  t o  MS fw R 1 0 0  mm; i n s e c t  l a r v a e  (may- I n h a b i t s  l a r g e  r i v e r s .  Re- 6 , 3 3 , 5 0  
f l a t h e a d  c a t f i s h  b a s i n  & i n t o  f l y  & c a d d i s f l y  nymphs) c o r d e d  f rom Winyah Bay 

#EX; s p a r i n g l y  100-200 mm; i n s e c t  l a r v a e ,  f i s h .  d r a i n a g e ,  SC. 
i n t r o d u c e d  c r a y f i s h  

A p h r e d o d e r i d a e  - 
p i r a t e  p e r c h e s  

As&s_b&nrus 
p i r a t e  p e r c h  

a l m s  N Y  t o  TX;  fw LC a n  o p p o r t u n i s t i c  f e e d e r ;  I n h a b i t s  q u i e t  ponds ,  ox- 1 1 , 2 0 , 2 6 ,  
G u l f  c o a s t  & J u v ;  m o s t l y  c r u s t a c e a n s  bows, swamps, s l u g g i s h  low- 3 3 , 5 1 , 6 5  
MS b a s i n  ( o s t r a c o d s ,  amphipods ,  c l  ado- l a n d  s t r e a m s .  U s u a l l y  

c e r a n s )  a s s o c i a t e d  w i t h  d e n s e  vege- 
A d u l t s ;  m o s t l y  i n s e c t  l a r v a e  t a t i o n .  More common i n  t i d -  

( d r a g o n f l i e s ,  d a m s e l f l i e s ,  may- a l  f w l s  i n  t h e  SE. 
f l i e s ,  d i p t e r a n s ,  h e m i p t e r a n s )  

C a d i d a e  - 
A 

c o d f  i s h e s  
re G u l f  o f  S t .  S w  

L a w r e n c e t o  * r n t o m c o d  
V A 

fw - 31.4 U N K  s h r i m p ,  amphipods ,  worms, 
s n a i l s ,  immature f i s h  

B e l o n i d a e  - 
n e e d l e f  i s h e s  

Anadromous; spawns  i n  fw 1 8 , 3 2 , 4 6  
i n  w i n t e r .  L a r v a e  move t o  55 
low s a l i n i t y  w a t e r s  d u r i n g  
f i r s t  y e a r .  Does n o t  spawn 
i n  Chesapeake  sys tem.  Minor 
s p o r t  i m p o r t a n c e .  

S ~ T P D S ~ Y L B  wrLtil)r7 ME t o  
A t l a n t i c  n e e d l e f i s h  B r a z i l  

f w  - 35 LC I n  low b r a c k i s h  e s t u a r y ;  A m a r i n e  form w h i c h  13133,351  
s m a l l  f i s h e s ,  i n s e c t s ,  s h r i m p ,  r e a d i l y  e n t e r s  fw. B e s t  36.46 
s m a l l  amounts  of v a s c u l a r  c o n s i d e r e d  a  summer t r a n -  
p l a n t  m a t e r i a l  & a l g a e  s i e n t .  May b r e e d  i n  t i d a l  

f w l s  i n  Potomac,  Va. 

fw- 32.8 R I n  h i g h e r  s a l i n i t i e s ;  
d e t r i t u s ,  f i l a m e n t o u s  
a l g a e ,  n e m a t o d e s ,  s m a l l  
c r u s t a c e a n s  

f w  - 24.4 U l a r v a l  & a d u l t  m o s q u i t o e s ,  
s h r i m p ,  c o p e p o d s ,  a n n e l i d s ,  
p l a n t  m a t e r i a l  

More common i n  h i g h e r  3 3 , 3 5 , 4 0 ,  
s a l i n i t y  a r e a s .  I n h a b i t s  46,47 
s h a l l o w s .  W i n t e r s  i n  chan- 
n e l s  o r  low s a l i n i t y  ponds  
b u r i e d  i n  mud. 

I n h a b i t s  b a y o u s ,  mangrove 1 1 . 3 3  
swamps, t i d a l  s t r e a m s ,  fw 
r i v e r s  and  s t r e a m s .  



Eundulus- 
banded k i l l i f i s h  

Pundulus- 
l i n e d  topminow 

-- 
rainwater  k i l l i f i s h  

P o e c i l i i d a e  - 
l i v e b e a r e r s  

5alnh&larfinis 
mosquitof lsh 

Geographic 
range 

S a l i n i t y  Re la t ive  
range abundance 

PPt 

Food h a b i t s  Comments Source 

small  c rus taceans ,  i n s e c t s ,  
molluscs, a n n e l i d  worms, 
d e t r i t u s  

More l i k e l y  t o  occur i n  fw 33,36,46 
than most o t h e r s  of genus. 
Common i n  bays. r i v e r s ,  
coves i n  low s a l i n i t y  a r e a s ,  
extending i n t o  freshwater .  

In  t i d a l  fw; c rus taceans  
(os t racods ,  cyclopoid 
copepods), i n s e c t s  ( d i p t e r a n s .  
homopterans), f i s h  eggs. g r a s s  
seeds  (- sp . )  , gas t ro-  
pods, s p i d e r s  

I n h a b i t s  muddy marshes. 11,26,33, 
g r a s s f  l a t s ,  channels ,  pools  4 0 . 4 6 , 6 4  
i n  marsh in te r . io r  i n  sum- 
mer. May burrow i n  s i l t  
i n  winter .  

s VA t o  
Dade Co., FL 

Cape Cod t o  
MEX 

N J  t o  FL; 
s MS bas in  

In brackish waters;  small  
c rus taceans ,  d e t r i t u s ,  poly- 
chae te  worms, i n s e c t s ,  small  
b iva lves ,  eggs. small  c rabs  

ep iphytes ,  vascu la r  p l a n t s  

copepods, mosquito l a r v a e  

LC-A Feeds pr imar i ly  near sur face .  
In  fw stream; i n s e c t s  

(hemipterans,  d i p t e r a n s )  
In brackish waters;  amphi- 

pods, chironomid l a r v a e ,  mi tes  
copepods, s n a i l s ,  a n t s ,  a d u l t  
i n s e c t s ,  polychaete  worms, os- 
t racods ,  mosquito pupae. a l g a e  

Found i n  c l e a r  s t reams.  26,33 
backwaters. ponds. 
Recorded from Altahama, GA 

I n h a b i t s  t i d a l  creeks,  35,48,65 
sandy f l a t s ,  g r a s s  beds. 
More common i n  lower 
e s t u a r y .  

I n  heav i ly  vege ta ted  ponds 10,33 
& streams i n  a r e a s  of 
l i t t l e  o r  no cur ren t .  Tol- 
e r a t e s  very low d isso lved  
oxygen conten t .  

I n h a b i t s  weed beds, muddy 33.35 
coves. More common a t  
higher  s a l i n i t i e s .  

I n h a b i t s  t i d a l  pools ,  11,19,33. 
coves & backwaters. Readily 4 2 . 4 6 , 4 7 ,  
fol lows f lood  t i d e  onto 5 0 
marsh sur face .  May remain 
i n  marsh pools  during low 
t i d e .  

-formosa CapeFear  River ,  f w -  30 
l e a s t  k i l l i f i s h  NC t o  LA 

R- U In  brackish waters;  I n h a b i t s  weedy pond and 11,33,47 
i n s e c t  l a r v a e .  small  c r u s t a -  s t ream margins. 
ceans,  f i lamentous a l g a e ,  
diatoms 



Name 

sailf in molly 

Atherinidae - 
silversides 

brook silverside 

Erlembrasmartlnlca 
. . 

rough silverside 

tidewater silverside 
4 
W 
4 

Menidiemenidia 
Atlantic silverside 

Gasterosteidae - 
sticklebacks 

Geographic 
range 

SC to MEX 

SC to s 
FL; GL, 
MS & Gulf 
drainages; 
widely 
introduced 

NY to MEX 

MA to Mex 

Salinity Relative 
range abundance 
Pet 

Food habits 

fw - 34 U algae, vascular plants. 
detritus, mosquito larvae 

fw R A specialized feeder near 
surface on cladocerans, 
terrestrial insects. Chaabo- 
ills larvae 

3 - 24 U In brackish waters; zoo- 
plankton crustaceans, juv- 
enile and larval fishes, 
insects, detritus, small snails 

fw - 31 C copepods, mysids, isopods, 
amphipods, insects 

fw - 31 U crustaceans, annelid worms, 
molluscs, fish eggs. plants, 
insects 

Aoeltesavadracus Gulf of St. fw - 26 
fourspine stickleback Lawrence to 

to Trent River, 
NC 

Gaeterosteus aculeatus n Europe & fw - 35 
threespine stickleback N AM; Hudson 

Bay to VA; 
also PAC 
coast of N 
AM 

U small crustaceans. mainly 
amphipods. In fw; chiro- 
nomid & mayfly larvae, 
cladocerans 

LC An opportunistic feeder; 
aquatic & terrestrial in- 
sects, worms. fish eggs & 
fry, algae 

Comments Source 

Recorded from low salinity 11.33 
creeks in GA 

Inhabits clear vegetated 26,33 
and unvegetated warm 
waters. 

An estuarine species. 46,48,64, 
Young occasionally enter 65 
low salinity reaches of 
estuary. 

Estuarine resident; readily 46,48,50. 
enters fw. May spawn 5 8 
in tidal fw. Inhabits 
tidal creeks & grassflats 
in summer, channels in 
winter. 

Collected well above 33,40,46, 
brackish water in James. 50 
Rappahannock, Pamunkey 
rivers in VA. but more 
common in lower estuary. 

Estuarine resident. Occu- 32,33,40, 
piesshallowsinsummer. 46 
channel & channel edges 
in winter. 

Anadromous; 6,33,46. 
in Chesapeake Bay area 55 
inhabits small tributaries 
during breeding season. 
rare or absent rest of 
year. 



Name Geographic Salinity Relative 
range range abundance 

PPt 

Food habits Comments Source 

Centropomidae - 
snooks 

Gsauuuuandeni- 
lMJ& 
snook 

FL to Brazil fw - 35 UNK Juv. in brackish waters; 
caridean shrimp, small killi- 
fishes, gobies, mojarras 

Young inhabit oligohaline 33834r47 
& tidal freshwater nursery 
areas. Strays north to 
Cape Fear River during warm 
periods. Very sensitive to 
low temperatures. 

Percichthyidae - 
temperate basses 

Moroneamericana 
white perch 

UQLQmaaxatilis 
striped bass 

St. Lawrence fw - 35 C-A 
to St. John's 
River, FL. 
Gulf of MEX; 
introduced into 
Oregon, CA 

Juv; copepods, clado- 
cerans, rotifers, amphipods, 
insect larvae (ceratopogo- 
nids & dipterans), small 
molluscs, mysids 
Adults; larger crustaceans %-?A- 
harrisll), small fish (eels, 
spottail shiners, FYndulus 
SPP. 1 

Postlarvae; zooplankton 
Juv. 25-100mm; flexible 
nonselective feeders on in- 
sects (dipteran larvae & 
pupae, mayfly larvae), am- 
phipods, - shrimp, 
other decapods, mysids, fish 
& fish larvae U. -9, l@-t~PPiG 

Menidia SPP.) r 
polychaetes 
Adults in tidal fw; 84% 
of diet clupied fish 
(~revoortla tuanniu, Al~sa 
aestivalis, & -, 
PPrnmma ixpedkurn) , 4% 
spiny-rayed fish, 3% inverte- 
brates (amphipods, mayfly r 
dipteran larvae, blue crabs, 
palaemonid shrimp) 

Semianadromous; juveniles 21,33,35, 
inhabit shallows. moving to 46,49,58, 
deeper water in winter. 6 4 
Minor sport b commercial 
importance- Peak abundance 
Hudson River to Chesapeake 
Bay. 

Anadromous; peak spawning 2,4,35, 
in tidal freshwaters. 38,64 
~dults move downstream 
after spawning, juveniles 
move downstream as they 
grow. Inhabit deeper water 
by day, move into shal- 
lows at night to feed. 
Overwinter in deeper 
channels. Major sport 
& commercial importance. 



Food h a b i t s  Comments Source Name Geographic S a l i n i t y  Re la t ive  
range range abundance 

PPt 

Centrarchidae - 
s u n f i s h e s  

I n h a b i t s  s luggish .  heavi ly 29,33.64 
vegetated swamplike waters .  
Very s e c r e t i v e .  

Bcantharchus wmotis c o a s t a l  p l a i n  
mud s u n f i s h  s e  NY t o  n 

FL 

raDestris n a t i v e  t o  
rock bass  MS bas in ;  

introduced i n t o  
ATL c o a s t  
d ra inages  

Young; copepods, i n s e c t s .  
c rus taceans ,  chironomids, am- 
phipods 

Adults; f i s h ,  c r a y f i s h .  
molluscs. worms 

More abundant above f a l l  7,32133 
l i n e .  Best considered a 
s t r a y  i n t o  t i d a l  reaches. 

I n h a b i t s  s luggish  lowland 7,11,29, 
a r e a s  with c l e a r .  heav i ly  26,33,46, 
vege ta ted  waters .  May be 51 
more common i n  wooded 
swamps than i n  marshes. 

entrarchus- V A t o F L ;  
W MS bas in  n 
f l i e r  t o  s I L  

cladocerans,  i n s e c t s  (ch i -  
ronomid l a r v a e ,  water boat- 
men) 

P r e f e r s  q u i e t  vegetated 11,33 
waters  below t h e  f a l l  
l i n e .  

Elasaoma everaladei Cape Fear River ,  
Everglades pygmy sun- NC t o  s FL; i f i s h  Gulf coas t  t o  

Mobile Bay. AL 

copepods. c ladocerans  

&uaa!aWzonatum NC t o  c FL; 
banded pyqmy s u n f i s h  Gulf d ra inages  

MS bas in  n 
t o  I L  

small  crustaceans.  chironomid 
pupae 

I n h a b i t s  swamps, weedy 7,26,29, 
ponds. s luggish  s t reams 33 
below f a l l  l i n e .  

Enneacanthus chaetodon c o a s t a l  p l a i n  
blackbanded sunf i sh  N J  t o  c FL; 

a q u a t i c  i n s e c t s ,  gammarid 
amphipods, f i lamentous a lgae .  
p l a n t  l eaves  

Most abundant i n  heav i ly  7,20,33. 
vegetated swamplike wate rs  46,65 
of low pH, 6 i n  cypress  
lowlands. 

a l s o  w FL 

I n  fw stream; 55% d i e t  crus- 
taceans (copepods, c r a y f i s h ,  
amphipods, c ladocerans)  . Also 
i n s e c t  l a r v a e  ( d i p t e r a n s ,  
hemipterans, d r a g o n f l i e s )  

Associated with submerged 19,42,46, 
weedbeds i n  t i d a l  fw. A 50 
common i n h a b i t a n t  of s lug-  
gish streams, a c i d  ponds, 
swamps. More abundant i n  
coves than i n  mainstream. 

Enneacanthus ~~Q&Eu& se NY t o  FL 
b luespot ted  sunf i sh  

Enneacanthusobesus 
banded sun£ i s h  

s i m i l a r  t o  E, gla&uua. Most common i n  s l u g g i s h  7,29,33, 
s t reams.  swamps of low pH 46,50,65 
6 d i t c h e s  over mud sub- 
s t r a t e s .  Often a s s o c i a t e d  
with b luespot ted  s u n f i s h ,  
but  l e s s  abundant. 





Geographic  S a l i n i t y  R e l a t i v e  
range range abundance 

PPt 

Food h a b i t s  Comments Source  

NC t o  FL, fw - 12.3 C 
redea r  s u n f i s h  w t o  TX & 

S MO & 
OH; i n t r o -  
duced i n t o  OK. 
CA. VA- PA. 
IL 

LeDomisDunctatus 
s p o t t e d  sun£ i s h  

NC t o  s FL: fw - 11.8  0  
s MS & Gulf 
d r a i n a g e s  

dolomieui N F  t o  VA; fw - 7.4 R 
smallmouth bass  MS b a s i n ;  

i n t roduced  i n t o  
ATL c o a s t  
d r a i n a g e s  

4 
0 salmoides n a t i v e  t o  MS fw - 12.9 LC-A 
UI la rgemouth b a s s  d r a i n a g e  & ATL 

c o a s t  d ra in -  
age  n  t o  SC; 
widely  i n t r o -  
duced e lsewhere .  
i n c l u d i n g  ATL 
c o a s t  d ra in -  
a g e s  

Pomoxisannularis 
whi te  c r a p p i e  

n a t i v e  t o  MS fw - 1.5  U 
d r a i n a g e ;  
i n t roduced  
e l sewhere  
i n c l u d i n g  
most ATL 
coast drain- 
ages NY to 
FL 

~ U Z U  n.hik n a t i v e  t o  fw - 1.5 0-C 
l I l A d & U  MS. Gulf 
b l a c k  c r a p p i e  6 ATL c o a s t  

d r a i n a g e s  n  
t o  VA; i n t r o -  
duced e l s e -  
where, i n c l u d -  
i n g  most ATL 
c o a s t  d r a i n -  
a g e s  

s n a i l s ,  i n s e c t  l a r v a e  ( c h i -  Most common i n  l a r g e  warm 7,10,26, 
ronomPds, m a y f l i e s )  , c lado-  r i v e r s ,  bayous & l a k e s .  33,51 
c e r a n s ,  i sopods .  Seldom Of ten  a s s o c i a t e d  wi th  vege- 
f e e d s  on s u r f a c e .  t a t i o n ,  submerged stumps o r  

l o g s .  

