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The “Message from the Chief” in last year’s An-
nual Report began “Fiscal Year 2007 was a time of
transition for the Illinois Natural History Survey
(INHS)...well that was just the tip of the iceberg!
In that message Dr. David L. Thomas announced
his intention to retire on February 29, 2008 after
over 10 years of distinguished service to the Illinois
Natural History Survey. While a search for a new
Chief had been initiated earlier in 2008, it was not
yet completed; so the Board of Natural Resources
and Conservation, the governing Board of the Illi-
nois Scientific Surveys, called upon a distinguished
alumnus of the Survey, Dr. William G. Ruesink, to
serve as Interim Chief. Bill had retired from the
INHS in 2003 as Assistant Chief of INHS on May
1, 2008.

This transition in leadership would have provided

more than enough “change” for any organization,
but late in 2007 a discussion began about moving
the administration of the Illinois Scientific Surveys
from the Illinois Department of Natural Resources
to the University of Illinois. So throughout this
transition in leadership, a transition in administra-
tion was also being negotiated and planned. This
process culminated on July 1, 2008 when the
Illinois Natural History Survey, along with our
sister surveys, became divisions within the new
Institute for Natural Resource Sustainability under
the Office of the Vice Chancellor for Research at
the University of Illinois, Urbana-Champaign. With
that transition
my title changed
from “Chief” to
“Director.”

It is difficult
to even state ex-
plicitly when Fiscal Year 2008 began. In one of the
most rancorous legislative sessions in Illinois his-
tory, the “traditional” beginning of the fiscal year,
July 1, 2007, came and went without the approval
of a state budget, though the General Assembly
did pass the equivalent of a one month “continuing
resolution” that allowed state government and the
Scientific Surveys to continue to operate. August 1*
came and went without any legislative provision to
continue to pay staff, though the State Comptroller
eventually agreed to do so. It wasn’t until August
10, 2007 that a budget bill was passed by the Gen-
eral Assembly, and it wasn’t until August 23, 2007
that the Governor signed it with amendatory vetoes.
Eventually, the Senate President refused to override
those vetoes. To add to the budgetary confusion,
the Budget Implementation Bill, which actually
authorizes many types of spending, was not signed
into law until January 4, 2008.
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ment of Natural Resources

It was against this background that the migra-
tion to the University of Illinois was being negoti-
ated. The legislative proposal that was passed by
the General As-
sembly and signed
by the Governor the
evening of June 30,
2008 transferred
90% of the Scien-
tific Survey’s FY 2008 General Revenue budget to
the University. All of the Illinois Natural His-
tory Survey’s statutory responsibilities transferred
unchanged. And while a budget cut is never a
welcome outcome, anticipating budgetary flexibility
not previously available under state government and
the opportunity to consolidate services under the
new Institute for Natural Resource Sustainability,
the Scientific Surveys had the time to work with the
Board of Natural Resources and Conservation to
develop a comprehensive plan that included some
layoffs, some critical hires, and a salary catch-up
plan. These changes were ready to go and were
immediately implemented on July 1, 2008. Those
plans have positioned the Illinois Natural History
Survey, along with the other Surveys, to succeed
in our new home. The creation of the Institute for
Natural Resource Sustainability also provides for
expanded collaboration across surveys and among
survey scientists and university faculty. It is a trib-



ute to the professionalism of INHS staff that during
such a time of tumultuous change they maintained
their focus on our research programs and continued
uninterrupted their record of excellence in pursuing
a better understanding of Illinois’ flora and fauna.

I can’t help wonder if planning for our 150" an-
niversary, which officially began on June 30, 2008

Celebrating 150 Years
of
Service and Science

World-renowned herpetologist and TV personality Mark
O’Shea shares a photo “opp” with some admirers at the

INHS 150th Anniversary Science Expo. Photo by Amy Scott,
INHS
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Drs. Peter and Particia Raven enjoy
a moment during the INHS 150th
Anniversary scientific symposium in
Champaign. Peter Raven, the keynote
speaker of the symposium, is the
director of the Missouri Botanical

Garden in St. Louis. Photo by Amy Scott,
INHS

The INHS Science Expo highlighted the Survey’s broad research efforts in

the nation and state with almost 50 exhibits at its headquarters in Champaign.
Photo by Amy Scott, INHS

and culminated in a series of major events at the end
September, didn’t help our entire staff maintain its
balance throughout the changes in leadership and
the transition to the University. While our move

to the University of Illinois is certainly historic, it

is just another page in the panoply of our 150-year
history as an institution.

-
Citizen entomologist Dan Capps “wows” Science Expo

participants with his worldwide insect collection. Photo
by Amy Scott, INHS
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INHS Collections
C.H. Dietrich

Collection-based studies remain a core area of
research at INHS. Its world-renowned collections
both reflect and support the active roles that our
scientists continue to play in efforts to improve
knowledge of Earth’s biological diversity. The
INHS biological collections, assembled by Survey
scientists and others over the past 150 years, and in
many cases worldwide in scope, are a unique and
invaluable research resource. Specimens in the
collections often represent the only direct evidence
that a species occurred in a particular place at a
particular time. Thus, the collections represent an
important source of data not only for taxonomic and
phylogenetic studies, but also for tracking changes
in the distributions of species over time.

Fiscal 2008 was an eventful year for several of
the INHS biological collections. The University of
Illinois’ (U of I) mammal, herpetological, and bird
collections, for which INHS curators assumed re-
sponsibility last year, were moved from a temporary
storage facility into the Natural Resources Building
(NRB), where they are being catalogued and inte-
grated into the INHS collections. This substantially
improves the prospects for accessibility and long-
term preservation of the U of I specimens. For ex-
ample, the bird specimens, which had been housed
in substandard cardboard boxes, have now been
transferred into 12 new cabinets and are housed
in the same room with the INHS bird collection.
Although acquisition of the U of I collections has
more than quadrupled the size of the INHS holdings
of mammals, birds, and herps, it also substantially
decreases the amount of space available in NRB for

expansion of collections and reseearch programs.
The pending move of the INHS and U of I botanical
collections to a new building in the U of I Research
Park, with groundbreaking scheduled to occur this
fall and completion in 2009, will provide expansion
space for the collections remaining in NRB.

External support for collection infrastructure and
collection-based research at INHS continues to be
outstanding. National Science Foundation grants
supported computerization of Hymenoptera (ants,
bees, and wasps, ) and erythroneurine leathoppers;
both projects were completed during the fiscal
year and the insect collection database, searchable
on-line, now comprises more than 600,000 records.
Another NSF grant is currently supporting the
computerization of Empoasca leafhoppers. State
Wildlife Grants from IDNR/USFWS are providing
support for databasing INHS specimens of insect
species in greatest need of conservation included in
DNR'’s Wildlife Conservation Plan and the comple-
tion of a statewide mussel survey that will result in
significant new acquisitions of specimens.

Use of specimens housed in the INHS collections
continues to expand beyond traditional compara-
tive morphological, faunistic, and floristic studies.
For example, U of I researchers Jeff Lozier and
Sydney Cameron are making innovative use of the
insect collection by employing a non-destructive
sampling method to aquire DNA from bumblebee
specimens collected decades ago and examine
changes in genetic diversity over time. Like many
other groups of organisms, some species of bumble-
bees have undergone severe population declines in
recent decades and genetic studies such as this one
are needed to examine historic patterns of popula-
tion structure to determine the consequences of such
declines on conservation of biodiversity.

Specimens Loans:

Collection _ Size Accessioned | Number Specimens Queries Visitors
Amphibians/Reptiles 119,607 607 15 126 11
Annelids 326,930 2,280 S 40 503 4
Birds 15,866 76 Q 0 1
Crustaceans 84,507 1516 2 136 7 0
Fish 850,001 9,000 20 1670 175 4]
Fungi 39,015 72 0 0 0 2
nsects 7,000,000+ | 10,868 64 4,987 87 14
Mammals 15,418 2 3 83 1 0
Mollusks 122,161 079 S 195 3 12

ants 301,228 3,782 11 714 S 9
Total 8,795,216 22,237 83 17,507 460 54




Taking Science to the
Citizens

Michael R. Jeffords

Not long into it’s history as an organization, INHS
Director Stephen A. Forbes recognized the impor-
tance of involving citizens in the work of scientists.
Long before the term “outreach” was coined, Forbes
had it right when he wrote in 1878, "It is . . . of great
importance to the public welfare that the methods
of work and habits of thought by which achieve-
ments of modern science have been made, should be
brought to bear as far as possible upon the daily life
ofall...”

The education/outreach effort at the Illinois
Natural History Survey strives to do that by keep-
ing citizens informed about natural history issues
through a variety of education programs designed
to excite both the current and next generation of
citizens about the natural sciences, particularly as
they relate to Illinois.

Believe it or not, Illinois is a wondrously bio-
logically diverse state, an aspect of Illinois that is
seldom at the forefront of citizen concerns. When so
informed, however, the response is almost always
positive with phrases like “Why, I had no idea.” or
“Where can I see that.”

How to go about outreach on a statewide scale,
and often with limited funding is a challenge, but
INHS has taken an innovative approach by targeting
individual groups of citizens with specific program
types. Our effort has been statewide, and a couple
of special projects are even attracting regional and
national attention.

