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ABSTRACT.--Wetland invertebrates in bottomland

hardwoods were studied to examine the linkage among
forest type, flooding regime and invertebrate

populations. Sixteen plots were established,

representing two forest types (I) pin oak-sweetgum

(Quercus palustris Muenchh.-Liquidamber styraciflua
L_)' and (2) overcup oak-red _ (_. lyr-a_a _-
Acer rubrum L.) and two flooding regimes (I) natural

flooding and (2) greentree reservoirs (impounded

bottomland forests managed for waterfowl).

Invertebrates responded rapidly to flooding and

within four weeks peak numbers occurred on pin oak
sites (6275 individuals/m_). Chironomid larvae,

isopods (Ascellus sp), fingernail clams (Pisidium

sp), amphipods (Crangonyx sp) and oligochaetes were

the dominant taxa identified. For both flooding
regimes, pin oak sites had greater invertebrate

densities in fall (Oct-Nov) than overcup oak sites,
but in spring (Mar-May), overcup oak sites had

greater densities. Functional feeding groups of
invertebratesweredominatedby shreddersand
collectors.

• {NTRODUCTON Bottomlandhardwoodsin theMississippiAlluvial

Valley have a definite pattern of vegetation
_dv _ _e_,_:md _/_ver_J_ra_e_ in bottomland distribution as a result of the interaction of subtle

h_rdwo_:_d_ore_ has bee_ aeglected, neither being changes in topography and the varying frequency,

i _n _:h_:_dis_]iplir_e of ,:_qua<i<_or r.errestrial biology, duration and depth of flooding (Bedinger 1978,
The dv;'_am_e__{ _mvertebra_ populations in forested Fredrickson 1978). In the northern portion of the

_ w_}and_ _e r_b_ed to _ fh._ctua_lngwater regime valley, forest types change from the lowest sites

_ {Wh_x<_n e_. al. 1976o _r_on_ and Wharton 1978, dominated by bald cypress (Taxodium distichum (L.)

Noodle }970_ _i_ver¢_ebva_:pop_la_:ions in these Rich.) and water tupelo (Nyssa aquatica L.), to the

_v_<_Ic <_nv_r_mmer_s respond quickly to water and highest sites characterized by a mixed oak-hickory
m_:r_e=_ _mp_s {_-<ar_{_m_a_d W1_aror_H_[978). Winter forest (Fredrickson 1978). The annual and long term

_:_oo_ _:_:_r_<vibutenutrlen_ aridem_rgy to the fluctuations in precipitation and flooding which
_'{<_odpbi_i,__>r_m_rlly in the form of leaves, and in determine vegetation patterns also influence animal

_. _he_e inp_J_ !_ppor_ vapid increases in the adaptive strategies within certain forest types
(Fredrickson 1978, Wharton et. al. 1981, White 1985).

However, the influence of forest type on invertebrate
......................................... distribution and abundance is still not well

I understood.

A _:_r #re_e_'_ed at the Fifth Central Hardwood

_o_'_-erenc.e_'mR!a_: _:neUnlversi_y of Illinois, Urbana Throughout the Mississippi Alluvial Valley,lll£_,(:<i_.,',_ _'_ April. 15--17 1___'_
, , .91._. bottomland areas have been impounded to provide

2 nurseriesfor crayfish(Sklarand Conner1981)or

Oo_ald L_ _a_em_, Grad_a[e Re_earch Assistant; reservoirs for migrant and wintering waterfowl
'Jr,av S. _{ende.rson_Profe_s_-_rand Leigh H. Fredrickson (Rudolph and Hunter 1964). Creation of crayfish
Fro_or; School of Fore_ry, Fisheries and farms and greentree reservoirs alters the natural

Wi}d[ife._ L_LL_i_erslt__o_ Missouri_ Columbia, Missouri flooding of bottomland forests Instead of a
dynamic water regime, these managed impoundments
are flooded and drained at set times and specific

water levels maintained. The effect of impounded
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water on invertebrate communities in crayfish farms impoundment provided water for the greentree
results in lower species diversity and biomass reservoir (Pool 3) at Duck Creek around mid-October