I n  b r a c k i s h  wa te r :  v a r i e t y  Occupies  swamps, s loughs ,  7 ,11 ,26 ,  
of c r u s t a c e a n s  (amphipods, f l o o d p l a i n  l a k e s .  33,51,69 
mysids,  x a n t h i d  c r a b s ) ,  . . .  
sponge (Eohvdatia -1, 
i n s e c t s  (chi ronomid l a r v a e ,  
a n t s )  

Young; copepods,  c ladoce-  More abundant  above t h e  7 ,32,46,  
r a n s ,  r o t i f e r s ,  chironomid f a l l  l i n e .  P r e f e r s  c l e a r  64 
l a r v a e ,  mayfly nymphs, l a r v a l  f a s t  f lowing wa te r s .  
f i s h  
Adul ts ;  c r a y f i s h ,  f i s h  

( a l ewives ,  c e n t r a r c h i d s ) ,  
t a d p o l e s  

In  fw: young; microcrus-  I n h a b i t s  s l u g g i s h  s t r eams ,  7 ,11,27,  
t a c e a n s ,  i n s e c t s ,  c l a d o c e r a n s ,  weed beds; p r e f e r s  c r e e k s  33,35,46, 
amphipods, decapods ,  s m a l l  6 coves  t o  r i v e r  proper .  50 
f i s h  Spawns i n  fw t i d a l  p o r t i o n  
Adu l t s ;  l a r g e  i n s e c t s ,  f i s h  of Potomac R ive r .  Va. 

( s m a l l  c e n t r a r c h i d s ,  g i z z a r d  Kajor s p o r t  importance. 
shad)  . c r a y f i s h .  f r o g s  

I n  b r a c k i s h  water ;  b l u e  c r a b s ,  
shrimp. f i s h .  i n s e c t s  

Young; zooplankton dur ing  Q u i t e  i n t o l e r a n t  of t u r b i -  7,33,46 
f i r s t  y e a r ,  l a t e r  amphipods, d i t y  & s i l t a t i o n .  More 
i n s e c t  l a r v a e  (chi ronomids .  k common i n  n o n t i d a l  fw's .  
Q~SILU~  m a y f l i e s )  

Adu l t s ;  f i s h  ( c y p r i n i d s ,  
threadfin shad, darters. cen- 
trarchids, catfish) 

Young; c l a d o c e r a n s ,  copepods, Assoc ia t ed  with abundant  7,26,32, 
chironomid l a r v a e .  Ch&mcu a q u a t i c  v e g e t a t i o n -  Does 33 ,46r56  
l a r v a e .  o s t r a c o d s ,  o s c i l l a t o r i a l  n o t  r e a d i l y  e n t e r  brack-  
a l g a e ,  i n s e c t s ,  f o r a g e  f i s h  i s h  water .  

Adu l t s ;  c l a d o c e r a n s ,  t e r r e s t r i a l  
i n s e c t s ,  f i s h  ( s h i n e r s .  t h r e a d f i n  
& g i z z a r d  shad ,  largemouth 
b a s s ,  s t r i p e d  b a s s ,  w h i t e  
c a t f i s h .  channe l  c a t f i s h .  
c e n t r a r c h i d s )  



Percidae - 
perches 

Etheostomafusiforme 
swamp d a r t e r  

Geographic S a l i n i t y  R e l a t i v e  
range range abundance 

PPt 

Pood h a b i t s  Comments Source 

fw - 1.3 R i n s e c t  l a r v a e  (chironomids, I n h a b i t s  swamps, back- 20.26,33, 
m a y f l i e s ) ,  c rus taceans  (amphi- wate rs  of s l u g g i s h  46,65 
phipods, copepods, c ladocerans,  s t reams,  ponds. Often asso- 
os t racods)  c i a t e d  with dense vegeta- 

t i o n ,  mud o r  o rgan ic  sub- 
s t r a t e .  

Etheostoma olmstedi S t .  Lawrence fw - 13  0-C microscopic c rus taceans .  
t e s s e l l a t e d  d a r t e r  t o  Altahama, GA small  i n s e c t s ,  d e t r i t u s  

I n h a b i t s  shal lows & low 32.33,46. 
g r a d i e n t  r i v e r s .  Spawns i n  66 
n o n t i d a l  fw streams, swamp 
runs. 

l?sSaflavescens n a t i v e  N S  fw - 13  C-A Young; zooplankton, l a t e r  Spend most of year  i n  33,35,46, 
yellow perch t o  Santee small  i n s e c t s  low s a l i n i t y  p o r t i o n s  of 48,50,66 

River ,  SC & Adults ;  i n s e c t s ,  c r a y f i s h .  es tuary .  Adults  migrate  up- 
upper MS small  f i s h  s t ream t o  spawning a r e a s  i n  
bas in ;  widely e a r l y  spr ing .  Very adapta- 
introduced b l e  species .  Most abundant 

i n  c l e a r  open water with 
moderate vege ta t ion .  

niorofasciata Edis to  River ,  SC fw R d i u r n a l  v i s u a l  subsurface feeder  Most common over g rave l  o r  26.33 
blackbanded d a r t e r  t o  c FL; a l s o  on immature i n s e c t s  ( d i p t e r a n s ,  sand i n  nont ida l  fw's. 

Gulf d ra inages  mayfl ies ,  c a d d i s f l i e s )  

Carangidae - 
jacks 

CaranxlLiiuWi NS t o  
c r e v a l l e  jack Uruguay 

Gerreidae - 
mojarras  

fw - 35 R mainly f i s h  Marine s p e c i e s .  but juve- 26,33 
n i l e s  occas iona l ly  e n t e r  fw 
i n  s. p o r t i o n  of range. Re- 
corded from Altamaha River .  
G A 

Eucinoatomus araenteus NJ t o  B r a z i l  fw - 35 R In  e s t u a r i n e  waters;  o s t r a -  Recorded from fw's  only i n  27,33 
s p o t f i n  mojarra cods, copepods. polychaetes .  s. p o r t i o n  of range, Ga, 

b iva lves ,  i n s e c t  l a r v a e  FL & LA 



Name 

Haemulidae - 
grunts 

Geographic Salinity Relative 
range range abundance 

Pet 

Food habits Comments Source 

QrthoDrisris Cape Cod to 
LcXa MEX; more 
pigfish common s of 

Cape Batteras. 
NC 

Sciaenidae - 
drums 

. . Balrdlellachrvsoura M A t O T X  
silver perch 

I), 

0 nebulosus Cape Cod to 
s e a t r o u t  MEX 

QU2X&Ul- MA to GA 
weakfish 

Leiostomus ~UWUUU MA to TX 
spot 

fw - 35 R In brackish water; shrimp, Reported from Altahama Ri- 26,33 
polychaetes, molluscsr amphi- ver. GA; autumn only, More 
pods common in lower estuary. 

fw - 35 U Larvae; copepods, larval 
fish (tidewater silver- 
sides) 
Juv; largely mysids. also 
shrimp, fish (bay anchovy), 
mysids, grass shrimp 

fw - 35 R In brackish water; 50 mm; 
copepods, planktonic 
crustaces 
50-274 mm; wide variety of 
fish. 

fw - 35 U In low salinity nursery ground; 
20-40 mm; largely mysids, 
also penaeid shrimp, fish 
(bay anchovies, naked gobies. 
clupeids, spot, pig£ ish) . Adults 
primarily piscivorous. 

fw - 35 LC A benthic feeder: juveniles in 
low brackish water; harpacticoid 
copepods, amphipods, poly- 
chaete worms, nematodes, mysids, 
ostracods, isopods. chaetog- 
naths, bivalves, snails 

Marine form, spawned at 8,33,46, 
sea. Juveniles present in 47,63 
estuary into tidal fw in 
summer, fall. More abun- 
dant in lower estuary. A p  
parently less likely to en- 
ter tidal fwls in SC & GA 

Presentintidal fwlsin 8,33,40, 
spring, summer, fall, but 47,60 
more common in lower estu- 
ary. Winters in deep chan- 
nels in estuary or in in- 
shore marine waters. Not 
recorded from tidal fw's 
in SC or GA 

A marine form- spawned at 8,28,43 
sea. Juveniles present in 
estuary in spring, summer, 
fall. Some enter tidal fw 
reaches. 

A marine form. spawned at 8,57,63, 
sea. Juveniles arrive in 64 
Chesapeake Bay in April, 
use estuary as a nursery 
area, leave in Dec. Fw tidal 
reach is upper portion of 
nursery area- 



Name G e o g r a p h i c  S a l i n i t y  R e l a t i v e  
r a n g e  r a n g e  a b u n d a n c e  

P P t  

Food h a b i t s  Comments Source 

M ~ c ~ O D O K O ~ ~ ~ S  WL- MA t o  
&&US A r g e n t i n a  
A t l a n t i c  c r o a k e r  

E e e w  U p % S  
b l a c k  drum 

M u g i l i d a e  - 
-L 

m u l l e t s  

a ~ ~ i 1  c e p h a s  QI - 
s t r i p e d  m u l l e t  

G o b i i d a e  - 
g o b i e s  

fw - 35 LC J u v e n i l e s  f e e d  i n  w a t e r  column, A m a r i n e  form,  spawned a t  8 , 2 8 , 3 5 ,  
a d u l t s  f e e d  on  bot tom.  I n  low s e a ,  j u v e n i l e s  p r e s e n t  57 
b r a c k i s h  w a t e r  j u v e n i l e s  f e e d  s p r i n g  t h r o u g h  f a l l .  I n h a -  
p r i n c i p a l l y  on m y s i d s  & gammarid b i t  c h a n n e l s  i n  fw t i d a l  
amphipods ,  a l s o  on c o p e p o d s  & a r e a s ,  t h o u g h  more common i n  
p o l y c h a e t e  worms. l o w e r  p o r t i o n  of  e s t u a r y .  

S u f f e r  h i g h  m o r t a l i t y  i n  
s e v e r e  w i n t e r s .  Peak  abun- 
d a n c e  s. o f  Cape H a t t e r a s .  

MA t o  Argen- fw - 35 U A bot tom f e e d e r .  180 mm juv- A d u l t s  e n t e r  DE Bay 1 3 , 4 6 9 6 1 ,  
t l n a  h G u l f  e n i l e s  i n  low s a l i n i t y  w a t e r s ;  m i d - l a t e  A p r i l  on spawn- 6 3  
of  MEX s m a l l  b i v a l v e s  (&&$&& latera- l n g  r u n s ,  l e a v e  e a r l y  J u n e .  

U) & p o l y c h a e t e  worms, a l s o  Young-of - the-year  c o l l e c t e d  
m y s i d s ,  amphipods ,  b l u e  c r a b s .  i n  J u n e  i n  0-6 p p t  t i d a l  

marsh  c r e e k s .  Young l e a v e  
bay i n  O c t o b e r .  

NS t o  B r a z i l  ; fw - 35 0 - C  p l a n t  m a t e r i a l ,  d e t r i t u s  & O f t e n  e n t e r s  f w ' s ,  p a r t i c u -  1 1 , 2 7 , 3 3 ,  
m o s t  common a s s o c i a t e d  f a u n a ,  p l a n k t o n  l a r l y  i n  s. p o r t i o n  o f  i t s  4 7 , 5 1  
Chesapeake  r a n g e .  
Bay s o u t h ;  
c i r c u m t r o p i c a l  

G o b i o n e l l u s  .&+g&sM N C  t o  B r a z i l  fw - 29 R- U 
s h a r p t a i l  goby 

G o b i o n e l l g s  s h u f  e l d t i  Newport R i v e r ,  
f r e s h w a t e r  goby NC t o  c  FL; 

G u l f  c o a s t  t o  
TX 

GnPinssma MA t o  M E X  
naked goby 

From o l i g o h a l  i n e  w a t e r s ;  
c o p e p o d s ,  o s t r a c o d s ,  nematodes ,  
c h i r o n o m i d  l a r v a e ,  f o r a m s  

L a r v a e ;  z o o p l a n k t o n  
A d u l t s ;  m a i n l y  s m a l l  c r u s t a -  

c e a n s  i n c l u d i n g  gammaridean 
amphipods .  A l s o  a n n e l i d  worms 
f i s h e s ,  f i s h  e g g s ,  d y i n g  
o y s t e r s .  

A m a r i n e  form o c c a s i o n a l l y  3 , 5 6  
t a k e n  i n  f r e s h w a t e r .  Most 
common a t  20-24 p p t  
s a l i n i t y .  

P r e f e r s  low s a l i n i t y  marsh- 1 1 , 3 3 , 5 2  
e s  and  u p p e r  e s t u a r l e s .  

E s t u a r i n e  r e s i d e n t ,  spawns  1 1 , 1 2 , 1 7 ,  
i n  m o d e r a t e  s a l i n i t y  a r e a s ,  3 3 , 4 6 , 6 3  
p e l a g i c  l a r v a e  move u p s t r e a m  
t o  low s a l i n i t y  n u r s e r y  
a r e a s .  A d u l t s  occupy o y s t e r  
b a r  community,  o n l y  young 
e x t e n d  i n t o  t i d a l  f w ' s .  



Name 

B o t h i d a e  - 
l e f t e y e  f l o u n d e r s  

G e o g r a p h i c  S a l i n i t y  R e l a t i v e  
r a n g e  r a n g e  a b u n d a n c e  

P P t  

U r i c h t h v s  NJ t o  B r a z i l  fw - 35 
&gJs 
bay w h i f f  

P a r a l i c & h y s  d e n t a t u s  ME t o  FL 
summer f l  o u n d e r  

--i&&m . l e t h e -  V A  t o  n  f w  - 35  
s t i g m a  FL; G u l f  
s o u t h e r n  f l o u n d e r  c o a s t  

-L 

$ S o l e i d a e  - 
s o l e s  

T r i n e c t e ?  m a c u l a t u s  M A  t o  Panama fw - 32 
h o g c h o k e r  & G u l f  o f  

HEX 

Food h a b i t s  Commen t s  S o u r c e  

U m y s i d  s h r i m p ,  c r a b s ,  c o p e -  J u v e n i l e s  r e g u l a r l y  e n t e r  1 1 , 3 3 , 4 8 ,  
p o d s ,  a m p h i p o d s ,  f i s h ,  anne-  f w ' s  i n  c e n t r a l  Amer ica .  6 2  
l i d s  R e c o r d e d  f r o m  t i d a l  f w ' s  i n  

NE Cape F e a r  R i v e r ,  NC & 
Newport  R i v e r ,  G A  

R I n  b r a c k i s h  w a t e r ;  f i s h ,  R a r e l y  r e c o r d e d  f rom 4 0 , 4 6  
s h r i m p s ,  c r a b s ,  m y s i d s ,  s m a l l  t i d a l  f w l s .  More common 
m o l l u s c s ,  s a n d  d o l l a r s ,  anne-  i n  l o w e r  e s t u a r y .  
1 i d s ,  amphi p o d s  

U m a i n l y  f i s h ,  a l s o  c r a b s ,  my- A m a r i n e  f o r m  w i t h  a 1 1 . 1 4 , 3 3 ,  
s i d s ,  m o l l u s c s ,  p e n a e i d  s h r i m p ,  t e n d e n c y  t o  e n t e r  t i d a l  6 4  
amphi  p o d s  f w ' s  i n  s. p o r t i o n  o f  i t s  

r a n g e .  

C A b e n t h i c  f e e d e r  on  s m a l l  E s t u a r i n e  r e s i d e n t  i n h a b i t -  1 1 , 1 3 , 1 7 ,  
c r u s t a c e a n s  i n c l u d i n g  a m p h i p o d s  i n g  c h a n n e l  e d g e s ,  mud 4 6 , 4 7 , 6 4  
& m y s i d s ,  a l s o  a n n e l i d s ,  i s o -  b o t t o m s .  N u r s e r y  z o n e  ex-  
p o d s ,  d e t r i t u s ,  i n s e c t  l a r v a e  t e n d s  i n t o  t i d a l  fWts. 
( c h i r o n o m i d s ) ,  a l g a e ,  f o r a m s  



Refe rence  Numbers Key 

1 .  Adams 1970 
2.  A t l .  S t .  Mar. F i s h .  Comm. 1981 
3 .  B a i l e y  e t  a l .  1952 
4 .  Boynton e t  a l .  1981 
5.  Brundage and Meadows 1982 
6 .  C a r l a n d e r  1969 
7.  Car l  ande r  1977 
8 .  Chao and Musick 1977 
9. Compton 1968 

10. C u r t i s  1982 
11. Dahlberg  1972 
12. Dahlberg  and Conyers  1973 
13. D a r n e l l  1958 
14. Darne l1  1961 
15.  Davis  and Cheek 1966 
16. Domermuth and Reed 1980 
17. Dove1 1971 

4 18. Es t .  Study Group 1977 
19. Flemer and Woolco t t  1966 
20. Fox 1982 0 
21.  H a s t i n g s  and Good 1977 
22. Hawkins 1980 

Heard 1975 
H i 1  debrand 1963 
Holder 1982 
Holder ,  p e r s .  comm. 
Hornsby 1982 
Joseph  1972 
Keup and B a y l l s s  1964 
K i r c h e i s  and S t a n l e y  1981 
K i v i a t  1978a  
K i v i a t  manusc r ip t  
Lee e t  a l .  1980 
Roy Lewis 111, p e r s .  comm. 
Lippson e t  a l .  1979 
Loesch and K r i e t e  1976 
Loesch and Lund 1977 
Markle and G r a n t  1970 
Massengf l l  1973 
Massmann 1954 
McCormick 1970 
McIvor, unpub. d e t a  
Mer r ine r  1975 
Meyers and Muncy 1962 

M i l l e r  1960 
Musick 1972b 
Odum 197 1 
P e t e r s o n  and P e t e r s o n  1979 
Powell 1977 
Raney and Massmann 1953 
D . N .  Roark, p e r s .  comm. 
L. Rosas and S. Vitamvas,  p e r s .  comm. 
R u l i f s o n  e t  a l .  1982 
Schwar tz  1962 
S c o t t  and Crossman 1973 
S p i t s b e r g e n  and Wolff 1974 
S p r i n g e r  and Woodburn 1960 
Smith 1971 
Smith 1979 
Tabb 1966 
Thomas and Smith 1973 
US Army Corps of Eng inee r s  1979 
Van Engle  and Joseph  1968 
VIMS 197 8 
Wang and Kernehan 1979 
Werner 1980 
Wenner and Musick 1975 
Coomer e t  a l .  1977 
D e s s e l l e  e t  a l .  1978 

Roy Lewis 111, Mangrove Systems, I n c . ,  Tampa, FL 
* *  L.  Rosas,  Dept. o f  Envfronmental  S c i e n c e s ,  Univ. o f  Va., C h a r l o t t e s v i l l e ,  V A  

S. Vitamvas,  Dept.  o f  B i o l o g i c a l  S c i e n c e s ,  Univ. o f  North Carol ina-Wilmington,  Wilmington, NC 



THE VERTEBRATE FAUNA ( e x c e p t  f i s h )  OF TIDAL FRESHWATER WETLANDS 
I n t r o d u c t i o n  t o  A p p e n d i c e s  C, D, a n d  E. 