¢ INHS has two mobile science centers, one that
serves the northern quarter of Illinois and is sta-

tioned at DNR Region 2 headquarters in Bartlett.
The 40-foot trailer (funded by Exelon/ComEd)

Jen Mui, manager of the Sur-
vey’s Traveling Science Center,
departs from INHS headquarters

in Champaign. Photo by Michael Jef-
fords, INHS

has an exhibit on Biodiversity in Northern Illinois
and during the first 24 months of operation, the
Traveling Science Center visited more than 1,300
classes from 140-plus schools and more than 30,000
students have learned about biodiversity in their
own backyard. The Traveling Science Center visits
schools, special events, and day camps during the
year and is on-site from four to six days/week.

A second Mobile Science Center (a motor-home-
type vehicle) is stationed in Champaign and its
current exhibit, Arthropods Across Illinois, serves
the remainder of Illinois and targets small city and
rural school districts and special events. Since its
inception in 2003 this unit has served over 100,000
children and adults across Illinois.

e For adults, since 2000 there has been The Illinois
Wilds Institute for Nature, three-day residential field
classes taught by an INHS expert (herpetology, but-
terflies, mussels) and featuring extensive field time
with the scientists. Many instructors are the authors
of INHS field guides. The chance to hold a handful
of chubby mole salamanders, have a meaningful
encounter with a black rat snake climbing down a
bald cypress, or be amidst hundreds of regal fritil-
lary butterflies is a once-in-a-lifetime experience,
and can have a lasting effect on individuals. This
program has been very successful and classes fill up
rapidly each year.

e The Corps of Discovery program began in 2005
and has proven to be both innovative and unique in
the country. In a series of all-day workshops, INHS
staff Michael Jeffords, Susan Post, and Carie Nixon
teach a group of place-based individuals (each
Corps has a focal site for their activities) in the
skills associated with the aesthetic documentation
of a particular location. They are then allowed to
document the changes that occur over time, record
the area=s biodiversity, and contribute in a number
of nontraditional ways to ongoing preservation/con-
servation efforts.




Division of
Ecology & Conservation Sciences
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Division of Ecology & Con-
servation Sciences (DECS)

Michael Douglas, Director

DECS comprises approximately 16 professional,
36 research, and 40 technical scientists, along with
9 support staff and 123 students/ affiliates. The
investigation of aquatic and terrestrial communities
worldwide and the determination of how best these
can be restored and conserved into the future is the
overarching theme of our Division. To accomplish
this, we align ourselves into three focal sections:
Aquatic Ecology and Conservation (AEC), Wild-
life and Plant Ecology (WPE), and Field Stations/
Ecosystems Science (FSES). The research lead-
ers for each of these sections provide in greater
detail the information on programs and researchers
within each of their respective section descriptions
(below). However, each section has a unique natural
history focus that coalesces within the Division as
an ethos to balance the finite resources of our envi-
ronment with the escalating needs of our society.
The Illinois Natural History Survey has now

\
Photo by Michael Jeffords, INHS

become an academic unit within the Institute of
Natural Resource Sustainabilty at the University

of Illinois. Given this, our historical focus has now
broadened and extended in conjunction with the
evolving responsibilities of the Survey as an aca-
demic institution. Educational and outreach themes,
for example, continue to focus on ecosystem
services and how they can best be elucidated and
conserved within a human-dominated landscape.
Yet there is a recognition that sustainable develop-
ment will occur, although (we argue) with environ-
mentally sound goals and practices as a baseline and
without compromising land and water ethics.

As professionals, DECS personnel work closely
with conservation practitioners to ensure that our
research reflects the best science available and that
our management decisions are adaptive and rel-
evant. As educators, we employ multi-disciplinary
approaches to teach a new generation of scientists
the theories and methods of biodiversity recogni-
tion, quantification, and restoration. We, as a Divi-
sion and a Survey, are firmly committed to these
goals and our stewardship cannot help but motivate
students, staff, and cooperators as we move forward
into an uncertain future.

Section of Wildlife and Plant Ecology
Ed Heske, Section Leader

The Section for Wildlife and Plant Ecology (WPE)
includes 5 teams or programs supported by grants
and contracts, and 5 additional Professional and
Research Scientists based in Champaign. The
Wetlands Team, led by Dr. Allen Plocher, surveys
soils and plants and develops assessments of Illinois
wetlands in association with Illinois Department of
Transportation (IDOT) projects. The Biotic Surveys
Team, led by Dr. Joyce Hofmann, also works on
IDOT projects, conducting surveys for threatened
and endangered birds and mammals. The Critical

Trends Assessment Program (CTAP), led by Dr.
Mike Ward, inventories and monitors plants, birds,
and insects in selected habitats statewide and assess-
es patterns and trends in distribution and abundance.
The Geographic Information Systems (GIS) Team,
led by Diane Szafoni and Tari Tweddale, provides
expertise in mapping and spatial analyses. Our
Human Dimensions Program, led by Stacy Lischka,
conducts human dimensions of wildlife research, in-
cluding surveys of public constituencies throughout
Illinois on issues relating to natural resource conser-
vation and use. Many members of these teams also
conduct independent research, often related to their
contract work, and are highly active in community
and statewide outreach and conservation organiza-
tions.



The Professional and Research Scientists in
WPE, including both independent scientists and
many supported on contracts noted above, maintain
high-caliber research programs. Wildlife Epidemiol-
ogy has become a thriving program in WPE under
the direction of Dr. Nohra Mateus-Pinilla. Dr. Jeff
Hoover, Dr. Mike Ward, and Dr. Dave Enstrom con-
duct diverse studies in avian ecology, behavior, and
conservation. Dr. Ron Larkin also conducts research
on birds as well as bats and other “aerofauna,” cur-
rently focusing on migration ecology and impacts of
wind power turbines on wildlife. Dr. Joyce Hofmann,
Dr. Joe Merritt, and Dr. Ed Heske conduct research
on the ecology and physiology of mammals. Dr. Jeff
Levengood investigates the effects of environmental
contaminants on wildlife, including birds, mammals,

fish, and mussels. Dr. Allen Plocher conducts research
on wetlands ecology and botany. Dr. Jay Diffendorfer,
our landscape ecologist, was involved in collaborative
projects on landscape influences on wildlife. Dr. Dif-
fendorfer left WPE in 2008 for a new position elsewhere;
we wish him the best and hope to recruit a new wildlife
or restoration ecologist in the coming years to round out
our research team.

WPE scientists secured over $3 million in contracts
and grants in FY 2008, with salary support for less than
7 researchers provided by state General Revenue funds,
and truly are an outstanding resource for the state of
Illinois. Additional studies and publications by WPE
scientists can be found at http://www.inhs.uiuc.edu/an-
nualreports/annualreports.html.

CTAP: 10 Years and Going Strong!

The Changing Illinois Environment: Critical Trends,
a state-of-the-environment report published in 1994
by the Illinois Department of Natural Resources con-
cluded that habitats in Illinois were deteriorating as
the result of habitat fragmentation and biotic/abiotic
stressors. This report recommended that the state
begin collecting statewide data on both the current
conditions and future trends in these habitats. Since
1997 the scientists of the Critical Trends Assessment
Program (CTAP) have undertaken this task.

CTAP is a long-term habitat monitoring program
that samples habitats across Illinois. It is sponsored
by the Illinois Department of Natural Resources
(http://dnr.state.il.us/) and housed at the Illinois
Natural History Survey (http://www.inhs.uiuc.edu/).
The goal of CTAP is to gather baseline data on the
biological health of our forests, wetlands, grasslands,
and streams, and to determine how these habitats are
changing through time. This information supports
efforts to better understand, conserve, restore, and
manage Illinois forestlands, wetlands, grasslands,
and streams.

Over the last 10 years the program has surveyed
176 grasslands, 175 wetlands, 177 forests, and over
150 streams. We have sampled sites in all 102 Illi-
nois counties, identified over 1,270 species of plants,
and found 202 species of birds. The program has pro-
duced 31 regional assessments reports for watersheds
throughout Illinois to inform local conservation
work. These data are increasingly relied upon by
public and private institutions throughout Illinois and
even across North America to inform their decision
making. For example, the CTAP Web site, http://
ctap.inhs.uiuc.edu, has received over 1.3 million hits
in only a few years.

CTAP has accumulated the data to quantify the
state of natural and semi-natural habitats throughout
[llinois; it is now poised to address ecological trends
through time —changes in the future. Some typical
questions that can be addressed with these time-
series trend data are:

a) How will the arrival of the emerald ash borer affect
llinois forests?

b) What effect is global climate change having on II-
linois’s flora and fauna?

¢) Which invasive species are most common or prob-
lematic, and which are spreading the fastest?

d) Are macroinvertebrates and aquatic life re-colonizing
streams with improved water quality?

e) To what extent are oak-hickory forests becoming
sugar-maple forests?

f) How are changes in surrounding landuse affecting
flora and fauna?

g) How can preserves and other open spaces be designed
and managed to promote biological health and biodiver-
sity?

h) How do grassland birds benefit from the Conserva-
tion Reserve Program and other grassland conservation
programs?

In addition to addressing these and other questions,
CTAP has initiated the CTAP Science and Ecological
Policy series. This is an initiative designed to inform
managers, researchers, and property owners using the
most up-to-date ecological data we have collected, along
with the most current scientific expertise on subjects
such as forestry, conservation biology, and wildlife
biology as they relate to specific questions and concerns
held by Illinois stakeholders. The first issue of CTAP
Science and Ecological Policy will be an overview of
management, conservation, and land managing practices
in Illinois forests.

The first decade of the Critical Trends Assessment
Program has produced volumes of data with which to
determine the distribution and abundance of plants,
birds, and stream invertebrates throughout Illinois. The
next 10 years will provide a comparison by which to
determine the direction of the Illinois environment.
With the creation of the CTAP Science and Ecological
Policy series, we hope to use these data to best manage
and conserve Illinois’ habitats.

