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Management Summary

Crayfish are keystone species in both terrestrial and aquatic invertebrate assemblages. The results of field
research reported in this document establish a baseline of information about primary burrowing crayfish in
Indiana. This information can be useful for monitoring wetland and lowland habitats of Indiana; for monitoring
and behavioral studies of invertebrate and vertebrate species associated with primary burrowing crayfish; and,
for evaluating burrowing crayfish as an indicator of anthropogenic disturbance.

The research, conducted over a three-year period, consisted of a base study, a life history/demographics study,
and a burrow ecology study. The base study was intended to describe the distribution of burrowing crayfish
species in Indiana; to determine the relative abundance and density of terrestrial burrowing crayfish; to describe
the correlations between burrow habitats with soil and hydrologic parameters; to suggest long-term, statewide
monitoring plans (with multiple options for high, medium, and low intensity (cost) efforts; and, to provide an
annotated bibliography of scientific literature relative to the distribution, ecology, and life history of Indiana’s
terrestrial burrowing crayfish and the ecology of their burrows. The life history/demographics study of burrowing
crayfish attempted to document the sex ratios, growth rate and factors that influence growth, longevity, and
other life history parameters. The burrow ecology study investigated burrow occupancy; determined the depth,
architecture and construction history of burrows; evaluated the size of burrows relative to the size of the occupant
crayfish; determined other species found in crayfish burrows; and, determined the persistence of individual
burrows and primary burrowing crayfish colonies.

The five species of primary burrowing crayfish (i.e., crayfish that spend almost all of their lives in burrows not
associated with surface waters) in Indiana include: Devil Crayfish—Cambarus (Lacunicambarus) diogenes;
Ortmann’s Mudbug—Cambarus (Cambarus) ortmanni; Painted-hand Mudbug—Cambarus (Tubericamberus)
polychromatus; Digger Crayfish—Fallicambarus (Creaserinus) fodiens; and, Prairie Crayfish—Procambarus
(Girardiella) gracilis. Four of the five species of primary burrowing crayfish species recorded in this study
were widely distributed in Indiana. None of the species are in need of special consideration for their conservation
status.

Procambarus gracilis is restricted to the western-most extent of Indiana, representing the eastern edge of
its range. Fallicambarus fodiens had a small number of records likely due to its restricted habitat
preferences. The species is likely more abundant and common than the results indicate. The other three
species were commonly encountered and widespread. In general, the five species were only encountered
in streams as juveniles dispersing from maternal burrows in early and mid-summer.

The extensive draining and ditching encountered in Indiana does not appear to have greatly reduced the
abundance and distribution of Indiana’s primary burrowing crayfishes. Many small wetland areas still
exist in the State and ditch margins proved suitable as habitat. Surface water quality factors did not affect
the presence or absence of burrowing crayfish. Finally, general soil type did not explain or correlate well
with primary burrowing crayfish distributions.

Nearly equal sex ratios were found for C. diogenes, C. polychromatus, and F. fodiens. Burrow architecture
differed among these three species, with C. diogenes having, in general, the most number of entrances and
F. fodiens the least. Cambarus polychromatus is the least likely to have a chimney associated with its
burrow, and F. fodiens is the most likely. Cambarus polychromatus is an active predator with a “wait and
pounce” style of predation. Cambarus diogenes prefers animal matter to plant material, whereas F. fodiens
appears to favor plant material. All are facultative consumers.

All species are most active during wet or very humid periods and at night. Fallicambarus fodiens plugs its
burrow during the early summer, sometimes staying within the burrow until the following spring. This
species appears to aestivate, based on its sluggishness when removed from its burrow during the summer.
The other two species are active all times of the year except for the coldest periods of winter. All three
species appear to migrate from their burrows in the spring for mating and feeding. And, all three species
change their burrows from time to time.



Crayfish burrows harbor a wide variety of invertebrates, with microcrustaceans having the greatest diversity
and numbers. None of the taxa identified in this study were deemed “burrow-obligates.” Seasonal and
latitudinal differences in organisms associated with primary crayfish burrows were absent or very weak.
No listed species of vertebrates were observed to reside in primary crayfish burrows during this study.

Recommendations (from high intensity to low intensity) for future monitoring work with primary burrowing
crayfish center on re-examination of 100%, 50%, or 25% of all sites evaluated during this study once each
decade. A targeted study should be carried out to further define the role of soil type, looking at individual
soil parameters instead of the more generic soil type categorization. Finally, a second targeted study is
suggested that concentrates on vertebrate co-inhabitants of burrows, and that employs the burrow scope
used to good effect in this study.
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Introduction

Crayfish are keystone species in both terrestrial and
aquatic invertebrate assemblages. Lorman and
Magnuson (1978) conclude crayfish can strongly
influence the flow of energy in aquatic ecosystems.
Hobbs 111 (1993) and DiStifano (2005) concluded
crayfish perform important roles as predators,
processors of vegetation and carrion and are an
important prey item for species above them. Momont
(1995) stated crayfish can comprise greater than 50%
of all macroinvertebrate biomass. Butcher et al. (2003)
found that crayfish structured both the invertebrate and
benthic fish assemblages of streams in the Northern
Lakes and Forest Ecoregion of Minnesota, Wisconsin,
and Michigan. The presence of crayfish explained
about 90 percent of the variation in the invertebrate
assemblage.

Almost all crayfish can produce a burrow. However,
primary burrowing crayfish are noted for producing
complex or elaborate burrows in which they spend most
of their lives. These burrows are not normally
connected to permanent water bodies. Primary
burrowing crayfish emerge from their burrows to mate
or to forage for food. Usually these forays occur during
periods of rainfall or high humidity in order to keep
their gills moist. Plugs for the burrows are often added
by primary burrowing crayfish for protection, or during
periods of molting or aestivation (Hobbs, Jr. 1981).

