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ACETYLATION LABELING MASS SPECTROMETRY: A METHOD
FOR STUDYING PROTEIN CONFORMATIONS AND INTERACTIONS

Brad King, Lynne Normant and Daniel King: Department of Chemistry & Biochemistry

Taylor University, Upland, Indiana 46989 USA

Daniel Storey:

USA
Department of Chemistry, Bethel University, St. Paul. Minnesota 55

ABSTRACT. To support the ongoing effort to characterize and understand the specificity of

phytopathogens for various crops, it has been necessary to develop a quick and robust method for observing

the interactions of many pairings of pathogenic pectinases with plant defense proteins. Presented here is a

modification of previously reported lysine acetylation protocols. The use of a slightly higher anhydride-to-

protein ratio results in the acetylation of not only lysines, but serine, arginine, asparagine. histidine. tyrosine,

glutamine, and cysteine side chains as well. These eight amino acids were found to react with acetic anhydride

providing significantly broader surface mapping potential than single amino acid modification methods. Each

residue that is acetylated increases the protein's mass by 42 Da, easily discernable by modest mass

spectrometers. The technique called acetylation labeling mass spectrometry (ALMS) is used to observe and

distinguish between native and denatured protein conformations. In addition to observing whole protein

conformations, the stable nature of the mass tags allows for additional processes including enzymatic

digestions and liquid chromatography to be performed without the loss of labels or inadvertent labeling. It is

proposed that this technique could be ideally suited for investigating the interactions between

phytopathogenic pectinases plant defense proteins.

Keywords: Mass spectrometry, protein interactions, acetylation, labeling

Protein interactions have significant influence

over many biological processes including crop

pathogenesis (Carpita & Gibeaut 1993; Jones et

al. 1972). Recent studies of the interactions

between phytopathogenic enzymes and plant

defense inhibitor proteins have been valuable,

but slow in coming, for a variety of reasons

(Weis et al. 1992; Merritt 1994; Ehring 1999).

The high degree of specificity of some phyto-

pathogens for various crops has made it difficult

to develop general understandings and predic-

tions. As a result, it has been increasingly

important to develop a rapid and robust method
for detecting and observing protein interactions

so that a large number of pathogenic enzyme
and plant defense protein pairs can be studied.

Over the last decade hydrogen/deuterium

exchange mass spectrometry has been used

with great success to monitor protein confor-

mations and binding interactions (Mandell et

al. 1998, 1998; Deng & Smith 1999; King et al.

2002, 2002). Amide hydrogens along protein
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backbones are labile and will exchange readirj

with deuterium when a protein is dissolved in

D 2 (Ehring 1999; Smith & Zhang 1994: Smith

et al. 1996). The ability to isotopically label the

exterior of a protein allows for the monitoring

of protein folding and unfolding and detailed

study of ligand binding (Akashi & Takio 2000;

Mandell et al. 1998; Farmer & Caprioli 1998).

Despite the great successes realized through

hydrogen/deuterium exchange there are several

significant experimental limitations. In an

effort to limit the loss of deuterium labels or

inadvertent gain of deuterium during analysis,

the pH (~2), temperature ( —0 C), and time of

the experiment (< 20) must be closely eon-

trolled. Even tinder these conditions during

analysis, more than 20 30% back-exchange is

expected (Ehring 1900; Smith & Zhang 1
L)Q4:

Smith et al. 1996). Additionally, enzymes slow

down at these low temperatures, and therefore

relatively high enzyme-to-protein ratios are

needed for digestion to occur quickly enough

to avoid significant loss of deuterium.

Therefore, a permanent covalent mass tag to

solvent accessible amino acids may prove

advantageous in lieu of the inherent eompliea-

lir
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tions experienced with hydrogen/deuterium

exchange mass spectrometry. A number of

covalent mass tagging procedures have been

previously reported and demonstrated in the

literature (Apuy et al. 2001; Zappacosta et al.

1997; Leite & Cascio 2002; Scaloni 1999; Ploug

et al. 1995; Kussmann & Przybylski 1995).

These techniques typically involve the labeling

oi" one or a few specific amino acids. The

specific and restrictive nature of these amino

acid modifications, however, lacks the capabil-

ity of thoroughly probing the entire protein

surface. Protein binding, for example, can only

be observed by these methods if the amino

acids being modified exist in the active site.

Thoroughly probing the protein surface is, after

all. the primary advantage of hydrogen/deute-

rium exchange since every exterior amino acid

except proline is capable of being tagged. To
encompass the advantages of both approaches,

we have modified a previously reported lysine-

labeling procedure. The amine containing side

chain of lysine has been shown to undergo

acylation reactions in the presence of anhy-

drides (Fig. 1) (Turner et al. 2004; Glocker et

al. 1994; D'Ambrosio et al. 2003; Suchau et al.

1992; Klotz 1967; Riordan & Vallee 1972). This

procedure has been used with success to

observe the solvent accessibility of lysine

residues and in some circumstances may be

used to elucidate a protein binding interaction

if a lysine exists in the active site. In our

modified approach, acetylation labeling mass

spectrometry (ALMS), a slightly higher anhy-

dride-to-protein ratio is used than previously

reported. The elevated anhydride concentration

results in the acetylation of not only solvent

accessible lysine residues, but some guanidine,

imidazole, amide, alcohol, and thiol containing

amino acid side chains as well. Several anhy-

drides have been tested, and we report here the

use of acetic anhydride as a potential reagent

for creating acetylated mass tags. Stable,

covalently bound tags to solvent accessible

residues avoid many of the limitations of

hydrogen/deuterium exchange mass spectrom-

etry. The labeled molecules may be rinsed,

digested, separated by LC, and analyzed by

mass spectrometry without the concern of

back-exchange or loss of the tag.

METHODS
Materials.—Cytochrome C from equine and

bovine heart, normal and sickle cell hemoglo-

Figure 1.—The acetylation of the amine of the

lysine side-chain is shown. The acetic anhydride is

susceptible to nucleophilic attack by the amine

resulting in an acetylated lysine and acetic acid.

bin, sinapinic acid, acetic anhydride, amino

acids (serine, cysteine, tyrosine, threonine,

asparagine, glutamine, lysine, arginine, histi-

dine, and glycine), urea, pepsin, and /i-butyla-

mine were purchased from Sigma (St. Louis,

Missouri). Methanol came from VWR Scien-

tific (Batavia, Illinois). Sulfuric acid and

hydrochloric acid were purchased from Fisher

(Pittsburgh, Pennsylvania).