(Sklar and Conner 1981). Significant quantities of and constant water levels were maintained until the
invertebrates are present in a greentree reservoir pool was drained in January. Within each forest

in southern Illinois to provide an adequate food type and flooding regime, four replicated plots were

resource for migrating waterfowl (Hubert and Krull established, for a total of sixteen study plots.
1973). In contrast, invertebrate production on one Each plot was approximately 0.25 hectares.

managed and two naturally flooded sites in Missouri

was relatively low (White 1985). It is unclear to
what extent invertebrate community structure changes Field And Laboratory Methods

with alteration of natural flooding regimes.
Invertebrate samples were collected using 18x18

To better understand the response of xl0 cm boxes constructed from 0.65 cm hardware cloth.

invertebrates to a dynamic hydroperiod, a wetland A sample of the Ol litter layer was placed into each

invertebrate study was conducted during the 1983- box. Prior to flooding, twelve hundred invertebrate
1984 dormant season in a bottomland hardwood forest boxes were placed on the sixteen plots. Seventy-

within the Mingo basin in southeast Missouri. The five boxes per plot were arranged in a 5 row by 5

objective was to document the influence of forest column grid with three boxes per grid point. Each
type and flooding regime on wetland invertebrate grid point was marked with a surveyors flag. A

community structure in bottomland hardwood randomly selected sample of five boxes per plot was

ecosystems, retrievedmonthly from the onset of floodingto
complete drydown (October to May). Boxes were lifted
from the water in a three sided (23x23x20 cm)

MATERIALS AND METHODS hardware cloth box lined with 0.4 mm bugnet to retain
invertebrates. At the time of collection, water

temperature and water depth were recorded.

Study Area And Experimental Design
Invertebrates were sorted from the leaf litter

The study area was located on the Mingo National using a sequence of washing, sieving and floatation.
Wildlife Refuge and the adjacent Duck Creek Wildlife Each sample was placed on a 0.65 cm sieve and litter

Management Area in Stoddard, Bollinger and Wayne not passing through the sieve was washed and sorted
counties in southeast Missouri. The area is a for invertebrates. The portion passing through was

relict valley of the Mississippi river and collected and water poured through a 0.5 mm sieve to

represents the largest remaining tract (22,000 retain invertebrates. This procedure was repeated
hectares) of bottomland hardwood forest in Missouri until the detritus was free of sediment.

(Korte and Fredrickson 1977). The climate is Invertebrates that did not float during washing were
characterized as continental, humid, warm temperate picked from the remaining detritus. Organisms

(Krusekopf 1966). The average annual rainfall is retained by the 0.5 mm sieve and those hand picked
111.8 cm (U.S. Weather Bureau 1940-1969). Soils were stored in 70 percent ethanol.

are of the Calhoun series, Typic Glossaqualfs,

fine-silty, mixed, thermic. Invertebrates were identified to family or genus
and counted. Taxonomic identification followed

Two tree zones within a continuum of bottomland Borror et. ai.(1981), Edmundson (1959), Merritt and

forest types were selected for study: (i) a low Cummins- (1978) and Pennak (1978), with the following
zone, flooded throughout the dormant season, is exceptions: isopods (Williams 1972), amphipods

dominated by overcup oak (Quercus lyrata Walt.), (Holsinger 1976) and fingernail clams (Burch 1975).

red maple (Acer rubrum L.), cottonwood (Populus Data analyses were conducted using a SAS package
spp.), elm (Ulmus spp.) and ash (Fraxinus spp.), (SAS Institute, Inc., North Carolina).
and is referred to as the overcup oak-red maple

forest type (OCRM); (2) a zone with a slightly
higher elevation, shorter flooding duration and RESULTS

lower water depths is characterized by pin oak

(Q. palustris Muenchh.), sweetgum (Liquidamber Water levels on POSG sites in both the greentree
styraciflua L.), willow oak (Q. phellos), elm, and reservoir and naturally flooded areas are
ash, and is referred to as a pin oak-sweetgum site consistently lower than on OCP@_ sites (fig. i).