Taylor et. al (2007) reported five primary burrowing
species from Indiana based on Eberly 1955, Page and
Mottesi 1995, and Simon 2001. These burrowing
species create elaborate excavations (Page 1985;
Jezerinac et al. 1995; Pflieger 1996; Hobbs, Jr. 1981;
Thoma and Jezerinac 2000), which are used by a
variety of rare, endangered, and unidentified species
associates that either share a commensal, parasitic, or
predatory existence within crayfish burrows. Rare
species using crayfish burrows for portions of their life
history include the Hine’s Emerald Dragonfly
(Somatochlora hineana), Crawfish Frog (Rana
reolatacirculosa), Copperbelly Water Snake (Nerodia
erythrogaster neglecta), and Eastern Massasauga
Rattlesnake (Rana areolatacirculosa).

The purpose of the work reported herein is to
accumulate information about the five species of
primary burrowing crayfish that occur in Indiana. The
work was divided into three tasks, including a general
survey, assessment of life history, and an investigation
of burrow ecology. This information can then be used
as a baseline for evaluating the use of terrestrial
burrowing crayfish as keystone species for monitoring
habitat changes and anthropogenic disturbances; for
future studies of primary burrowing crayfish and other
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species that use their burrows; and, for future surveys
and inventories of these interesting taxa.

Study Approach
This study was divided into three tasks, as follows:

Task 1. Base Study

Objectives: The primary burrowing crayfish species
that occur within the state include: Digger Crayfish—
Fallicambarus (Creaserinus) fodiens; Prairie
Crayfish—Procambarus (Girardiella) gracilis; Devil
Crayfish—Cambarus (Lacunicambarus) diogenes;
Paintedhand Mudbug—Cambarus (Tubericamberus)
polychromatus; and Ortmann’s Mudbug—Cambarus
(Cambarus) ortmanni. The primary objectives of the
base study are:

1. Describe the distribution of primary burrowing
crayfish species in Indiana;

2. Determine the relative abundance and density of
terrestrial burrowing crayfish;

3. Describe the correlations between burrow habitats
with soil and hydrologic parameters;

4. Suggest long-term, statewide monitoring plans
(with multi-options for high, medium, and low cost
with associated advantages); and,

5. Provide an annotated bibliography of scientific
literature relative to the distribution, ecology, and
life history of Indiana’s terrestrial burrowing
crayfish and the ecology of their burrows.

Task 2. Demographics/Life History
Objectives: The demographics associated study of
burrowing crayfish will document the following:

1. Sex ratios;

2. Growth rate and factors that influence growth
rate; and,

3. Longevity.

Task 3. Burrow Ecology
Objectives: Primary objectives of the burrow ecology
associated study are as follows:

1. Burrow occupation history (an example is burrows
vacant at a certain time of year or for long periods
of time);

2. Depth, architecture and construction history of the

burrow;

Burrow size relative to size of occupant;

4. Other species found in crayfish burrows/season;
and,

5. Persistence of individual burrows and terrestrial
burrowing crayfish colonies.

w



Burrows vs. Indiana Soil Types

Reference Map 1. One of the variables that was initially thought to be important in the distribution and population
density of primary burrowing crayfish is soil type. The following is a map of Indiana soil types for reference with maps
in those in the Task 1 section of the report, as well as Appendix 1 Tables 1-6. The map of Indiana has been split into two
parts in order to increase size and legibility. An overlap zone has been retained for each map in the middle of Indiana.

IN001 Coloma-Spinks-Oshtemo IN028 Martinsville-Whitaker-Rensselaer
IN002 Gilford-Maumee-Sparta IN029 Sawmill-Lawson-Genesee
INO03 Rensselaer-Darroch-Whitaker INO30 Nolin-Haymond-Petrolia
INOO4 Blount-Glynwood-Morley INO31 Huntington-Newark-Woodmere
INOO5 Blount-Pewamo-Glynwood IN032 Hoytville-Nappanee-Blount
INO06 Morley-Markham-Ashkum INO33 Montgomery-Strole-Lenawee
INOO7 Riddles-Crosier-Oshtemo IN034 Swygert-Bryce-Chatsworth
INO08 Coupee-Elston-Tracy INO37 Fincastle-Brookston-Miamian
IN009 Tracy-Chelsea-Tyner IN039 Miami-Miamian-Xenia

INO10 Bourbon-Sebewa-Pinhook IN040 Miami-Crosby-Treaty

INO12 Crosier-Brookston-Barry INO41 Miami-Strawn-Hennepin
INO13 Croshy-Treaty-Miami IN042 Russell-Miami-Xenia

INO14 Crosby-Cyclone-Miamian IN043 Fincastle-Miami-Crosby

INO15 Wolcott-Odell-Corwin IN044 Drummer-Toronto-Wingate
INO16 Miami-Wawasee-Crosier IN045 Ipava-Sable-Tama

INO17 Metea-Markton-Crosier INO47 Millsdale-Newglarus-Randolph
INO18 Rensselaer-Aubbeenaubbee-Markton IN050 Elliott-Ashkum-Varna

INO19 Houghton-Adrian-Carlisle INO51 Barce-Montmorenci-Drummer
INO20 Craigmile-Suman-Prochaska INO53 Milford-Martinton-Del Rey
IN021 Oshtemo-Kalamazoo-Houghton IN054 Miamian-Celina-Crosby