Instrumentation.—GC/MS experiments were

performed on an HP5890 gas chromatograph -

HP5971 mass selective detector (Agilent, Palo

Alto, California). Mass spectral analyses were

performed on either an OmniFLEX MALDI-
TOF MS (Bruker Daltonics, Inc., Billerica,

Massachusetts) for standard MALDI-MS ex-

periments or a Finnigan LCQ-Deca for LC-MS
and MSn

experiments. The MALDI matrix was

prepared by placing a saturated amount
sinapinic acid in a 50% acetonitrile solution

containing 0.05% trifluoroacetic acid. Liquid

chromatographic separations were performed

using a Hitachi L-7000 series LC with a 5 urn

C-18 column from Supelco.

Free amino acids.—Saturated amino acid

solutions were made by dissolving solid serine,

cysteine, tyrosine, threonine, asparagine, gluta-

mine, lysine, histidine, and glycine in 10 mM
aqueous ammonium acetate. Except for glycine

these amino acids were chosen due to their

polar side chains and lone pair donating ability.

Glycine was used as a negative control.

Aliquots of each amino acid were placed in

microcentrifuge tubes. Amino acid samples

were reacted with approximately a 10,000-fold

molar excess of acetic anhydride for 10 min.

The samples were then esterified to prepare

them for GC-MS analysis following a routine

Fisher esterification method, and 10 u.1 aliquots

of each solution were diluted into 1.0 ml of

methanol. Then 5.0 jil of concentrated sulfuric

acid was added to each tube and placed in an
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oven at 45°C for approximately 10 hours.

Two ul of each sample were analyzed by GC-
MS, allowing 10 min to ramp from 70 °C up

to 240 °C. The resulting mass spectra were

used to determine the number of acetyl

groups that were added. Since the N-terminus

of every amino acid will react with acetic

anhydride, only amino acids that acquire two

or more acetyl groups are likely to react with

anhydrides when they are found in a polypep-

tide chain.

Whole proteins: Protein unfolding.—Ten

1.5 ml microcentrifuge tubes were set aside for

this protocol. Cytochrome C (equine) in

10 mM ammonium acetate was added to each

test tube to a final concentration of 0. 1 mg/ml

after all reagents were added. Enough acetic

anhydride was added to tubes 2-10 to yield a

final anhydride-to-protein ratio of 10,000:1.

Varying amounts of urea were added to each of

tubes 3-10 such that the urea concentrations

increased from 1.0 M to 4.5 M in 0.5 M
increments, respectively. After 10 min 1.0 ul

aliquots from each tube were spotted on

MALDI targets along with sinapinic acid

matrix for analysis.

Protein digests: Quenching acetylation.—Ace-

tic anhydride (15 ul) and «-butylamine (30 ul)

were combined in a plastic vial and allowed to

react for 15 minutes. A 1 ml aliquot of 1 mg/ml
cytochrome C (bovine) in 10 mM ammonium
acetate was prepared in a separate plastic vial,

and then added to the acetic anhydride and n-

butylamine reaction vial. After 5 min, the

solution was analyzed using an LCQ-Deca-MS.
Protein digests: Acetylated protein digested

for LC-MS" analysis.—Two 1 ml aliquots of

1 mg/ml cytochrome C (bovine) in 10 mM
ammonium acetate were added to two plastic

vials. Approximately a 2000-fold molar excess

of acetic anhydride to protein was added to one

vial and allowed to react for several minutes.

Then ^-butylamine was added in a 2:1 molar

ratio and allowed to react for several minutes

to quench any unreacted anhydride. HC1 (IN)
was added to both vials to adjust the solution

pH to about 2. Aliquots of 1 mg/ml pepsin

were added to each vial to yield a 1:50 volume
ratio of enzyme to protein. The reaction

mixture was incubated in an oven at 37 °C for

1-2 h. The digested protein was analyzed by

LC-MS/MS and evaluated using the online

program Protein Prospector from UCSF.

RESULTS AND DISCUSSION

Free amino acids.—Previous reports have

employed approximately a 1000-fold molar

excess of acetic anhydride to acetylate solvent

accessible lysine residues. It was also reported

that "over-acetylation" was observed at greater

concentrations of anhydride (Turner et al.

2004). In addition to lysines, other electron-

rich guanidine, imidazole, amide, alcohol, and

thiol functional groups within some amino acid

side chains are expected to undergo acylation

reactions when exposed to high enough con-

centrations of anhydrides. Initial tests were

done with both propionic and acetic anhy-

drides. Being less limited by spatial constraints

it is expected that smaller anhydrides will

provide better mapping of protein surfaces.

and therefore only the acetic anhydride data are

reported here.

The anhydrides were predicted to react with

the amino acid side chains of serine, threonine.

arginine, asparagine, lysine, histidine. tyrosine.

glutamine, and cysteine. To verify which

potentially reactive amino acids actually do

react with acetic anhydride, solutions of indi-

vidual amino acids were reacted with acetic

anhydride and analyzed by GC-MS. To make
the acetylated amino acid samples more volatile

for compatibility with GC-MS analysis, the

labeled amino acids were methyl-esterified as

described above. Each acetylation will result in

a mass increase of 42 Da. It is important to

note that the amine-terminus of free amino
acids, with perhaps the exception o'l proline.

will be acetylated as well. Therefore, the

successful reaction of acetic anhydride with an

amino acid side chain will be indicated by the

addition of two or more 42 Da groups.

The candidates, serine, threonine, arginine.

asparagine, lysine, histidine. tyrosine, gluta-

mine, and cysteine as well as glycine, as a

negative control, were analyzed. All but thre-

onine and glycine showed an increase of 84 Da.

and most showed a characteristic fragmenta-

tion pattern of two 42 Da mass losses as shown
in Fig. 2 for lysine-methyl ester. Threonine and

glycine had an increase in mass of 42 Da
corresponding to the acetylation of only the

amine-terminus. The authors are uncertain as

to why threonine did not react similarly to the

other alcohols, serine and tyrosine.

Whole proteins: Protein unfolding.—To test

the capability of monitoring protein unfolding
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Figure 2.—The mass spectrum of the acetylated

lysine methyl ester is shown. The two 42 Da peak

intervals indicative of two acetylations are indicated.

by ALMS, samples of cytochrome C (equine),

at various degrees of denaturation, were

reacted with acetic anhydride for 10 minutes.

The reaction of native cytochrome C with

acetic anhydride added approximately 450 Da
to the mass of the cytochrome C control, as

shown in Fig. 3, suggesting the addition of

between 10 and 11 acetyl mass tags. As
cytochrome C was denatured more fully, with

increasing amounts of urea, a second peak at

higher mass appears corresponding to the fully

denatured conformation. The mass spectrum of

the acetylated cytochrome C in 4.5M urea is

also shown (Fig. 3). The increase in mass from

the native cytochrome C to the acetylated and

denatured sample is approximately 1680 Da
corresponding to approximately 40 mass tags.