Michael Ward, Division of Ecology and Conservation Sciences



The Black-crowned Night-Herons of Lake Calumet Part II:
Foraging Ecology and Contaminant Exposure

The Lake Calumet region south of Chicago was once
a vast complex of glacial lakes, wetlands, and sand
prairies. It has a legacy of intensive urbanization and
heavy industrialization with associated problems of
air, soil and water pollution, municipal and industrial
waste disposal, and habitat loss and degradation.

In spite of these issues, this area remains one of

the most biologically diverse in the state. Key

areas in the region are being rehabilitated and
preserved according to the Calumet Ecological
Management Strategy. Black-crowned Night-Herons
(BCNHerons) are a key species of conservation
concern there.

As part of a large study of state-endangered BC-
NHerons nesting in the area (see Part I in the Winter
2007 issue), we examined a suite of environmental
contaminants and exposure endpoints in embryos
collected in 2002 from colonies in Illinois, Minnesota,
and Virginia. Their piscivorous feeding habits, plastic-
ity in selection of nesting and foraging habitats, use of
degraded habitats, colonial nesting behavior, and ha-
bituation to some forms of disturbance (e.g., vehicular
traffic, trains) makes this species an excellent sentinel
of environmental contamination in urban-industrial
settings.

Adult BCNHerons fed in waters throughout the
south Chicago region, including those containing el-
evated concentrations of environmental contaminants.
Beginning in April, increasing numbers of adults were
observed along the Lake Michigan waterfront, where

Black-crowned Night-Heron hatchling. Photo by Jeff
Levengood, INHS
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they apparently fed on alewife, a pelagic fish, on their
inshore spawning run. Examination of food boluses
regurgitated by nestlings revealed that a large propor-
tion of the colony was indeed feeding on alewife. This
forage species may be key to the persistence of such a
large breeding colony in the Chicago area because it
provides a superabundant food source during the criti-
cal time of feeding the young.

Embryos from the Lake Calumet, Illinois, colony
had greater exposure to polychlorinated biphenyls
(PCBs), 4,4’- dichlorodiphenyldichloroethylene (DDE,
a degradation product of DDT), dieldrin, transnon-
achlor, oxyclordane, cobalt, copper, and selenium
than did those from northwest Minnesota and coastal
Virginia. Concentrations of PCBs and DDE, espe-
cially, were much greater in embryos from Illinois.
Greater exposure of Illinois embryos to PCBs was re-
flected in increased ethoxyresorufin-O-deethylase and
benzyloxyresorufin-O-dealkylase induction (EROD
and BROD are cytochrome P450 monooxygenase
enzymes involved in the biotransformation of organic
molecules), and DDE was negatively correlated with
eggshell thickness. However, measures of oxidative
stress and genotoxicity were similar to those in em-
bryos from the other colonies examined.

Although no overt effects such as embryo mortal-
ity or malformations were observed, Lake Calumet
BCNHerons continue to be exposed to a variety of
environmental contaminants. Hopefully, as efforts to
clean up the south Chicago environment continue,
such early exposures will no longer be a part of this
species’ life cycle.

This research was supported by the Illinois Waste
Management and Research Center, the City of Chi-
cago, and the Illinois Wildlife Preservation Fund.

Jeff Levengood, Division of Ecology and Conservation Sciences
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Section for Aquatic Ecology and
Conservation

David H. Wahl, Section Leader

The Section for Aquatic Ecology and Conservation
(SAEC) conducts research, assessments, and
monitoring on the aquatic resources of Illinois

and the organisms that inhabit them. To assure

the optimum and sustained use of our aquatic
resources for educational, aesthetic, recreational,
and economic benefit to the citizens of the state,
we produce scientific and technical information
that can be used in the development of a wide array
of management plans as well as the dissemination
of the resulting information to scientists, state and
local government agencies, sportsmen, and other
users.

Implied in this mission statement is the concept
that much of our research will focus on the
functional interrelationship of living organisms with
their physical, chemical, and biological environment
across multiple scales (from genes to populations
to communities to whole ecosystems). Moreover,
this focus will address process-level questions (e.g.,
why systems or communities function the way
they do) along with compositional-level questions
(e.g., what do aquatic communities look like and
how are they distributed within and among the
region’s watersheds). This focus occurs across
broad taxonomic boundaries from algae and
microinvertebrates (such as microcrustacea, and
insects) to larger macroinvertebrates and vertebrates
(such as fishes, amphibians, and even birds). For

example, Dr. Walter Hill studies primary producers
and consumers and is currently investigating the
relationship between nutrients and algal growth with
the goal of developing protective nutrient criteria
for streams. He is also developing energy and
nutrient budgets for invasive, filter-feeding

Asian carp in order to predict their potential for
colonizing the Great Lakes, and is carrying out field
experiments to assess the potential impact of these
carp on plankton communities. Drs. Wahl, Philipp,
and Epifanio are addressing a number of questions
related to sportfish management using food web
approaches, including recruitment mechanisms in
largemouth bass and causes of stunting in bluegill
populations. A new addition to the section in the
past year, Dr. Cao, uses quantitative and modeling
approaches to further understand interactions in
aquatic communities.

Much of the success of the section relies on
active dissemination of interpreted information and
outreach to the resource managers within our parent
agency (Illinois Department of Natural Resources),
our professional peers, and the public. Finally,
our scientific research activities target a variety of
systems that include Lake Michigan; the Illinois,
Mississippi, and Kaskaskia rivers; numerous
impoundments; small ponds; and wadable streams.
In addition to researchers based in facilities at
the University of Illinois and in Springfiled, we
also operate nine field stations located throughout
Illinois and near every major aquatic habitat and
aquatic ecosystem type found in the state (see
additional description in the Section for Field
Stations and Ecosystem Science).

Bluegill as Homebodies: Do Males Display Fidelity to

Nesting Sites?

Bluegill, Lepomis macrochirus, are common to warm-
water lake and stream communities throughout Illinois
and the Midwest. This, along with the bluegill’s popu-
larity as a recreational fishing species and the official
designation of bluegill as Illinois’ “State Fish,” have
motivated considerable interest in effective conserva-
tion and management practices, as well as increased
our basic understanding of their reproductive biology.
Bluegill display a complex mating system, where
males simultaneously congregate, sweep out, and
defend depression-shaped nests in densely packed
colonies —often exceeding 100 nests in some popula-
tions. These colonies, referred to commonly as “beds”
by anglers and others, are built in a variety of substrate
and cover habitat types within the shallows of lakes

or ponds during the spring and summer breeding
seasons. With the attraction and arrival of schools of
mature females, nesting males display courting rituals
to attract multiple females, both simultaneously and
sequentially, to spawn in their nests. A male’s spawn-
ing success is a direct reflection of the number of
females he can attract to his nest—the more females he
can attract and spawn with, the greater number of eggs
he can fertilize and therefore increase his spawning
success. After completion of a spawning bout within
the colony — generally all within a single day —males
remain alone to provide care for offspring. This care
may last for several days to a week, depending on wa-
ter temperature, to provide defense against nest preda-
tors (e.g., various minnows, bullheads, snails, and even



neighboring or wandering conspecif-
ics). Other forms of care include
fanning and gleaning of the fertilized
eggs until after the young hatch and
eventually fledge as freeswimming
young. Males may spawn multiple
times throughout a year’s spawning
season and in subsequent years if they
survive the winter.

While a considerable literature
has emerged on the evolutionary and
ecological benefits of the paren-
tal care and anti-predator defense
behaviors from colony breeding and
male care in sunfish, little is known
about how and where males choose
to set up nests and colonies within
a water body that is not limited by
available spawning habitat. For the
past three years,we have examined
the levels and patterns of movement
among males between reproductive bouts within and
among breeding seasons. By individually marking and
recapturing all nesting males, we have documented
the fidelity of repeat-spawning males to areas within
the lake at both coarse and fine scales. With the data
we have obtained, we are addressing questions about
the choices of colony location and social associations
of males within a colony. More importantly, our data
will permit us to examine whether location and social
group choices are shaped by previous successful or
unsuccessful reproduction.

The study site, Long Lake in eastern Ontario, is
ideal for our research because it is a large and clear
natural lake with restricted access and no known
exploitation. The lake has a surface area of 29 acres
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Figure 1. Bluegill spawning sites within Long
Lake. Dashed line indicates quadrant divisions.
Dots are individual colonies with multiple nests
that were marked in 2006.
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Bluegill (Lepomis macrochirus). Photo by John Epifanio, INHS
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and nearly 3 km of shoreline with numerous known
and consistent areas for spawning. The lake also has
sufficient shoreline complexity and areas that we could
divide into four quadrants—two shallow bays at op-
posite ends of the lake and two side shorelines with in-
terspersed shallows. The number of colonies observed
in each quadrant has been approximately equal in the
three years we have studied the population (see Fig. 1).

A significant number and proportion of nesting
males have been recaptured in subsequent spawning
bouts within and between years (ranging from 19-23%
within years from 2004 to 2006 and 12—17% between
years). More importantly, spawning males recaptured
within the same year displayed very high rates of
fidelity at both coarse and fine scales (ranging from
approximately 80-93% within quadrants within years
and averaging greater than 85% at a scale of less than
100 meters of shoreline). Fidelity to social groups
(i.e., repeatedly spawning with the same group of
males) was considerably less.