IN022 Spinks-Houghton-Boyer IN056 Patton-Del Rey-Crosby

IN023 Elston-Warsaw-Shipshe IN057 Reesville-Fincastle-Ragsdale
IN025 Sebewa-Gilford-Homer IN058 Miami-Fincastle-Xenia

IN026 Fox-Ockley-Westland IN060 Russell-Hennepin-Xenia

INO27 Eldean-Ockley-Sleeth IN061 Saranac-Eel-Tice
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IN062
IN063
IN064
INO69
INO70
INO71
INO72
INO73
INO74
INO75
INO76
INO78
INO80
IN081
IN082
INO83
IN084
IN085
IN086
INO88
IN089
IN091

Saybrook-Drummer-Parr
Russell-Alford-Reesville
Reesville-Ragsdale-Uniontown
Warsaw-Lorenzo-Dakota
Rockfield-Fincastle-Camden
Patton-Starks-Kendall
Martinsville-Ockley-Starks
Mabhalasville-Waynetown-Sleeth
Mabhalasville-Starks-Camden
Granby-Zadog-Maumee
Kentland-Conrad-Zaborosky
Westland-Sleeth-Ockley
Haymond-Wakeland-Pekin
Ava-Cincinnati-Alford
Wakeland-Haymond-Wilbur
Cincinnati-Bonnell-Rossmoyne
Cobbsfork-Avonburg-Rossmoyne
Cincinnati-Rossmoyne-Hickory
Negley-Parke-Chetwynd
Bloomfield-Princeton-Ayrshire
Eden-Switzerland-Edenton
Alford-Sylvan-lona
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IN092
IN095
IN096
INO97
IN098
IN100
IN101
IN102
IN103
IN104
IN105
IN106
IN107
IN108
IN109
IN110
IN112
IN113
IN114
IN115
IN116

Hosmer-Zanesville-Stendal
Hosmer-Stoy-Hickory
Lyles-Patton-Henshaw
Dubois-Otwell-Peoga
Peoga-Bartle-Hosmer
Zipp-Vincennes-Evansville
Markland-Uniontown-Mcgary
Fairpoint-Bethesda-Zanesville
Zanesville-Wellston-Gilpin
Wellston-Berks-Gilpin
Vigo-Shakamak-Ava
Lyles-Ayrshire-Bloomfield
Selma-Armiesburg-Vincennes
Cincinnati-Trappist-Jennings
Hickory-Cincinnati-Berks
Stendal-Bonnie-Birds
Crider-Baxter-Bedford
Corydon-Caneyville-Gilpin
Wheeling-Elkinsville-Vincennes
Barry-Sumava-Octagon
Latty-Fulton-Nappanee



Reference Map 2. Indiana Natural Regions, labelled at the Section level.
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Reference Map 3. Indiana Physriographic Regions.
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Task 1

Base Study

Approximately half of the field work and all analyses and reporting for
this section was performed by the Midwest Biodiversity Institute, Co-
lumbus, Ohio. Approximately half of the field work was completed by
the Aquatic Research Center of the Indiana Biological Survey.



Base Study—Task 1

Introduction

Crayfish have been collected, studied, and used for bait
in Indiana for over 100 years. Hay (1896) presented
the first list of crayfish for Indiana. However, the first
meaningful summary of crayfish distribution
information was done by Eberly (1955). Hobbs (1989)
identified 17 species of crayfish known from Indiana,
including four of the five known Indiana species of
primary burrowing crayfish. More recently, Simon
(2001) listed 22 species from the State.

A primary burrowing crayfish is a species whose life
history includes spending significant periods in a
burrow that is not usually connected to surface waters
(e.g., streams or lakes). Mating often occurs outside
of the burrows during spring flood periods.

Five species of primary burrowing crayfish are
known to inhabit Indiana, and are discussed in this
section. The species are Cambarus polychromatus,
Cambarus diogenes, Cambarus ortmanni, Falli-
cambarus fodiens, and Procambarus gracilis.
Cambarus polychromatus and Cambarus diogenes
are widely distributed in Indiana. Procambarus
gracilis is confined to a narrow band of 6 counties
adjacent the western edge of Indiana. Fallicam-
barus fodiens is found throughout Indiana, but only
in or near specific habitat types. Cambarus ortmanni
has a distribution focused on west central counties
of the State. Each species’ distribution and the
factors associated with it are discussed below.

Methods

Site selection: The 644 sites (Fig. 1) sampled for the
base study portion of the study were all randomly
selected. No stratified sampling effort was made.
Random site selections were made by developing
random number tables (using Microsoft Excel) that
produced sets of decimal degree latitude and longitude
data for each individual county. Random sites were
plotted using TopoUSA software. The first 6 sites that
fell within the specific county’s boundaries and within
500 meters of a mapped water-body were selected for
sampling.

Field sampling: Each selected site, when visited for
sampling, was first surveyed to determine that an actual
water-body or crayfish burrows were present. If not, a
new site was selected from the random numbers table
as described above. If a water-body or crayfish burrows
were present, the site was then investigated to find the
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area with the highest density of crayfish burrows. Ten
active burrows, when available, were then investigated
for crayfish occupants.

The method employed to examine each individual
burrow was to first excavate an area at the mouth that
would allow one to capture any crayfish that might
come to the burrow entrance. This was done either by
hand or with a small shovel, depending on soil
hardness. Once the area was prepared the burrow was
filled with water to the point that a small pool was
formed in the entrance area sufficient to harbor the
potential resident crayfish. The burrow was then
pumped either by hand (exclusively at 578 sites) or
with a toilet plunger (66 sites only). After pumping,
the burrow was then observed for five minutes to see
if a crayfish would come to the surface of the water. If
a crayfish appeared, the collector would attempt to
catch it. If a crayfish did not appear, or if a crayfish
appeared and was not captured, the burrow was
pumped and observed again. This procedure was
continued until a crayfish was captured or the collector
was satisfied that no crayfish was in residence.
Occasionally a burrow was further excavated, which
frequently increased the probability of seeing a resident
crayfish.