Equine cytochrome C contains 38 of the 8

potential anhydride reactive amino acids, serine

(0), arginine (2), asparagines (5), lysine (19),

histidine (3), tyrosine (4), glutamine (3), and

cysteines (2). With the expectation that two

cysteines may be bound to the heme group, the

observed 40 labels is several more than the

expected 36, but similar enough to strongly

suggest that the eight amino acids that were

observed to undergo acetylation as monomers
also undergo acetylation reactions within a

polypeptide. In addition to verifying the

acetylation of an array of amino acids, the test

demonstrates the capability of ALMS to

observe two different protein conformations.

Protein digests: Quenching acetylation.—In

order to perform more sophisticated ALMS
experiments, including protein digestions, it is

imperative to eliminate any excess anhydride so

as not to inadvertently acetylate amino acids

becoming accessible as a result of processes like

enzymatic digestions. Quenching the acetyla-

tion reaction is crucial for realizing the full

potential of this stable labeling method. Prima-

ry amines react well with anhydrides through a

nucleophilic acyl substitution reaction, forming

an amide and carboxylic acid, both of which

are unreactive with amino acid side chains. We
chose /?-butylamine to react with any excess

acetic anhydride, forming /?-butylethanamide.

To test the ability of /?-butylamine to fully

react with acetic anhydride, cytochrome C
(bovine) was added to a vial already containing

a 2:1 molar ratio of /7-butylamine to acetic

anhydride. The sample was analyzed by elec-

trospray mass spectrometry, LCQ-Deca, and

Cytochrome C

with anhydride

with anhydride in

4 . 5 M urea

-,000 11 000 13 000 15,000 17,000

Mass-to-charge

Figure 3.—Shown are the spectra of native cytochrome C (12,388 Da), native cytochrome C reacted with

acetic anhydride for 10 minutes (12,837 Da), and cytochrome C in 4.5 M urea reacted with acetic anhydride

for 10 minutes (* 14,073 Da).
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Figure 4.—The MS/MS spectrum of an acetylated peptide is shown along with the amino acids that

correspond to each fragment loss. The mass difference between ions 412.25 Da and 242.00 Da corresponds to

loss of lysine and an acetyl group, giving evidence for specific location of mass tag.

the resulting spectrum was compared to that of

a control mass spectrum of cytochrome C. Both

the experimental and control mass spectra of

cytochrome C were identical, indicating that n-

butylamine was successful in reacting with all

of the anhydride originally present in solution.

Protein digests: Acetylated protein digested

for LC-MS" analysis.—It is possible to identify

the specific protein regions or even specific

amino acids that have been labeled by employ-

ing an enzymatic digest step followed by

separation and identification by LC-MS/MS.
In general, protein samples are exposed to

acetic anhydride, and then the excess anhydride

is reacted with ^-butylamine. HC1 is added to

adjust the pH to be appropriate for the enzyme
being used. A proteolytic enzyme is added and

the samples can be incubated as desired. The
resulting peptide digest solution can easily be

separated by reversed phase LC and identified

using online ESI-MS/MS. The addition of a

digestion step not only allows users to observe

global protein changes, but also to locate where

those changes or interactions are occurring.

To demonstrate the use of ALMS to

successfully identify acetylated peptides, cyto-

chrome C (bovine) was exposed to acetic

anhydride and, after quenching, digested with

pepsin at approximately pH 2 for two hours. A
control trial, without anhydride, was per-

formed as well to validate the digestion process.

Initially, the observed peptide m/z values from
the control trial were compared to a theoretical

digest using the online program Protein Pros-

pector. Each identified peptide was then

verified by evaluating the MS/MS fragmenta-

tion pattern. Because the presence of acetyla-

tions appeared to alter the digestion pattern to

a small degree, only peptides observed in both

the control and acetylated trials were thor-

oughly investigated. Only 14 peptides covering

86 of the 104 amino acids were present in both

the control and acetylated trials. Of the 14

peptides, 8 appeared with one or more acety-

lations. Figure 4 illustrates the ability to both

identify a peptide and locate the acetylation

label through the use of MS/MS spectra. The

sample MS/MS spectrum shown is the frag-

mentation of the C-terminal peptide, amino

acid residues 99-105 (LKKATNE). The spac-

ing between peaks corresponds to the standard

incremental mass loss of each amino acid

except for lysine 101. The spacing of 170 Da
between peaks at 242 and 412 mass-to-charge

indicates an acetylated lysine: the incremental

mass of lysine (128 Da) plus acetylation

(42 Da). Visual inspection of the protein crystal

structure of cytochrome C reveals that lysine

101 is a member of a large alpha-helix at the C-

terminus of the protein (Bushnell et al. 1990).

The side chain ot^ lysine 101 protrudes signif-

icantly away from the protein and is clearl)

solvent accessible. In this manner peptides can

be identified, and. if the data are of sufficient

quality, acetylations can be attributed to

specific amino acids through MS/MS analysis.

ACKNOWLEDGMENTS
The authors would like to thank the Indiana

Academy of Science for their generous support

of this research through the Senior Research

Grant program.



12 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

LITERATURE CITED

Akashi, S. & K. Takio. 2000. Characterization of the

interface structure of enzyme-inhibitor complex

by using hydrogen-deuterium exchange and elec-

trospray ionization Fourier transform ion cyclo-

tron resonance mass spectrometry. Protein Sci-

ence 9:2497-2505.

Apuy. J.L., Z.Y. Park, P.D. Swartz, L.J. Dangott,

D.H. Russell & T.O. Baldwin. 2001. Pulsed-

alkylation mass spectrometry for the study of

protein folding and dynamics: Development and

application to the study of a folding/unfolding

intermediate of bacterial luciferase. Biochemistry

40:15153-15163.

Bushnell, G.W., G.V. Louie & G.D. Brayer. 1990.

High-resolution three-dimensional structure of

horse heart cytochrome c. Journal of Molecular

Biology 214:585-595.

Carpita, N.C. & D.M. Gibeaut. 1993. Structural

models of primary cell walls in flowering plants.

Plant Journal 3:1-30.

D'Ambrosio, C, F. Talamo, R.M. Vitale, P.

Amodeo, G. Tell, L. Ferrara & A. Scaloni. 2003.

Probing the dimeric structure of porcine amino-

acylase 1 by mass spectrometric and modeling

procedures. Biochemistry 42:4430^443.

Deng, Y. & D.L. Smith. 1999. Rate and equi-

librium constants for protein unfolding and

refolding determined by hydrogen exchange-mass

spectrometry. Analytical Biochemistry 276:150-

160.

Ehring, H. 1999. Hydrogen exchange/electrospray

ionization mass spectrometry studies of struc-

tural features of proteins and protein/protein

interactions. Analytical Biochemistry 267:252-

259.

Farmer. T.B. & R.M. Caprioli. 1998. Determination

o\' protein-protein interactions by matrix-assisted

laser desorption/ionization mass spectrometry.

Journal of Mass Spectrometry 33:697-704.