T h e  g e o g r a p h i c  r e g i o n  c o v e r e d  i n  o u r  l i t e r a t u r e  s e a r c h  w a s  c e n t e r e d  o n  t h e  m i d - A t l a n t i c  c o a s t ,  b u t  r e f e r e n c e s  t o  
e s t u a r i e s  f r o m  Maine  t o  n o r t h e r n  F l o r i d a  h a v e  b e e n  i n c l u d e d .  R e f e r e n c e s  t o  v e r t e b r a t e  s p e c i e s  ( e x c e p t  f i s h ,  s e e  A p p e n d i x  B)  
f r o m  t h i s  r e g i o n  h a d  t o  s a t i s f y  o n e  o f  t h r e e  c r i t e r i a  b e f o r e  t h a t  s p e c i e s  w a s  i n c l u d e d  i n  A p p e n d i c e s  C, Dl o r  E: 1 )  d i r e c t  
r e f e r e n c e  t o  t h e  u s e  of  " t i d a l  f r e s h w a t e r  m a r s h e s I 1 ,  " t i d a l  r i v e r s I t ,  I 1 f r e s h w a t e r  t i d a l  e s t u a r i e s t 1 ,  o r  s i m i l a r  w o r d i n g ,  2 )  
r e f e r e n c e  t o  t h e  s p e c i e s  o c c u r e n c e  i n  a  s p e c i f i c  g e o g r a p h i c a l  l o c a l e  ( e .  g .  Pamunkey R i v e r  m a r s h e s ,  Gunpowder  R i v e r )  w h i c h  we 
know,  f r o m  o t h e r  s o u r c e s ,  t o  b e  t i d a l  f r e s h w a t e r  h a b i t a t s ,  o r  3 )  r e f e r e n c e  t o  t h e  u s e  o f  p e r m a n e n t  b o d i e s  o f  f r e s h  w a t e r  s u c h  
a s  I1swampsn, I9narshes1l ,  I t h e a d - w a t e r s  o f  e s t u a r i e s I t ,  l l r i v e r i n e  m a r s h e s l 1 ,  w h i c h  do n o t  e x p l i c i t l y  s t a t e  t i d a l  f r e s h w a t e r ,  b u t  
i m p l y  t h a t  t i d a l  f r e s h w a t e r  h a b i t a t s  c o u l d  b e  u s e d .  A p p l i c a t i o n  o f  t h e s e  c r i t e r i a  h a s  l e d  t o  t h e  p r o d u c t i o n  o f  r a t h e r  
e x t e n s i v e  s p e c i e s  l i s t s  s i n c e  we h a v e  i n c l u d e d  r a r e  a s  w e l l  a s  a b u n d a n t  s p e c i e s .  N o m e n c l a t u r e  f o l l o w s  AOU ( 1 9 8 2 )  f o r  b i  r d  s 
J o n e s  e t  a l .  ( 1 9 7 9 )  f o r  mammals, a n d  C o l l i n s  e t  a l .  ( 1 9 7 8 )  f o r  a m p h i b i a n s  a n d  r e p t i l e s .  

A key  t o  t h e  a b b r e v i a t i o n s  u s e d  i s  g i v e n  b e l o w .  T h e  h e a d i n g  R e g i o n  r e f e r s  t o  t h e  a r e a s  ( S t a t e  o r  b a y )  a l o n g  t h e  A t l a n t i c  
c o a s t  f r o m  w h i c h  t h e  s p e c i e s  h a s  b e e n  r e p o r t e d .  Our  e s t i m a t e  o f  r e g i o n a l  o c c u r r e n c e  s h o u l d  n o t  b e  c o n s t r u e d  a s  b e i n g  
c o m p r e h e n s i v e  a t  t h i s  time. U n d e r  S t a t u s  we g i v e  a n  e s t i m a t e  o f  t h e  r e l a t i v e  a b u n d a n c e  o f  e a c h  s p e c i e s .  T h i s  e s t i m a t e  i s  f o r  
t h a t  s p e c i e s  a b u n d a n c e  i n  t i d a l  f r e s h w a t e r  w e t l a n d s  o n l y .  I t  d o e s  n o t  a p p l y  o v e r  a  s p e c i e s  e n t i r e  g e o g r a p h i c a l  r a n g e  o r  f o r  
a l l  o f  t h e  v a r i o u s  h a b i t a t s  i t  may u s e .  T h u s ,  f o r  e x a m p l e ,  t h e  e a s t e r n  box t u r t l e  i s  l i s t e d  a s  r a r e  t o  uncommon i n  t i d a l  
f r e s h w a t e r s .  I t  i s  a  common s p e c i e s  i n  p i n e  w o o d s  h a b i t a t .  Where p o s s i b l e  o u r  e s t i m a t e  o f  s t a t u s  is  b a s e d  o n  r e p o r t s  f r o m  
t h e  p r i m a r y  l i t e r a t u r e .  When t h e s e  s o u r c e s  w e r e  n o t  a v a i l a b l e  we u s e d  t h e  g r a y  l i t e r a t u r e  a n d  s p e c i e s  l i s t s  p r o v i d e d  t o  u s  by 
v a r i o u s  N a t i o n a l  W i l d l i f e  R e f u g e s  i n  t h e  r e g i o n .  U n d e r  H a b i t a t  we l i s t  i n  a  g e n e r a l  way t h e  t y p e s  o f  t i d a l  f r e s h w a t e r  
w e t l a n d s  w h i c h  a r e  u s e d .  An e s t i m a t e  of  t h e  t i m e  o f  y e a r  d u r i n g  w h i c h  a  s p e c i e s  is  p r e s e n t  i s  g i v e n  u n d e r  S e a s o n .  T h e s e  
l a t t e r  t w o  c a t e g o r i e s  a p p l y  o n l y  t o  A p p e n d i x  D: B i r d s .  

A p p e n d i c e s  C-E 
REG ION STATUS 

NE - New E n g l a n d ,  p a r t i c u l a r l y  t h e  Hudson  a n d  C o n n e c t i c u t  A - A b u n d a n t .  A  s p e c i e s  w h i c h  i s  v e r y  c o n s p i c u o u s ,  b e i n g  
J e s t u a r i e s .  s e e n  o n  a l m o s t  a l l  v i s i t s  d u r i n g  t h e  a p p r o p r i a t e  s e a s o n .  
P DEL - D e l a w a r e  R i v e r  a n d  B a y ,  i n c l u d i n g  i t s  t r i b u t a r i e s .  C  - Common. S p e c i e s  s e e n  i n  g o o d  n u m b e r s  d u r i n g  a p p r o p r i a t e  
J CH - M a j o r  t r i b u t a r i e s  o f  t h e  C h e s a p e a k e  Bay i n c l u d i n g  t h e  s e a s o n s  b u t  n o t  o n  e v e r y  v i s i t .  

S u s q u e h a n n a ,  P a t u x e n t ,  P o t o m a c ,  R a p p a h a n n o c k ,  M a t t a p o n i ,  FC - F a i r l y  Common. S e e n  i n  m o d e r a t e  n u m b e r s  a t  t h e  
Pamunkey,  C h i c k a h o m i n y ,  a n d  J a m e s  R i v e r s  o n  t h e  w e s t e r n  p r o p e r  s e a s o n ,  a n d / o r  o n  1 / 2  t o  2 / 3  o f  t h e  v i s i t s .  
s h o r e  a n d  t h e  N a n t i c o k e  a n d  Pocomoke R i v e r s  on  t h e  UC - Uncommon. A  s p e c i e s  w h i c h  is  o b s e r v e d  i n f r e q u e n t l y  
e a s t e r n  s h o r e .  ( o n  1 / 3  t o  1 / 2  o f  t h e  v i s i t s )  o r  i n  low n u m b e r s .  

N C  - N o r t h  C a r o l i n a ,  p a r t i c u l a r l y  t h e  Cape F e a r  R i v e r  OC - O c c a s i o n a l .  A s p e c i e s  s e e n  o n  1 / 4  t o  1 / 3  o f  t h e  
a n d  e s t u a r y .  v i s i t s  o r  i n  s m a l l  n u m b e r s  d u r i n g  t h e  p r o p e r  s e a s o n .  

SC - S o u t h  C a r o l i n a ,  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  Waccamaw R - R a r e .  A s p e c i e s  s e e n  v e r y  i n f r e q u e n t l y  
l o w e r  P e e  Dee ,  Combahee,  S o u t h  E d i s t o ,  S a n t e e ,  ( <1 /10  o f  t h e  v i s i t s )  o r  i n  v e r y  s m a l l  n u m b e r s ,  d u r i n g  
a n d  S a v a n n a h  R i v e r s .  t h e  p r o p e r  s e a s o n .  

G A  - G e o r g i a .  E s p e c i a l l y  t h e  A l t a m a h a ,  S a t i l l a ,  a n d  O c o n e e  L - L o c a l l y .  A m o d i f i e r  u s e d  i n  c o n j u n c t i o n  w i t h  t h e  
R i v e r s .  A b u n d a n t  a n d  Common c l a s s i f i c a t i o n s .  R e f e r s  t o  a  

FL - F l o r i d a ,  t h e  S a i n t  M a r y s  a n d  u p p e r  S a i n t  J o h n ' s  s p e c i e s  w h i c h  i s  u s u a l l y  UC t o  OC b u t  w h i c h  may become 
R i v e r s .  c o n c e n t r a t e d  i n  c e r t a i n  s m a l l  g e o g r a p h i c  r e g i o n s  o r  

f o r  s h o r t  p e r i o d s  o f  t i m e .  

REFERENCES 

Numbers  r e f e r  t o  r e f e r e n c e s  l i s t e d  
a t  t h e  e n d  o f  e a c h  a p p e n d i x .  
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TS - t i d a l  swamps,  i n c l u d i n g  s h r u b  m a r s h e s  
H M  - h i g h  m a r s h  
LM - l ow m a r s h  

A p p e n d i x  D. 
SEASON 

S  - S p r i n g ,  A p r i l  - J u n e .  
SU - Summer, J u l y  - S e p t e m b e r .  
F  - Autumn, O c t o b e r  - D e c e m b e r .  
W - W i n t e r ,  J a n u a r y  - March .  
P  - P e r m a n e n t ,  y e a r - r o u n d  r e s i d e n t .  
T  - T r a n s i e n t ,  d u r i n g  b o t h  s p r i n g  a n d  a u t u m n  m i g r a t i o n s .  
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F a m i l y  / S p e c i e s  Region  Food h a b i t s  R e f e r e n c e s  

P l e t h o d o n t i d a e  - l u n g l e s s  s a l a m a n d e r s  

S o u t h e r n  dusky  s a l a m a n d e r  
(Desmoanathus auriculW) 

CH, NC, SC,GA 

DEL, C H  

UC-C 

R-UC 

UC-C 

R-UC 

i n s e c t  l a r v a e ,  sowbugs ,  worms 

worms, i n s e c t  l a r v a e  

s m a l l  i n v e r t e b r a t e s  

s m a l l  i n v e r t e b r a t e s  

N o r t h e r n  dusky s a l a m a n d e r  
(L fysw) 

Two-1 i n e d  s a l a m a n d e r  
(Eucvcea bislineata) 

NE,DEL,CH, 
SC, C A  

CH, N C ,  SC,GA Three-1  i n e d  s a l a m a n d e r  
(EL lQngFEaw 

K W i n e i h t a )  

Dwarf s a l a m a n d e r  
(I ~dridlaitab) 

NC,SC,GA,FL 

DEL, C H  

NE,DEL,CH,NC 

SC,GA 

UC-C 

R 

R 

U C 

R 

U C 

s m a l l  i n v e r t e b r a t e s  

s m a l l  i n v e r t e b r a t e s  

e a r t h w o r m s ,  a n t s ,  b u g s  

a n t s ,  b u g s ,  e a r t h w o r m s  

a q u a t i c  i n s e c t s  

a q u a t i c  i n v e r t e b r a t e s ,  s m a l l  i n s e c t s  

F o u r - t o e d  s a l a m a n d e r  
(HesouacLulicam s-) 

Red-backed s a l a m a n d e r  
(Plathodon ainer_ews) 

S l i m y  s a l a m a n d e r  
(E Wtinosus) 

Many-1 i n e d  s a l a m a n d e r  
(Sterearhilus I l m x i B L u s )  

Mud s a l a m a n d e r  
(LssuPneriton montanus) 

B u f o n i d a e  - t o a d s  

NE,DEL,CH 

DEL, C H  

C H ,  N C ,  SC, C A  

SC,GA 

OC-C small insects Amer ican  t o a d  
(&fo a m e r i c a n u s )  

Woodhouse ' s  t o a d  
(L kiQQdhousel) 

C 

UC-C 

C  

s m a l l  i n s e c t s  

s m a l l  i n s e c t s  

s m a l l  i n s e c t s  

Oak t o a d  
(BL Q l L e U u )  

S o u t h e r n  t o a d  
(BI f;errestris) 

H y l i d a e  - t r e e f r o g s  

DEL,CH,NC,SC 

N C ,  SC,GA 

s m a l l  i n s e c t s  

s m a l l  i n s e c t s  

N o r t h e r n  c r i c k e t  f r o g  
(Acris rrenitans) 

S o u t h e r n  c r i c k e t  f r o g  
(A& u l l m )  



Family / Species  Region 

Green t r e e f  roe 
(HYl3  !2ufxsa) 

Spring peeper 
(HA crucifer) 

Cope's gray t r e e f  rog 
(8, .cdxu.wneLis) 

Common t r e e f r o g  
(L ~ S i c D l o r )  

Pine-woods t r e e f  rog 
(HA moralis) 

S q u i r r e l  t r e e f r o g  
(L sovlrella) 

Barking t r e e f r o g  
(Ha axiLipsa) 

Bird-voiced 
t r e e f  roe  

(HA aui-1 
-L 

P L i t t l e  g r a s s  f rog  
P (Limnaoerlus Qwlaria) 

Brimley Is chorus f rog  
(Pseudacris brimlevi) 
St r iped  chorus f rog  
ce, LL.LSW) 

Southern chorus f rog  
(EL niarita) 

Ornate chorus f rog  
(EL arn&) 

C H ,  NC, SC, 
GA,FL 

NC, SC, G A  

Microhylidae - narrow-mouthed toads 

Eastern narrowmouth CH,NC,SC,GA 
toad 

(.Gas- caroliamb) 

Ranidae - t r u e  f rogs  

Bul l f rog  
(Bans &asbeiana) 

S t a t u s  

C-A 

C-Savannah 
River drainage 

only 

UC-C 

C-A 

C-A 

Food h a b i t s  

small i n s e c t s  

a r th ropods ,  small i n s e c t s  

i n s e c t s ,  s p i d e r s  

small i n v e r t e b r a t e s  

i n s e c t s  

i n s e c t s  

i n s e c t s  

small i n s e c t s  

i n s e c t s  

i n s e c t s  

i n s e c t s  

i n s e c t s  

i n s e c t s  

a n t s  and o ther  small i n s e c t s  

c r a y f i s h ,  a q u a t i c  i n s e c t s ,  small 
v e r t e b r a t e s  

small v e r t e b r a t e s ,  i n s e c t s ,  
c r a y f i s h  

References 



F a m i l y  / S p e c i e s  R e g i o n  S t a t u s  

C-A 

Food h a b i t s  R e f e r e n c e s  

G r e e n  f r o g  
(5, . c l a w )  

a r t h r o p o d s ,  s n a i l s ,  f r e s h w a t e r  
01 i g o c h a e t e s  

C a r p e n t e r  f r o g  
(EL YLC&3.wEs) 

UC-C a r t h r o p o d s ,  s n a i l s ,  s p i d e r s ,  
c r u s t a c e a n s  

R i v e r  f r o g  
(EI heckscheri) 

