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. Project Justification ;

Daphnia lumholtzi, a' species of zooplankton native to Australia, southern A9ia and
eastern Africa, has recently been found in'a number of southern reservoirs in the United
States . In summer, 1993, Illinois Natural History Survey personnel discovered D . lumholtzi
to be dominant large zooplankton in Lake Springfield by late summer . Our finding constitute .
the first siting in Illinois and represents the current northern boundary of this species .
Daphnia lumholtzi, has large head and tail spines to increase its size to better avoid
predation and it is unknown whether North American fish predators will readily consume it .
Populations of D .'iumholtzi could potentially spread throughout the state, impacting
native threatened and endangered species . Without determining the impact of this daphnid
on the diets of native planktivores and examining its thermal preferences, we cannot
accurately predict the impact of this exotic on the aquatic ecosystems of Illinois .

8 . Project Objectives :
Our primary objective. will be to develop a better understanding of the possible

impact of D . lumholtzi on the aquatic ecosystems of Illinois . Our approach will include :
monitoring the zooplankton community of Lake Springfield throughout the summer months of
1994, determining the impact of D . lumholtzi on the diets of larval and juvenile fish
populations, testing the vulnerability of D . lumholtzi to predation by native fish, and
developing a better understanding of the life history and ecology of D . lumholtzi in
the current northern boundary of its distribution in North America .
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9 . Project Mcthoctolnev ;

We plan to sample the zooplankton community at various locations in Lake Springfield
biweekly throughout the summer months of 1994 . The larval and juvenile Xish populations
will be sampled concurrently with zooplankton sampling . Stomach contents will be analyzed
to document whether or not larval and juvenile fish readily consume the exotic daphnid .
As growth and reproductive potential of zooplankton species is related to environmental
temperature, and D . lumholtzi is usually found in warmer clines, we plan to sample areas
of Lake Springfield enhanced thermally from the City, Water Light and Power plant . We will
also sample selected surrounding waters from the same and adjacent watersheds for the
presence of D . lumholtzi to establish its current range in central Illinois . Laboratory
experiments will be performed to examine the vulnerability of the exotic daphnid to
predation by larval and juvenile fish .

10 . Project Location (city . county . etc.l :

Lake Springfield, Springfield, Sangamon County
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16. Mail completed application form to: Natural Heritage Division Department of Conservation 524 South Secon
Street Springfield, IL 62701-1787
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An exotic zooplankton in Illinois : its distribution
and potential impacts

Cynthia S . Kolar and David H . Wahl

Daphnia lumholtzi, a species of zooplankton native to
Australia, southern Asia and eastern Africa, has recently
appeared in a number of reservoirs in the southern and midwestern
United States in the following states : Alabama, Arizona,
Arkansas, Florida, Kansas, Missouri, North and South Carolina,
Oklahoma, Tennessee and Texas (J . E . Havel, personal
communication) . In late summer, 1993, we found D . lumholtzi to be
the dominant daphnid in Lake Springfield, central Illinois . Re-
analysis of earlier zooplankton samples revealed small numbers of
the exotic daphnid present in 1992 (Fig . 1) . This species has
distinct morphology with a large spike-like helmet (up to 2/3 of
total length), a long tail spine and smaller spines to deter
predators (Benzie 1988 ; Fig . 2) . In short, it looks very
different from any zooplankton native to Illinois . Sampling on
one date during time of peak abundance revealed additional
populations in Lake Shelbyville, Lake Kincaid, Lake Taylorville,
Lake Decatur, Clinton Lake and Sangchris Lake (all within central
and southern Illinois) . Since this zooplankton is exotic and
thus lacks natural biological controls found in its native
waters, and this zooplankton has unique morphological adaptations
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that presumably deter predation, the introduction of D . lumholtzi
may have profound effects on the waters of Illinois .

Zooplankton is a major food source for larval (Dettmers and
Stein 1992), juvenile (Noble 1975) and adult fishes (Mills et al .
1992) . Selective predation, competition and changes in water
temperature can lead to structural changes in the zooplankton
community (Hall et al . 1976 ; Ware 1977) . These changes in
zooplankton assemblages can influence the growth and survival of
larval and juvenile fishes (Miller et al . 1990 ; Bur and Klarer
1991) .