Glocker, M.O., C. Borchers, W. Fiedler, D. Suckau

& M. Przybylski. 1994. Molecular characteriza-

tion of surface topology in protein tertiary

structures by amino-acylation and mass spectro-

metric peptide mapping. Bioconjugate Chemistry

5:583-590.

Jones, T.M., A.J. Anderson & P. Albersheim. 1972.

Host-pathogen interactions IV: Studies on the

polysaccharide-degrading enzymes secreted by

Fusarium oxysporum f. sp. lycopersici Physiolog-

ical & Plant Pathology 2:153-166.

King, D., M. Lumpkin, C. Bergmann & R. Orlando.

2002. Studying protein-carbohydrate interactions

by amide hydrogen/deuterium exchange mass

spectrometry. Rapid Communications in Mass
Spectrometry 16:1569 1574.

King, D., C. Bergmann, R. Orlando, J.A.E. Benen,

H.C.M. Kester & J. Visser. 2002. Use of amide

exchange mass spectrometry to study conforma-

tional changes within the endopolygalacturonase

II-homogalacturonan-polygalacturonase inhibit-

ing protein system. Biochemistry 41:10225-10233.

Klotz, I.M. 1967. Succinylation. Methods in Enzy-

mology 11:576-580.

Kussmann, M. & M. Przybylski. 1995. Tertiary

structure-selective characterization of protein

dithiol groups by phenylarsine oxide modification

and mass spectrometric peptide mapping. Meth-

ods in Enzymology 251:430-435.

Leite, J.F. & M. Cascio. 2002. Probing the topology

of the glycine receptor by chemical modification

coupled to mass spectrometry. Biochemistry

41:6140-6148.

Mandell, J.G., A.M. Falick & E.A. Komives. 1998.

Identification of protein-protein interfaces by

decreased amide proton solvent accessibility.

Proceedings of the National Academy of Sciences

95:14705-14710.

Mandell, J.G., A.M. Falick & E.A. Komives. 1998.

Measurement of amide hydrogen exchange by

maldi-tof mass spectrometry. Analytical Chemis-

try 70:3987-3995.

Merritt, E.A., S. Sarfaty, F. van den Akker, C.

L'Hoir, J.A. Martial & W.G.J. Hoi. 1994. Crystal

structure of cholera toxin B-pentamer bound to

receptor G(M1) pentasaccharide. Protein Science

3:166-175.

Ploug, M., H. Rahbek-Nielsen, B. Ellis, P. Roep-

storff & K. Dano. 1995. Chemical modification of

the urokinase-type plasminogen activator and its

receptor using tetranitromethane: Evidence for the

involvement of specific tyrosine residues in both

molecules during receptor-ligand interaction. Bio-

chemistry 34:12524-12534.

Riordan, J.F. & B.L. Vallee. 1972. Acetylation.

Pp. 494-499. In Methods in Enzymology.

Vol. 25 (C.H.W. Hirs & S.N. Timasheff, eds.).

Academic Press, New York.

Scaloni, A., M. Monti, R. Acquaviva, G. Tell, G.

Damante, S. Formisano & P. Pucci. 1999.

Topology of the thyroid transcription factor 1

homeodomain-DNA complex. Biochemistry 38:

64-72.

Smith, D.L. & Z.Q. Zhang. 1994. Probing noncova-

lent structural features of proteins by mass

spectrometry. Mass Spectrometry Reviews 13:

411-429.

Smith, J.B., Y.Q. Liu & D.L. Smith. 1996. Identifi-

cation of possible regions of chaperone activity in

lens oc-crystallin. Experimental Eye Research 63:

125-127.

Suckau, D., M. Mak & M. Przybylski. 1992. Protein

surface topology-probing by selective chemical

modification and mass spectrometric peptide

mapping. Proceedings of the National Academy
of Sciences 89:5630-5634.

Turner, B.T., T.M. Sabo, D. Wilding & M.C.

Maurer. 2004. Mapping of factor XIII solvent



KING ET AL.—ACETYLATION LABELING MASS SPECTROMETRY 113

accessibility as a function of activation state using

chemical modification methods. Biochemistry

43:9755-9765.

Wagener, F., N.G. Abraham, Y.V. Kooyk, T. Witte

& C.G. Figdor. 2001. Heme-induced cell adhesion

in the pathogenesis of sickle-cell disease and

inflammation. Trends in Pharmacological Scienc-

es 22:52-54.

Weis, W.I., K. Drickamer & W.A. Hendrickson.

1992. Structure of a C-type mannose-binding

protein complexed with an oligosaccharide. Na-

ture 360:127-134.

Zappacosta, F., P. Ingallinella. A. Scaloni. A. Pessi,

E. Bianchi, M. Sollazzo. A. Tramontane. G.

Marino & P. Pucci. 1997. Surface topology of

Minibody by selective chemical modifications and

mass spectrometry. Protein Science 6:1901 1909.

Manuscript received 15 October 2008, revised 14 April

2009.



2009. Proceedings of the Indiana Academy ol' Science 1 18(2): 1 14-1 19

VEHICLE IMPACTS ON VEGETATION COVER AT CAMP
ATTERBURY, INDIANA, USA: PART 3. PREDICTING CUMULATIVE

IMPACT OF A MILITARY TRAINING EVENT

Alan B. Anderson: U.S. Army Engineer Research Development Center, Champaign, Illinois

61822 USA

Paul D. Avers: University of Tennessee, Knoxville, Tennessee 37966-4531 USA

Heidi R. Howard: U.S. Army Engineer Research Development Center, Champaign, Illinois
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ABSTRACT. Vehicle and troop tracking systems are increasingly being used during military training events

to improve the quality of the training by providing detailed information for real-time and post training

analysis. The Deployable Force-on-Force Instrumented Range System (DFIRST™) is an example of one of

these systems currently being used by U.S. Army National Guard units. Information from these vehicle

tracking systems can be used to improve Army installation environmental impact assessments and monitoring

programs. DFIRST™ vehicle tracking systems were installed on over 80 military vehicles as part of a 12-day

live training exercise at Camp Atterbury, Indiana. From the original DFIRST™ dataset one training day was

selected for detailed analysis. Vehicle tracking systems monitored vehicle locations while actively participating

in a training exercise. Vehicle locations were used to calculate vehicle dynamic properties (velocity and turning

radius). Vehicle dynamic and static (weight, type) properties and were used to predict vegetation loss using

models previously developed for use at Camp Atterbury. USEPA 1979 AP-42 dust model was used to estimate

dust emissions. Average distance traveled per vehicle was 17.2 km/day with an average of 0.2 km/day off-road.

The training event resulted in an estimated 2662.8 m 2
of vegetation loss and 465.1 kg of PM 2.5 dust generated

tor the period of analysis. This study demonstrates the use of emerging vehicle tracking systems, fielded to

support improved training, can be used to assess environmental impacts associated with training.

