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Abstract

The Illinois cave amphipod, Gammarus acherondytes, is known only
from caves in the karst of Monroe County in southwestern Illinois. Extir-
pated from the one cave where the amphipod was formerly found in
adjacent St. Clair County and apparently declining across the rest of its
narrow range, in 1999 the Illinois cave amphipod was added to the U.S.
Endangered Species List. A yearly census of caves in all groundwater basins
in which the Illinois cave amphipod remains is sponsored by the U.S. Fish
& Wildlife Service to monitor the species. The census data is being analyzed
in a number of ways, including the development of an index of biological
integrity (IBI) for cave stream invertebrates. The IBI is a biomonitoring
protocol that was first published in 1981 using data on fish to characterize
the degree of human impact on surface streams. The variables (metrics) in
the IBI were chosen as indicators of the level of impact. The protocol has
been modified to adjust for regional differences and other kinds of aquatic
communities. In the Mammoth Cave area an IBI was developed by Thomas
Poulson and William Pearson primarily using metrics concerning cavefish
and cave crayfish. Neither of these organisms is present in Illinois caves,
thus presenting a challenge in creating metrics that use data primarily
concerned with amphipods, isopods, snails or flatworms. A preliminary IBI
for cave communities in southwestern Illinois incorporating data for 10
metrics has been constructed and is undergoing testing.

The Illinois cave amphipod, Gammarus
acherondytes, is known only from caves in the
karst of Monroe County in southwestern Illi-
nois (Lewis et al., 2003). Extirpated from the
one cave where the amphipod was formerly
found in adjacent St. Clair County and appar-
ently declining across the rest of its narrow
range, in 1999 the Illinois cave amphipod was
added to the U.S. Endangered Species List.

Methods

A yearly census of caves in all groundwater
basins in which the Illinois cave amphipod

remains is sponsored by the U.S. Fish & Wildlife
Service to monitor the species. The census
methodology has been detailed elsewhere, (Le-
wis 2000, 2001; Lewis et al. 2002), but in
general in each cave a transect 100 feet in
length is selected. This transect is divided into
10 subtransects, each 10 feet in length (feet
rather than meters are employed to accommo-
date the use of a square foot Surber sampler).
In each 10-foot subtransect a random number
is selected to designate the placement of a
sample quadrat. For example, the random
number 49 would indicate that the quadrat
would be placed at a spot 4 feet up the length
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of the transect and 90% of the distance across
the width of the stream.

The Surber sampler is placed on the desig-
nated spot and the substrate gently agitated to
release the invertebrates present. All of the ani-
mals are placed into a plastic bowl, where each
is identified to species and measured. Within a
few minutes of the sample being taken the ani-
mals are released alive back into the stream.

This method produces a census of 10 sam-
ples within a 100-foot transect. Mapping of the
transects produced a square foot area for the
complete transect from which can be extrapo-
lated a population estimate for Gammarus
acherondytes as well as the other species pre-
sent within the area.

Another way of analyzing the census data has
been the development of an index of biological
integrity (IBI) for cave stream invertebrates.
The IBI is a biomonitoring tool that was first
published by Karr (1981) using data on fish to
characterize the degree of human impact on
surface streams. The variables (metrics) in the
IBI were chosen as indicators of the level of
impact. The protocol has been modified to
adjust for regional differences and other kinds
of aquatic communities. In the Mammoth Cave
area an IBI was developed by Thomas Poulson
and William Pearson primarily using metrics
concerning amblyopsid cavefish (Amblyopsis,
Typhlichthys) and crayfish (Orconectes, Cam-
barus) although a small invertebrate compo-
nent is also used.

Amblyopsid cavefish are absent from the
caves of Monroe and St. Clair Counties, as are
stygobitic crayfish, although stygophilic or sty-
goxenic species are present in some communi-
ties. In creating an IBI for western Illinois cave

communities this presented a challenge in cre-
ating metrics, since the data almost entirely
comprised information concerned with am-
phipods, isopods, snails, or flatworms. Several
categories of variables were utilized to com-

prise a total of 10 metrics.
Metrics 1-4 (table 1) each concern the

numbers of individual species present in the
sample quadrats, specifically tthree stygo-
bites, the amphipod Gammarus acheron-
dytes,  isopod Caecidotea packardi,  and
flatworm Sphalloplana hubricti, and the sty-
gophilic isopod Caecidotea brevicauda. The
concept behind these metrics was that stygo-
bitic species typically dominate natural
aquatic cave communities, whereas in situ-
ations where nutrient enrichment has im-
pacted a community stygophilic or stygoxenic
species become dominant.

Metrics 5-6 concern the size class distribu-
tion of Gammarus acherondytes and Caeci-
dotea packardi. In aquatic cave communities,
the populations are characteristically skewed
toward dominance by larger, older individuals.
Metrics 7-8 involve the dominance of stygobites
as an assemblage in the community, in both the
raw numbers of stygobites present as well as
the richness of the community in stygobite
diversity.

Metrics 9-10 concern habitat degradation.
Caves are sensitive to the soil management on
the surface with sedimentation being a major
concern in cave communities where gravel rif-
fles and their interstices are of importance. In
situations where nutrient enrichment has oc-
curred the rocks, normally clean and rough on
the bottom where invertebrates hide, can be-
come covered with biofilms ranging from a thin
microbial layer to a filamentous scum.

The isopod Caecidotea packardi is a
stygobite endemic to western Illinois caves.