The implication of these results is that males chose
to renest at sites close to where they previously nested.
This is not likely a simple matter of small home range,
as individuals may move considerable distances be-
tween spawning bouts and during the nonbreeding sea-
son. Ongoing studies by our lab group and colleagues,
including genetic profiling of adults and young, will
provide additional insights as to whether reproductive
success to fledging of free-swimming young affects
decisions to return or abandon a location at coarse or
fine scales. Moreover, our understanding of bluegill
movement and spawning ecology will provide us the
basis for more effective science-based management,
especially as these relate to the effects of angling
harvest on spawning beds and habitat disturbances that
accompany shoreline or littoral zone development.

Jennifer Bartlett, Natasha Silich, and John Epifanio, Division of
Ecology and Conservation Science
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Fish Diversity as a Determinant of Ecosystem Properties in

Aquatic Food Webs

Ecologists have long been interested in how abiotic
and biotic forces structure communities. An impor-
tant issue receiving a lot of attention lately is the
bi-directional relationship between communities and
ecosystem processes; specifically, how and when
does biodiversity govern ecosystem function through
species traits and interactions. Dramatic changes in
biodiversity have made research linking community
and ecosystem processes particularly relevant. Thus,
researchers are exploring how changes in species
composition, distribution, and abundance influence
ecosystem properties.

Species matter beyond their aesthetic, cultural, and
economic value because individual species and their
interactions can help maintain ecosystem processes.
For instance, when a species goes extinct there is a loss
of the ecosystem processes contributed by that particu-
lar species. Even small shifts in species composition
or species richness could translate into large effects
on ecosystem properties. Therefore, understanding
the functional consequences of changing community
structure and the Je 4

underlying mecha-

nisms are critically
Spatial scales used to

needed, especially
when coupled with
intensive land use
and human trans-
formation of natura
systems.

Studies exploring biodiversity as a determinant of
ecosystem function are sparse in freshwater systems,
even though biodiversity has been dramatically altered
in aquatic systems from species invasions and extirpa-
tions. These dramatic changes in biodiversity have
been occurring in fish communities with economic and
ecological impacts. Both recreational and commercial
fisheries have large economic effects. From a basic
ecological perspective, examining fish diversity is
important due to their ability as consumers to modify
linkages between biodiversity and ecosystem function
through trophic interactions. Fish community differ-
ences may alter the structure of lower trophic levels,
changing the transfer efficiency of energy through the
food web. The potential importance of trophic cas-
cades in freshwater systems can be used for manage-
ment and bio-manipulation.

Fish communities in Illinois and across the U.S.
have experienced many extirpations and introductions.
In the U.S., introductions have had the largest effect on
the homogenization of fish faunas with over 22 species
of fish listed in Illinois. There are also currently 18
endangered and 13 threatened fish species in Illinois.
The dramatic changes to aquatic communities in
Illinois, combined with the intensive land use and hu-
man transformation of natural systems, make research
on the effects of changes in biodiversity to ecosystem
function essential.

assess how biodiversity influences ecosystem
| function (L-R: mesocosm tanks, experimental ponds, and lakes).

Methods. We are testing the relationship and
potential mechanisms for fish diversity to govern
ecosystem properties. We are examining response
variables of productivity, temporal variability, nutrient
status, and zooplankton dynamics across spatial scales
of mesocosm tanks at the Illinois Natural History
Survey (INHS) Kaskaskia Biological Station, experi-
mental ponds at the INHS Sam Parr Biological Station,
and Illinois lakes. In tanks and ponds, fish richness
treatments range from 0-6 species created randomly
from a species pool of bluegill sunfish, redear sunfish,
golden shiner, young-of-year largemouth bass, red
shiner, and fathead minnow. Fish species are from a
range of insectivorous fish with differing morpholo-
gies, behaviors, habitats, and foraging preferences
creating a gradient of characteristics to tease apart the
governing influence of fish richness. A Grant-In-Aid
of Research from the National Academy of Sciences,
administered by Sigma Xi and the NSF Doctoral Dis-
sertation Improvement Grant, has provided support
for the tank and
pond experiments.
The relationships
between fish
diversity and eco-
system properties
are being tested in
32 lakes (surface
area: 25.2—-11,000
acres) distributed across Illinois. These lakes serve
as natural experiments since fish species composition
is under intensive management and the lakes are of a
known similar age. Fish communities and ecosystem
properties have been monitored seasonally since 2003.
Species richness and identity will again be analyzed
for their effects on ecosystem properties.

Preliminary Results. Patterns and mechanisms
vary for different components of the food web. A
dominant species, bluegill sunfish, is the primary
mechanism driving fish productivity. Thus far, zoo-
plankton richness is driven by fish species composi-
tion, while zooplankton density appears to be driven
by resource complementarity. Chlorophyll-a and total
phosphorus are influenced by multiple mechanisms
that need to be investigated further.

Next Step. We are currently testing how the
ability of biodiversity to govern ecosystem function
interacts with the invasion of the exotic species com-
mon carp. Local biodiversity represents an important
line of defense against the spread of exotics and has
the potential to buffer the effects of invasive species.
These studies will improve predictions for conserva-
tion and management actions in response to changes in
biodiversity from species invasions.

Michael P. Carey and David H. Wahl, Division of Ecology and
Conservation Science



Section of Field Stations and
Ecosystems Science

John Chick, Section Leader

Highlights from the Section of Field Stations and
Ecosystems Science for the past year include Joshua
Stafford, director of the Forbes Biological Station in
Havana, receiving the INHS Outstanding New Staff
Member Award. Josh and his staff continued their
excellent research on waterfowl and also conducted
a workshop on moist-soil management at Carlyle
Lake Wildlife Management Area, Vandalia, that was
attended by state and federal resource managers.
The section’s Large River Ecology Program
took an international turn this year in two ways.
First, John Chick, director of the Great Rivers Field
Station in Brighton was invited to China as part
of a scientific exchange organized by The Nature
Conservancy and The U.S. Geological Survey. Dr.
Chick and other scientists from the U.S. discussed
river research in the United States with special em-
phasis on the Upper Mississippi River, and met with
Chinese scientists and managers working on the
Yangtze River. Meanwhile, the world press came to
Havana to interview Greg Sass and his staff at the
Illinois River Biological Station about Asian carp.
These stories have appeared in British, French, and
Russian newspapers and television shows, as well
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as U.S. outlets such as the New York Times.

Sergiusz Czesny and his staff at the Lake
Michigan Biological Station (LMBS) in Zion have
been using GIS to map and catalog suitable spawn-
ing habitat for yellow perch in an effort to identify
spawning “hot spots” that could be considered for
protection from degradation. Biologists at LMBS
investigate complex interactions among fishes in
the nearshore zone of Lake Michigan with special
emphasis on the competitive interactions of non-
native species (alewife, round goby) and native
species (yellow perch, sculpins. On the terrestrial
side, Dan Wenny worked to finalize the Lost Mound
Initiative and Chris Whelan at the Midewin Na-
tional Tall Grass Prairie has been doing interesting
research on urban bird communities. Compared
with their wild-land counterparts, urban bird com-
munities are characterized by low diversity and high
abundances of few, often exotic, species. Whelan
and his colleagues conducted an experiment using
artificial, open-cup nests to bio-assay predation in
both residential and wild-land habitat across the
Chicago metropolitan region. Working from Lake
Michigan west to Elburn, Kane County, they found
urban environments reduce nest predation risk when
compared to wildlands. Their results lend support
for competition as the paramount ecological process
producing the homogeneous bird communities
found worldwide in urban environments.

Hybridization between Bighead and Silver Carp in the

Mississippi and Illinois Rivers

Bighead and silver carp were brought to the U.S. in the
1970s for use in aquaculture. Subsequently, both spe-
cies escaped into the Upper Mississippi River system
and now have reproducing populations established

in portions of the Mississippi, Missouri, Ohio, and
Ilinois rivers. Since the introduction of Asian carp
into the Mississippi (MR) and Illinois (IR) rivers, they
have become widespread throughout these waterways.
The abundance and rapid growth of these species may
impact native planktivores including gizzard shad,
paddlefish, and bigmouth buffalo (a highly market-
able fish in Illinois commercial fisheries). In addition,
leaping silver carp present a danger to recreational
boaters. Until now, most research efforts have focused
on understanding ecological impacts based on two distinct
taxonomic species.

Morphological observations of Asian carp collect-
ed during our routine fish surveys in MR Pool 26 sug-
gested potential hybridization. Occasionally, captured
specimens exhibited characteristics that deviated from
taxonomic keys. Most notably, keel development was
inconsistent for both Asian carps (fish exhibited the
morphology of bighead carp, but possessed the keel
development of silver carp, and vice versa). Subse-

quent observations of gill rakers revealed that in some
fish, these structures were neither comby (bighead carp)
or spongy (silver carp) in appearance, but instead, were
twisted. Each occurrence of these variants was recorded
throughout the field season. Analysis later revealed that
more than 15% of all collected Asian carp exhibited keel
or gill raker abnormalities.

In 2005, we set out to determine if hybridization
was definitively occurring between bighead and silver
carp. Our study objectives included assessing the ex-
tent and prevalence of hybridization between bighead
and silver carp throughout various reaches of the MR
and IR by examining several allozyme loci, and deter-
mining whether a gender bias exists for hybrid contri-
bution in these two species by assaying a conserved
region of the mitochondrial genome. Asian carp were
sampled from MR Pools 19, 20, 26, and open river;
also, from the IR Alton and La Grange reaches. Each
species and their potential hybrids were collected
via trammel nets along with incidental captures from
jumping individuals at several locations within this
range. Sex, length, weight, and notable morphologi-
cal differences were recorded to assess the impact
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hybridization may have on these
variables. Tissue samples (muscle,
liver, and eye) were collected from
each individual and served as a
source for both soluble enzymes
for protein electrophoresis and
mitochondrial DNA (mtDNA) for
gender bias assay.