Keywords: Vehicle impacts, off-road traffic, vegetation impact, impact assessment

The Department of Defense (DoD) is re- requires analysis and documentation of poten-

sponsible for administering more than tial environmental effects associated with all

10.000.000 ha of federally-owned land in the major Federal decisions. The fielding of new
United States. Much of this land is used for weapon systems or the relocation of military

vehicle-based training activities. Continued units and their vehicles to new locations are

management of DoD lands requires assessing activities that require assessments of potential

the impact of vehicles on installation natural environmental impacts.

resources and air quality. These assessments are The impact of off-road vehicle use on soil

often mandated by the National Environmental and vegetation has been extensively studied and

Policy Act of 1969 (NEPA) PL. 91-190, which often results in loss of vegetation, soil compac-

tion, rut formation and increased erosion

Correspondence: Alan B. Anderson, U.S. Army (Anderson et al. 2005). However, predicting

Engineer Research Development Center, Cham- the impact of individual vehicle based training

paign. Illinois 61822 USA: e-mail: alan.b.anderson@ events has been difficult due to: 1) the diverse

usace.army.mil manner in which vehicles are operated during
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Figure 1.—Deployable Force-On-Force Instrumented Range System (DFIRST '
).

training, 2) the number of different vehicle

types used during training, and 3) the dispersed

spatial pattern of vehicle training. Anderson et

al. (2007a) demonstrated in a field study at

Camp Atterbury, Indiana that vegetation loss

from vehicle use could be predicted using

vehicle type and dynamic properties (velocity

and turning radius). In a subsequent study at

the same installation Anderson et al. (2007b)

demonstrated that vehicle static properties for

untested vehicles could be used to predict

impacts for a range of vehicle types and

operating conditions. Haugen et al. (2003)

demonstrated custom-made GPS tracking units

as vehicle tracking systems could be used to

characterize the spatial pattern oi^ military

operations. The combination of impact predic-

tion models and vehicle tracking systems

provides a means to assess overall cumulative

impact of individual military training events.

Vehicle and troop GPS tracking systems are

increasingly being used during military training

exercises to improve training quality. These

Army unique GPS tracking systems provide

location and velocity information for military

vehicles, similar to data used to historically

quantify vehicle impact by the authors (Ander-

son et al. 2007a. b; Haugen et al. 2003). In this

study, location data from the Deployable

Force-on-Force Instrumented Range System

(DFIRST™). a vehicle tracking system used

for training by the National Guard, was used to

associated with a typical annual training

exercise. DFIRST™ data provided input into

site impact models developed by Anderson el

al. (2007b) to quantity the cumulative impact of

large military training event on installation

natural resources.

METHODS
Study site. The study was conducted at

Camp Atterbury Joint Maneuver Training

Area (CAJMTA). an Arm\ National Guard
training facility that encompasses 144 km in

central Indiana (Tetra Tech 2000). The terrain

ranges from fairh flat historically-agricultural

land forms on the north, rolling hills in the

central portion, to steep hills and \ alleys in the
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extreme southern portion with elevations rang-

ing from 195-297 m above sea level. Predom-

inant vegetation communities range from open

grasslands to hardwood forests. A detailed

description of terrain, soil and vegetation

typical of the installation can be found in

Anderson et al. (2007a).

DFIRST™ System.—The Deployable

Force-On-Force Instrumented Range System

(DFIRST™) system combines Global Posi-

tioning System (GPS), high-speed wireless

communications, and data visualization tools.

DFIRST™ allows Army National Guard
personnel to engage in sophisticated training

exercises and play back the events in an after-

action review (AAR) facility. The DFIRST™
system consists of a Base Station and one

Participant Instrumentation Package (PIP) for

each vehicle in the training event (Fig. 1). The
Base Station provides training exercise control,

data recording, and AAR equipment. The PIP

contains GPS receivers, digital communications

radios, and processing equipment.

Study design.—Approximately 750 Guards-

men from the 76th Brigade Combat Team
participated in a 12-day training exercise at

CAJMTA 14-26 July 2006. Over 80 vehicles

were tracked for each of the 12 days with

DFIRST™ systems. Vehicles participating in

the event included M35, M809, and HMMWV
vehicle classes. The M35 vehicle class is a

family of cargo trucks frequently referred to as

2 'A-ton cargo trucks. The M35A3 variant is

representative of this vehicle class and is a

three-axle six-wheeled vehicle with a 4.50 m
total wheelbase, 2.40 m width, and weight of

6.5 tons (Fig. 2). The M809 vehicle class is a

family of similar cargo trucks frequently

referred to as 5-ton cargo trucks. The M813 is

representative of this vehicle class and is a

three-axle ten-wheeled vehicle with a 5.23 m
total wheelbase, 2.49 m width, and weight of

10.04 tons. (Fig. 3). The High Mobility Multi-

purpose Wheeled Vehicle (HMMWV) class is a

family of small utility vehicles. The Ml 025 or a

M998 is an example with a 3.30 m wheelbase,

2. 1 3 m width, and a weight of 3.7 tons (Fig. 4).

Data analysis.—A subset of 71 vehicles with

complete GPS data was used for the analysis.

DFIRST™ vehicle-position data were ob-

tained for moving vehicles involved in the

training event to determine vehicle movement
patterns. Using the vehicle-position data total,

on-road, and off-road distance traveled were
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Figures 2-4.—Vehicle types used in the tracking

study. 2. The M35A3 2 1/2-ton cargo truck; 3. The

M813 5-ton cargo truck; 4. The Ml 025 utility vehicle.

calculated for each vehicle. Vehicle dynamic

properties (velocity, turning radius) were cal-

culated from position data using the methods

of Ayers et al. (2000). From these data both

dust estimation and vegetation losses were

calculated.

A primary concern with vehicle use on

installation road systems is the generation of

dust emissions from unpaved roads and trails.

EPA 1979 AP-42 unpaved road equation was

used to estimate dust emissions based on

vehicle velocity obtained from the GPS data
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Figures 5, 6.—Typical on and off-road vehicle travel patterns. 5. Dots show on-road vehicle locations

derived from DFIRST tracking systems for two vehicles; 6. Dark dots represent vehicle locations in a

concentrated use area derived from DFIRST tracking systems.

and vehicle weight (US EPA 2003). The

unpaved road emission factor equation for

dry condition has the following form:

E = 5.9(s/12)(S/30)(W/3)°-
7
(w/4)

- 5

where: E = emission factor, pounds per vehicle-

mile-traveled (lb/VMT); s = silt content of road

surface material (%); S = mean vehicle speed,

miles per hour (mph); W = mean vehicle weight

(ton); and w = mean number of wheels

(dimensionless).

The primary concern with vehicle use off of

installation road systems is vegetation loss.