(POSG). These forest types are classified as Water entered the greentree area in mid-October by
Palustrine, forested wetland, broad-leaved gravity flow from an impoundment and water levels

deciduous, seasonally flooded wetlands (Cowardin were maintained between 20 and 40 cm except for a

et. al. 1979). floodingevent in December. This floodingevent
also inundated the naturally flooded sites (fig. i).

In addition to selecting two forest types, two Water levels declined on the greentree sites after

different flooding regimes were compared: (i) the December maximum, due mainly to drainage of the

natural flooding (Mingo National Wildlife Refuge) pool to water control levels. On naturally flooded
and (2) managed greentree reservoirs (Duck Creek sites, inundation persisted after the period when

Wildlife Management Area). Greentree reservoir greentree sites were drained. Maximum water depth

flooding differs from natural flooding in the was reached on the naturally flooded area in March,

timing, depth and duration of flooding. An probably in association with high rainfall (fig. I).

197



GREENTREE
GR E E N T R E E 8000 FOREST TYPE

_o FOREST I_¢PE ? ,,POSG
7000 OCRMo

_,_ _ OCRM _ 6ooo I _
-J l \E / < 5000 \

T: _T- 4000 / \

_ Z / \c3 I _ooo \

_,; :_0 ....._ _ _ 2000 J\
- " O :

_" ................................................................................ _[,,, #_:';" , ........ NOV J AN MA R MAY
NC)V LAN MA_ MAY OCT DEC FEB APR

_c__ Dec F_a A;,_:_ DATE
DATE

NATURAL FLOODING
NATLJRAL F-LOOD_NG ,oooo FOREST TYPE

,_,) FOREST TYPE

I _ POGC gooo _, . POSGc_ o OCRM
:_ _ . OC]RM E CO00 /.\

E _ " _ 7000

;_ _i / _ 5ooo
Z 4000

<£

_ 0 2000 --

N{)V , {AN MAP_ ,,,;_A Y NOV JAN MAR MAY

OCT DEC ;EB A_:,:*# OCT DEC FEB APR
DATE DATE

F£CIIRE l,'--Wa[e__ depths on g_:eentree reservoir FIGURE 2.--Total densities of wetland

_md na_;u_al1_ flooded bottom]and hardwood sites, invertebrates on greentree reservoir and naturally
_983,,o_,98_, flooded bottomland hardwood sites.

W_ti_:_nd/_verneb_ate_ were present on all plots managed area (OCRM sites: 9000 individuals/m2 and

w:ithi_ _wo weeks _f_:er inundation (_ig. 2). Not only 7000 individuals /m2, respectively). Possibly the

did _nw_rtebrale populations cespond quickly to higher water levels on OCRM sites and naturally
{loodi_'_, bu_ hitch densities were recorded. Withi_ flooded areas influence these density responses
_:_'_r weeks oL flood:Lag. POgC sites in the greentree (fig. i). April water depths on the greentree

area ranged from about I to 7 cm, whereas naturally

flooded sites ranged from 4 to 12 cm.

m'°_d i_.opod_ (fig. 2). A seccmd peak, in April, is

_he r_ault of a hatch of isopods, _md to a lesser The assemblage of invertebrates in these
e:_,:en_, chiro_omid larvae, Mean invertebrate bottomland forests were characterized by relatively
de_si_,ie_ on POSG sites were as much as four times few taxa. These taxa were: chironomid larvae, isopods

those of ()C}_Msites during fall and winter, In (Asee!lus sp.), amphipods (Cran$onyx sp.), fingernail

_pr:in_ however, t:his relationsh:ip was reversed and clams (Pisidium sp.) and oligochaete worms. Between
0(:g_1 _i{es had up to four L;imes the invertebrate 84 and 97 percent of all organisms on a plot were