Figure A-1. Distribution of sites sampled during the Base
Study portion of the Indiana burrowing crayfish project.



Plate I. Range of primary burrowing crayfish habitats. A. highly disturbed, roadside ditch habitat;
B. recovering ditch and swale area; C. burrows in plowed cornfield; D. Fallicambarus fodiens in
wet woodland habitat; E. Cambarus polychromatus colony in mature, wooded kettle hole; F.
Cambarus ortmani slough adjacent to river.
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Plate Il. Primary burrowing crayfish. A. Cambarus diogenes at mouth of burrow. B. closed
burrow of Fallicambarus fodiens during midsummer. C. Cambarus polychromatus (left) and C.
diogenes (right). D. Fallicambarus fodiens. E. Cambarus ortmani. F. Procambarus gracilis.
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After collecting from crayfish burrows, any nearby
surface water (permanent or intermittent) was
examined with a seine, backpack electroshocker, dip
nets, or hand for burrowing crayfish that might be
found in the habitat. Depending on the habitat type,
different techniques were employed. In lotic waters
kick seining was used. In kick seining a 4ft. X 6ft.
seine or dip net was placed downstream of the person(s)
sampling and the substrate was disturbed by kicking
with the feet and flipping rocks or woody debris. Any
disturbed crayfish would then wash into the seine or
dip net with the current. This technique was also used
to sample along stream banks, especially where
undercut banks exist. Again the seine or dip net is
placed downstream and the feet were used to kick under
the bank and drive crayfish into the seine along with
the current. Dip nets were also used with the bank jab
technique in which the dip net is shoved under and
into the bank and then lifted from the water catching
any crayfish that might be hiding there. In lentic
habitats, the seine is actively dragged through the water
to collect any crayfish in the area. Hand searching
was used in both lentic and lotic habitats to collect
crayfish on the surface. When crayfish were observed
on the surface (either in the water or out) they were
simply picked up by hand and added to the collection.
Large rocks and woody debris also were lifted to search
for hiding crayfish and any observed crayfish were
captured by hand. The INBS-ARC crews occasionally
used an electrofishing unit to sample lentic and lotic
habitats. This was a more passive method in which an
electrical current was applied to the water. This caused
any crayfish present to swim from and/or with the
stimulus. Dip nets or a 4X6’ seine was then used to
capture the swimming crayfish. When surface waters
were sampled, an effort was made to sample an area of
water equivalent to 10 times the wetted width if possible.
This normally resulted in a sample length of 50 to 100
meters especially in small streams and ditches.

All crayfish captured were collected, recorded,
preserved, and identified by the principle investigator
except for the material collected by INBS-ARC during
the 2006 field season.

Habitat assessment: Each site was assessed using the
QHEI habitat assessment methodology developed by
the Ohio Environmental Protection Agency (Rankin
1995).

Mapping: Crayfish distributions were plotted using
the ArcGIS 9 program. Soil layers used in analysis were
obtained from the Indiana Department of Agriculture.

Multivariate analysis: The StatSoft Statistica Version
8 program was used to perform all statistical and
multivariate analysis.
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Results

Cambarus polychromatus: Thoma et al. 2006 re-
ported this species from Michigan, Ohio, Indiana,
Illinois, Kentucky, and Tennessee. It is a primary
burrowing species with a wide range of environmental
tolerance. Found at 349 sites or 78.6% of all base study
sites (Fig. A-2) this was the most commonly encountered
species in the state. Only the most northwestern counties
did not have the species present. It may be that the species
is not able to cross the Kankakee Outwash Plain. Fig. A-
2 displays the soil layers associated with the collec-tion
sites. Sixty-six (97.1%) of the 68 soil types cataloged for
Indiana were occupied by the species. The species showed
no preference for a specific habitat type. Wetlands, rivers,
streams, springs, lake and pond edges, and ditches were
all occupied. It was found in similar abundance in both
disturbed and natural habitats as long as water was near
enough the surface. It was normally the only burrowing
species encountered in recently dredged or cleaned
ditches.

Cambarus diogenes: This is one of the most wide
spread crayfish species in North America (Hobbs, Jr.
1989). Whereas not the most frequently encountered
in Indiana, it was the most wide spread, being found at
176 sites (41.9%) in all corners of the State (Fig. A-3).
Not all counties were found to harbor the species but
it is likely that a more thorough search would find it.
It was found on 48 soil types (70.6%). Habitat
preferences were similar to Cambarus polychromatus,
which was found at 60.2% of all sites where Cambarus
diogenes was recorded. Cambarus diogenes was rarely
found in recently disturbed habitats though.

Fallicambarus fodiens: Though Fallicambarus
fodiens was found to be wide spread in Indiana, it was
only recorded at 18 sites (Fig. A-4). Nine soil types
were associated with it. The limited number of records
appears to be a consequence of the habitat preferences
exhibited by the species. Nine of the 18 records were
of a single individual or a body part. The species was
intolerant of habitat disturbance. The healthiest or most
abundant populations were found in wooded wetland
areas. Very few such areas were sampled during this
study because of the sample site selection methodology
and the extensive ditching and draining of wetlands in
Indiana. It is likely that sampling targeted on wooded
wetlands would record the species in almost all Indiana
counties. Of the four primary burrowers monitored in
this study Fallicambarus fodiens was most likely to be
found in burrows without water.