Using vehicle impact equations from Anderson

et al. (2007b) vegetation loss along each vehicle

path was estimated using vehicle weight,

velocity and turning radius. Total vegetation

loss for each management area was calculated

as the sum of each vehicle's estimated vegeta-

tion loss in that area.

RESULTS

The average distance traveled per vehicle

during the training event was 17.2 km/day.

Travel per vehicle varied considerably from less

than 1 km/day to over 67 km/day. On-road and

off-road vehicle travel averaged 17.0 km/day

and 0.2 km/day, respectively. Typical on-road

and off-road traffic patterns observed during

the training event are shown in Figures 5 and 6.

Average on-road and off-road vehicle velocities

averaged 8.40 m/s and 2.43 m/s, respectively.

Using vehicle impact models from Anderson

et al. (2007b) to predict vegetation loss, an

estimated 221.9 m2
of total vegetation loss for

the data set used during this analysis which was

for one 24 h period of training. Assuming that

the subset of data is a true reflection of the

entire 12-day training event, approximately

2662.8 nr of vegetation loss occurred during

the 12-day training event. Off-road travel was

highly concentrated in a few areas. Figure

shows the locations of vegetation loss by

installation management area for the analyzed

data set. Vegetation loss ranged from 0-71 . 1 nr
per management area for this one day event.

Vegetation loss within management areas was

often highly concentrated in certain areas

(Fig. 6). Even in the highest impacted manage-

ment area, the total percentage of area impact-

ed was less than 0.0002% of the management
area. The spatial patterns identified from the

DFIRST™ data are typical disturbance pat-

terns for many military training events that

occur at the installation.

Using the EPA AP-42 unpaved road equa-

tions to estimate dust emissions, an estimated

0.33 kg/km. 0.86 kg/km and 0.46 kg/km of PM
2.5 dust emissions were produced for the

HUMVEE, 5-ton truck and 2.5-ton truck.

respectively. For the 12-day training event.

5.06 kg. 22.5 kg and 7.7 kg of PM 2.5 dust

emissions were produced each day for the

HUMVEE. 5-ton truck and 2.5-ton truck.

respectively. Average PM 10 estimates were

1.3 kg/km. 3.3 kg/km and 1.8 kg km for the

HUMVEE. 5-ton truck and 2.5-ton truck.

respectively. Estimated PM 10 estimates for

the 12-day training event are l
c).2 kg. S5.4 kg

and 29.1 ks for the HUMVEE. 5-ton truck and



118 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

Figure 7.—Vegetation loss by management area

for the one day data subset analyzed. Grey lines

represent management area boundaries. Shaded

training areas represent where the majority of vehicle

impacts occurred. Numeric values list actual vegeta-

tion loss in m2
for each training area. Areas less than

2 m~ are not shown.

2.5-ton truck, respectively. The average weight-

ed dust emissions produced per vehicle day

were 6.6 kg PM 2.5, 24.8 kg PM 10, and 31.4 kg

total suspended particulate matter (TSP) re-

sulting in a total of 465.1 kg PM 2.5, 1762.5 kg

PM 10. and 2227.6 kg TSP emitted by the 71

vehicle days during the training event.

DISCUSSION

GPS technology is currently being used to

track vehicles during live training events to

improve the quality of the training experience.

This study demonstrates that data derived from

these training systems can be useful for

characterizing how vehicles are actually used

in live training exercises to improve vehicle

impact assessments. Systems like DFIRST™

provide a foundation for impact assessments

that utilize actual field vehicle use data rather

than assumptions obtained from subject matter

experts or derived from alternative data sourc-

es.

Environmental impact statements conducted

to assess the impact of changes in vehicle based

military training regimes often dictate contin-

ued monitoring of vehicle impacts as part of the

mitigation strategy of the impact statements

(Colorado State University 2004). Systems like

DFIRST™, when combined with vegetation

loss models as used in this study, provide a

means to monitor vehicle impacts to vegetation

over a period of time. Information obtained

using this approach provides the foundation to:

1 ) evaluate if new weapon systems or training

doctrine will impact installations lands differ-

ently than legacy systems and doctrine, 2)

provide spatially and temporally explicit land

use impact data for input into other natural

resource models, and 3) identify areas of

concentrated disturbance often difficult to

locate in larger areas of undisturbed lands.

Army training systems like DFIRST™ pro-

vides a unique capability for the military to

assess the impact of vehicle based activities

currently unavailable to other land manage-

ment agencies.
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ABSTRACT. Prairie Ridge State Natural Area, located in southeastern Illinois, is one of the most

significant grassland habitat complexes in Illinois and well known for supporting the only population of

Greater Prairie Chickens ( Tympanuchus cupido) in the state. On the site, we found 544 vascular plant species,

of which 438 are native (including the state-endangered Penstemon tubaeflorus), and one new state record

(Schoenoplectus americanus). Exotic species accounted for 106 species (19.5%). Grassland communities were

of two types: cool-season grasslands, managed by mowing and dominated by Agrostis gigantea, Bromus

inermis, Dactylis glomerata, Festuca arundinacea, and Poa pratensis; and warm-season prairie grasslands,

managed by fire or mowing, and dominated by Andropogon gerardii, Schizachyrium scoparium, and

Sorghastrum nutans. Two small forest tracts were examined; both were immature second-growth mesic upland

forests with an overstory dominated by Quercus alba, Carya ovata, and Acer saccharinum.

Keywords: Grassland communities, Illinois, prairie chickens, prairie restoration

At the time of European settlement, prairie

vegetation covered about 60% of Illinois (Iver-

son et al. 1991). Most was "black soil" tall-grass

prairie of the prairie peninsula that once

stretched throughout much of the central United

States and adjacent Canada (Transeau 1935).

Nearly all disappeared after the arrival of

European settlers. Small remnants remain in

pioneer cemeteries, along a few railroad tracks,

and in places of rocky or thin soil where it was

not profitable to plow. In recent times, mostly

within the last 40 years, numerous attempts have

been made to recreate and restore prairie

communities in Illinois (McClain 1986, 1997;

Packard & Mutel 1997). Rarely, natural succes-

sion processes also created prairie communities.

Prairie Ridge State Natural Area is well

known for supporting the only population of

Greater Prairie Chickens {Tympanuchus cupido)

in the state (McFall & Karnes 1995; Simpson &
Esker 1997). There is abundant information on

the site's fauna, especially breeding birds (Simp-

son & Esker 1997, Simpson 1998). However,

only two studies have focused on the plant life, a

natural prairie restoration, associated with a

pioneer cemetery (Edgin & Ebinger 2000), and

Correspondence: Gordon C. Tucker; e-mail: gctucker^

eiu.edu

3 Present address: 715 Virginia Drive. Oklahoma
City, Oklahoma 73107

five tracts of prairie restorations surveyed by

Kessler et al. (2001). The purpose of the present

study was to survey the vascular flora of Prairie

Ridge State Natural Area, and to determine the

composition and structure of the vegetation on

recently established grassland and recently

acquired forest communities present on this

1093 ha natural area.