_ (:),__ sitesdensi_:y th_ did _ ¢c (fig. 2), represented by a combination of these five taxa
(table i). The mean densities of the dominant

On nat_rally flooded sites invertebrate densities invertebrate taxa were similar among flooding regime

reach a maximum at the same time in April for both in winter, but in spring invertebrate densities were

fores_ types (fig. 2), As in the greentree reservoir greater in the naturally flooded forest than in the
POgG sines bad greater invertebrate densities in greentree reservoir (table i).
fall and winter, whereas OCRM sites had greater

invertebrate densities in spring Further, maximum The relative composition of bottomland hardwood
invertebrate densities in naturally flooded areas invertebrates differed between forest type and

were greater than corresponding densities in the flooding regime (table 2). POSG sites tend to have

lgg



!i!!i!¸iiii!iiiililiiil!

large numbers of chironomids, lesser numbers of collectors were dominant trophic groups in flooded

_E isopods and oligochaetes and relatively few bottomland hardwoods (fig. 4). Isopods and amphipods
fingernail clams and amphipods. On OCRM sites the were the main shredders, but other shredders include

amphipods and fingernail clams were more prominant, lepidopteran larvae (fall), dryopid beetle larvae
and isopods and chironomids had similar densities (fall) and crane fly larvae (spring). Collectors

(table 2). Each taxa tends to have greater densities were dominated by chironomids, oligochaetes and

on naturally flooded POSG and OCRM sites than on fingernail clams, but crayfish and moth fly larvae

corresponding sites on the greentree reservoir, were also important. Naturally flooded sites had a
more equal distribution of functional feeding groups

TABLE l.--Dominant taxa as percent of all in winter than did greentree reservoir sites

organisms found per treatment (combination of forest (fig. 4).
type and flooding regime) and, iD parentheses, the
total densities as individuals/m Z.

_=AFFAU-

FOREST _PE _OODING REGI_ F_L WI_FER SPRING -I

POSG GT 93.1(5045) 96.7(2100) 89.7(1002)

OC_ GT 84.2([304) 95.6(582) 96.1(3332)

1
POSG NF - 94.0(1678) 90.8(3175)

OC_ _ - 89.1(706) 97.6(7502) _COU,JECTOI_T,H_:IER_--]

7
i i

Snails I I

TABLE 2.--Mean densities (individuals/m 2) of the _, ,

five dominant taxa from the different forest types |¢=-_=| COLI_rOFI._L_
and flooding regimes through the seasons. I m.g_,_,c,am

!
!

/
_IR0_MID POSG _ 3815 1433 llO l_x,¢l _

_ GT 448 180 375 PREDATOR
_$G _ _a 1028 665
_ _ - [83 1134 Hydrophl,dDytt_

_SOPOD POSG GT 860 SS6 781 FIGURE 3.--A simplified representation of the
_ cx 386 280 2429 trophic structure in bottomland hardwood ecosystems.
POSG _ - 550 2282

0C_ _ 413 270t

Grazersweremoreprominenton OCRMsitesthanon

_,_mV POSG GT 62 S 4 POSG sites, primarily because of greater densities of
_ GT 234 58 99

POSG _ _0 99 gastropods, such as planorbid and physid snails, on
_ .F 68 372 OCRM sites. Except in winter, the predator component

on all sites within a season are similar (fig. 4).

7 FINGE_A_L POSG _ 22 3 13 Dytiscid and hydrophilid beetle larvae were important
CLAM OC_ GT 208 97 34 1

POSG S_ 4 _6 predators on all sites in spring. Other common
oc_ _ _ so predators include; water mites and dipteran larvae

d (marshfly,horsefly,phantommidgeandbiting

OLIG_RAETESPOSG _ 28_ 90 94 midge) Because invertebrate communities inOC_ GT 28 39 88 '

POSG NF 56 _ bottomlands are dominated by detritivores (shredders

_ NF 42 70 and collectors), grazers and predators are not

=an_o_,_r_ numerically major components. However, these
ly organismscanplayimportantrolesat leaston a

seasonalor sitebasis(fig.4).