Procambarus gracilis: This species is known from
western Indiana (Fig. A-5), through most of Illinois,
southeast Wisconsin, parts of lowa, Missouri,
Nebraska, Kansas and Oklahoma. (Hobbs,Jr 1989,



Figure A-2. Distribution of Cambarus polychromatus in
Indiana with associated soil layers in color.

Figure A-3. Distribution of Cambarus diogenes in Indiana
with associated soil layers in color.
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Figure A-4. Distribution of Fallicambarus fodiens in Indiana
with associated soil layers in color.

Hobbs I11 1988, Pfleiger 1996, and Page 1985). Itisa
species of historic prairie habitat (Page 1985, Pleiger
1996). In Indiana it was found in both wooded and old
prairie habitats. Only ten collections were made during
this study and seven soil types were found to be
associated with Procambarus gracilis. It is the most
geographically restricted burrowing crayfish species
in the State.

Cambarus ortmanni: From the distribution map of
this species, it appears a postglacial dispersal into
Indiana from the western edge of the Ohio area via the
Wabash River occurred. It was the third most frequently
encountered burrowing species in the study (85 sites).
Twenty soil types were associated with the species (Fig.
A-6). The species was usually associated with streams
and ditches. It was rarely found far from such habitat.
Populations in channelized streams and ditches were
frequently the most abundant.

The previous 4 species usually burrowed vertically and
frequently up to 2 meters. Cambarus ortmanni rarely
burrowed vertically, preferring to burrow into stream
banks at an angle starting just above the normal summer
water level. If burrowing vertically, it would not
normally burrow more that one-meter. The population
in northwest Indiana’s Lake County may be an outlier



Figure A-5. Distribution of Procambarus gracilis in Indiana Figure A-7. Distribution of sites lacking burrowing crayfish
with associated soil layers in color. in Indiana with associated soil layers in color.

Figure A-8. Relative abundance of burrowing crayfish in
Figure A-6. Distribution of Cambarus ortmanni in Indiana with Indiana. Point size represents the number of all primary
associated soil layers in color. burrowing crayfish species by meter.
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or there may be an undiscovered population connection
in the Jasper county area.

No Crayfish Encountered: Thirty sites were found to
have no crayfish in their adjacent water body or any
crayfish burrows (Fig. A-7). These sites were found
on 21 soil types. All but two soil types had one or more
primary burrower crayfish associated with them at
some site in Indiana. The two soils that did not have
any primary burrower species associated with them
were the Granby-Zadog-Maumee (MUID IN75) and
Kentland-Conrad-Zaborosky (MUID IN76) soils. The
Kentland-Conrad-Zaborosky soils had only the one
sample site located on it. The Granby-Zadog-Maumee
soils had one other site located on it and that site had a
population of Orconectes immunis at it. From this
example it is apparent that soil types do not explain
burrowing crayfish distributions. Observations in the
field indicated two factors that influenced the absence
of burrowing crayfish, high concentrations of sand and
limestone bedrock near the surface.

Relative abundance

Relative abundance (Fig A-8) of burrowers shows a
pattern of lower numbers in areas of limestone bedrock
(southern and southeastern Indiana) and in a band of
outwash gravels and sands in northwest Indiana known
as the Kankakee Outwash Plain (Camp and Richardson
1999). As stated above, habitats with tendencies to have
high sand concentrations or limestone near the surface
tended to have fewer burrowing crayfish. In part, this
is one of the reasons for the north-south difference in
relative abundance.

Multivariate assessment of soil/habitat/crayfish
relationships

Three types of multivariate analysis [cluster analysis
(Figs. A-9 and A-10), principle component analysis
(Fig. A-11), and factor analysis (Fig. A-12)] were
employed to assess the relationship between burrowing
crayfish presence/abundance and two factors, habitat
quality and soil type. All three analytical methodolo-
gies failed to show a significant relationship between
burrowing crayfish and their surrounding environs.

Cluster Analysis—Soil type was such a variable factor,

Figure A-9. Cluster analysis of 27 variables (Y axis) including soil type. Methodology used was Ward’s method using

Euclidian distance and graphed using (Dlink/Dmax)*100.
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Figure A-10. Cluster analysis of 26 variables (Y axis) without soil type for all groups. Methodology used was Ward’s method
using Euclidian distance and graphed using (DIlink/Dmax)*100. Five variable groups are defined and associated variables color

coded.

that its inclusion in cluster analyses obscured the
relationships among all the other variables. Fig. A-9
illustrates the results achieved for analysis of all sites,
whether burrowing species were present or not, and
the habitat values derived for the QHEI at those sites.
Soil type did not closely relate to any of the other 26
variables analyzed. Fig. A-10 illustrates an analysis
with all species and without soil type included . This
analysis is used as the baseline for the discussion of
each subset of sites analyzed by species.

Five basic groupings of variables were found in the
base analysis (Fig. A-10). Each grouping was assigned
a number and color-coded to facilitate interpretation.
Group 1 is comprised of six variables (total QHEI
score, riparian width left and right, distance sampled,
and riffle and pool composition percentage). Groups 2
through 5 are much less well defined, and should not
be recognized individually, but will be discussed here
and later. Group 2 is comprised of the four channel
morphology individual metrics and the riffle/run metric
score. Interestingly, the channel morphology metric
score clustered in Group 5. Group 3 has three of the
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seven individual metric scores (gradient, pool/glide,
and riparian) plus the total number of individuals for
each burrowing crayfish species. Group 4 is four
abundance measures and forested riparian (flood plain)
left and right. Group 5 is substrate score, instream cover
score, and channel score grouped with the number of
burrows examined and the total number of burrowing
crayfish captured. Each individual species was then
assessed using the same approach as discussed in the
previous paragraph.