Protein electrophoresis of fish
tissues collected in MR Pool 26
revealed that 22% of sampled
bighead and silver carp exhibited
some degree of hybridization,
ranging from first generation
hybrids (F1) to both bighead and
silver carp backcrosses. Although
analyses are ongoing, we are
confident that hybrid Asian carp
are also present in more northerly
MR pools and IR reaches. This
high percentage of hybridiza-
tion (and wide extent) is unlikely
to occur as an isolated, chance
event. If hybridization continues
at this rate, a potential for a hybrid
swarm exists. This may lead to
the emergence of a new species
complex with pure bighead and
silver carp becoming increasingly uncommon. It is
important to understand the rate of hybridization, its
prevalence, and what role this new species complex
plays in our big-river ecosystem. True F1 hybrids tend
to have twisted gill rakers and intermediate keel and
eye positions. Because hybrid backcrosses have been
identified, it is evident that hybrids can successfully
reproduce. In addition to pervasive hybridization,
mtDNA analysis of the same set of fish indicated that
silver carp females were most likely to contribute to
the hybrid condition. A possible explanation for this
finding may include the potential for an expanded
breeding season (often introduced species lose envi-
ronmental cues which isolate them temporally and
spatially from one another). Ultimately, hybridization
could result in heterosis (hybrid vigor) in which the

Silver Carp
25%

Silver Carp backcross
hybrid
8%

FX hybrid

2%
F1 hybrid

7%
Bighead Carp

backeross hybrid
6%

fit e PR TN
Pure bighead carp (top), hybrids (middle),
corresponding gill rake structures. Photo by Great Rivers Field Station staff

Yt -
and silver carp (bottom) and their

new species complex becomes superior to either of the
pure species because it broadens its niche and becomes
more adaptable. Conversely, morphological or physi-
ological differences could hinder fecundity or fitness.
Reduced jumping behavior of bighead and silver carp
reciprocal hybrids as compared to pure silver carp was
observed in aquaculture settings in the past. It follows
that if such behavior is exhibited by wild hybrids, con-
frontation of these fish with recreational boaters may
be reduced. Also, a substantial commercial market
has developed in Illinois for Asian carp. The local
economy (and means of population control through
harvest) may suffer if this market is hindered by the
presence of oddities (hybrid fishes with nontypical
morphology) that are less desirable to processors and
patrons. Addressing many of the issues above will help
us better understand the social, economic, and
ecological impacts that Asian carp hybrids may
have on our big rivers.

Chad R. Dolan, Jim T. Lamer, John H. Chick, and John
M. Epifanio; Division of Ecology and Conservation
Sciences

Bighead Carp
52%

Percentages (n=120) of pure bighead carp, silver carp, and

their hybrids collected in Mississippi River Pool 26.
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Frequency of Early Mortality Syndrome in Southwestern

Lake Michigan Lake Trout Populations

Self-sustainable lake trout, Salvelinus namaycus,

populations in Lake Michigan are a primary but 100 1
unmet goal of the fisheries managers in the region.

Large numbers of hatchery-origin lake trout are 30
stocked into Lake Michigan every year. Although

these fish survive well to adulthood and produce
viable eggs, no significant natural recruitment

has been recorded. Poor lake trout recruitment 40 1

in various systems has been linked with insuf-
ficient broodstock, diminished spawning habitat, 20
contaminants, predation on eggs and alevins, and

nutritional deficiencies. However, no clear cause 0 -

for lack of natural recruitment has been identified
for Lake Michigan lake trout. Nutritional deficien-
cies associated with inadequate levels of thiamine
(vitamin B)) in the eggs result in high mortalities
of yolk sack stages of several salmonid species in
the Great Lakes and in the Baltic Sea. Mortality
caused by thiamine deficiency, commonly referred
to as Early Mortality Syndrome (EMS)), is a conse-
quence of high levels of thiaminase, an enzyme degrading
thiamine, found in prey fishes such as alewife, Alosa
pseudoharengus, and rainbow smelt, Osmerus mordax.
Because alewives are a major component of the lake
trout diet in Lake Michigan, we hypothesize that EMS
may be a significant bottleneck in the survival of early
life stages of this species.

The Illinois Natural History Survey, with collabora-
tors from USGS Great Lakes Science Center and the Ohio
State University, is investigating individual variation in
thiamine levels in the eggs of Lake Michigan lake trout
at the time of spawning (picture). Eggs are fertilized,
incubated, and hatched under controlled laboratory
conditions. High performance liquid chromatography
(HPLC) is used to determine concentrations of vitamin
B, in the eggs. Finally, we quantify mortality caused by

Collection of lake trout eggs. Photo by Sergiusz Czesny, INHS
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Figure 1. Relationship between free thiamine concentration in
unfertilized, ovulated lake trout eggs and EMS-related mortality
in offspring.

EMS in young lake trout and correlate it with levels of
thiamine found in eggs from individual females.
Results to date indicate that egg thiamine concentra-
tion varies by an order of magnitude among investigated
females. More than 50% of all females sampled produced
eggs with free thiamine levels below 0.8 nmol/g. In labo-
ratory experiments, EMS frequency soared dramatically
among lake trout offspring hatched from eggs containing
free thiamine below this threshold (Fig. 1). Post-hatch
mortality attributed to EMS occurred between 700 and
900 degree-days, an age at which lake trout offspring are
swimming and actively looking for food.
Understanding the potential importance of EMS as a
regulator of lake trout reproductive success is critical for
the effective management of this native Lake Michigan
fish. These findings extend our ability to interpret the
role of EMS in the lake trout recruitment dynamics.
For instance, the actual number of spawning lake trout
needed to generate natural reproduction in Lake
Michigan may be underestimated by 50% or more
once losses associated with EMS are taken into
account. Because of the possible benefits of our
findings for managers, it is essential to investigate
lakewide variability of thiamine deficiency as
well as the importance of EMS compared to other
sources of early mortality among Lake Michigan
lake trout.

Sergiusz Czesny and John M. Dettmers, Division of
Ecology and Conservation Sciences; Konrad Dabrowski,
TheOhio State University; and Jacques Rinchard, USGS
Great Lakes Science Center
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Division of
Biodiversity & Ecological Entomology

Division of Biodiversity and
Ecological Entomology

Geoffrey A. Levin, Director

The Division of Biodiversity and Ecological En-
tomology comprises three sections: Biodiversity,
Biotic Surveys and Monitoring, and Ecological
Entomology. These groups bring together a diverse
set of interests, including evolutionary biology,
ecology, agriculture, and medical entomology. The
basic and applied research conducted by our scien-
tists contributes to understanding the natural world
and is essential to conserving and managing the
region’s natural and human-dominated ecosystems.
Highlights of research during the year can be found
in the section narratives. The division also man-
ages the Survey’s biological collections, which are
the most significant record of the Illinois’ natural

Photo by Michael Jeffords, INHS

heritage and are of state, national, and international
importance; more information on the collections can
be found elsewhere in this report. Division staff also
actively participate in the Surveys’ education and
outreach programs.

The division saw significant staff changes during
the year. We were pleased to fill two vacant profes-
sional scientist positions with the hiring of ichthy-
ologist Dr. Marlis Douglas and insect systematist
Dr. Felipe Soto-Adames. Dr. Ken Robertson retired
as plant systematist after more than 31 years at the
Survey and Dr. David Voegtlin retired as an aphid
biologist after more than 27 years here; both were
honored with emeritus appointments and continue
to be active researchers. In addition, weed biologi-
cal control scientist Dr. S. Raghu left for a position
in Australia. The search to fill our vacant medical
entomologist position is nearing completion and we
hope to fill our other vacancies as budgets permit.



Section for Biotic Surveys and
Monitoring (SBSM)

C.A. Phillips, Section Leader

The SBSM is composed of ecologists and system-
atists. Approximately 90% of the section scientists
are supported by funding from the Illinois Depart-
ment of Transportation (IDOT) and the Illinois Toll
Highway Authority (ITHA). Section scientists con-
duct surveys of threatened and endangered species
and high-quality natural areas at proposed trans-
portation-related project sites throughout Illinois.
Our survey results provide these two agencies with
the data needed to meet various state and federal
environmental regulations. The close cooperation
afforded by these inter-agency agreements pro-
vides the state with unbiased scientific information
needed to minimize both environmental impacts

to our natural resources and unnecessary delays in
transportation projects.

The section consists of 17 full-time staff with
taxonomic expertise in the entire range of flora and
fauna of Illinois, from mosses and vascular plants to
freshwater mussels, insects, fishes, and reptiles. In
addition, staff have expertise in the ecology of these
organisms, plant community restoration, wildlife
health, and invasive species ecology and control.
The educational background of the program staff
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ranges from BS to PhD, with several nationally
recognized for their expertise. One of the many
benefits of the transportation surveys is the vast
amount of scientific information generated in the
course of the work that becomes available to the
public, planners, and the scientific community. Sec-
tion scientists deposit hundreds of plant and animal
specimens into the Survey’s biological collections
each year. The transportation contracts also allow
the Survey to retain scientific expertise on groups
of organisms that is otherwise not affordable. The
section currently employs the curators of four INHS
Collections — Annelids, Mollusks, Crustaceans, and
Amphibians and Reptiles plus the collection manag-
ers for two others.