NC, SC,GA,FL s n a i l s ,  i n s e c t s ,  c r u s t a c e a n s  

Wood f r o g  
(R, ulu-)  

i n s e c t s ,  c r u s t a c e a n s ,  s p i d e r s  

P i c k e r e l  f r o g  
(EL rnustris) 

NE,DEL,CH, 
NC, SC 

i n s e c t s ,  s p i d e r s ,  o t h e r  a r t r o p o d s  

s m a l l  i n s e c t s  S o u t h e r n  l e o p a r d  f r o g  
(B, gphsmcePhala) 

CH, NC. SC, 
CA,FL 

C-LC 

C h e l y d r i d a e  - s n a p p i n g  t u r t l e s  

a q u a t i c  i n v e r t e b r a t e s ,  f i s h ,  r e p t i l e s ,  
c a r r i o n ,  a q u a t i c  p l a n t s ,  b i r d s  

S n a p p i n g  T u r t l e  
(Ghelrdra serDentina) 

K i n o s t e r n i d a e  - mud t u r t l e s  
-L 

P S t i n k p o t  
U\ (Kims&nmn subrubrum) 

i n s e c t s ,  m o l l u s k s ,  c a r r i o n  

UC-C i n s e c t s ,  s n a i l s ,  c a r r i o n  E a s t e r n  musk t u r t l e  
(Stenotherus ssiQE&22) 

Emydidae - pond t u r t l e s  

y o u n g - t a d p o l e s ,  a m p h i b i a n s ,  m o l l u s k s  
a d u l  t s - a q u a t i c  p l a n t s  

P a i n t e d  t u r t l e  
(GhErsemvs nLEi=i) 

UC-C y o u n g - a q u a t i c  i n s e c t s ,  m o l l u s k s ,  
c a r r i o n ,  a d u l t s - a q u a t i c  p l a n t s  

S l i d e r  
( C L  a K i R & )  

UC-C a l g a e ,  a q u a t i c  p l a n t s  C o o t e r  
(GI flnridana) 

a l g a e ,  a q u a t i c  p l a n t s  R i v e r  c o o t e r  
(L mrinna) 

R e d b e l l y  t u r t l e  
(St Jx t2 r iYnm)  

s n a i l s ,  c r a y f i s h ,  t a d p o l e s ,  
a q u a t i c  p l a n t s  

c r a y f i s h ,  f i s h ,  s n a i l s ,  c a r r i o n  C h i c k e n  t u r t l e  
(Peirochalvs reticularia) 

a q u a t i c  p l a n t s ,  s m a l l  i n v e r t e b r a t e s ,  
c a r r i o n  

S p o t t e d  t u r t l e  
(Clemmvs suttata) 

NE,DEL,CH, 
NC, SC,GA 
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F a m i l y  / R e f e r e n c e s  Region  S t a t u s  Food h a b i t s  S p e c i  

f r o g s ,  s a l a m a n d e r s ,  s m a l l  
f i s h  

E a s t e r n  r i b b o n  s n a k e  
{Thamndohissaurfris) 

t o a d s ,  f r o g s ,  s a l a m a n d e r s ,  
e a r t h w o r m s  

Common g a r t e r  s n a k e  
(L iwrd&) 

OC-C 

R-UC worms, s o f t - b o d i e d  i n s e c t s  Worm s n a k e  
(hLPh9PhlS amaenus) 

s a l a m a n d e r s ,  e a r t h w o r m s ,  f r o g s ,  s m a l l  
s n a k e s  

R-UC Rlneneck  s n a k e  
( R u d n ~ h i s  ounctatvs) 

worms, s l u g s ,  s n a i l s ,  f  r o g s  R-UC E a s t e r n  e a r t h  s n a k e  
(Yirniniaualeriae) 

C r o t a l i d a e  - p i t  v i p e r s  

UC 

OC-A 

R-UC 

R 

m i c e ,  v o l e s ,  f r o g s ,  c a t e r p i l l a r s  Copperhead  
(tc&imam contorfa) 

f i s h ,  a m p h i b i a n s ,  s m a l l  mammals, 
s o m e t i m e s  w a t e r b i r d s  

Cot tonmouth  
(k sudxQua) 

m i c e ,  l i z a r d s ,  f r o g s ,  s m a l l  s n a k e s  Pygmy r a t t l e s n a k e  
(Sistrurusmiliarlus) 

s m a l l  mammals, f  r o g s ,  o t h e r  
s n a k e s  E a s t e r n  d iamondback  

r a t t l e s n a k e  

r o d e n t s ,  r a b b i t s ,  s m a l l  b i r d s  Timber r a t t l e s n a k e  
( C a n e b r a k e )  

(L hPrtidl43) 

C H ,  NC, SC, 
GA,FL 
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APPENDIX D: 
A v i f a u n a  o f  t i d a l  f r e s h w a t e r  w e t l a n d s  

FLOATING AND DIVING WATERBIRDS 

S e a s o n  S t a t u s  H a b i t a t s  F a m i l y  / S p e c i e s  R e g i o n  Food  H a b i t s  R e f e r e n c e s  

C a v i i d a e  - l o o n s  

Common l o o n  
( G . i u h  Lmmnr) 

UC-A 

UC 

L  M F i s h ,  c r a b s ,  m o l l u s k s ,  f r o g s  

L  M M o l l u s c s ,  f i s h ,  c r a b s ,  f r o g s ,  R e d - t h r o a t e d  l o o n  NE,DEL,CH 
(L stell&) 

P o d i c i p e d i d a e  - g r e b e s  

H o r n e d  g r e b e  NE,DEL,CH, 
( L d i s ~ , ~  auritus) NC, SC,GA. FL 

LC-C 

A-UC 

A 

LM, H M  a q u a t i c  i n s e c t s ,  f i s h ,  m o l l u s k s  
c r u s t a c e a n s  

R e d - n e c k e d  g r e b e  NE, DEL, CH, 
(L e r i ~ s i a )  NC,SC,GA 

L  M F i s h ,  m o l l u s k s ,  a q u a t i c  i n s e c t s  

P i e d - b i l l e d  g r e b e  NE,DEL,CH, 
( f s . a u a 2 ~  J m i A a S )  N C ,  SC,GA, 

d 
FL 

$ P e l e c a n i d a e  - p e l i c a n s  

SU, T - n o r t h  
P - s o u t h  

LM, H M  c r a y f i s h ,  a q u a t i c  i n s e c t s ,  
m o l l u s k s ,  f i s h  

A m e r i c a n  w h i t e  p e l i c a n  SC,CA,FL 
(Pelecanus 

W r u h u c h a )  

L  H f i s h  

Brown p e l i c a n  SC,GA,FL 
(E aadslentalis) 

R-UC 

UC 

f i s h  

f i s h  

S u l i d a e  - b o o b i e s  a n d  g a n n e t s  

N o r t h e r n  g a n n e t  ~~ P a s s w )  
P h a l a c r o c o r a c i d a e  - c o r m o r a n t s  

D o u b l e - c r e s t e d  NE,DEL,CH, 
c o r m o r a n t  NC,SC,GA, 

(Ehalacrocm auritus) FL 

W , T - n o r t h  UC-C 
P - s o u t h  

f i s h  

A n h i n g i d a e  - a n h i n g a s  

A n h i n g a  CH,NC,SC, 
(Anbinn;a .a.Qhi.tle~) G A ,  FL 

S U - n o r t h  R - n o r t h  LM, HM,TS fluill LeDomis, f r o g s ,  
P - s o u t h  C - s o u t h  a q u a t i c  i n s e c t s ,  c r u s t a c e a n s  



Region  S e a s o n  S t a t u s  H a b i t a t s  Food H a b i t s  R e f e r e n c e s  

A n a t i d a e  - swans ,  g e e s e ,  
and  d u c k s  

R-UC LM, HM 

LM, H I  

LM, H H  

Mute swan 
(CvPnus plpy) 

W h i s t l i n g  swan 
(It columbianlbg) 

NE,DEL,CH, 
NC, S C , G A  

A-north 
R-south  

UC-LA Canada g o o s e  
(Brpnta raoabensis) 

NE,DEL,CH, 
NC, SC 

NE, DEL B r a n t  
(&  hernicla) 

r o o t s  and  r h i z o m e s  of 5-8, 
SParfina, !&?.ew, -r 1 0 , 1 2 ,  
Eleocharis 1 4 , 1 7  

Snow g e e s e  
(Ansz cc.asul9scens) 

F u l v o u s  w h i s t 1  i n g  
duck 

(- bicolor) 

CH, NC,  SC, 
GA.FL 

LH, HM, TS 

NE, DEL,CH, 
N C ,  SC,GA, 

FL 

LH, HH,TS 

LM, HM 

LH. HM,TS 

eanicum, Polvaonum, ! a . B x J u ,  -, a q u a t i c  i n s e c t s  
M o t t l e d  d u c k  
(& fuluinula) 

CA, FL 

America b l a c k  d u c k  
(& l3wARm) 

NE,DEL,CH, 
NC, SC,GA, 

FL 

UC-C 

UC-A 

C 

C- A 

UC-C 

LM, H H ,  TS 

LH, H H ,  TS 

LH, H M ,  TS 

LH, H M ,  TS 

LH, H M  

C a d w a l l  
(& imxacca) 

N o r t h e r n  p i n t a i l  
(& arYta) 

Green-winged  t e a l  
(& crecca) 

Blue-winged  t e a l  
(& discors) 

NE, DEL, C H ,  
NC, SC,GA, 

American w i g e o n  
(& amerirana) 





Region  

Hooded m e r g a n s e r  NE,DEL, C H ,  
(LoDbodvtes-) NC,SC,GA, 

FL 

Common m e r g a n s e r  NE,DEL,CH, 
(kkmwi N-) NC,SC,GA 

R e d - b r e a s t e d  m e r g a n s e r  NE,DEL,CH, 
(JL wW) NC,SC,GA, 

FL 

R a l l i d a e  - g a l l i n u l e s ,  c o o t s ,  and r a i l s  

P u r p l e  g a l l i n u l e  CH,NC,SC, 
(PorDhvrula martini=) GA,FL 

Common moor hen  NE, DEL, CH, 
(Common g a l l i n u l e )  NC, SC,CA, 
(Gallinula-) FL 

Amer ican  coot NE, DEL , CH , 
( E U l k a  i3D.!$ricana) N C ,  SC,GA, 

FL 

S e a s o n  

W ,  T 

S t a t u s  H a b i t a t s  Food H a b i t s  

UC-FC LM, HM, TS Fundulus, X c t a l u ~ ~ ,  An&iaLlLa, 
Etheostoma, ALQ5a 

FC-C-north LM f i s h  
UC-south 

UC-FC LM, H M ,  TS f i s h  

SU-T R-nor th  
UC-south 

P UC-A 

R e f e r e n c e s  

LM, H M  lizaaia, S L ~ L D U ,  Eleocharis, 5 , 6 , 9 , 1 2 ,  
a q u a t i c  i n s e c t s ,  s n a i l s ,  f r o g s  16-1 8 

LM, HM Zizania, GYRelllas, Scirous, 
g r a s s h o p p e r s ,  a q u a t i c  i n s e c t s  

LM, HM &~.uw, -a9 ~ ~ ~ e r u s ,  1,4-10 ,  
-, ~ m a e t o n ,  s m a l l  12,14-17 
f i s h ,  t a d p o l e s ,  s n a i l s  



W A D I N G  BIRDS 

R e f e r e n c e s  

5-7,12-17 

Fami ly  / S p e c i e s  Region  S e a s o n  S t a t u s  H a b i t a t s  Food H a b i t s  

A r d e i d a e  - h e r o n s  and b i t t e r n s  

American b i t t e r n  NE,DEL,CH, 
(8otaurus -) NC, SC,GA, 

FL 

SU,T-nor th  C LM, H M ,  TS 
P - s o u t h  

f i s h ,  a q u a t i c  i n s e c t s ,  
f r o g s ,  mice .  s h r e w s  

L e a s t  b i t t e r n  
(Ixobrrchus exilis) 

NE,DEL,CH, 
NC, SC,GA, 

FL 

SU, F - n o r t h  F  C LM, HM 
P - s o u t h  

f i s h ,  a q u a t i c  i n s e c t s ,  
a m p h i b i a n s ,  c r u s t a c e a n s  

Black-crowned n i g h t  
her'on 

(Nvctiaoraxnvcticorax) 

NE, DEL, C H ,  
NC.SC.GA. 

FL 

SU,T-north A LM, H M ,  TS 
P-South 

c r a y f i s h ,  f i s h ,  c r a b s ,  m i c e ,  
f r o g s  

Yellow-crowned n i g h t  
h e r o n  

(L U L e L a a u )  

DEL, CH, NC, 
SC,GA,FL 

SU, T - n o r t h  C LM, H M ,  TS 
P - s o u t h  

s n a i l s ,  a q u a t i c  i n s e c t s ,  f i s h ,  
c r a y f i s h ,  c r a b s  

Green-backed  h e r o n  
(Butorides striatus) 

NE,DEL,CH, 
N C ,  SC,GA, 

FL 

SU,T-nor th  C  LM, H M ,  TS 
P - s o u t h  

s m a l l  f i s h ,  c r a y f i s h ,  a q u a t i c  
i n s e c t s  

C a t t l e  e e r e t  
d ( B u b u l c u s U )  
U1 
O L i t t l e  b l u e  h e r o n  

(L caerulea) 

SU, T - n o r t h  R-nor th  LM, H M  
P - s o u t h  A-south 

g r a s s h o p p e r s ,  c r i c k e t s ,  
s p i d e r s  

NE,DEL,CH, 
NC, SC,GA, 

FL 

SU, T - n o r t h  C LM, H M ,  TS 
P-South 

f i s h ,  c r a y f i s h ,  O r t h o p t e r a ,  
a m p h i b i a n s  

T r i c o l o r e d  h e r o n  
( L o u i s i a n a  h e r o n )  
(G tricolor) 

SU, T - n o r t h  UC-north LM, H M ,  TS 
P - s o u t h  C-South 

f i s h ,  s n a i l s ,  l i z a r d s ,  f r o g s  

Snowy e g r e t  
(L W) 

S,SU-nor th  C  LM, H M  
P - s o u t h  

f i s h .  c r a y f i s h ,  c r a b s ,  
a q u a t i c  i n s e c t s  

G r e a t  e g r e t  NE, DEL, CH , 
(- zd.Lui) NC,SC,GA, 

FL 

S, SU-north C LM, H M ,  TS 
P - s o u t h  

a q u a t i c  i n s e c t s ,  f i s h ,  c r a y f i s h ,  
c r a b s ,  s n a i l s  

m i c e ,  a m p h i b i a n s ,  f i s h ,  
c r a y f i s h  

Great b l u e  h e r o n  N E , D E L , C H ,  
(Brdea herodias) NC,SC,GA, 

FL 

C i c o n i i d a e  - s t o r k s  

Wood s t o r k  SC,GA.FL 
(Mucteriaamericana) 

FC-summer LM, HM 
UC-winter 

s n a i l s ,  a q u a t i c  i n s e c t s ,  f i s h  



F a m i l y  S p e c i  

T h r e s k i o r n i t h i d a e  - i b i s e s  

R e g i o n  S e a s o n  S t a t u s  H a b i t a t s  Food H a b i t s  

G l o s s y  i b i s  NE,DEL,CH, S .  SU-north  R-north LM. HM, TS s n a i l s ,  c r a y f i s h ,  f i s h ,  
(Plenadis falcinellud) NC, SC,CA, P - s o u t h  C-south  a q u a t i c  i n s e c t s ,  c r a b s  

FL 

R e f e r e n c e s  

W h i t e  i b i s  DEL,CH,NC, S U , T - n o r t h  R-north LM,HH,TS c r a b s ,  a q u a t i c  i n s e c t s ,  c r a y f i s h  5 , 6 1 1 2 ,  
(Eodocimus il.lbLu) SC,GA, FL P - s o u t h  A-south  14,16-18 

Aramidae - l i m p k i n s  

L impkin  GA,FL SU R LM,HM,TS s n a i l s  
(8ramus e~l;a-1 



RAILS A N D  SHOREBIRDS 

S t a t u s  H a b i t a t s  F a m i l y  / S p e c i e s  Region  S e a s o n  Food H a b i t s  R e f e r e n c e s  

R a l l i d a e  - r a i l s  and g a l l i n u l e s  

King  r a i l  NE,DEL,CH, P  
( E a u d S  eleaans) N C ,  SC,GA, 

FL 

C LM, H M  s e e d s  o f :  Zizania, Polvnonm; 
O r t h o p t e r a ,  worms, s p i d e r s ,  
s n a i l s ,  c r a y f i s h ,  s m a l l  f i s h  

V i r g i n i a  r a i l  
(& UmicrLa) 

NE,DEL,CH, SU, T - n o r t h  
N C ,  SC,GA, W,T-south 

FL 

C  LM, H M  s e e d s  o f :  Zizania, w, 
m u m ;  worms, s l u g s ,  
s n a i l s ,  s m a l l  f i s h  

S o r a  NE, DEL,CH, SU, T - n o r t h  
(l3ILU.M carolina) NC,SC,GA, W,T-south 

FL 

UC (A i n  LM, H M  
m i g r a t i o n )  

s e e d s  o f :  Zizania, Q.~erm, 
-a; a q u a t i c  i n s e c t s ,  
worms, s p i d e r s ,  s n a i l s  

s e e d s  o f :  &!uxS!da, fd&2aun9 
Lizania, worms, s n a i l s ,  %GlJ=a; s p i d e r s  

Yellow r a i l  DEL,CH,NC, SU,T-nor th  
(CoturnicoDs SC,GA,FL W,T-south 

noveboracena) 