Analyses of individual species: The groupings for
individual species (not shown) followed almost
exactly the same groupings as those for the All
Groups analysis (Fig. A-10). As would be expected,
species found in the largest number of sites (e.g.,
C. polychromatus and C. diogenes) had the most
influence on the All Groups results and showed the
least departure. The remaining three species, less
widely distributed, showed some variation versus
the All Groups results. However, these variations
were not significant, and probably reflected the
lower number of data points that were recorded for



Figure A-11. Principle component analysis. Plot of Factor 1 and 2 with varimax normalization.

them.

No burrowers or No crayfish: In the assessment of
sites with either no burrowing crayfish or no
crayfish at all, there was considerable differences
compared to the All Groups results. For non-
burrower sites, the separation of the variables was
smaller than in the All Groups analysis, indicating
less patterning and more randomness in the habitats
found at these sites. For no-crayfish sites, the
cluster analysis was not very informative, did not
provide ecological insights, and showed little
discriminatory power.

Principle Component Analysis—It is clear when
examining the results of the principle components
analysis why the previous analyses gave such
poor results. First, Factor 1 explains only 34% of
the variance observed in the data. The less vari-
ance explained by a factor the less reliable the
results are and 34% is considered to be low.
Second, the closer a variable lies to the centroid of
a plot the less variation it explains. Variables
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grouping together in a plot are closely related to
each other.

In the lower left quadrate of Fig. A-11 are clustered
the variables related to crayfish abun-dance while
on the right central portion of the graph are clustered
the habitat variables. If habitat was exerting an
influence on burrowing crayfish abun-dance the two
subsets of data would be more inter-mingled in the
plot of the results. Soil type is so near the centroid of
the plot one can only conclude that it has no influence
on the other variables of the analysis.

Factor Analysis—Factor analysis yields similar
results (Fig. A-12) to those derived from the
principle component analysis discussed above. Soil
types is once again found to be isolated from the
other variables. Abundance measures of burrowing
crayfish are clustered on the left side of the graph
and all but two habitat variables are clustered
separately from crayfish abundance in the upper
right. The two exceptions are % pool and %riffle.
These two habitat variables were seen to cluster
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Figure A-12. Factor analysis. Plot of Factor 1 vs. Factor 2 (~33.7% vs. ~10.3% of the variation observed in the dataset).

most closely and consistently with Group 1 in the
cluster analysis results. In the principle component
results they were found to be close to the centroid
and thus lacked explanatory potential.

Base Study Conclusions

Four of the five species of primary burrowing
crayfish species recorded in this study were widely
distributed in Indiana. None of the species are in
need of special consideration for their conservation
status. Procambarus gracilis is restricted to the
western-most extent of Indiana, representing the
eastern edge of its range. Fallicambarus fodiens
had a small number of records likely due to its
restricted habitat preferences. The species is likely
more abundant and common than the results
indicate. The other three species were commonly
encountered and widespread.
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In general, the five species were only encountered
in streams as juveniles dispersing from maternal
burrows in early and mid-summer. Adults were, on
rare occasion encountered in streams. It is thought
these individuals could have been on some form of
mating expedition.

Another phenomenon observed in the field (no data
recorded) was associated with crayfish size. The larger
an individual was, the more likely it was to be found
farther from the local water body and the deeper its
burrow might be. First year, independent individuals
were never found far from the water body’s edge or
the water table. This is not to say that large individuals
were not found near water body edges, as they
frequently were, but that they were more likely to be
found farther from water than smaller individuals.

The extensive draining and ditching encountered in
Indiana does not appear to have greatly reduced the



abundance and distribution of Indiana’s primary
burrowing crayfishes, as many small wetland areas still
exist in the State and ditch margins proved suitable as
habitat. Surface water quality factors did not affect
the presence or absence of burrowing crayfish.
Burrowing crayfish only rarely have contact with
surface waters.

Soil types did not explain or correlate well with primary
burrowing crayfish distributions, while factors such as
site-specific high sand concentrations, limestone
bedrock near the surface (resulting in thin soil layers),
and proximity of water tables did. It is likely that the
broad scale soil layer information used in this study
was too coarse to provide meaningful information for
the explanation of crayfish distribution and abundance
recorded in this study. Small-scale variations in soil
composition, resulting in localized lenses of site-
specific soil types (e.g., higher clay content areas in a
sand dominated soil type or high sand content in clay
dominated soils) can have a strong effect on crayfish
presence and abundance. Habitat factors did show
some weak associations with crayfish abundance.

The three multivariate analyses confirmed our field
observations concerning the lack of a relationship
between soil types and and habitat quality with primary
burrowing crayfish presence and/or abundance. If data
was available on site-specific soil parameters, rather
than simply soil type designations, these analyses might
prove valuable in further delineating primary
burrowing crayfish habitat requirements.
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Task 2

Life History
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Life History—Task 2

Introduction

The crayfish family Cambaridae includes over 360
described species in Canada and the USA (Taylor et
al. 2007). Forty-eight percent of these crayfish are
imperiled, with 11 species known only from a single
site (Taylor et al. 2007). Basic life history information
is lacking for almost 60% of the crayfish species
(Taylor et al. 2007), and many species require
taxonomic resolution (Crandall & Fitzpatrick 1996;
Sinclair et al. 2004). Crayfish are among the most
imperiled faunal groups in the United States, second
only to the freshwater mussels in percent endangered
taxa. However, only four crayfish species have been
provided federal protection, partly due to lack of basic
information about population dynamics, geographic
boundaries, and life history.