Even though the majority of our scientists are
supported by external funding, they are encour-
aged to conduct independent research and publish
results in the scientific literature. Section scientists
currently have funding through the forest preserve
districts of Will and Lake counties, Illinois Depart-
ment of Natural Resources, Geological Survey of
Alabama, Illinois Endangered Species Protection
Board, National Science Foundation, National Park
Service, and several State Wildlife Grant programs.
Section scientists published 27 peer-reviewed
articles in FY 08 on topics as varied as freshwater
snail distribution to the prevalence of West Nile
Virus in amphibians.

Establishment of Historic Fish Communities to Restored

Illinois River Floodplain Lakes

The Illinois River and associated floodplain lakes once
possessed one of the most productive and diverse com-
munities of fishes in North America. Most of the flood-
plains are now isolated from the river and drained,
and consequently, fish populations and diversity have
dramatically declined. A number of species that once
flourished in the floodplain lakes have become rare or
have disappeared from the Illinois River valley. These
include six of the state’s threatened and endangered
fish species such as Notropis heterolepis, the blacknose
shiner and Lepomis miniatus, the redspotted sunfish.
Fortunately, tremendous effort and resources are
being expended to restore large areas of the Illinois
River and protect the river in general. The Wetlands
Initiative and The Nature Conservancy are presently
restoring three large floodplain areas along the Illinois
River. The Wetlands Initiative is restoring the Henne-
pin-Hopper Lake system (Putnam County) and The
Nature Conservancy is restoring Emiquon Preserve
(Fulton County) and the Merwin Preserve at Spunky
Bottoms (Brown County). This effort provides an
excellent opportunity to restore a portion of the native
fish community and aquatic ecosystem that has largely

disappeared from most of Illinois. The total area of
wetlands to be restored will be over 4,000 acres, some
among the highest-quality aquatic communities in the
[llinois River valley.

Scientists and staff from the Illinois Natural His-
tory Survey, Illinois Department of Natural Resources,
The Wetlands Initiative, and The Nature Conservancy
are working to re-establish native fish species to these
floodplain areas with funding from the U.S. Fish and
Wildlife Service. Their goal is to begin in 2007 to in-
troduce four to six native fish species to each of these
areas along the Illinois River over a three-year period
as part of the restoration of the aquatic communities.

There are several potential benefits to doing this
project: 1) restoring a community that has largely
disappeared from Illinois; 2) increasing populations of
state-listed or rare species, which could lead to their
delisting or prevent their being listed; 3) improving
fish communities (and fishing potential) in general; 4)
this project could be continued at each site with the
eventual goal of introducing additional species; 5) it
can be used as a model for the re-establishment of fish
species in other areas in the Illinois River valley and
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From fields to restored habitats for fishes, bottomland fields are being returned to aquatic habitats

the Midwest; and 6) training of graduate and under-
graduate students as well as publishing the results for
use by the scientific and conservation communities.
The project offers a number of challenges to suc-
cessfully establish native fishes. Although there are
potentially 25 fish species to be re-established, many
of these are rare and will require care in gathering
breeding stock for each lake. Also, selection of species
for stocking requires that the species will fit well into
the overall plant and animal communities. The lakes
are large, (each over 1,000 acres), have fluctuating
water levels, and contain potential predators. Refuge
areas within the lakes will need to be created to give
some species a chance to become established. Another

big chal-
lenge is the
presence of
the common carp (Cyprinus carpio). This non-native
species is associated with loss of aquatic vegetation
and increased levels of water turbidity. Carp occur at
all three sites and remain a threat to the stability and
diversity of the sites. One stocking candidate is the
bowfin (Amia calva). This voracious predator will be
stocked and used in enclosure experiments at Henne-
pin-Hopper to determine its effectiveness as a native-
species control on the carp. Ultimately, we hope that a
highly diverse native fish community will add stability
to the lakes and help resist factors like the common
carp that threaten the aquatic communities.

Michael Retzer, Division of Ecology and Conservation Sciences

Endangered and Threatened Plant Species Database

As part of an ongoing and multifaceted effort to
develop recovery strategies for Illinois endangered and
threatened vascular plant species and the community
types in which they occur, a computerized database of
herbarium specimens representing all known Illinois
collections of endangered or threatened species is
currently under development. This database consists
of information obtained from verified collections
located at all Illinois herbaria as well as the herbarium
of the Missouri Botanical Garden. Currently, there

is no comprehensive compilation of data pertaining

to collections of Illinois’ rarest vascular plants and
consequently no expedient way of accessing the
invaluable information provided by these collections.
A $20,000 grant to Loy R. Phillippe and Brenda
Molano-Flores of the Illinois Natural History Survey
by the Illinois Endangered and Threatened Species
Protection Board allowed this database to undergo an
extensive initial phase of development during 2005
and 2006.

Of the 2,165 vascular plant species (excluding
hybrids and infraspecific taxa [subspecies, varieties,
and forms]) native to Illinois, as described in the
most recent flora of the state, 263 are listed as state
endangered. Five of these are also listed as federally
threatened, while one is listed as federally endangered.
Seventy-five are listed as state threatened (two of
which are also listed as federally threatened); and
at least 83 are believed extirpated. One of these,
Thismia americana N. E. Pfeiffer (American thismia),
is believed extinct—having been known from one
locality in Cook County and nowhere else in the
world. In total, 3.8% of the state’s vascular flora
are believed extirpated and nearly 16% are listed
as threatened or endangered —also facing potential
extirpation. Exacerbating efforts to preserve plant
communities that support these rare species as well
as other uncommon plants are changes induced
by phenomena including: 1) various forms of
pollution, 2) the introduction of exotic organisms, 3)



Herbarium specimen of Lactuca ludoviciana
(western wild lettuce) collected by Robert Evers in

Lake County, Illinois in 1951. Photo by Michael Murphy,
INHS

Herbarium specimen of Woodwardia virginica
(Virginia chain fern) collected by George Fuller
in Lake County, Illinois in 1944, the same year

it was discovered in a tamarack big habitat. Photo
by Michael Murphy, INHS
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continued habitat loss, 4) habitat degradation, 5)
anthropogenically altered herbivore activity, and 6)
hydrological alterations. In order to further develop
and refine recovery and protection strategies for
plants/plant communities as well as the myriad of
other organisms they support, it is vitally important
to thoroughly understand the historic composition,
structure, and location of vanished remnant
communities and those which are still extant.

For the initial phase of database development,
specimen data from 2,232 specimens were obtained
from 15 herbaria including the Chicago Botanic
Garden (CHIC), Field Museum of Natural History (F),
Illinois Natural History Survey (ILLS), Illinois State
Museum (ISM), Illinois State University (ISU), Knox
College (KNOX), Missouri Botanical Garden (MO),
Northern Illinois University (DEK), Natural Land
Institute (NLI), Rockford College (RCH), Southern
Illinois University (SIU), The Morton Arboretum
(MOR), University of Illinois (ILL), and Western
Illinois University (MWI). The database consists of
26 searchable categories including plant family, genus,
specific epithet, infraspecific epithet, date of collection,
collector, collection number, accession number, current
listed protective status, county, specific locality within
county, township/range/section, latitude/longitude,
habitat, and the herbarium at which a given specimen
is located.

When complete, scientists at various state,
federal, and other institutions will have access to an
extremely comprehensive and searchable database that
includes data from the earliest as well as most recent
collections of Illinois’ rarest vascular plant taxa. In
light of the fact that nearly 20% of our native flora is
either extirpated or threatened with extirpation, these
data will supplement our research, conservation, and
management efforts in identifying and preserving
remnant natural communities —communities that
represent a vital component and foundation of our
remaining natural heritage.

Michael Murphy, Division of Ecology and Conservation Science
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Section of Ecological Entomology
Lee Solter, Section Leader

The Section of Ecological Entomology serves the
people of Illinois, policy makers, and the scientific
and educational community by investigating
entomological problems and issues in four critical
areas: agriculture, medicine, natural environments,
and urban landscapes. The section provides
scientifically based information leading to an
understanding and appreciation of our natural
heritage and the wise preservation, management,
and utilization of Illinois’ natural resources.

Entomologists in the Section of Ecological
Entomology address a broad range of disciplines
that relate to insects and other arthropods
including toxicology, behavior, ecology, taxonomy,
pathology, agriculture, plant-insect interactions, and
transmission of vertebrate diseases. Staff members
also participate in educational events for producers,
policy makers, and the public; train undergraduate
and graduate students; and provide scientific data
that benefit the public and the greater scientific
community.