B l a c k  r a i l  DEL,CH,NC. SU, T  
(Laterallus iamaicensis) SC,GA,FL 

R (FC i n  LM, HM 
m i g r a t i o n )  

worms, s n a i l s ,  s p i d z r s ,  
a 1  s o  s e e d s  o f :  Scirous, 
Zizania, CvDerus 

C h a r a d r i i d a e  - p l o v e r s  and  t u r n s t o n e s  
Q 
01 K i l l d e e r  N E ,  DEL, C H ,  SU,T-nor th  

(Charadriusuociferus) N C ,  SC,GA, P - s o u t h  
FL 

C LM, H M  C o l e o p o t e r a ,  O r t h o p t e r a ,  
Hymenoptera 

Semipa lmated  p l o v e r  NE,DEL,CH, w,T 
(L smi.s?almahia) NC,SC,GA, 

FL 

FC-C LM c r u s t a c e a n s ,  m o l l u s k s ,  f r e s h w a t e r  
worms, s e e d s  o f  ~~ 

UC-C LM 

C L M 

worms, s n a i l s ,  c r u s t a c e a n s ,  
g r a s s h o p p e r s  

L e s s e r  g o l d e n  p l o v e r  NE,DEL,CH, T 
(Pluvialis domlnlca) NC, SC 

B l a c k - b e l l i e d  p l o v e r  N E , D E L , C H ,  w,T 
( L  d a u a t a r o l a )  N C ,  SC,CA,  

FL 

c r u s t a c e a n s ,  f r e s h w a t e r  worms, 
m o l l u s k s ,  g r a s s h o p p e r s ,  b e e t l e s  

S c o l o p a c i d a e  - s n i p e ,  woodcock,  and s a n d p i p e r s  

Ruddy t u r n s t o n e  NE, DEL, C H ,  W,T 
(AESMELS interores) NC,SC,GA, 

FL 

c r u s t a c e a n s ,  g r a s s h o p p e r s  
m o l l u s k s  

Common s n i p e  NE,DEL,CH, SU, T - n o r t h  
(!alluwQ K ~ ~ U U K Q )  NC,SC,GA,FL P - s o u t h  

UC-C LM, H M  

UC-C LM, H M  

a q u a t i c  C o l e o p t e r a ,  s n a i l s ,  worms, 
s e e d s  o f :  ,$sicus, E U m u  

American woodcock NE,DEL, C H ,  SU,T-nor th  
(ScoloDax mLtlQ11) NC,SC,GA,FL P - s o u t h  

e a r t h w o r m s ,  l a r v a e  o f :  c r a n e f l i e s ,  
h o r s e f l i e s ,  s n i p e  f l i e s  



F a m i l y  / S p e c i e s  

Upland s a n d p i p e r  
(Bartramialonaicauda) 

S p o t t e d  s a n d p i p e r  
( A L t L i U s  macularia) 

S o l i t a r y  s a n d p i p e r  
(Trinaa solftaria) 

G r e a t e r  y e l l o w l e g s  
(L ~JE&*P) 

L e s s e r  y e l l o w l e g s  
(L flauiPes) 

W i l l e t  
(- 

i=uahms) 

S h o r t - b i l l e d  d o w i t c h e r  

-L 
(Limnodromus nriseus) 

cn - - 
a S t i l t  s a n d p i p e r  

(CalidrisbimantoDus) 

Red k n o t  
(L .ciUU&s) 

L e a s t  s a n d p i p e r  
(L minutilla) 

White-rumped s a n d p i p e r  
(L -) 

P e c t o r a l  s a n d p i p e r  
(L melanotos) 

Semipa lmated  s a n d p i p e r  
(L (L) 

B a i r d ' s  s a n d p i p e r  
(L bairdii) 

Region  

NE, DEL , CH , 
NC,SC,GA, 

FL 

NE, DEL, CH, 
NC,SC,GA, 

FL 

NE, DEL, CHI 
N C ,  SC,GA, 

FL 

NE,DEL, C H ,  
NC,SC,GA, 

FL 

NE, DEL, C H ,  
NC,SC,GA, 

FL 

NE, DEL, CH , 
N C ,  SC,GA.FL 

NE,DEL,CH, 
NC, SC,GA, 

FL 

NE,DEL,CH, 
NC, SC,CA. 

FL 

DEL, CH 

S e a s o n  

T 

S t a t u s  

R-UC 

H a b i t a t s  

LM, HM 

Food H a b i t s  R e f e r e n c e s  

f r e s h w a t e r  worms, s n a i l s ,  c e n t i p e d e s ,  6 , 1 0 , 1 1  
m i l l i p e d e s ,  a q u a t i c  i n s e c t s ,  
s e e d s  o f :  w, CeDhalanthus 

LM, HM 

UC-C LM, H M  

nymphs o f :  c a d d i s f l i e s ,  1 ,5-7 ,  
m a y f l i e s ,  d r a g o n f l i e s ;  m o l l u s k s ,  9-1 2 , 
worms, g r a s s h o p p e r s ,  c r i c k e t s  15-17 

mol l u s k s ,  worms, Hymenoptera,  5 , 6 9 9 ,  
O r t h o p t e r a ,  s m a l l  f r o g s ,  nymphs o f :  1 1 , 1 2 ,  
c a d d i s f l i e s ,  m a y f l i e s ,  d r a g o n f l i e s  1 5 , 1 7  

C-A LM, HM 

UC-C LM, H M  

R-UC LM, H M  

UC-C LM, H M  

UC-FC LM, HM 

LM, HM 

a q u a t i c  i n s e c t s ,  worms, m o l l u s k s ,  5 - 7 , 9 , 1 0 ,  
s m a l l  f i s h  1 2 , 1 4 ,  

1 5 , 1 7  

a q u a t i c  i n s e c t s ,  s n a i l s ,  worms 

a q u a t i c  i n s e c t s ,  worms, c r a b s ,  
m o l l u s k s ,  s m a l l  f i s h ,  s e e d s  o f :  
CuDerus, Scirousl eolvacnum 
f l y  l a r v a e ,  worms, s n a i l s ,  5-7.10-12,  
s e e d s  o f :  m, Eelyge(LIUn, 1 4  
Potamon-, Cvoerus 

clamworms, m o l l u s k s ,  a q u a t i c  
i n s e c t s ,  s e e d s  o f :  w, 
ScirDus, - 
worms, m o l l u s k s ,  i n s e c t s  6 , 7 , 9 , 1 0  

s n a i l s ,  p e r i w i n k l e s ,  worms, 
s e e d s  o f :  ScirDus, Potamoneton, 
CvDerus 

R-UC 

R-UC 

U C  

FC-C 

LM, HM 

LM, H M  

H M 

LM, HM 

worms, m o l l u s k s ,  a q u a t i c  i n s e c t s ,  5 -7 ,9-11 ,  
s e e d s  of  m, Panicurn 1 5  

i n s e c t s ,  clamworms, s m a l l  f i s h ,  5  I 6  
s n a i l s ,  g r a s s h o p p e r s  

a q u a t i c  i n s e c t s ,  worms, m o l l u s k s ,  5 - 7 , 9 , 1 0 ,  
s e e d s  o f :  w, Panicurn 1 4  

l a r v a e  o f :  c a d d i s f l i e s ,  m a y f l i e s ,  6 , 7 1 9 1 1 0 ,  
d r a g o n f l i e s ;  clamworms, m o l l u s k s ,  17 
s e e d s  o f :  w, eotamoneton 
amphipods ,  b e e t l e s ,  w e e v i l s ,  
m o s q u i t o e s ,  c r a n e f  l i e s  



F a m i l y  / S p e c i e s  Region  S e a s o n  S t a t u s  H a b i t a t s  

FC LM, H M  

Food H a b i t s  R e f e r e n c e s  

W e s t e r n  s a n d p i p e r  NE,DEL,CH, 
(4L -1 NC, SC,GA, FL 

a q u a t i c  i n s e c t s ,  b e e t l e s ,  m o l l u s k s ,  
s e e d s  o f :  m J F t M ,  ScirDus 

S a n d e r 1  i n g  
(L ;,I 

U C  LM, H H  f l i e s  and t h e i r  l a r v a e ,  
m o l l u s k s ,  worms 

Ruff  DEL , CH 
(Philomaahus ~unnax) 

UC LM, HM a q u a t i c  i n s e c t s ,  worms, m o l l u s k s ,  
f l i e s  

B u f f - b r e a s t e d  s a n d p i p e r  DEL, CH 
(Trvnnitessubcllfi9ollis) 

U C  LM, HM b e e t l e s  and  t h e i r  l a r v a e ,  
f l i e s ,  s e e d s  o f :  m, 
SoirDus 

Red-necked p h a l a r o p e  DEL, CH 
(Phalaroaus lobatus) 

R LM. HM 

R-UC LH, H M  

s n a i l s ,  m i d g e s ,  f l y  l a r v a e  

W i l s o n ' s  p h a l a r o p e  DEL, C H ,  NC, 
(E tricolor) SC,GA 

l a r v a e  o f :  c a d d i s f l i e s ,  may f l i e s ,  
d r a g o n f l i e s ;  s e e d s  o f :  C-3, 
Scirous, Potamoaeton 

R e c u r v i r o s t r i d a e  - a v o c e t s  and s t i l t s  

R-UC LM, H M  

R LH, H M  

clamworms, a q u a t i c  i n s e c t s ,  
s e e d s  o f :  u, Potamoaeton 

American a v o c e t  
4 (Becurvirostra 
a americana) 

SU, T - n o r t h  
T - s o u t h  

Y 
Black-necked  s t i l t  DEL,CH,NC, 
(Himantoous n l s x k ~ )  SC,CA 

a q u a t i c  i n s e c t s ,  s n a i l s ,  s m a l l  f i s h  



DIURNAL AND NOCTURNAL BIRDS OF PREY 

S e a s o n  S t a t u s  H a b i t a t s  Food H a b i t s  Region  R e f e r e n c e s  

C a t h a r t i d a e  - v u l t u r e s  

Turkey  v u l t u r e  NE,DEL,CH, 
(Cathartes -1 NC,SC,GA 

FL 

P C  HM,TS c a r r i o n  

B l a c k  v u l t u r e  C H , N C ,  SC, 
(!hrXKUS atratus) CA,FL 

P  U C  H M ,  TS c a r r i o n  

A c c i p i t r i d a e  - k i t e s ,  hawks,  a n d  e a g l e s  

M i s s i s s i p p i  k i t e  SC,GA,FL 
(Zctinia 

mississiDaiensis) 

SU,T UC-FC H M ,  TS l i z a r d s ,  f r o g s ,  s n a k e s ,  
l a r g e  i n s e c t s  

Amer ican  s w a l l o w - t a i l e d  SC,GA,FL SU, T  UC-FC H M ,  TS s n a k e s ,  l i z a r d s ,  f r o g s  
k i t e  

(Elanoides W) 

C o o p e r ' s  hawk NC, DEL,CH, 
(AcciDiter -I NC,SC,CA,FL 

SU, T - n o r t h  
P - s o u t h  

U C LM, H M ,  TS s m a l l  p a s s e r i n e s ,  m i c e ,  v o l e s  

-L 
S h a r p - s h i n n e d  hawk NE,DEL,CH, 
( &  striatus) N C ,  SC,CA.FL 

P - n o r t h  
W ,  T - s o u t h  

SU, T - n o r t h  
P-mid 

W ,  T - s o u t h  

P  

UC-FC LM. HM,TS m i c e ,  v o l e s ,  s m a l l  p a s s e r i n e s  

N o r t h e r n  h a r r i e r  
( M a r s h  hawk) 
(Circus sy.alEus) 

NE,DEL,CH, 
NC, SC,GA, 

FL 

C LM, H M ,  TS m i c e ,  v o l e s ,  r a t s ,  
a m p h i b i a n s ,  s n a k e s ,  s m a l l  
p a s s e r i n e s  

R e d - t a i l e d  hawk NE,DEL,CH, 
(8uteo iamaicensis) NC, SC,CA, 

FL 

C LM, H M ,  TS m i c e .  s h r e w s ,  v o l e s ,  r a b b i t s ,  
m u s k r a t s ,  g a l l i n u l e s ,  r a i l s ,  
s m a l l  p a s s e r i n e s  

R e d - s h o u l d e r e d  hawk NE, DEL, CH, 
(& l.iWf;U) N C ,  SC,CA, 

FL 

UC-C H M ,  TS r a i l s ,  s m a l l  o w l s ,  m i c e ,  
v o l e s ,  s m a l l  p a s s e r i n e s  

Broad-winged  hawk NE,DEL,CH, 
(& nlatvoterus) N C ,  SC,GA, 

FL 

SU,T-nor th  U C  H M ,  TS l i z a r d s ,  m i c e ,  s n a k e s ,  f r o g s ,  
W,T-south v o l e s ,  l a r g e  f l y i n g  i n s e c t s  

Rough-legged hawk NE,DEL,CH 
(& lagpnus) 

WPT UC H M ,  TS v o l e s ,  m i c e ,  s n a k e s ,  
f r o g s ,  s m a l l  p a s s e r i n e s  

S o u t h e r n  b a l d  e a g l e  NE,DEL,CH, 
(Haliaeetus SC,CA,FL 

l e u c 0 c e ~ h a l  yg) 

R LM, H M ,  TS f i s h ,  w a t e r f o w l ,  r o d e n t s ,  
c a r r i o n  



Fami ly  / S p e c i e s  Region  S e a s o n  S t a t u s  H a b i t a t s  

LM, H M ,  TS 

Food H a b i t s  

f i s h  

R e f e r e n c e s  

Osprey  
(Pandion -1 

NE,DEL,CH, SU,T-nor th  FC-C 
NCJSC,CA, P - s o u t h  

FL 

F a l c o n i d a e  - f a l c o n s  

w a t e r f o w l ,  s h o r e b i r d s ,  c o o t s ,  6 , 9 , 1 2 ,  
g a l l i n u l e s ,  s w i f t s ,  k i n g b i r d s ,  and 1 4 , 1 7  
s m a l l  p a s s e r i n e s  

P e r e g r i n e  f a l c o n  DEL,CH,NC, 
( . b l G Q  .nerearinus) SC,GA.FL 

M e r l i n  
(EL colwmbarius) 

W-T 

P 

UC-FC 

C 

LM, H M ,  TS 

LM, H M ,  TS 

w a t e r f o w l ,  p a s s e r i n e s ,  v o l e s ,  6 , 1 0 , 1 2 ,  
m i c e ,  f r o g s ,  s n a k e s  1 6 , 1 7  

m i c e ,  v o l e s ,  f r o g s ,  b a t s ,  1 , 6 , 7 , 9 ,  
i n s e c t s ,  s m a l l  p a s s e r i n e s ,  l i z a r d s  1 2 , 1 6 , 1 7  

American k e s t r e l  
(L sgihsverius) 

NE,DEL,CH, 
NC,  SC,CA, 

FL 

T y t o n i d a e  - b a r n  o w l s  

UC-FC LM, H M ,  TS m i c e ,  v o l e s ,  s m a l l  p a s s e r i n e s  Common b a r n  owl 
(zYl& a u a )  

NE,DEL,CH, 
N C ,  SC,GA, 

FL 

S t r i g i d a e  - t y p i c a l  o w l s  
UI 
(O E a s t e r n  s c r e e c h  owl NE, DEL, C H I  

(Qk4.S asin) N C ,  SC,GA, 
FL 

LM, H M ,  TS 

LM, H M ,  TS 

m i c e ,  v o l e s ,  f r o g s ,  s m a l l  
p a s s e r i n e s ,  l a r g e  i n s e c t s  

s h r e w s ,  v o l e s ,  mice ,  r a t s ,  7 , 9 , 1 0 ,  
s h o r e b i r d s ,  s m a l l  p a s s e r i n e s ,  1 2 , 1 8  
b i t t e r n s ,  h e r o n s ,  w a t e r f o w l ,  hawks, 
o t h e r  o w l s  

G r e a t  h o r n e d  owl NE,DEL,CH, 
(El&Q 'Lirainianusf N C ,  SC,GA, FL 

UC-FC 

C 

LM, H M ,  T S  

LM, H M  

m i c e ,  v o l e s ,  s m a l l  5 , 6 , 9 , 1 0 ,  
p a s s e r i n e s ,  s h o r e b i r d s ,  w a t e r f o w l  1 2 , 1 5 ,  

1 7 , 1 8  

B a r r e d  owl 
(Strix !Lai.a) 

m i c e ,  e s p .  W W ,  
v o l e s ,  s m a l l  p a s s e r i n e s ,  
l a rge  f l y i n g  i n s e c t s  

S h o r t - e a r e d  owl NE,DEL,CH, 
(A&2 flammeus) NC, SC,CA, FL 

N o r t h e r n  saw-whet owl DEL, C H ,  NC 
(Aeaoliusacadicus) 

LM, H M ,  TS l a r g e  f l y i n g  i n s e c t s ,  a l s o  
m i c e ,  v o l e s ,  s h r e w ,  s m a l l  
p a s s e r i n e s  

L a n i i d a e  - s h r i k e s  

R-UC LM, H M  L o g g e r h e a d  s h r i k e  DEL,CH,NC, 
(LiXlUS -1 SC,GA,FL 

m i c e ,  v o l e s ,  s m a l l  
p a s s e r i n e s ,  l a r g e  i n s e c t s  



CULLS, TERNS, 

S e a s o n  S t a t u s  

KINGFISHERS, A N D  CROWS 

Fami ly  / S p e c i e s  Region  H a b i t a t s  Food H a b i t s  R e f e r e n c e s  