Hobbs (1981) described primary burrowing crayfish
as species that were primarily burrow inhabitants.
Some life history information, specifically pertaining
to sex ratios, is available for all of Indiana’s primary
burrowing crayfish. Thoma et al. (2005) reported that
sex ratios were slightly skewed in favor of females for
C. polychromatus. Norrocky (1991) reported a nearly
equivalent male to female sex ratio for Fallicambarus
fodiens during a study in northeastern Ohio.
Procambarus gracilis has limited information from
Illinois (Page 1985) and Wisconsin (Jaas & Hobbs
1988), with populations exhibiting a nearly equal male
to female ratio.

Burrow characteristics have been studied for Cambarus
diogenes and Fallicambarus fodiens, particularly in
relation to habitat and physical features of the burrows.
Cambarus diogenes was found to burrow mostly in clay
and silty-clay soils, with chimneys reaching up to 30
cm high (Ortmann 1906, and Grow & Merchant 1980).
Grow & Merchant (1980) also concluded that the
amounts of oxygen in the water of the burrows were
not sufficient to sustain crayfish even for short periods
of time, and they suspected that crayfish must obtain
oxygen from the air in the burrow rather than from the
water. They also found that C. diogenes spent most of
the time in the burrows at the air/water interface in
laboratory experiments, suggesting that crayfish remain
moist from the nearby water and can directly absorb
oxygen by diffusion into their gills from the
surrounding air.

The purpose of the current study is to document basic
demographic information for selected crayfish species,
including sex ratios, relationships between individual
carapace sizes and burrow diameter, burrow fidelity,
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and longevity. Cambarus polychromatus (Jezerinac
1993, Taylor & Schuster 2004, Thoma et al. 2005) is
endemic to Indiana, Illinois, Ohio, Kentucky,
Michigan, and Tennessee. Cambarus diogenes is
currently a species complex (Hobbs, Jr. 1981).
Cambarus diogenes is endemic to the Great Lakes
basin from Ontario, Pennsylvania, Ohio, Michigan west
to Wisconsin and Minnesota and from Indiana, Illinois,
Kentucky, Tennessee to Missouri, Arkansas,
Oklahoma, lowa to Colorado, Kansas, Nebraska, South
Dakota, and Texas and on the east coast from Georgia
to Maryland on the Piedmont and Coastal Plain
(Pflieger 1987, Jezerinac 1993, Hobbs, Jr. 1981).
Fallicambarus fodiens (Cottle 1863) is a wide-ranging
species, found throughout the southeastern and
midwestern United States and east coast from South
Carolina to Maryland on the Piedmont and coastal plain
(Hobbs 1981, Page 1985, Pflieger 1987, Jaas & Hobbs
1988, Page & Mottesi 1995, Taylor & Schuster 2004).
This demographics study is the first to document life
history attributes for two these species.

Methods

Objective: The primary objective was to describe the
sex ratios, burrow characteristics, and longevity of
selected primary burrowing crayfish species to
contribute much needed basic information about life
histories.

Study Species: Species selected for this study included
the Digger Crayfish Fallicambarus fodiens, Devil
Crayfish C. diogenes and the Painted-hand Mudbug
Cambarus polychromatus.

Study Sites: This study was conducted in tributaries
of the White River, in Monroe and Owen Counties,
Indiana. Three sites representing a variety of habitat
types (natural forested, disturbed, and channelized
stream reaches) were selected for the study. The core
site was the West Fork of Jackson Creek, downstream
of the Rogers Road bridge, about 2.5 mi SE
Bloomington, Perry Township, Monroe County (Plate
). The Jackson Creek site is a tributary of the East
Fork White River. The two satellite sites were located
in the Plummer Creek drainage, Owen County, Indiana.
One satellite site included Plummer Creek, about 1.5
mi SSE Bloomfield (Plate I1), while the second satellite
site included a drainage ditch and adjacent farm field
about 0.1 mi N of Plummer Creek. The Jackson Creek
site is a typical riffle, run, pool stream, which occurs
in the Eastern Corn Belt Plain and is about 5.3 m wide.
Jackson Creek is a slab, cobble, rock bottom stream
with forested riparian corridors. The sampling zone
also includes a small spring (<.0.5 m wide) that
originates in an adjacent Sherwood Oak park and flows



Plate 1. Jackson Creek, Monroe County, downstream R |ers Road bridge: top left — upstream Rogers Road
bridge, middle left — downstream Rogers Road bridge, bottom left— Jackson Creek adjacent farm, top right —
headwater spring upstream, middle right- headwater spring downstream, and bottom right — Jackson Creek at

walkbridge.
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Plate Il. Plummer Creek, Greene County: top right — fallow farm field northern, top left—fallow farm field
southern section, middle — roadside ditch, bottom left — Plummer Creek upstream county road bridge, and bottom
right — Plummer Creek downstream county road bridge.
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Plate 111. Bean Blossom Bottom, Monroe County: top left — central portion of The Nature Conservancy property
showing restored farm field, middle left — western edge of TNC property adjacent Bean Blossom Creek, bottom
left — mowed edge along road, top right — Bean Blossom Creek upstream County Road, middle right — Bean
Blossom Creek ca 100 m upstream County Road, and bottom right — Bean Blossom Creek ca 200 m upstream

County Road.
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into Jackson Creek. A third life history site included
Bean Blossom Bottom, which is about 4.5 mi N
Bloomington, Monroe County (Plate I1l). Bean
Blossom Bottom is a natural area owned by The Nature
Conservancy and borders the creek. It comprises a
large wetland that is part of a restored farm field. The
site included three burrowing species including C.
polychromatus, C. diogenes, and Fallicambarus
fodiens. The wetland was the primary core site, while
the stream and adjacent road were the two satellite sites.