Bringing the Surber Sampler out of the
stream transect in Reverse Stream Cave,

Monroe County, Illinois.
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Table  1. Index of biological integrity for Illinois Cave Amphipod sites in western Illinois
5 3 1

(1) Gammarus acherondytes element occurrence >=2 per ft2 1-2 per ft2 <1 per ft2

stygobitic species dominate aquatic cave com-
munities
(2) Caecidotea packardi element occurrence >=2 per ft2 1-2 per ft2 <1 per ft2

stygobitic species dominate aquatic cave com-
munities
(3) Sphalloplana hubrichti element occurrence >0.5 per ft2 0.1-0.5 per ft2 0

stygobitic species dominate aquatic cave com-
munities
(4) Caecidotea brevicauda element occurrence <1 per ft2 1-2 per ft2 >2 per ft2

stygophilic/stygoxenic species should be minor
components or absent in aquatic cave communi-
ties (an index of community disturbance fre-
quently attributable to degradation by nutrient
enrichment in which non-stygobites outcompete
stygobites)
(5) Gammarus acherondytes size class distribution >50%

>=7mm
25-50%

>=7mm
<25%

>=7mm
stygobitic species populations are charac-

teristically skewed toward older, larger individuals
(6) Caecidotea packardi size class distribution >50% >7mm 25-50% >7mm <25%  >7mm

stygobitic species populations are charac-
teristically skewed toward older, larger individuals

(7) Community stygobite dominance
>75% of
animals

present (#)
are stygobitic

25-75% of
animals

present (#)
are stygobitic

<25% of
animals

present (#)
are stygobitic

Stygobitic species dominate aquatic cave com-
munities, with stygophilic/stygoxenic species ab-
sent or in small numbers (an index of disturbance
in which non-stygobites out-compete stygobites)
(8) Community diversity 3 stygobites

present
2 stygobites

present
1 stygobite

present
Major community niches should be filled by sty-

gobitic species in aquatic cave communities

(9) Stream substrate
>90% gravel,
breakdown
or bedrock

67 - 89%
gravel,

breakdown
or bedrock

<67%
gravel,

breakdown
or bedrock

Most of the substrate should be rock rather
than sediment (an index of habitat degradation by
sedimentation) 
(10) Rock Substrate clean rock

surface
observable

biofilm
present

filamentous
biofilm

Substrate should be macroscopically clean (an
index of habitat degradation by nutrient enrich-
ment as evidenced by microbial overgrowth) 
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Results

A list of the eight caves that were cen-
sused in 2003 are presented in Table 2,
rank-ordered by the size of the populations
estimated in each 100-foot transect. Com-
pared with these population estimates are
the square-foot censuses from each cave as
well as the Index of Biological Integrity
(IBI). Examination of the table reveals that
there is a more or less proportional rela-
tionship between the size of the Gam-
marus acherondytes population and the
IBI of the site and its community. The cor-
relation of IBI and ICA/ft2 is 0.698, which

illustrates a positive if not strong relationship
between the values.

This tells us that the IBI indicates informa-
tion in some ways different from the raw census
data. The site that stands out is Pumphouse
Cave, which with a value of 40 has the highest
IBI despite having relatively low numbers of
the Illinois cave amphipods per square foot and
a transect population that falls near the me-
dian. This cave lies on private property in an
area that is largely wooded and has relatively
little human surface disturbance, at least when
compared with other caves in the range of
Gammarus acherondytes that lie near subdivi-
sions or commercial developments. The habi-
tat within the Pumphouse Cave appears to
intact and the community is diverse. In con-
trast, there is a strong correlation between
caves in which problems have occurred and
low numbers of Gammarus acherondytes oc-
curring in the census samples.

In Spider Cave, a pollution episode of un-
known origin in 2000 created a microbial mat
that has eliminated the Illinois cave amphipod
from subsequent censuses. In 2003 heavy rain-
fall caused a pond to overflow into the up-
stream section of Fogelpole Cave. The
subsequent census revealed a significant num-
ber of pond species, for example, sunfish,
leeches, surface flatworms, frogs, with a con-
comitant drastic decline in the number of Gam-
marus acherondytes present.

In some cases the metrics used for the IBI
have potential problems. In particular, metrics

Table 2. List of sites at which censusing was conducted in 2003, rank-ordered by the size of Il-
linois Cave Amphipod (ICA) estimated populations in 100 linear foot transects (Reverse
Stream Cave extrapolated to 100 foot transect length), compared with the raw census sample
data per square foot and the Index of Biological Integrity for each site (IBI).
Groundwater Basin/Locality ICA Population Estimate ICA ft2 IBI
Annbriar Spring Basin
Reverse Stream Cave 1840 2.3 36
Frog Spring Basin
Frog Cave 1066 2.0 34
Pautler Cave Basin
Pautler Cave 895 1.8 34
Luhr Spring Basin
Pumphouse Cave 338 0.7 40
Illinois Caverns Basin
Illinois Caverns 254 0.4 30
Dual Spring Basin
Snow White Cave 87 0.2 26
Fogelpole Cave Basin
Fogelpole Cave NW 87 0.1 18
Krueger/Dry Run Basin
Spider Cave 0 0.0 16

Stream transect in Pautler Cave, Monroe
County, Illinois
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5 and 6 are based on size class distributions for
the Gammarus acherondytes and Caecidotea
packardi. These metrics are based on observed
data in the cumulative censuses of the last three
years, as actual life history data is not available
for these species. Substitution of one or more
other metrics might be recommended. For ex-
ample, substituting a metric that concerns the
presence of exotic pond species in the cave
communities might be more valuable than met-
ric 6 involving the size class distribution of
Caecidotea packardi.
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