Entomology research highlights from 2007
include:
* Chemically inert millimeter wave carbon fibers,
used by the U.S. military as an electromagnetic
communication obscurant, were shown to reduce
filter-feeding, respiration, and reproductive rates in
freshwater invertebrates (D. Soucek).
* Likely sources of organic flame retardants
accumulated by tree swallows nesting in the
Calumet Region of Illinois were determined (S.
Gallo, D. Soucek).
* Demographic plots for investigations on the
population dynamics of garlic mustard were
monitored in anticipation of availability of
biocontrol agents for garlic mustard. (S. Post, R.
Lankau)
* The presence of western corn rootworm beetles
that lay eggs outside of cornfields can be detected
by simple tests conducted on females caught in

Diseases of Beneficial Insects

Recent reports of the disappearance of honey bees
attributed to a mysterious disease called “colony col-
lapse disorder” have brought many issues to the public
eye concerning, among others, the importance of
beneficial insects, the global movement of both insects
and their diseases, and the impacts of species loss on
human activities and health. Not all insects are pests,
nor are all diseases detrimental —many disease organ-
isms are used in control of pests and all are part of the
natural cycle of animals. But diseases in insects we de-
pend upon are not always well understood and may be
devastating to agriculture and the natural environment.

cornfields adjacent to suspect soybean fields.
Western corn rootworm beetle larvae have the
ability to develop on a number of important grasses
other than corn. (J. Spencer)

* Molecular DNA studies determined that the
hybrid zone for mosquito vectors of West Nile
Virus extends 100 miles further north into central
[llinois than data collected in the 1960s suggested,
possibly explaining patterns of mosquito feeding
on mammals and feeding until the first hard frost in
fall. (O. Sanogo, R. Lampman)

* Opportunities were developed for sharing and
mapping biodiversity data by helping bring
together the strengths of the Global Biodiversity
Information Facility (GBIF) and DiscoverLife.org.
(G. Kampmeier)

* The Midwest suction trap network monitored
soybean aphids and other aphids of economic
significance for crops in Illinois and surrounding
states. Species identifications were provided.
Soybean aphid numbers are available on-line

at: http://www.ncipmc.org/traps/index.cfm (D.
Voegtlin)

¢ The Illinois Cooperative Agriculture Pest Survey
program conducted pest detection surveys on
significant invasive plants and insects. (K. Estes)

* Three approaches to transition from traditional to
organic farming were successful in building soil, but
there were some differences among the treatments
with regard to incidence of certain plant diseases,
weeds, and ground beetle populations. (C. Eastman,
E. Zaborski, M. Wander, J. Masiunas, D. Eastburn,
J. Lundgren, L. Cooperband, D. Cavanaugh-Grant,
and D. Anderson)

* Two species of microsporidian pathogens were
released in northern Illinois for biological control of
the gypsy moth. (L. Solter, M. McManus)

The section lost two entomologists in 2007 with
the departures of Dr. Raghu Sathyamurthy (weed
biological control) and Dr. Robert Novak (medical
entomology). We are currently conducting a search
for a director of the Medical Entomology Program.
Dr. David Voegtlin retired but continues his
important work on aphids as an emeritus scientist.

Honey bees are the most easily manipulated of the
world’s pollinating species and, therefore, the most in-
tensively studied. Even with an extensive knowledge
base concerning their pathogen/parasite complex, re-
searchers and producers still are faced with unexpected
epizootics and introductions, and the bee industry is
constantly focused on identifying, treating, and avoid-
ing various natural enemies that threaten its livelihood.
For example, in addition to the recent colony collapse
disorder and varroa mite infestations, a microsporidian
pathogen, Nosema ceranae, previously thought to oc-



Cameron, and Lee Solter. Photo by Joyce Knoblett

cur only in the Asian honey bee, Apis cerana, has now
been found to occur worldwide in colonies of Apis
mellifera, the European honey bee.

Like all other animals and plants, insects are
victims of many different types of diseases-viruses,
bacteria, fungi, protozoa, and nematodes. Disease or-
ganisms of any or all of these groups are found in any
well-studied host species. Like other natural enemies,
diseases are important in maintaining insect popula-
tions at levels that are actually optimal for the species,
preventing populations from outstripping their own
food supplies. In terms of human interactions with
insects, we would be much worse off if insects such
as mosquitoes, blackflies, house flies, and agricultural
pests did not succumb regularly and in great numbers
to diseases. There are, however, insects such as bees
and silk worms, predatory flies and beetles, and other
managed beneficial insects that benefit humans, and
there may be serious consequences when they are
devastated by epizootic diseases.

The Insect Pathology Program at the Illinois
Natural History Survey partners with federal,

Bombus griseocollis, foraging on purple
coneflower. Photo by Lee Solter

ris 1 I 2
The bee team (L-R) Jamie Strange, Terry Griswold, Sydney
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state, and university cooperators to study diseases of
both pest and beneficial insects. Some of the more
recent research projects have dealt specifically with
beneficial species. One project involves work-

ing with the USDA Forest Service to identify and
mitigate the occurrence of disease in several species
of beneficial beetles that are being used for biological
control of the hemlock woolly adelgid. This Asian
adelgid pest is devastating populations of eastern and
Carolina hemlocks in both horticultural and natural
environments, including old-growth trees in pristine
forest areas. Three of the beetle species being used
in the adelgid biological control programs have been
found to harbor microsporidia, fungal-like pathogens
that insidiously infect the insects and cause shorter
adult lifespans, larval death, and lowered egg produc-
tion. The microsporidia can build up in the labora-
tory colonies and cause death of a large percentage of
colony insects that have been painstakingly reared for
biological control projects. We are currently identify-
ing these microsporidia and learning about how they
infect and are spread.

The most recent project, a collaboration between
the authors at INHS and the University of Illinois
and Jamie Strange and Terry Griswold at the USDA
Bee Biology and Systematics Lab in Logan, Utah,
addresses the potential causes of population declines
of some of our most important native plant pollina-
tors, the bumble bees. There are more than 50 species
of bumble bees (Genus Bombus) in North America
and several appear to be declining severely. Our team
will approach the problem of identifying the reasons
for decline by addressing two of the myriad potential
causes—the isolation and fragmentation of bumble
bee populations and the occurrence of diseases that
might be invading North America, or are native but
with effects that may be exacerbated by other pres-
sures. Supported by a grant from the USDA National
Research Initiative, we will compare historical in-
formation from museums and the scientific literature
with the current ranges of six species of bees and their
parasites and pathogens.

We have, in preliminary studies, identified sev-
eral pathogens and parasites isolated from bumble
bees collected in the American West and Midwest.
Individual bees from two populations in Illinois, as
well as bees from western populations, were infected
with a pathogen, a microsporidium, that is a genetic
match for a species that occurs in European bumble
bees. We will be working to determine whether this
pathogen is a recent invader that has spread across
the continent or is found globally in bumble bees. II-
linois residents can help by informing us about areas,
particularly fields and natural areas, where bumble
bees are frequent visitors so that we can sample the
populations.

Contact Information:
Lee Solter

Phone: (217) 244-5047
E-mail:lsolter@uiuc.edu

Lee Solter, Division of Biodiversity and Ecological Entomology
and Sydney Cameron, Department of Entomology, University of
1llinois
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Asian Mosquito Invades Illinois....Again

At first, the introduction into Illinois of a dark
white-striped, day-biting mosquito associated with
waste tires sounds like déja vu, harkening back
almost 20 years to the discovery of the Asian tiger
mosquito (Aedes albopictus) in piles of used and
waste tires scattered throughout the state. Un-
fortunately, history is repeating itself with a new
invader, the Asian rock pool mosquito Aedes
(Ochlerotatus) japonicus, presumably introduced
and spread via used tires. Ironically, the rapid de-
tection in Illinois of this exotic import in 2006 was
at least partially due to the Waste Tire Act of 1992,
which helped create the Medical Entomology Pro-
gram at the Illinois Natural History Survey (INHS).
The Waste Tire Act was passed in order to provide
for the collection, disposal, and recycling of used
tires and to fund research on vector insects associ-
ated with them.

The Asian rock pool mosquito was first dis-
covered in the United States between 1998 and 1999
in three northeastern states (New York, Connecticut,
and New Jersey). For a brief time, some research-
ers believed that the temporal and spatial overlap of
West Nile Virus (WNV) transmission with the Asian
rock pool mosquito distribution was more than a
coincidence. They suggested this species might be
the critical bridge vector of WNYV to humans. Aedes
Jjaponicus is native to Japan, Korea, and much of
eastern Asia, where it is believed to be a vector of
Japanese Encephalitis Virus, which is closely related
to WNV. The dispersal of the rock pool mosquito into
Europe and North America appears to be the unin-
tended consequence of the worldwide used tire market.
In the United States, the spread of this exotic species is
well documented due to the continent-wide heightened
surveillance for WNV in mosquitoes. Fortunately, the
distinctive morphological characteristics of both larvae
and adults allow Aedes japonicus to be easily distin-
guished from native mosquito species in field-
collected material.

On July 7, 2006, adults of the Asian rock pool
mosquito were discovered in traps in a woodlot south
of campus at the University of Illinois in Urbana-
Champaign by INHS Medical Entomology staff.
Within days, additional specimens were collected from
a container and adult traps in another woodlot less than
a quarter of a mile away from the first site. Due to
intensive mosquito surveillance for WNV throughout
Urbana and
Champaign,
we are
reasonably
certain this
area was at
or near the
initial inva-
sion site and
the distribu-
tion of Aedes
japonicus
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The Asian rock pool mosquito, Aedes
japonicus.

The Asian tiger mosquito, Aedes albopictus. Photo by Michael
Jeffords, INHS

was very localized. Our detection of this species in
Urbana represented the first state record for Illinois;
however, by the end of the summer, there were reports
of multiple introductions throughout the state. A grad-
uate student at Illinois State University found Aedes
Jjaponicus in a southern tire site near Effingham; the
Medical Entomology staff collected it in northern trap
sites around LaSalle-Peru; and the South Cook County
Mosquito Abatement District found it in traps near
their office in Harvey. In Urbana, the rediscovery of
larvae and adults in 2007 at the same woodlot on the
South Farms indicates the species successively over-
wintered and is on the road to establishing a permanent
foothold in our area. With the addition of Illinois, this
species is now reported from 27 states, the District of
Columbia, and 2 Canadian provinces.