Sampling Period: Sampling was conducted from May
2004 until February 2006.

Specimen Collection: Burrows were fitted with
Norrocky traps (Norrocky 1984), which were inserted
at the entrance of each burrow and were checked the
following day. A Norrocky trap consists of a piece of
PVC pipe about 2” in diameter and 1’ long. A sheet
metal hinge flap is secured inside the pipe at an angle,
such that a primary burrowing crayfish entering the
trap can not back out. For each captured individual,
species and sex of the individual along with diameter
measurements of the burrow openings were noted.
Crayfish were also measured for postorbital carapace
length (POCL; Jezerinac 1993) to determine the
relationship between individual crayfish size and
burrow size for each species.

Burrow Fidelity: Trapped individuals were measured
for carapace postorbital ridge length, burrows with
crayfish present were flagged, and these crayfish
individuals were placed back in their burrows
immediately. Over the course of six weeks, traps were
placed repeatedly overnight at the flagged burrows.
Carapace lengths were used to determine the identity
of the individual crayfish to monitor how long crayfish
individuals remain with their burrows.

Longevity: Estimated ages of the five burrowing
species were based on estimation of growth using a
length-frequency distribution histogram for each
species.

Results

Sex Ratios:

Sex ratios were determined for three burrowing
crayfish (Appendix 2). A total of 19 collections of
Fallicambarus fodiens included 18 males and 20
females, resulting in a sex ratio of 47% male and 53%
female for the species. A total of 306 collections of
Cambarus polychromatus revealed a sex ratio of 48%
male and 52% female from 838 adult specimens. A
total of 47 collections of Cambarus diogenes included
70 males and 71 females, resulting in a 50% male and
50% female sex ratio. County sex ratio records for
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the five burrowing species are included in the
Appendix.

Burrow Fidelity:

Cambarus polychromatus were originally trapped from
60 burrows that were flagged for monitoring on 2 July
2004-4 July 2004 (Table B-1). These 60 burrows were
then set with overnight traps and checked a total of
nine times through 8 August 2004. During that period,
four more crayfish appeared in the burrow traps,
totaling 64 crayfish during this study. Crayfish ranged
in size from 16mm postorbital carapace length (POCL)
to 60mm in burrows that ranged from 10mm to 56mm
in diameter of the opening. During the 10 sampling
nights of the 60 burrows, crayfish were trapped in 184
of the 600 traps, resulting in a 30% success rate. The
original occupants of the burrows were replaced on 17
occasions, of which seven new occupants were larger
than the previous occupants (Table B-2). Therefore,
41% of the new occupants were larger and 59% of the
new occupants of the burrows were smaller. There was
a maximum of three different occupants for one burrow
over the 41-day sampling period. Four individuals
probably stayed in the same burrow throughout the
entire sampling period, as they were captured at the
beginning and end of the study.

Cambarus polychromatus individuals were trapped
more often at larger burrows (>45mm) than at smaller
burrows (<45mm) (Fig. B-1). POCL was correlated
with burrow diameter, with larger individuals
occupying larger burrows (n = 38 individuals) (Fig.
B-3). This trend appeared to be similar between
females (n = 13 individuals) and males (n = 25
individuals).

Cambarus diogenes were originally trapped from 30
burrows which were flagged for monitoring on 2 July
2005 — 3 July 2005 (Table B-3; Fig.B-2). These 30
burrows were then set up with overnight traps and
checked for a total of nine more times through 10
August 2005. During that period, four more crayfish
appeared in the burrow traps, totaling 34 crayfish
during this study. Crayfish ranged in size from 18mm
to 50mm POCL in burrows that ranged from 16mm to
58 mm in diameter (Fig. B-4). During the 10 sampling
nights, crayfish were trapped in 130 of the 300 traps,
resulting in a 43% success rate. The original occupants
of the burrows were replaced on 10 occasions, of which
eight new occupants were larger than the previous
occupants (Table B-4). Therefore, 80% of the new
occupants were larger and 20% of the new occupants
of the burrows were smaller. There was a maximum
of two different occupants for one burrow over the 39
day sampling period. One individual probably stayed
in the same burrow throughout the duration of the
study.



Table B-1. Size of individual Cambarus polychromatus trapped by date including burrow number assignment,
burrow diameter (mm), and postorbital carapace length (POCL; mm).

Cambarus polychromatus
Size of Individual Trapped
Burrow

Burrow Diameter
Number  (mm) [7/2/2004 7/3/2004 7/4/2004 7/16/2004 7/18/2004 7/23/2004 7/25/2004 7/30/2004 8/3/2004 8/5/2004 8/10/2004 8/12/2004

1 18 23 . . 23
2 25 27 . . 25
3 38 45 . . 38 . . . . . . . .
4 45 59 . . 59 59 59 . . 59 . . 59
5 38 45 . . 45 45 . . . .
6 50 47 . . 47 47 47 a7 47 a7
7 21 33 . . 33
8 21 34 . . 34
9 20 34 . . 34
10 25 37 . . 37 . . . . . . . .
11 38 54 . . 54 . 54 . . . 54 . 54
12 41 46 . . 46 46 . 46
13 15 18 . . . . . . . .
14 16 20 . . 20 20 20 20 20 20
15 16 22 . . . . .
16 19 23 . . 23 23 23
17 19 23 . . 19
18 20 25 . . 20 . .
19 10 . 17 . 17 17 17
20 35 . 45 . 35 .