STUDY AREA
Prairie Ridge is included in the Illinois

Natural Areas Inventory and is rated as one

of the five most significant grassland habitat

complexes in Illinois (Simpson & Esker 1997).

This natural area consists of many isolated

tracts of mostly abandoned farmland located

approximately 11 km southwest of Newton,

Jasper County, Illinois, near the small town of

Bogota (S19 through 36 T6N R9E; N38.911,

W88.189 ) (Fig. 1). The natural area is located

within the Effingham Plain Section of the

Southern Till Plain Natural Division, an area

which encompasses most of the Illinoian glacial

till in southern Illinois (Schwegman 1973). The
Effingham Plain Section is a relatively flat plain

drained by the Kaskaskia River and the Little

Wabash River, and was glaciated approximate-

ly 125,000 years ago. In pre-settlement times it

was covered mostly with prairie vegetation,

although upland flatwoods and savanna com-

120
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Figure 1
.—Map showing location of Prairie Ridge

State Natural Area, Jasper County, Illinois.

munities were common depending on soil type,

while forests were generally associated with

dissected topography along rivers and streams.

Presently, in Jasper County about 84% of the

land is devoted to agriculture, 5% to woodland,

and the remainder cultural (Barmstedt 1992).

Soils throughout the study area are nearly

level to gently sloping, poorly-drained, grayish

brown and friable silt loam composed of

Illinoian till overlain with shallow loess depos-

its on the broad ridges and knolls of the

uplands (Willman et al. 1975; Barmstedt 1992).

The climate is continental and characterized by

hot, humid summers and cold winters. Precip-

itation averages 104.8 cm, with July having the

highest rainfall (11.1 cm). Mean annual tem-

perature is 1 1 .4 C, the hottest month being

July (average of 24.3 °C), and the coldest being

January (average of -3.1 C). The average

number of frost-free days is 1 83 (Newton. Illinois.

Midwestern Regional Climate Center 2009).

METHODS
Prairie Ridge State Natural Area was visited

every 2-3 weeks during the 2005 and 2006

growing seasons and sporadically until the fall of

2008. During each trip, all flowering or fruiting

species encountered were collected and voucher

specimens deposited in the Stover-Ebinger

Herbarium of Eastern Illinois University.

Charleston, Illinois (EIU), with duplicates sent

to the Illinois Natural History Survey Herbar-

ium, Champaign, Illinois (ILLS). Nomenclature

follows Mohlenbrock (2002) and the assignment

of non-native status follows Taft et al. (1997)

and Mohlenbrock (2002) (Appendix I).

Ground-layer species were analyzed from

late August through early October 2005 using

rrr plots located at 1 m intervals along a

randomly placed 25 m transect (n = 25/

transect) in each of 12 grasslands with varying

histories of management. Even-numbered plots

were placed to the right, odd-numbered to the

left. Herbaceous species, shrubs, and tree

seedlings to 0.4 m in height were included in

the sampling. Percent cover for each species

and bare ground and litter were determined by

using the Daubenmire (1959) cover class system

as modified by Bailey & Poulton (1968) (class 1

= 0-1%, class 2 = 2-5%. class 3 = 6-25%,

class 4 = 26-50%, class 5 = 51-75%. class 6 =

76-95%, and class 7 = 96-100%). Mean cover,

relative cover, frequency (%). relative frequen-

cy, and importance value (TV.) were deter-

mined for each species. As used here. I.Y. is the

sum of the relative frequency and relative

cover, and has a maximum value of 200.

During the late summer of 2008. transects

(50 m X 100 m) were established in two small

woodlots located along the western edge of the

natural area. Both woodlots were surveyed b>

dividing the core area into eight contiguous

quadrats 25 m on a side (0.5 ha). In each

quadrat all living woody stems ( — 10.0 cm dbh)

were identified and their diameters recorded.

From these data, the living-stem density (stems

ha), basal area (m /ha), relative density, relative

dominance, importance value (I.V.), and aver-

age diameter (cm) were calculated for each

species. Determination of the l.Y. follows the

procedure used by Mcintosh (1957) and is the

sum of the relative density and relative domi-

nance (basal area).
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Table 1 .Total species encountered in the study area, average species/plots, average importance value (I.V.)

and average mean cover (M.C.) for the dominant species, and a list of the common associated herbaceous

species in the grassland habitats examined at the at Prairie Ridge State Natural Area, Jasper County, Illinois.

Sorghastrwn nutans/

Solidago canadensis

Community (2 transects)

Schizachyrium scopariuml

Solidago canadensis

Community (3 transects)

Total species

Species/plot

Dominant species

Average I.V. and M.C.

Subdominant species

Average I.V. and M.C.

Associated species

13

3.22

Sorghastrum nutans

I.V. = 68.4 M.C. = 29.6

Solidago canadensis

I.V. = 67.6 M.C. = 27.9

Festuca arundinacea

Poa pratensis

Pycnanthemum pilosum

Rubus allegheniensis

Solidago juncea

35

4.01

Solidago canadensis

I.V. = 57.8 M.C. = 21.2

Schizachyrium scoparium

I.V. = 44.3 M.C. = 14.8

Achillea millefolium

Aster pilosus

Festuca arundinacea

Phleum pratense

Setaria glauca

Sorghastrum nutans

Andropogon gerardii

Solidago canadensis

Community (4 transects)

Solidago canadensis

Rubus allegheniensis

Community (3 transects)

Total species

Species/plots

Dominant species

Average I.V. and M.C.

Subdominant species

Average I.V. and M.C.

Associated species

27

3.97

Solidago canadensis

I.V. = 45.8 M.C. = 19.3

Andropogon gerardii

I.V. = 43.9 M.C. = 18.6

Ambrosia artemisiifolia

Aster pilosus

Festuca arundinacea

Poa pratensis

Rubus allegheniensis

Sorghastrum nutans

33

5.00

Solidago canadensis

I.V. = 47.4 M.C. = 24.7

Rubus allegheniensis

I.V. = 12.2 M.C. = 5.0

Achillea millefolium

Ambrosia artemisiifolia

Aster pilosus

Bromus inermis

Dactylis glomerata

Festuca arundinacea

Trifolium pratense

Woody understory composition and density

(stems/ha) were determined using nested circular

plots 0.0001, 0.001, and 0.01 ha in size. The
nested plots were located at about 25 m intervals

along line transects through the study areas.