L a r i d a e  - g u l l s  and t e r n s  

G l a u c o u s  g u l l  
(Larus hvoerboreus) 

I c e l a n d  g u l l  
(LA slaucoides) 

G r e a t  b l a c k - b a c k e d  
g u l l  

(L marlnus) 

H e r r i n g  g u l l  
(I.& aPPentatUQ) 

R i n g - b i l l e d  g u l l  
(LA delawarensis) 

Laughing  g u l l  
(L a k I A a u a )  

B o n a p a r t e f s  g u l l  
(I, -1 

B l a c k - l e g g e d  k i t t i w a k e  
(&issa tridactvla) 

C u l l - b i l l e d  t e r n  
(Sterna nilotica) 

F o r s t e r r s  t e r n  
( S L  forsteri) 

W,T R-UC 

W R-UC 

LM, HM f i s h ,  m o l l u s k s ,  d u c k s ,  
c a r r i o n  

HE, DEL , CH LM, HH f i s h ,  c r u s t a c e a n s ,  g a r b a g e ,  
c a r r i o n  

NE, DEL,CH LH, HM f i s h ,  c a r r i o n ,  g a r b a g e  

HE, DEL , CH 

NE,DEL,CH 

NE,DEL,CH 

NE,DEL,CH 

W,T c 

P A 

P U C  

W, T  UC-FC 

LH. HM f i s h ,  c r u s t a c e a n s ,  m o l l u s k s ,  
some i n s e c t s  

LH, HH f i s h ,  C o l e o p t e r a ,  O r t h o p t e r a .  
m o l l u s k s ,  c r u s t a c e a n s ,  r o d e n t s  

LH, HH s m a l l  f i s h ,  e a r t h w o r m s ,  c a r r i o n ,  
c r u s t a c e a n s ,  g a r b a g e  

LM, HM f i s h ,  i n s e c t s ,  worms, 
c r u s t a c e a n s ,  c a r r i o n ,  g a r b a g e  

W R-UC LM,HH s m a l l  f i s h ,  c r u s t a c e a n s ,  
m o l l u s k s  

T R-UC LH,  H M  d r a g o n f l i e s ,  c a d d i s f l i e s ,  f r o g s ,  
s m a l l  f i s h ,  e a r t h w o r m s  

LH, HH d r a g o n f l i e s ,  c a d d i s f l i e s ,  f r o g s ,  
some s m a l l  f i s h  

Common t e r n  
(L hirundo) 

NE,DEL,CH, 
NC,SC,GA,FL 

DEL, CH 

SU, T - n o r t h  UC 
X ,  T-south  

SU,T R-UC 

LM, HM p i p e f  i s h ,  menhaden, a l e w i v e s  

L e a s t  t e r n  
(SL antillarum) 

LM, HM s m a l l  f i s h  a n d  c r u t a c e a n s  

Royal  t e r n  
(L Inai&nu) 

LM.HM f i s h  

Sandwich t e r n  
(L sandvicensis) 

SU R-UC LM. H M  f i s h  

Caspian-  t e r n  
(L sawla) 

SU,T UC-FC LM, H M  s m a l l  f i s h ,  p a r t i c u l a r l y  
menhaden, m u l l e t ,  s u c k e r s  

B l a c k  t e r n  
(Chilodonias ntner) 

LH. HM c a d d i s f l i e s ,  may f l i e s ,  d r a g o n f l i e s ,  
moths ,  c a t e r p i l l a r s ,  s m a l l  f i s h  

B l a c k  skimmer 
(Rhunchoos nlu.c) 

L  H s m a l l  f i s h ,  c r u s t a c e a n s  



F a m i l y  / S p e c i e s  Region  

A l c e d i n i d a e  - k i n g f i s h e r s  

Be1 t e d  k i n g f i s h e r  NE,DEL,CH, 
(!22lXb &QLQn) NC, SC,GA. 

FL 

C o r v i d a e  - c r o w s  and j a y s  

F i s h  crow NE,DEL,CH, 
(Corvus ossifraaus) NC,SC,CA, 

FL 

American crow NE,DEL,CH, 
(LL -) NC,SC,CA, 

FL 

S e a s o n  S t a t u s  

P C  

H a b i t a t s  

LM, HM. TS 

LM, HM,TS 

LM, H M ,  TS 

Food H a b i t s  

f i s h ,  c r a y f i s h ,  c r a b s ,  m u s s e l s ,  
n e w t s ,  s n a i l s ,  f r o g s ,  t o a d s ,  
t u r t l e s ,  g r a s s h o p p e r s ,  b e e t l e s  

f i s h ,  c r a y f i s h ,  c a r r i o n ,  
Cornus, Smilax, Zizania 

R e f e r e n c e s  

5-8,22 

f i s h ,  g r a s s h o p p e r s ,  b e e t l . e s ,  1 , 6 9 7 ,  1 0 ,  
a m p h i b i a n s ,  r e p t i l e s ,  s m a l l  b i r d s ,  22 
c a r r i o n  m, Cornus 



ARBOREAL BIRDS 

S e a s o n  S t a t u s  H a b i t a t s  F a m i l y  / S p e c i e s  R e g i o n  Food H a b i t s  R e f e r e n c e s  

C u c u l i d a e  - c u c k o o s  

Y e l l o w - b i l l e d  c u c k o o  NE,DEL,CH, 
(rdxs!Uuamericanus) NC,SC,CA, 

FL 

SU, T  UC-C LM, HM, TS h a i r y  c a t e r p i l l a r s ,  c r i c k e t s ,  
d r a g o n f l i e s ,  g r a s s h o p p e r s  

B l a c k - b i l l e d  c u c k o o  NE.DEL,CH, 
(fi. ervthroDthalmus) NC, SC,GA, 

FL 

SU,T-nor th  UC-C H M ,  TS 
T - s o u t h  

g r a s s h o p p e r s ,  c r i c k e t s ,  d r a g o n f l i e s ,  6 , 7 , 1 2 , 1 3  
h a i r y  c a t e r p i l l a r s  

C a p r i m u l g i d a e  - g o a t s u c k e r s  

LM, H M ,  TS f l y i n g  a n t s ,  b e e t l e s ,  
g r a s s h o p p e r s ,  m o s q u i t o e s  

Common n i g h t h a w k  NE, DEL, CH, 
(Chordeilus I l L i U x f  NC, SC,GA, 

FL 

m o t h s ,  f l i e s ,  m o s q u i t o e s ,  9 , 1 2 , 1 6 , 1 8  
g r a s s h o p p e r s ,  s m a l l  p a s s e r i n e s  

Chuck-wi l l  I s-widow CH, NC,SC, 
(- carolinensis) GA,FL 

UC-FC H H ,  TS 

LM, H M ,  TS m o s q u i t o e s ,  moths ,  f l i e s ,  
g r a s s h o p p e r s  

Whip-poor-w ill 
(L vociferous) 

SU, T - n o r t h  
W ,  T-south  

A p o d i d a e  - s w i f t s  

LM, H M  Chimney s w i f t  NE,DEL,CH, 
(Chaetura Delaaica) NC,SC,GA, 

FL 

c a d d i s f l i e s ,  m o s q u i t o e s ,  m a y f l i e s ,  1 , 6 , 7 , 9 ,  
b e e t l e s ,  w a s p s ,  a n t s  1 0 , 1 2 , 1 6  

T r o c h i l i d a e  - hummingbi rds  

SU, T HM.  TS Hibiscus, LmDatiens, Ioomoea, 
Tecoma 

R u b y - t h r o a t e d  NE, DEL,CH, 
hummingbird NC,SC,GA, 

(Archilochus colubris) FL 

P i c i d a e  - w o o d p e c k e r s  

R-UC-north T  S  
UC-FC-South 

UC-FC H M ,  TS 

UC H M ,  TS 

a n t s ,  l a r v a e  o f  wood 
b o r i n g  b e e t l e s ,  Toxicodendron, 
Sassafras, w i l d  g r a p e  

P i l e a t e d  w o o d p e c k e r  NE,CH,NC, 
(l2cU&UU Rih&ddS) SC,GA,FL 

R e d - b e l l i e d  woodpecker  CH,NC,SC, 
(-carolinus) GA.FL 

s e e d s  o f :  Ouecus, Fraxinus, 
Ahus,  Mvrica 

Red-headed woodpecker  NE,DEL,CH, 
(L ervthroceohalus) NC,SC,GA, 

FL 

b e e t l e s  and  t h e i r  l a r v a e ,  
a n t s .  c a t e r p i l l a r s ,  g r a s s h o p p e r s ,  
s e d d s  o f :  Ouercus. Mvrica 

Y e l l o w - b e l l i e d  s a p s u c k e r  DEL, CH, NC, 
(SohvraDicus uarius) SC,GA,FL 

s a p  and  wood o f :  Ouercus, 
A G e r  

UC-FC H M ,  TS 



F a m i l y  / S p e c i e s  R e g i o n  S e a s o n  

P 

S t a t u s  

UC 

H a b i t a t s  

T  S  

Food H a b i t s  R e f e r e n c e s  

H a i r y  w o o d p e c k e r  NE,DEL,CH, 
(Picoides -I N C ,  SC,GA, 

FL 

b e e t l e  l a r v a e ,  a n t s ,  s p i d e r s ,  
m i l l i p e d e s ,  ~ G Q & & Q Q ,  C o r n u s  

Downy w o o d p e c k e r  NE, DEL, CH, 
( E  Dubescens) N C ,  SC,GA, 

FL 

H M .  TS b e e t l e  l a r v a e ,  m o t h s ,  a n t s ,  
s n a i l s ,  c a t e r p i l l a r s ,  GQCI~YS, 
Toxicodendron 

T y r a n n i d a e  - t y r a n t  f l y c a t c h e r s  

E a s t e r n  k i n g b i r d  NE, DEL,CH, 
(xYlYumaLYrannus) NC,SC,GA. 

FL 

SU, T  C-A LM, H M ,  TS v a r i o u s  Hymenopte ra  and  
O r t h o p t e r a  

G r e a t - c r e s t e d  f l y c a t c h e r  NE,DEL,CH, 
(Hviarchus crinitus) NC, SC,GA, 

FL 

LM, H M ,  TS L e p i d o p t e r a ,  c a t e r p i l l a r s ,  
b e e t l e s ,  d r a g o n f l i e s  

g r a s s h o p p e r s ,  c r i c k e t s ,  d r a g o n f l i e s ,  5 , 6 , 9 , 1 0 ,  
w a s p s ,  b e e s  1 2 , 1 3 , 1 6 ,  

1 8  

E a s t e r n  phoebe  
(Savornis 3LhQS.b) 

SU, T - n o r t h  
W,T-South 

LM, HM,  TS 

C 

U C  

R-UC 

LM, HM,TS 

LM, H M ,  TS 

LM, H M ,  TS 

b e e t l e s ,  b e e s ,  w a s p s  A c a d i a n  f l y c a t c h e r  

4 
(EmDidonaxvirescens) 

O) Wil low f l y c a t c h e r  
a (EL traillii) 

DEL, CH, NC, 
SC,GA,FL 

SU,T-nor th  
T-South  

SU, T  

b e e t l e s ,  m o t h s ,  c a t e r p i l l a r s ,  
b e e s ,  w a s p s  

NE, DEL, CH 
NC,SC,GA 

f l i e s ,  b e e t l e s ,  t r e e h o p p e r s ,  
g r a s s h o p p e r s ,  w a s p s ,  b e e s  

E a s t e r n  wood pewee 
(Contoous virens) 

H i r u n d i n i d a e  - s w a l l o w s  

g r a s s h o p p e r s ,  c r i c k e t s ,  1 , 5 , 6 , 9 ,  
d r a g o n f l i e s ,  m o t h s ,  m o s q u i t o e s  1 0 , 1 2 , 1 4 ,  

1 6 , 1 8 , 2 2  

SU, T - n o r t h  
P - s o u t h  

LM, HH B a r n  s w a l l o w  
(Hirundo rustica) 

b e e t l e s  6 , 7 , 9 , 1 4 ,  
16  

C l i f f  s w a l l o w  HE, DEL, CH, 
(HA Dvrrhonota) N C ,  SC,CA, 

FL 

SU, T  LH, H H  

N o r t h e r n  rough-winged DEL,CH,NC, 
s w a l l o w  ( 7 s c y G A p F L  serrioennis 

SU, T LH, H H  wasps ,  b e e s ,  d r a g o n f l i e s ,  
b e e t l e s  

t e r m i t e s ,  a n t s ,  d a m s e l f l i e s ,  
d r a g o n f l i e s ,  a p h i d s ,  b e e t l e s  

Bank s w a l l o w  NE, DEL,CH, 
(Rioaria rioaria) NC,SC,CA. 

FL 

C-A LH. HM 

LH, H H  T r e e  swal low NE,DEL,CH, 
(Tachvcineta bicolor) NC, SC,CA, 

FL 

b e e t l e s ,  f l i e s ,  wasps ,  1 , 6 , 7 , 9 , 1 0 ,  
b e e s ,  s e e d s  o f :  Mvrica, ScirDus, 12 ,14-17 ,  
eolvnonum. CvDerus 2  2  



F a m i l y  / S p e c i e s  Reg ion  S e a s o n  S t a t u s  H a b i t a t s  Food H a b i t s  R e f e r e n c e s  

P u r p l e  m a r t i n  NE,DEL,CH, SU,T 
( i k Q K U  a&iS) MC,SC.CA, 

FL 

P a r i d a e  - C h i c k a d e e s  a n d  titmice 

C LU, HH b e e t l e s ,  w a s p s ,  b e e s ,  
d r a g o n f l i e s ,  d a m s e l f l i e s  

UC-C HM,TS moths ,  p l a n t  l i c e ,  s p i d e r s ,  
k a t y d i d s ,  roxicDdendron 

B l a c k - c a p p e d  c h i c k a d e e  HE, DEL 
(Perus atricaoflluJ) 

C a r o l i n a  c h i c k a d e e  DEL,CH,NC, 
( E L  w) SC,GA,FL 

C LM, HU,  TS e g g s  o f  i n s e c t s ,  
b e e t l e s ,  c a t e r p i l l a r s ,  
nvrica. ToxicodendrDn 

T u f t e d  t i t m o u s e  
ce bicolor) 

UC LM. HU. TS c a t e r p i l l a r s ,  w a s p s ,  a n t s ,  
Hvrica 

S i t t a d a e  -- n u t h a t c h e s  

W h i t e - b r e a s t e d  n u t h a t c h  NE,DEL,CH, 
(&u&a -I NC, SC,GA,FL 

UC-FC 

R-UC 

UC 

H M ,  TS b e e s ,  w a s p s ,  m o t h s ,  
c a t e r p i l l a r s  

R e d - b r e a s t e d  n u t h a t c h  NE,DEL,CH, 
(a& Esnadensis) NC, SC,GA 

Brown-headed n u t h a t c h  CH, WC,SC, 
(S, ourilla) GA, FL 

HH, TS t w i g  and  b o l e  i n s e c t s  

H M ,  TS b o l e  a n d  t w i g  i n s e c t s  

C e r t h i i d a e  - c r e e p e r s  

UC-FC H M ,  TS s p i d e r s ,  b e e t l e s ,  a n t s .  
c a t e r p i l l a r s ,  Panicurn 

Brown c r e e p e r  DEL,CH.NC, 
(Certhiaamericana) SC,CA,FL 

Uimidae  - m o c k i n g b i r d s  a n d  t h r a s h e r s  

N o r t h e r n  m o c k i n g b i r d  NE, DEL, CH, P  
(&LllU&? NthaQum) NC,SC,CA. 

FL 

U C  LH,HM, TS b e e t l e s ,  a n t s ,  w a s p s ,  
b e e s ,  g r a s s h o p p e r s ,  Smilax, 
ToxicodenPtQn 

M u s c i c a p i d a e  - t h r u s h e s ,  g n a t c a t c h e r s ,  a n d  k i n g l e t s  

Wood t h r u s h  DEL,CH,NC, SU, T 
(BYlocfahla-) SC,GA,FL 

UC LM,HM,TS b e e t l e s ,  a n t s ,  c a t e r p i l l a r s ,  
s p i d e r s  

H e r m i t  t h r u s h  DEL,CH,NC, T 
(Catharus lll&!&U) SC,GA,FL 

UC-FC H M ,  TS b e e t l e s ,  a n t s ,  c a t e r p i l l a r s ,  
~mtlar, Toricodendcon 

S w a i n s o n ' s  t h r u s h  DEL,CH, NC, W ,  T - n o r t h  
(LL JJ&uhwa) SC,GA,FL T - s o u t h  

U C HH,Y,TS a n t s ,  b e e t l e s ,  c a t e r p i l l a r s ,  

G r a y - c h e e k e d  t h r u s h  DEL, CH , NC, T 
(L L t m i n i m u s f  SC,GA.FL 

U C  HM,TS c a t e r p i l l a r s ,  b e e t l e s ,  a n t s ,  
Smilax, Toxicodendron 



F a m i l y  / S p e c i e s  Region  S e a s o n  S t a t u s  

u C  

H a b i t a t s  

HM. TS 

Food H a b i t s  

b e e t l e s ,  a n t s ,  w a s p s ,  b e e s ,  

R e f e r e n c e s  

Veery 
(L fuscescens) 

SU, T - n o r t h  
T - s o u t h  

E a s t e r n  b l u e b i r d  
(Sialia sialis) 

NE,DEL,CH, 
NC, SC,GA, 

FL 

UC-C 

C  

LM, HM 

H M ,  TS 

HM,TS 

H M ,  TS 

w e e v i l s .  g r a s s h o p p e r s ,  c r i c k e t s ,  
Mvrica, - 

NE,DEL,CH, 
NC, SC,CA, 

FL 

f l i e s ,  c a d d i s f l i e s ,  g n a t s  

Golden-crowned k i n g l e t  
(Beaulus satraDa) 

NE,DEL,CH, 
NC, SC,CA, 

FL 

UC-C 

UC-FC 

w a s p s ,  f l i e s ,  b e e t l e s ,  
p l a n t  l i c e  

DEL, C H ,  NC, 
SC,GA.FL 

Ruby-crowned k i n g l e t  
(L calendula) 

f l i e s ,  b e e t l e s ,  Toxicodendm 

B o m b y c i l l i d a e  - waxwings 

C e d a r  waxwing 
(8ombvcilla cedrorum) 

I. 