A detrital based invertebrate community is

represented in a simplified view of the trophic Terrestrial and semi-aquatic invertebrates were

[y relationships of bottomland hardwood invertebrates more prominent on POSG sites than on OCRM sites

_pods (fig. 3). In this scheme, shredders are the first (fig. 4). POSG sites had lower water levels and
_ail to act on leaf material (coarse particulate organic shorter flood duration than OCRM sites (fig. I), and

_en matter or CPOM), breaking it into smaller pieces, probably this can account for a larger terrestrial

The fragments and feces produced (fine particulate component on POSG sites. Spiders, collembollans and

organic matter or FPOM) are gathered or filtered by rove beetles were invertebrates in this group with
collectors. Grazers are organisms that scrape algae, rather high mobility. These organisms were capable

me fungi and bacteria from the surface of the litter, of colonizing litter surfaces after flood waters

:re Predators find the majority of their prey from the receded or escaped their advance. Other common
_e shredder and collector groups, invertebrates less tolerant of and often caught by

floodingeventsinclude:ants,lepidopterans,
The relative proportion of organisms in different centipedes and millipedes.

d trophic groups shows that in each season and for both

forest type and flooding regime, the shredders and
e
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floodedforests(ParsonsandWharton1978,White
FALL 1985,Zizer1978). Fingernailclamsand snailswere

_0_._, collectedwithin five days after flooding in a

greentree reservoir in southern Illinois (Hubert and
Krull 1973), and after three weeks fingernail clams,

I andsnailswereabundant.Theisopods, amphipods

_:_ __;_ greatest number of individuals occurred at six weeks

_,_ post flooding(Hubertand Krull 1973). POSG sitesin
the greentree reservoir in this study had peak

P©_i_C;C;T I;_O_CNF numbers of invertebrates four weeks after flooding

............ _;_ (fig-2)•

_a_E, Invertebrate populations in bottomland hardwoods

c__ CIoR

E

are 'pulsed' as a result of water and nutrient inputs

(Parsons and Wharton 1978). A pulse or peak in the
invertebrate population on POSG sites coincides with

_,_;_...... _;"_ flooding in the greentree reservoir (fig. 2). A

3_ {.._ second peak occurs in the greentree and naturally{@_"_ (')(__;__ _'_r_'J_: flooded areas in spring (fig. 2). These peaks areWINTER
probably related to water and nutrient inputs

.......... because other studies on Missouri bottomlandshave
demonstrated similar peaks in water column nutrients,

'_'_%_ zooplankton and larval fishes (Wylie 1985, Stewart

1983).

_ _._,_oR Peaks in invertebratenumbers come at a time when
invertebrates can be exploited by higher trophic

[ G3G _,_NF groups. Waterfowl are a major vertebrate group that
ultilize invertebrates as a food source (Krapu 1974,

_ ..... Swansonet. al. 1974). Invertebratesare important
protein sources for ducks during periods such as

egg laying, early duckling development and molting

_ (Drobneyand Fredrickson1979,Krapu 1974).
Therefore, invertebrates are actively sought to

....._............... satisfy dietary needs. Female wood ducks (Aix

(°K_M ,(3i ()CL'M-NF sponsa) in bOttomland hardwoods switched to an
SPRIN6 invertebrate diet during the egg laying period in

spring (Drobney and Fredrickson 1979). Wood ducks
....._ _C coL_c_o_ are well adapted to feed at the waters edge with a

_'_!_ pecking type of foraging that is effective for

........ _'_ aquatic as well as semi-aquaticand terrestrial

., ii;i_. __ invertebrates(Fredricksonand Heitmeyer1985).
_;i,_ Mallards (Anas platyrhychos) use bottomland forests

" _,_ PR_,_o_ _. extensivelyin fall and winterand ultilize

invertebrates during molt and the predeparture
F::_O_!'.i'_G, G! I:gC_G-NF phase (Heitmeyer 1985). In contrast to wood ducks,

.............,_ mallards feed more by subsurface dabbling on aquatic
forms associated with the forest litter (Fredrickson

_.__r:R and Heitmeyer 1985). Nevertheless, during major

_v_ floods, when the semi-aquatic forms are available,
_ _R_Sm_ mallards can readilyexploitthese resourcesas well.