We compared peak zooplankton in Lake Springfield to that of
two reference impoundments in 1992 and 1993 and found that total
zooplankton abundance in 1993 was lower in 1992 for only Lake
Springfield (Fig . 3) . All taxa of zooplankton in Lake
Springfield decreased from 1992 to 1993 except the exotic
zooplankter . This early evidence suggests that D . lumholtzi may
impact native zooplankton, and thus, native fish populations .
Since many fish are size-selective predators, D . lumholtzi may be
selected because of its large size or it may be selected against
because of its extreme anti-predator morphological adaptations .
The effect of exotic zooplankton cannot always be predicted .
Bythotrephes cederstroemi is an exotic zooplankton established in
the Great Lakes that also has obvious predator-deterring
morphology (a long caudal process, which can measure up to 12
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mm) . It was believed by some that B . cederstroemi would



negatively effect plankton assemblages because it would be too
difficult for fish to ingest readily . In fact, colonization by
B . cederstroemi led to a shift in the feeding ecology of yellow
perch and alewives as they quickly added it to their diet (Bur
and Klarer 1991 ; Mills et al . 1992) .

We plan to examine the impact of D . lumholtzi on native
ecosystems both in the field and in the laboratory . In the field
we can assess the changes in the zooplankton population through
the summer to monitor trends in the relative abundances of
plankton species . We can also determine the impact of the exotic
daphnid on the diets of larval and juvenile fish . Field sampling
will be largely financed through an on-going study evaluating the
walleye stocking program funded through the Department of
Conservation . In bag experiments, we will assess the effect of
adding D . lumholtzi to native zooplankton populations by stocking
exotic zooplankton into half of the bags in addition to native
zooplankton communities . In the bags, we will also examine
whether or not the presence of fish predators change the
competitive outcome between the exotic and native zooplankters .
We are developing a grant proposal for the Natural Science
Foundation to fund this portion of the project . In the
laboratory, we propose to examine the vulnerability of D .
lumholtzi to predation by larval and juvenile bluegill, estimate
handling time and energetic return relative to that of native
daphnids and to determine larval and juvenile bluegill prey
preference (native vs . exotic) . It is this portion of our
project which we are proposing be funded for this proposal .

Laboratory research will be conducted in mid-late summer at
Sam Parr Biological Station, Kinmundy, Illinois . We will first
establish cultures of exotic and native daphnids . Zooplankton
will be collected from Lake Springfield using a 0 .5 m diameter,
63 µm mesh zooplankton net towed vertically through the water
column . Zooplankton will be transported to Sam Parr Biological
Station in coolers and will be cultured in the laboratory . D .
lumholtzi and native daphnid cultures will be started by passing
lake water through graded sieves to separate the species, if
possible (otherwise, daphnids will be hand-picked) . From our
preliminary work, we have found that the exotic daphnid cultures
easily in the laboratory . We will use D . pulex in pair-wise
tests as a native zooplankton as it also cultures easily and is
common in our area . We currently have laboratory cultures of
this species . Daphnid cultures will be fed algal cultures also
maintained on-site . After culture establishment, we will conduct
behavioral feeding studies with larval and juvenile bluegill .

Adult bluegill will be collected locally and allowed to
spawn in ponds to produce experimental larval fish, juvenile
bluegill will be collected from Forbes Lake . All fish will be
held in the laboratory prior to use . We will use three size-
classes of bluegill for these experiments : larval, 50 mm and 100
mm. We will have three forage treatments : all D . ulex, all D .
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lumholtzi, and an equal number of each (daphnid density for all
experiments will be kept constant at 75/L) . Daphnids will be
sorted using graduated sieves to ensure equal body size .
Bluegill will be allowed to acclimate 24 hr in 20 L plastic
buckets filled with 2-4 L water, depending on fish size . Then
daphnids will be added . The bluegill will be allowed to feed for
one hour . After an hour, remaining zooplankton will be removed
and enumerated . We will block by fish, thus each bluegill will
be exposed to each foraging treatment, in random order . After
which time, bluegill will be preserved to later obtain lengths
and weights--and to verify stomach contents . We will run 20
bluegill of each size-class through the selection experiments .
Preference will be measured using a selectivity index such as
Chesson's alpha (Chesson 1983) .