V i r e o n i d a e  - v i r e o s  

NE,DEL, CH, 
NC,SC,GA, 

FL 

UC-C LM, H M  Smilax, Mvrica. Eornus, 
b e r r i e s  

Whi te -eyed  v i r e o  
(Yirep ariseus) 

NE,DEL,CH, 
NC, SC,GA, 

FL 

UC-C HM. TS moths ,  b e e t l e s ,  a n t s ,  
wasps  

Y e l l o w - t h r o a t e d  v i r e o  
(L flavifrons) 

U C  

R- UC 

FC-A 

HI( ,  TS 

LM,HM,TS 

LM,HM,TS 

HM, TS 

e g g s  and c a t e r p i l l a r s  o f  6 , 9 , 1 2 , 1 8  
moths  and b u t t e r f l i e s ,  d r a g o n f l i e s  

S o l i t a r y  v i r e o  
(E solitarius) 

d r a g o n f l i e s ,  d a m s e l f l i e s ,  
b e e s ,  wasps ,  , . r i c  , e t s  

Red-eyed v i r e o  
(E olivaceus) 

b e e t l e s ,  a n t s , w a s p s ,  
moths 

W a r b l i n g  vireo 
(L nilvus) 

DEL , CH R-UC c a t e r p i l l a r s ,  b e e t l e s  6,9 



F a m i l y  / S p e c i e s  Region  S e a s o n  S t a t u s  H a b i t a t s  Food H a b i t s  R e f e r e n c e s  

E m b e r i z i d a e  - wood w a r b l e r s ,  b l a c k b i r d s ,  t a n a g e r s ,  g r o s b e a k s ,  b u n t i n g s ,  a n d  s p a r r o w s  

B l a c k  a n d  w h i t e  w a r b l e r  DEL, CH,NC, T - n o r t h  C  H M ,  TS a n t s ,  m o t h s ,  f l i e s ,  
(Mniotilta Y.a%t) SC,GA,FL W ,  T - s o u t h  a p h i d s ,  s p i d e r s  

P r o t h o n o t a r y  w a r b l e r  CH,NC, SC, SU,T C-A H M ,  TS a q u a t i c  i n s e c t s ,  m a y f l i e s ,  
(Protonotaria Gi.U3X) CA,FL c a t e r p i l l a r s  

Blue-winged  w a r b l e r  NE, DEL, C H ,  T  R-UC HM. TS b e e t l e s ,  a n t s ,  s p i d e r s  
(Verrnivora pinras) NC, SC,GA. 

FL 

Golden-winged  w a r b l e r  
(L _L) 

T e n n e s s e e  w a r b l e r  
(L Y*) 

N a s h v i l l e  w a r b l e r  
(L rufica~iLLa) 

Orange-crowned w a r b l e r  
(L celata) 

B a c h m a n l s  w a r b l e r  
g) (L bachmanii) 
a, 

Nor the t  n  p a r u l a  
(Parula americana) 

Amer ican  r e d s t a r t  
(Setoohaaaruticilla) 

DEL,CH,NC, 
SC,GA,FL 

DEL,CH,NC, 
SC,CA, FL 

DEL . CH 

T  R-UC H M ,  TS i n c h  worms, s p i d e r s  

T  R - U C  HM,TS b e e t l e s ,  w e e v i l s ,  s c a l e  i n s e c t s ,  
a p h i d s  

H M ,  TS l e a f h o p p e r s ,  a p h i d s ,  f l i e s ,  
g r a s s h o p p e r s  

H M ,  TS l e a f h o p p e r s ,  a p h i d s ,  s p i d e r s  

T  R 

SU, T  UC-FC 

TS l i t t l e  known, p r o b a b l y  
s i m i l a r  t o  o t h e r  w a r b l e r s  

DEL, C H ,  N C ,  
SC,GA,FL 

HM,TS b e e t l e s ,  cankerworms ,  s p i d e r s  

S U , T - n o r t h  C-A 
T - s o u t h  

H M ,  TS c r a n e f l i e s ,  l e a f h o p p e r s ,  
m o t h s ,  b e e t l e s ,  m a  

Yel low w a r b l e r  
(Rmdmha Detechia) 

CH, NC, SC, 
G A ,  FL 

F  C  H M ,  TS m o s q u i t o e s ,  a p h i d s ,  s p i d e r s ,  
cankerworms ,  w e e v i l s  

UC H M ,  TS m o t h s ,  s c a l e  i n s e c t s ,  a p h i d s ,  
l e a f h o p p e r s  

Magnol ia  w a r b l e r  
(L maanolia) 

DEL, C H ,  NC, 
SC,GA,FL 

B l a c k - t h r o a t e d  b l u e  
w a r b l e r  

(L caerulescens) 

DEL, N C ,  SC, 
CA,FL 

C HM, TS moths ,  f l i e s ,  b e e t l e s  

B l a c k - t h r o a t e d  g r e e n  
w a r b l e r  

(PI virens) 

C H M ,  SU,TS b e e t l e s ,  a n t s ,  c a t e r p i l l a r s ,  
s p i d e r s  

Y e l l o w - t h r o a t e d  w a r b l e r  
(L dominica) 

CH,NC,SC, 
GA, FL 

SU,T 

SU,T 

SU, T  

T  S  b e e t l e s ,  m o t h s ,  a p h i d s ,  s p i d e r s ,  
m o s q u i t o e s  

P r a i r i e  w a r b l e r  
(L rllscslnr) 

C H M ,  TS i n s e c t s ,  s p i d e r s  

Cape May w a r b l e r  
(R. tiarina) 

U C HM,SU,TS b e e s ,  w a s p s ,  c r i c k e t s ,  
d r a g o n f l i e s ,  m o t h s  



F a m i l y  / S p e c i e s  R e g i o n  

DEL 

S e a s o n  

T  

S t a t u s  

U C 

H a b i t a t s  

HM, TS 

Food H a b i t s  R e f e r e n c e s  

B l a c k b u r n i a n  w a r b l e r  
t e ,  fusca) 

b e e s ,  c a t e r p i l l a r s ,  
c r a n e f l i e s  

Yellow-rumped w a r b l e r  
(L sX2Ixm-1 

NE, DEL, CH, 
NC,SC,GA, 

FL 

LM, HM,  TS f l i e s ,  b e e t l e s ,  a n t s ,  
Toxicodendron. Mvrica 

C h e s t n u t - s i d e d  w a r b l e r  
tL oensvlvanica) 

HM.TS 

T  S  

H M ,  TS 

H M ,  TS 

H M .  TS 

cankerworms ,  b e e t l e s ,  
g r a s s h o p p e r s ,  c a t e r p i l l a r s  

P i n e  w a r b l e r  
CLL JliluU) 

a n t s ,  w a s p s ,  b e e s ,  6 , 1 2  
eanicum, Toxicodendron, Cornus 

B a y - b r e a s t e d  w a r b l e r  
(e, castenea) 

f l i e s ,  m o t h s  l e a f h o p p e r s  6 , 1 2  

Palm w a r - b l e r  
(LL palmarum) 

DEL,CH, N C ,  
SC,GA, FL 

m o s q u i t o e s ,  b e e t l e s ,  f l i e s ,  
MYrica, R.uhd3 

a p h i d s ,  s c a l e  i n s e c t s ,  g n a t s  6 , 7 , 1 3 , 1 6  B l a c k p o l l  w a r b l e r  
(LL striata) 

a n t s ,  w a s p s ,  b e e t l e s  6 , 9 , 1 2 , 1 3  Y e l l o w - b r e a s t e d  c h a t  
(Icteria uirens) 

DEL, C H ,  NC, 
SC,GA,FL 

C 

UC-FC 

U C  

C  

C  

C-A 

H M ,  TS 

H M ,  SU,TS 

HM,TS 

LM, H M  

LM, H M ,  TS 

LH, H H  

Hooded w a r b l e r  
(Wilsonianitrina) 

c a d d i s f l i e s ,  m o t h s ,  
a p h i d s ,  w a s p s ,  b e e s  

DEL,CH, NC, 
SC,GA 

DEL,CH,NC, 

l e a f h o p p e r s ,  s c a l e  i n s e c t s ,  
a n t s ,  a p h i d s  

W i l s o n ' s  w a r b l e r  
(L Pusilla) 

SU, T  g r a s s h o p p e r s ,  a n t s ,  s p i d e r s ,  6 , 9 , 1 0 , 1 2  
b e e t l e s  

O r c h a r d  o r i o l e  
(J.chwu sDurius) 

N o r t h e r n  o r i o l e  
(L nalbula) 

s p i d e r s ,  a n t s ,  b e e t l e s ,  
c a t e r p i l l a r s  

Brown-headed c o w b i r d  
(Molothrus afsr) 

NE,DEL, C H ,  
NC,SC,GA. 

FL 

T h r a u p i d a e  - t a n a g e r s  

S c a r l e t  t a n a g e r  
(Piranaa olivacea) 

Summer t a n a g e r  
ce rvnra) 

H M ,  TS 

HM, TS 

b e e t l e s ,  b e e s ,  wasps ,  
c a t e r p i l l a r s  

c a t e r p i l l a r s ,  w a s p s ,  b e e s ,  b e e t l e s  1 2 , 1 3  



Fami ly  / S p e c i e s  Region S e a s o n  

P 

S t a t u s  

C 

H a b i t a t s  

LH. AH. TS 

f o o d  H a b i t s  R e f e r e n c e s  

n o r t h e r n  c a r d i n a l  NE,DEL,CH. 
(Cardinaliacardinalls) NC,SC,GA, 

FL 

R o s e - b r e a s t e d  g r o s b e a k  NE,DEL,CH, 
(Pheucticus NC,SC,GA 

g r a s s h o p p e r s ,  b e e t l e s  
Polvnonr&as !kQeus, Toricodcndron 

H H ,  TS 

HH,TS 

b e e t l e s ,  a n t s ,  wasps ,  
b e e s ,  

B l u e  g r o s b e a k  DEL,CH,IIC, 
(Cuiraca cserulee) SC,GA.FL 

g r a s s h o p p e r s ,  b e e t l e s ,  w e e v i l s ,  
Peniclmr. CvoeruJ, ScirnLu, 
w 

Evening  g r o s b e a k  DEL , CH , NC, 
(Coccothraustes SC,CA 

uesDettfous) 

R-UC H H ,  TS b e e t l e s ,  c a t e r p i l l a r s ,  
roxicodendron, Cornus 

I n d i g o  b u n t i n g  NE,DEL,CH, 
(Paasetina cvanea) WC,SC.CA, 

FL 

L I ,  HU c a t e r p i l l a r s ,  g r a s s h o p p e r s ,  
b e e t l e s  

P a i n t e d  b u n t i n g  SC,GA.FL 
(& W) 

UC 

UC-C 

HU.TS ' 

H I ,  TS 

nprica, Panicrtm, b e e t l e s ,  
c a t e r p i l l a r s ,  g r a s s h o p p e r s  

American t r e e  s p a r r w  NE, DEL 
(SDizsllaarhorca) 

(b 

Panicurn, CvDerus, kmaranthus, 
Leersia, Setaria, b e e t l e s ,  
a n t s  

F r i n g i l l i d a e  - f i n c h e s  

P u r p l e  f i n c h  DEL,CH,NC, 
(Catoodecus-) SC,GA 

UC-FC 

R-UC 

U C  

R 

C 

HM,  TS 

tin, TS 

HH, TS 

HH. TS 

LH, H H ,  TS 

House f i n c h  
(L C,) 

DEL 

P i n e  s i s k i n  DEL,CH, WC, 
(Carduelis R i u a )  SC'GI 

c a t e r p i l l a r s ,  a p h i d s  

Common r e d  pol  1 DEL 
(Brantbis ElemiPea) 

American g o l d f i n c h  NE,DEL,CH. 
(L t&u.ku)  NC,SC,GA, 

FL 

s e e d s  o f :  u, 
ealvnonum, Setaria, Lizania, 
Amaranthus; a p h i d s ,  c a t e r p i l l a r s  
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F a m i l y  / S p e c i e s  

Marsh wren  
( L o n g - b i l l e d  m a r s h  w r e n )  
(Cistothorusnalustris) 

Sedge  wren 
( S h o r t - b i l l e d  m a r s h  w r e n )  
(L olatensis) 

Mimidae - m o c k i n g b i r d s  and 

Gray c a t b i r d  
(Dumatellacarolinensis) 

Region  S e a s o n  s t a t u s  H a b i t a t s  Food H a b i t s  R e f e r e n c e s  

NE,DEL,CH, SU,T-north C  LM, HM 
NC,SC,GA, P - s o u t h  

FL 

a q u a t i c  i n s e c t s ,  s n a i l s ,  
c r a n e f l i e s ,  d r a g o n f l i e s ,  
m o s q u i t o  l a r v a e  

NE, DEL, C H ,  SU, T - n o r t h  R-UC LM,HM 
NC, SC,GA.FL W,T-south 

b e e t l e s ,  moths ,  c a t e r p i l l a r s ,  
a n t s ,  g r a s s h o p p e r s  

t h r a s h e r s  

NE,DEL,CH, SU,T-nor th  A LM,HM,TS 
NC, SC,GA, P - s o u t h  

Smilax, Mvrlca, - 
FL 

Brown t h r a s h e r  DEL, C H ,  NC, SU,T-nor th  U C  HM,TS b e e t l e s ,  a n t s ,  g r a s s h o p p e r s ,  
(Toxostoma Edflm) SC,GA,FL P-South Smilax, Toxicodendron, M U  

~ u s c i c a p i d a e  - t h r u s h e s ,  g n a t c a t c h e r s ,  and  k i n g l e t s  

American r o b i n  NE,DEL, CH SU,T-north A LM, HM,TS c a t e r p i l l a r s ,  b e e t l e s ,  worms, 
(Turdus l&u&uAu) NC,SC,GA. W ,  T -south  Smilax 

FL 
d 

M o t a c i l l i d a e  - p i p i t s  ' Water  p i p i t  DEL,CH,NC, W,T UC-C LM, HM b e e t l e s ,  f l i e s ,  c a t e r p i l l a r s ,  
(8nthus slimld&) SC,GA,FL c r i c k e t s ,  Panicurn 

S t u r n i d a e  - s t a r l i n g s  

S t a r l i n g  NE, DEL, CH, P C-A LM, H M ,  TS b e e t l e s ,  g r a s s h o p p e r s ,  m i l l i p e d e s ,  
(Sturnis !u&arAl) NC,SC,GA, Toxicodendron, Mvrica 

FL 

E m b e r i z i d a e  - wood w a r b l e r s ,  b l a c k b i r d s ,  t a n a g e r s ,  g r o a b e a k s ,  b u n t i n g s ,  and  s p a r r o w s  

Worm-eating w a r b l e r  DEL , CH , NC, T  U C LM, H M ,  TS g r a s s h o p p e r s ,  w a l k i n g  s t i c k s ,  
(Hermitheros vermivorus) SC,GA.FL s p a n  worms, weevils, s p i d e r s  

S w a i n s o n ' s  w a r b l e r  CH, NC, SC, SU, T - n o r t h  R-UC LM, H M ,  TS a n t s ,  b e e s ,  s p i d e r s ,  
(Limnothlvois-) G A ,  FL T - s o u t h  s m a l l  c a t e r p i l l a r s  

O v e n b i r d  NE,DEL,CH, SU,T-nor th  U C  LM, H M ,  TS s n a i l s ,  s l u g s ,  worms, 
(Seiurusaurocaoillus) N C ,  SC,GA, W ,  T - s o u t h  c r i c k e t s ,  a n t s ,  s p i d e r s  

FL 

N o r t h e r n  w a t e r t h r u s h  NE,DEL,CH, SU-T UC-C LM, HM,  TS w a t e r  b e e t l e s ,  d a m s e l f l i e s ,  
(s. noveboracensis) NC,SC,GA, moths  

FL 



F a m i l y  / S p e c i e s  Region  S e a s o n  S t a t u s  H a b i t a t s  Food H a b i t s  R e f e r e n c e s  

L o u i s i a n a  w a t e r t h r u s h  
(L lwwiiua) 

SU,T-nor th  UC-FC LH, HH,  TS 
T-South  

d r a g o n f l y  a n d  c r a n e f l y  5 ,6 .9 -12 ,  
l a r v a e ,  k i l l i f i s h e s ,  m o l l u s k s  15-17 

Common y e l l o w t h r o a t  
(Geothlvoia trichas) 

NE, DEL, C H ,  
NC,SC,GA, 

FL 

SU,T-nor th  C-A LH, HH. TS 
P - s o u t h  

g r a s s h o p p e r s ,  d r a g o n f l i e s ,  b e e t l e s ,  1 , 5 , 7 - 1 4 ,  
d a m s e l f l i e s ,  s p l  d e r s  16-18 

Mourning w a r b l e r  
(QmuuXAl-1 

DEL T  U C H H ,  TS i n s e c t s ,  s p i d e r s  6.11 

C o n n e c t i c u t  w a r b l e r  
(a aailis) 

DEL,CH, NC. 
SC.GA 

T  R-UC H H ,  TS s p i d e r s ,  b a r k  i n s e c t s  6 , 1 2  

Kentucky w a r b l e r  
CQ.. fprmnsus) 

DEL, C H I  NC, 
SC,GA,FL 

SU , T FC-C HH,SU,TS moths ,  c a t e r p i l l a r s ,  g r u b s ,  5,699-12,  
a p h i d s  1 6 , 1 7  

Canada w a f b l e r  
(WflsonieEanadensis) 

DEL, C H  SU,T R-UC H M ,  TS b e e t l e s ,  m o s q u i t o e s ,  f l i e s ,  5 , 6 , 9 , 1 3  
moths  

B o b o l i n k  
(--) 

SU,T-nor th  UC ( LA LH, H N  
T - s o u t h  i n  m i g r a t i o n )  

Zlzanfa, Panicurn, Polvnonum, 5-9 ,12 ,  
g r a s s h o p p e r s ,  c a t e r p i l l a r s  16 '17  

E a s t e r n  meadowlark  .., (SeYrnellamagna) 
-L 

NE, DEL, CH, 
NC,SC,GA. 