In August 2007, adult specimens were also cap-
tured about a mile north of the original focus, heading
toward campus. The Asian rock pool mosquito has a
history of being initially detected in limited sites and
in low numbers, only to become a relatively common
mosquito within two to three years. The preferred
habitat tends to be natural or artificial containers in
shaded areas with water rich in organic matter, similar
to habitats preferred by our native Culex vectors of
WNV. This may result in a competition for resources
between these species. The invader also has a broad
host range, including birds and mammals, and tends to
bite during the day when you enter its habitat.

The complexity of WNV transmission makes it
difficult to predict the ecological and epidemiologi-
cal implications of Aedes japonicus. It could cause an
increased risk of WNV transmission to mammals, but
alternatively, the feeding on mammals could detract
from the natural bird-to- mosquito-to-bird cycle, there-
by reducing the intensity of transmission. The Medical
Entomology Program will continue to monitor this
species to determine its impact on disease transmission
and the abundance and distribution of Culex species.

Richard Lampman and Joel Morris, Division of Biodiversity and
Ecological Entomology



Section for Biodiversity (SBD)
C.H. Dietrich, Section Leader

SBD scientists mainly conduct collections-based
research on biological systematics and evolution.
Because such research results in the development of
improved methods for classifying and identifying
species and tracking changes in their geographic
distributions, our work is of fundamental impor-
tance to the rest of biology. Retirements in recent
years have created a number of vacancies that have
reduced the breadth of our taxonomic expertise and
hindered efforts to care for and improve access to
the Survey’s world-renowned biological collections.
Fortunately, we were able to complete two critical
hires in FY08. Our new curator of fishes, Marlis
Douglas, whose research focuses on molecular
phylogenetics and conservation genetics of North
American fresh water fishes, replaces Larry Page,
who retired in 2001. New insect curator Felipe
Soto-Adames, a leading authority on springtails
(Collembola), replaces Don Webb, who continues
his research on the systematics of true flies (Dip-
tera) as curator emeritus. We eventually hope to
fill vacancies created by the retirements of aphid
specialist David Voeglin and herbarium curator Ken
Robertson, but this may not be possible in the near
future, given recent cuts to the INHS budget.

Despite reductions in our state appropriation,
grant funding to SBD remained strong and diversi-
fied in FY08, with more than $2 million in new or
ongoing grants from 10 different agencies or pro-
grams including the National Science Foundation,
U.S. Fish and Wildlife Service, U.S. Department
of Agriculture, The Nature Conservancy, and the
Illinois Department of Natural Resources. Par-
ticularly significant was a new three-year National
Science Foundation grant to revise the classification
of the leathopper tribe Empoascini and develop an
on-line key to the 600+ described species of the
genus Empoasca, more than 100 of which occur in
the midwestern U.S.

SBD scientists published 40 refereed articles and
monographs during FY08, but some of the section’s
most important research products were electronic,
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providing Internet access to tools for species
identification and detailed information on species
nomenclature and distributions. Entomologists
Dmitry Dmitriev and Chris Dietrich and graduate
students James Zahniser and Doris Lagos developed
on-line interactive identification keys to species and
higher taxa of several groups of leathoppers and
aphids, comprising several hundred species (http://
ctap.inhs.uiuc.edu/dmitriev/3i_keys.asp) in addi-
tion to publishing traditional dichotomous keys for
some of these groups. David Eades’s Orthoptera
research group, in collaboration with entomologists
Ed DeWalt and Colin Favret, developed the world’s
most complete on-line nomenclatural databases

for aphids (Aphididae) and stoneflies (Plecoptera).
Post-doctoral fellow Holger Braun also developed
the first on-line key to Orthoptera (grasshoppers
and kin) of Illinois (http://orthoptera.speciesfile.
org/Common/key/Keydriver.aspx?BlockID=1316).
This is a much-needed update to the only avail-
able printed key, which was published in 1934.
Programmer Beth Frank of the Orthoptera group
continues to work with entomologists Ed DeWalt
and Paul Tinerella on converting the current INHS
insect collection database, which now comprises
>600,000 records, from FileMaker Pro to a new,
more versatile SQL-based database platform called
Specify. This will facilitate long-term maintenance
of the database and increase accessibility of the
specimen data (e.g., species name, collecting local-
ity, and date of collection) to researchers around the
world.

In addition to conducting basis systematic
research, several SBD scientists are involved in
research aimed at informing efforts to restore native
habitats in Illinois. Most significantly, restoration
ecologist Brenda Molano-Flores and her students
have been studying ecological factors, such as pol-
lination and insect herbivory, that might be expected
to affect the success of prairie restoration. Their
most recent experiments indicate that native plants
in both native prairies and restorations can suffer
similar, and often very high, levels of herbivory
and reductions in seed set. This ongoing research
may eventually lead to management strategies that
improve the sustainability of native and restored
plant communities.
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[llinois and Indiana Parks as Refuges for Stoneflies

Illinois Natural History Survey (INHS) collections
provide the biological memory for documenting spatial
and temporal changes of species across our rapidly
changing landscape. The written word can serve this
purpose too, but often it is outdated, based on mis-
identifications and not on vouchered specimens whose
identifications could be verified.

Stoneflies are a small order of some 2,000 species,
about 660 of which are currently known for North
America (http://plsa.inhs.uiuc.edu/plecoptera/). Larvae
inhabit flowing waters the world over and are excel-
lent indicators of water quality. Adults emerge from
the water in nearly every month of the year in Illinois,
assuming a brief terrestrial existence. Unfortunately, at
least two extinctions have occurred (Illinois endemics)
and the ranges of many other species are shrinking.
The book Precious Heritage, a Nature Conservancy
and NatureServe collaboration, reports stoneflies as the
third most imperiled taxon (either by percentage or ab-
solute number) in the USA. DeWalt et al. (2005, Ann.
Entomol. Soc. Am. 98: 941-950) reported that in the
twentieth century 28.6% of 77 species reported from
[llinois can no longer be found in the state. The family
Perlidae, historically composed of 28 large, predatory
species, was decimated. Eleven have been extirpated
and six have dramatic range reductions. The remain-
der are secure. Reasons for loss of so many species
is not known, but some correlates exist. Species with
direct egg hatch (one month), summer emergence, and
prolonged nymphal growth (11 or 23 months) were
lost disproportionately. Species with egg or nymphal
diapause and shortened growing periods fared better.
Additionally, losses were greatest in the 1950s, a time
signature reminiscent of eggshell thinning in raptors
related to DDT use. Perhaps these two are linked.

INHS collections contain many historical stonefly
specimens from parks in eastern Illinois (Fox Ridge
State Park, Kickapoo State Park complex, Rocky
Branch Natural Area, and Forest Glen County Forest
Preserve complex) and western Indiana (Turkey Run
State Park, Shades State Park complex, and McCor-
mick’s Creek State Park). These, plus recent collecting
efforts in Indiana presented the authors with an oppor-
tunity to evaluate the efficacy of parks for protecting
stoneflies, and by extention, other aquatic insects.

The authors re-evaluated specimens from the
INHS, Purdue University (Purdue), and Canadian
National Collections (CNC) to determine the species
historically known from Illinois and Indiana parks.
Over the past two years, the authors have visited II-
linois and Indiana parks in winter, spring, and summer
to determine which species remained. Small and large
streams were investigated, nymphs reared to adult-
hood, and adults collected by UV lights.

Most parks were relatively small, consisting of a
few hundred to 1,000 acres, and protecting a narrow
band of deeply dissected seeps and small streams.

They also provided a
relatively short and narrow
buffer for larger streams
such as the Embarras

and Middle Fork of the
Vermilion River (Illinois)
and Sugar and McCormick
creeks (Indiana). These
parks fell along an east-to-
west moisture gradient that
promoted the formation

of somewhat different but
related communities from
east to west.

Parks protected species
requiring ravine stream
habitat much better than
those requiring larger
streams. Ravine streams
have a limited watershed
and depend upon ground-
water as a source of cool,
clean water. Only 2 of 16 ravine species were lost: the
winter stoneflies Allocapnia illinoensis from Rocky
Branch and Paraleuctra sara from Turkey Run. Larger
streams integrate the effects of a broad landscape.

The Embarras River, Middle Fork, Sugar Creek, and
McCormick’s Creek lost 13 of 27 large, predatory
stoneflies of two families. Replacing these species are
perlids whose life cycles have an egg diapause that
limits their risk to pollution and other disturbance to
February through June.

Stoneflies in ravine streams appear to be well pro-
tected, but the predicted warmer and drier times ahead
call for greater vigilance to protect these relict habitats
of cooler times. The purchase of land and extension of
natural vegetation on tablelands above ravine streams
would buffer them against future warmer temperatures,
smooth out the release of water throughout the year,
and reduce crop fertilizers and pesticides that perco-
late through the groundwater. Many of these stream
channels are used as trails, a practice that should be
discontinued for the most vulnerable stretches. Dam-
age to large streams has already been done and natural
recolonization of lost species is highly unlikely. Recent
unpublished data demonstrate that species of Acroneu-
ria (Perlidae) would have to cross inhospitable crop-
land or along degraded rivers for 100-300 km to reach
historic Illinois locations —most traveling from out of
state. The Middle Fork of the Vermilion appears to be
of sufficient water quality to support reintroduction of
one or more of these large species. Acroneuria frisoni
(see photo), named for a former Chief of the INHS
(Theodore Frison), would be an appropriate candidate.

Acroneuria frisoni, a
candidate for reviving
part of Illinois’ biological

heritage. Photo by Michael
Jeffords, INHS

Dr. R. Edward DeWalt and Dr. Donald W. Webb, Division of
Biodiversity and Ecological Entomology
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