We will also run separate observational experiments with
bluegill of the same size-classes as above to look at handling
time and feeding behavior of bluegill feeding on native and
exotic daphnids . For these experiments, we will randomly offer
exotic or native daphnids to bluegill and observe feeding
behavior . We will re-test the same bluegill until no further
learning is observed for either daphnid species . Again 20
bluegill of each size-class will be run in these experiments .
Energetic values for both exotic and native daphnids will be
obtained from the literature or will be determined from microbomb
calorimetry .

Our combination of field and laboratory investigations are
designed to better understand the possible impact of the exotic
D . lumholtzi in Lake Springfield and other waters of Illinois .

3



Literature Cited

Benzie, J .A .H . 1988 . The systematics of Australian Daphnia
(Cladocera : Daphniidae) : Species descriptions and
keys . Hydrobiologia 166 :95-161 .

Bur, M .T . and D . M . Klarer . 1991 . Prey selection for the
exotic cladoceran Bythotrephes cederstroemi by selected
Lake Erie fishes . J . Great Lks . Res . 17(1) :85-93 .

Chelton, D .B ., P .A . Bernal and J .A . McGowan . 1982 . Large-
scale interannual physical and biological interaction
in the California current . J . Mar . Res . 40 :1095-1125 .

Chesson, J . 1983 . The estimation and analysis of
preference and its relationship to foraging models .
Ecology 64 :1297-1304 .

Dettmers, J .M . and R .A . Stein . 1992 . Food consumption by
larval gizzard shad : zooplankton effects and
implications for reservoir communities . Trans . Am .
Fish . Soc . 121 :494-507 .

Hall, D .J ., S .T . Threlkeld, C .W . Burns and P .H . Crowley .
1976 . The size-efficiency hypothesis and the size
structure of zooplankton communities . Annu . Rev . Ecol .
Syst . 7 :177-208 .

Havel, J .E . and P .D .N . Hebert . 1993 . Daphnia lumholtzi in North
America : Another exotic zooplankter . Limnol . Oceanogr .
38 :1823-1827 .

Miller, T ., L .B . Crowder, F .P . Binkowski . 1990 . Effects
of changes in the zooplankton assemblage on growth of
bloater and implications for recruitment success . Trans .
Am . Fish . Soc . 119 :483-491 .

Mills, E .L ., R . O'Gorman, J . DeGisi, R .F . Heberger, R .A .
House . 1992 . Food of the alewife in Lake Ontario
before and after the establishment of Bythotrephes .
Can . J . Fish . Aquat . Sci . 49 :2009-2019 .

Noble, R .I . 1975 . Growth of young yellow perch (Perca
flavescens) in relation to zooplankton populations .
Trans . Am . Fish . Soc . 104 :731-741 .

Ware, D .M . 1977 . Spawning time and egg size of the Atlantic
mackerel, Scomber combrus, in relation to the plankton .
J . Fish . Res . Board Can . 34 :2308-2315 .

4



Z

60

40

1993

X

A

	

M

	

J

Month

Figure 1 . Densities of native and exotic daphnids in 1992 and 1993 in Lake Springfield, IL . While the
density of Daphni4 lumholtzi increased from 1992 to 1993, native daphnids declined
dramatically. Note the y-axis scale in 1993 is different than that of 1992 and that D. lumholtzi
densities reflect surface temperature in 1993 .
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Figure 3. Total zooplankton density (exploiting rotifers) in three Illinois reservoirs : Daohniq lumholtzi
became abundant in Lake Springfield in 1993 . Values are means of three replicate vertical tows ;
vertical bars represent standard errors .
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Lake Springfield . Sangamon County, central
Illinois . Surface area is 4234 acres, maximum depth
is 50 feet, average depth is 13 feet. Proposed sampling
sites are indicated with asterisks .
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