_ ...... In a reviewof the faunaof bottomlandhardwood

OC_:_M _,G{ (JC_F_M.,,_NF forests (Wharton et. al. 1981) the most common

'F_f.,,-_,,,,l . sp_ ,_ ,,,G_On , ,{ ebr_rt? oligochaetes, snails, freshwater shrimp, isopods andfu_m_ iGUI_ _iedi_ _i_ii_; _Gp°r _. _nvert invertebrates noted were: fingernail clams,II e

amphipods. In managed greentree reservoirs the most
NF= Natural flooding. No water on NF plots in fall), common invertebrates include: isopods and amphipods

in winter ; pulmonate snails, fingernail clams and

isopods in spring; and amphipods, isopods, snails and

fingernail clams in fall (Hubert and Krull 1973).
DISCUSSION Invertebrate distribution found in this study

resembles that of other studies of bottomland

Envertebra_es responded within two weeks to hardwood sites (tables i, 2).

flooding :in bottomland hardwood forests (fig. 2).

The rapid appearance of invertebrates has been noted The most common invertebrate fauna on POSG and

in o_her we_ [and invertebrate studies in naturally OCRM sites were those taxa associated with leaf
litter that is seasonally flooded with water of
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varying depth. This invertebrate community differs and predators (figs. 3,4) are not directly involved
from that of other wetland habitats in bottomland in detrital processing but influence the process by

hardwoods (emergent marshes and drainage ditches), removing senescing microbial colonies and thus
For example, mayflies, dragonflies and corixids are enhancing microbial growth (grazers) (Fenchel and

rare or absent in the bottomland pools of this study. Harrison 1976), and by cropping the detritivores
However, invertebrates associated with Mississippi (predators).
River floodplain marshes are dominated by aquatic
insects and snails (Reid 1985). Likewise, fauna in

the drainage ditches associated with bottomland CONCLUSIONS

forests had much greater insect diversity than in the

floodplain pools (Hubert and Krull 1973). These Bottomland hardwood invertebrate communities

types of communities differ from the detrital based were dominated by a few taxa: isopods, amphipods,
communities found in the forested bottomland areas, fingernail clams, chironomids and oligochaetes.

These representative invertebrates are uniquely

Wetland invertebrates found in the seasonally adapted to the seasonal water regime typical of
flooded bottomland sites are unique in another sense forested wetland types. Forest type influenced

as well. They are adapted to the dynamic nature of both invertebrate abundance and c_mmunity structure.
the hydroperiod. The temporary presence of water POSG sites had more individuals/m during fall and
along with the fluctuating water regime requires that winter months, but in spring OCRM sites had greater

the invertebrates possess the following invertebrate densities. Chironomids and isopods are
characteristics: (i) the ability to withstand dry dominant on POSG sites, while OCRM sites are

periods (2) rapid development times (3) the ability dominanted by chironomids, isopods and to a lesser

to produce numerous offspring (4) have univoltine extent by amphipods and fingernail clams. Bottomland
life cycles and (5) high mobility (Wiggins et. al. hardwood invertebrate communities are characterized

1980). by detritivores.Shreddersand collectors,which

are numerically important, probably serve an
Invertebrates common to Missouri bottomland important community function by mineralizing

hardwoods exhibit several of these traits, organic matter.
Fingernail clams, isopods and beetles are adaptable
to dry periods. Viable fingernail clams were

collected from the 02 litter layer in August, the LITEP_TURE CITED
driest month in the annual cycle. Isopods mature
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