FL 

P C-A LR, HH u. -, c r i c k e t s  
g r a s s h o p p e r s  

NE,DEL,CH, 
N C ,  SC,GA, 

FL 

SU , T-nor t h  A LH, HK, TS 
P-South 

Red-winged b l a c k b i r d  
(Aaelaiusohoenireus) 

s e e d s  o f :  m, 1 , 5 - 1 0 , 1 2 ,  
lbkul lm* IzinkUn1 A~~LQLU, 12 ,14-18 ,  
!aReKu 2 1 , 2 2  

NE,DEL,CH, 
N C ,  SC,CA, 

FL 

W s T FC H M ,  TS Zizania, Panlcum, a q u a t i c  
i n s e c t s ,  b e e t l e s  

Rus ty  b l a c k b i r d  
(EunbanusEarolinus) 

W.T R-UC LH. HW. Brewer l s b l a c k b i r d  
(G -1 

a n t s ,  g r a s s h o p p e r s ,  s p i d e r s  12 

B o a t - t a i l e d  g r a c k l e  
(Ouiscalus maipc) 

SU, T - n o r t h  C-A LN. HW 
P - s o u t h  

NE,DEL,CH, 
N C ,  SC,GA, 

FL 

Common g r a c k l e  

(a, dulscub) 

Pesseridae - sparrows 

House s p a r r o w  
uL&iuZ domesticus) 

N E , D E L , C H ,  
N C ,  SC,GA,  

FL 

LH, HM b e e s ,  g r a s s h o p p e r s ,  c r i c k e t s ,  
e a r t h w o r m s ,  c r a y f i s h ,  

Zizania, Quercus 

LM, H M ,  TS 



F a m i l y  / S p e c i e s  Re$ion 

F r i n g i l i d a e  - f i n c h e s  

R u f o u s - s i d e d  towhee  NE, DEL, CH 
(Pioilo NC,SC,GA 

FL 

S e a s o n  S t a t u s  H a b i t a t s  Food H a b i t s  R e f e r e n c e s  

HM, TS s e e d s  o f :  Panicurn, E-, 1 , 6 , 7 , 9 ,  
G2UE.uat  k k i =  10 ,12913,  

1 6 , 1 8  

Savannah  s p a r r o w  
(Passerculus 

sandwichensis) 

NE, DEL,CH, 
NC. SC,GA, 

u o c h l o a ,  Polvaonum, eanicum, 6 - 1 0 , 1 2 , 1 6  
-cYJmus 

LM, H M  

eolvaonum, Panicurn, 
g r a s s h o p p e r s ,  c a t e r p i l l a r s  

G r a s s h o p p e r  s p a r r o w  
(Ammodramussavannarum) 

UC-FC 

UC-FC 

UC 

U C 

U C 

A 

C 

LM, H M  

LM, HM 

LM, H M  

LM, H M  

LM, H M  

LM, HM 

LM, H M  

Hens low's  s p a r r o w  
(A. henslowii) 

eanicum. Polvaonum, 
b e e t l e s ,  g r a s s h o p p e r s  

Le C o n t e t s  s p a r r o w  
(A. leconteii) 

Panicurn, Polvaonum, g r a s s h o p p e r s ,  
b e e t l e s  

S h a r p - t a i l e d  s p a r r o w  
(A. caudacutus) 

NE, DEL, CH 
NC,SC,GA 

Zizania, -, 
l e a f  h o p p e r s  

Polvaonum, Panicurn,  
b e e t l e s ,  g r a s s h o p p e r s  

Vesper  s p a r r o w  

d 
(eooecetesgramineus) 

S l a t e - c o l o r e d  j u n c o  
rQ (Juncohvemalis) 

Polvaonum, Panicurn, GxQ.fXS, 6 , 1 2 , 1 6  
ToxicodendrJln, b e e t l e s ,  c a t e r p i l l a r s  

g r a s s h o p p e r s ,  c a t e r p i l l a r s ,  
Setaria. eanicum, Amaranthus, 
i!.QlY- 

C h i p p i n g  s p a r r o w  
(Soizella Dasserinaf 

F i e l d  s p a r r o w  
(S, Dusilla) 

NE, DEL, CH 
NC, SC,CA, 

FL 

LM. H M  Panicurn, mranthus, Setaria, 
b e e t 1  e s ,  g r a s s h o p p e r s  

White-crowned s p a r r o w  DEL, C H ,  NC,  
( Z o n o t r i c h i a  SC,GA,FL 

C 

C-A 

LM,HM 

LM, HM 

Panicurn, eolvaonum, S e t a r i a s  6 , 7 , 9 , 1 0 ,  
-, s p i d e r s ,  b e e s ,  w a s p s  1 2  

fUY~3a~am. Setaria, Cvoerus, 6-10 ,12 ,  
Panicurn. Amaranthus, a n t s ,  b e e s  1 3 , 1 6  

W h i t e - t h r o a t e d  s p a r r o w  NE,DEL,CH, 
(L albicollis) NC, SC,GA, 

FL 

Polvaonum, Setaria, 3bxicodendron. 6 , 9 , 1 2 ,  
m i l l i p e d e s ,  b e e t l e s  1 3 , 1 6  

Fox s p a r r o w  DEL,CH,NC, 
(Passerella iliaca) SC,GA.FL 

LM, H M  

LM, HM,TS CuDerus, Polvaonum, Panicurn, m, w. b e e t l e s  
c r i c k e t s ,  g r a s s h o p p e r s  

Swamp s p a r r o w  NE, DEL, CH, 
(Melosoiza-) NC,SC.GA, 

FL 



F a m i l y  / S p e c i e s  Region  

Song s p a r r o w  NE,DEL,CH, 
(L melodial NC,SC,GA, 

FL 

Snow b u n t i n g  DEL, CH 
(Plectroohenaxnlvalis) 
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Food H a b i t s  

Polvaonum, Panicurn, CvDerus, 
Amaranthus, b e e t l e s ,  c r i c k e t s  

E=t2dra. Setaria, Cvoerus, 
Panicurn, f l y  l a r v a e  and  pupae  

R e f e r e n c e s  



APPENDIX E: 
Mammals of  t i d a l  f r e s h w a t e r  w e t l a n d s  o f  t h e  A t l a n t i c  c o a s t a l  r e g i o n  

Region  S t a t u s  Food h a b i t s  R e f e r e n c e s  

V i r g i n i a  opossum 
(melohis Pirniniana) 

S o r i c i d a e  - s h r e w s  

NE,DEL,CH, 
NC, SC,GA 

i n s e c t s ,  f r u i t s  and b e r r i e s ,  
s m a l l  mammals, b i r d s  

Masked shrew 
(Sorex cinereus) 

DEL. CH i n s e c t s ,  c r u s t a c e a n s ,  m o l l u s k s  

S o u t h e a s t e r n  shrew 
(3, lonairoatris) 

s p i d e r s ,  s l u g s ,  s n a i l s  

S h o r t - t a i l e d  shrew 
(Blarina brevicauda) 

i n s e c t s ,  c r u s t a c e a n s ,  a n n e l i d s ,  
m o l l u s k s  

S o u t h e r n  s h o r t - t a i l e d  
shrew 

(& wolinensis) 

c r u s t a c e a n s ,  i n s e c t s ,  m o l l u s k s ,  

a n n e l i d s  

-L 

rl 
L e a s t  shrew 

P (!bauui2 J&c!u) 
g r a s s h o p p e r s ,  moths ,  b e e t l e  l a r v a e ,  
and  o t h e r  i n s e c t s  

T a l p i d a e  - m o l e s  

c a d d i s  f l y  l a r v a e ,  m i d g e s ,  l e e c h e s ,  
a q u a t i c  o l i g o c h a e t e s ,  s m a l l  f i s h  

S t a r - n o s e d  mole  
(Condvbra sxiisda) 

t e r r e s t r i a l  and a q u a t i c  
01 i g o c h a e t e s  

E a s t e r n  mole  
(i%dQRm i%uaLkM) 

DEL, CH , NC, 
SC,GA 

V e s p e r t i l i o n i d a e  - b a t s  

R-UC S i l v e r - h a i r e d  b a t  
(Lasionucterisnoctivaaans) 

f l y i n g  i n s e c t s  

B i g  brown b a t  
(k2&3.km fuscus) 

RE, DEL, CH 
NC,SC,GA 

C o l e o p t e r a ,  Hymenoptera 

S e m i n o l e  b a t  
(Lasiurus seminolus) 

c r i c k e t s ,  l a r g e  f l y i n g  i n s e c t s  

D a s y p o d i d a e  - a r m a d i l l o e s  

Nine-banded a r m a d i l l o  
a!aiwuS oouemcinctus) 

b e e t l e  and t h e i r  l a r v a e ,  
s n a i l s ,  s l u g s ,  c e n t i p e d e s  



F a m i l y  / S p e c i e s  Region  S t a t u s  Food h a b i t s  R e f e r e n c e s  

L e p o r i d a e  - r a b b i t s  

H a r s h  r a b b i t  CH,NC,SC, 
(.&lUlUU-) CA, FL 

l e a v e s ,  s t e m s ,  r o o t s  of a q u a t i c  
e m e r g e n t  p l a n t s  

E a s t e r n  c o t t o n t a i l  NE,DEL,CH,NC, 
(SA floridanus) SC,GA,FL 

g r a s s e s ,  s e d g e s ,  t w i g s  o f  
s h r u b s  

S c i u r i d a e  - c h i p m u n k s  and  s q u i r r e l s  

E a s t e r n  chipmunk 
aaum striatus) 

s m a l l  b i r d s ,  s n a k e s ,  mice ,  
s l u g s  

Gray s q u i r r e l  NE,DEL,CH, 
(Sciurus -1 NC,SC,GA,FL 

n u t s ,  s e e d s ,  b e r r i e s  

Fox s q u i r r e l  
(S, nu=) 

seeds, b e r r i e s ,  n u t s  

S o u t h e r n  f l y i n g  s q u i r r e l  N C ,  SC,GA 
(Claucomus !u?lmA) 

b e r r i e s ,  n u t s ,  i n s e c t s ,  s m a l l  
b i r d s  

Woodchuck NE,DEL,CH 
(Marmota ULQnU) 

4 
C a s t o r i d a e  - b e a v e r s  

U1 
B e a v e r  HE,DEL,CH 
( ! a a h r  canadensis) 

p e r r e n i a l s ,  g r a s s e s ,  s e d g e s  

woody and a q u a t i c  p l a n t s  - s w e e t  gum, 
a l d e r ,  w i l l o w ,  Peltandra, PmM!xia, 
s, s e d g e s ,  g r a s s e s  

C r i c e t i d a e  - m i c e  and r a t s  

H a r s h  r i c e  r a t  
(Orrzomvs Delustris) 

s e e d s ,  e s p .  lizania, g r a s s e s ,  
s e d g e s ,  i n s e c t s  

E a s t e r n  h a r v e s t  mouse CH,NC, SC, 
( & J t h r o d o n t w  humulis) CA,FL 

moth l a r v a e ,  s e e d s  o f  
g r a s s e s ,  e s p .  Setaria 

Y h i t e - f o o t e d  mouse NE,DEL,CH 
(Peromuscus leucolzlbs) 

i n s e c t s ,  g r a s s e s ,  s e d g e s ,  
s e e d s  of 

Cotton mouse NC,SC,GA,FL 
ce nossvoinlrs) 

Deer mouse NE 
ce maoiculW) 

E a s t e r n  wood r a t  SC,CA 
(leotoma flaridana) 

grasses, sedges, insects 

r u s h e s ,  g r a s s e s ,  s e d g e s ,  b e r r i e s ,  
n u t s  

g r a s s e s ,  s e d g e s ,  s e e d s ,  n u t s  

Meadow v o l e  NE, DEL, CH 
(fi,ussu nennsvlvanicus) 

r u s h e s ,  s e d g e s ,  g r a s s e s  



F a m i l y  / S p e c i e s  

M u s k r a t  
(Ondatra z i h t h k u )  

S o u t h e r n  bog lemming  
(Sunaatomvs cooDeri) 

Hispid c o t t o n  r a t  
(5ipmod9n hisDidus) 

Muridae - old world mice 

House mouse  
(&is W) 

Norway r a t  
(Rattus oorvenicus) 

Z a p o d i d a e  - jumping  m i c e  

R e g i o n  

NE, DEL, CH 

S t a t u s  

C-LA 

NE, DEL,CH, 
NC, SC,GA. FL 

DEL,CH,NC, SC 

Food h a b i t s  R e f e r e n c e s  

r o o t s  a n d  r h i z o m e s  o f :  1 - 3 , 7 , 8 , 1 2 ,  
-a americanus, Sanaitaria, I u h a ,  13,15,16 
LenrsFa, Zizania, P o n t e d e r h ,  
Q,!genu, Eanicum., a n d  many o t h e r s  

g r a s s e s ,  s e d g e s  12,13 

c r a y f i s h ,  i n s e c t s ,  g r a s s e s ,  
sedges 

s e e d s ,  e s p .  Setaria, b e e t l e  
a n d  b u t t e r f l y  l a r v a e  

s e e d s ,  s m a l l  mammals a n d  
b i r d s  

Meadow j u m p i n g  mouse NE,DEL,CH, NC 
(Zaeus hudsonius) 

C a p r o m y i d a e  - n u t r i a s  

b, N u t r i a  DEL, CH, NC 
flwua&QL cov~u%) 

C a n i d a e  - f o x e s  

b e e t l e s ,  cu tworms ,  b e r r i e s ,  s e e d s ,  
e s p .  ImDatiens 

UC-LA s t e m s  a n d  l e a v e s  o f :  I-, 
g r a s s e s ,  r u s h e s ,  s e d g e s  

Red f o x  
(liuloes xUl!2ea) 

Gray  f o x  NE,NC,SC,GA 
( W Y P n  cinereoaraenfeus) 

U r s i d a e  - b e a r s  

B l a c k  b e a r  
(Ursus americanus) 

P r o c y o n i d a e  - r a c c o o n s  

E a s t e r n  r a c c o o n  
(Procvon LetPI1) 

NC, SC,GA 

r a b b i t s ,  m i c e .  v o l e s ,  b i r d s ,  
s n a k e s  

m i c e ,  v o l e s ,  s h r e w s ,  r a b b i t s  

o m n i v o r u s  

f i s h ,  c r a y f i s h ,  f r o g s ,  m u s s e l s ,  
b i r d s ,  r e p t i l e s ,  m u s k r a t s  



F a m i l y  / S p e c i e s  Region  S t a t u s  Food h a b i t s  R e f e r e n c e s  

M u s t e l i d a e  - w e a s e l s  

L o n g - t a i l e d  w e a s e l  
(nustela frenata) 

NE,DEL,CH, 
NC, SC,CA 

m i c e ,  r a b b i t s ,  r a t s ,  s h r e w s  

NE,DEL,CH, 
N C ,  SC,GA,FL 

Mink 
(L ?_L) 

m i c e ,  v o l e s ,  f r o g s ,  s m a l l  
b i r d s ,  m u s k r a t s  

S t r i p e d  s k u n k  
( N W  meDhitis) 

m i c e ,  b e e t l e s ,  b e r r i e s ,  c r i c k e t s ,  
n u t s  a m p h i b i a n s  

R i v e r  o t t e r  
(Lutra canadensis) 

c r a y f i s h ,  f r o g s ,  t u r t l e s ,  f i s h  

F e l i d a e  - c a t s  

B o b c a t  
(Eells rYfras) 

UC-LC m a r s h  r a b b i t s ,  m u s k r a t s ,  s q u i r r e l s ,  
m i c e  

C e r v i d a e  - d e e r  

NE,DEL,CH, 
N C ,  SC,CA,FL 

W h i t e - t a i l e d  d e e r  
(S!dsaileus virainiam) 

s e d g e s ,  g r a s s e s ,  e s p .  U&anU 

4 D e l p h i n i d a e  - d o l p h i n s  

Common do1 p h i  n  
(DelDhinus delohis) 

f i s h  
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