Four additional 0.0001 ha circular plots were

located 6 m from the center points along

cardinal compass directions. In the 0.0001 ha

plots, woody seedlings (<50 cm tall) and all

shrubs were counted; in the 0.001 ha circular

plots small saplings (>50 cm tall and <2.5 cm
dbh) were recorded; and in the 0.01 ha circular

plots large saplings (2.5-9.9 cm dbh) were

tallied. Within each woodlot, 20 large and small

plots and 100 seedling plots were sampled.

RESULTS

The preserve supports a total of 544 vascular

plant taxa in 108 families (Appendix I). Ferns,

fern-allies, and gymnosperms were represented

by 10 taxa in 7 families. Of the remaining taxa,

165 were monocots in 17 families, and 369 were

dicots in 84 families. Non-native (exotic)

species accounted for 106 taxa, or 19.5% of

the species collected. The largest plant families

were Poaceae with 78 species, Asteraceae with

72 species, and Cyperaceae with 46 species. The
only state-endangered species encountered was
Penstemon tubaeflorus, although Silene regia

has been planted in the natural area and
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Table 2.—Densities by diameter classes (stems/ha), total density (stems/ha), basal areas (m 2
/ha). relative

values, importance values, and average diameters of woody species in a Quercus alba dominated, immature

second growth mesic upland forest (Area A) at Fuson Farm, Prairie Ridge State Natural Area. Jasper

County, Illinois.

Diameter classes (cm
Total Basal area Rel. Rel. Avg. diam.

Species 10-19 20-29 30-3940-49 50+ #/ha M2
/ha den. dom. I.V. (cm j

Quercus alba - 14.0 40.0 48.0 16.0 118.0 16.46 50.8 60.3 111.1 41.2

Carya ovata 12.0 14.0 2.0 2.0 - 30.0 1.430 12.9 5.2 18.1 23.0

Acer saccharum 2.0 - 2.0 12.0 2.0 18.0 2.438 7.8 8.9 16.7 40.0

Fraxinus lanceolata - 4.0 6.0 2.0 4.0 16.0 2.446 6.9 9.0 15.9 41.3

Quercus rubra - - 2.0 4.0 6.0 12.0 2.532 5.2 9.3 14.5 50.7

Carya glabra 14.0 6.0 4.0 - - 24.0 0.900 10.3 3.3 13.6 20.9

Carya cordiformis - 2.0 2.0 2.0 - 6.0 0.536 2.6 2.0 4.6 32.6

Primus serotina - - - 2.0 - 2.0 0.374 0.9 1.4 2.3 48.8

Carya tomentosa 2.0 2.0 - - - 4.0 0.134 1.7 0.5 2 2 20.5

Ostrya virginiana 2.0 - - - - 2.0 0.018 0.9 0.1 1.0 10.7

Total 32.0 42.0 58.0 72.0 28.0 232.00 27.276 100.0 100.0 200.0

persists (Simpson & Esker 1997; Illinois En-

dangered Species Protection Board 2005).

Of the many species recorded for this natural

area a few were not listed by Mohlenbrock

(2002). These include the hybrid between Acer

rubrum and A. saccharinum (A. X freemanii),

which has occasionally been collected in

southern Illinois (EIU herbarium has speci-

mens from Coles, Jasper and Massac counties).

The hybrid grass, Elymus canadensis X E.

hystrix, was also found, although this taxon

has rarely been observed throughout the range

of both parents (Stephen Darbyshire, Agricul-

ture Canada, Ottawa, pers. comraun.). Addi-

tionally, Schoenoplectus americanns (Cypera-

ceae; synonym Scirpus olneyi). a new state

record was found in the natural area by Tucker

(2001), which was probably brought in by

migrating waterfowl, as was the case in

neighboring Missouri (Yatskievych 2001).

Two other taxa, Carex missouriensis (Cyper-

aceae) and Bothriochloa lagwoides (Poaceae).

are new to the state due to recent taxonomic

and nomenclatural changes.

Management of this natural area has in-

volved the development of grasslands that

include both introduced exotic grass and native

prairie species. During the present study, 12

Table 3.—Densities by diameter classes (stems/ha), total density (stems/ha), basal area (nr/ha). relative

values, importance value, and average diameters of woody species in an Acer saccharum dominated, immature

second-growth mesic upland forest (Area B) at CIPS Tract, Prairie Ridge State Natural Area. Jasper

County, Illinois.

Diameter classes (cm)
Total Basal area Rel. Rel. A\ £ diam.

Species 10-19 20-29 30-39 40^9 50+ #/ha M 2
/ha den. dom. l.Y. i em)

Acer saccharum 40.0 74.0 26.0 10.0 4.0 154.0 8.964 46.0 34.2 SO.

2

2 5 . S

Quercus alba - 12.0 10.0 30.0 18.0 70.0 10.49 21.0 40.1 M.l 42."

Carya ovata 32.0 20.0 10.0 2.0 - 64.0 2.636 19.2 10.1 29.3 21.6

Fraxinus lanceolata - - 8.0 2.0 2.0 12.0 1.804 3.6 6.9 10.5 42.1

Carya glabra - 2.0 4.0 - 2.0 8.0 0.9 IS 2.4 , 5 5.9 36. S

Ulmus rubra 6.0 2.0 - - - s.o 0.158 2.4 O.b 3.0 15.4

Ulmus americana 8.0 - - - - s.o 0.116 2.4 0.4 2.S 13.3

Juglans nigra - - - 2.0 - 2.0 0.348 0.(? 1.3 1.9 47.1

Quercus stellata - - - 2.0 - 2.0 0.352 0.6 1.3 1.9 47.3

Primus serotina - 4.0 - - - 4.0 0.160 1.2 0.6 l.S 5 2 5

Carya tomentosa - - - 2.0 - 2.0 0.252 0.(^ 1.0 1.0 40.0

Total 86.0 114.0 58.0 50.0 26.0 334.0 26.204 100.0 100.0 200.0
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Table 4.—Densities by diameter classes (stems/ha) of woody understory species in a Quercus alba

dominated (Area A) and an Acer saccharum dominated (Area B), immature second growth mesic upland

forests at Fuson Farm, Prairie Ridge State Natural Area, Jasper County, Illinois.

Seedlings Small saplings Large saplings

Species Area A Area B

Acer saccharum 11700 55125

Primus serotina 6500 1875

Fraxinus lanceolata 4900 5500

Carya glabra 2000 1625

Parthenocissus quinquefolia 1400 3375

Rubus allegheniensis 1000 500

Quercus alba 700 500

Cercis canadensis 500 -

Quercus rubra 500 125

Sassafras albidum 500 -

Morus alba 400 125

Ulmus spp. 400 22750

Ostrya virginiana 300

Toxicodendron radicans 300 125

Celastrus scandens 200 625

Celtis occidentalis 200 875

Mains ioensis 200 -

Carya ovata 200 750

Rubus occidentalis 100 -

Symphoricarpos orbiculatus - 1875

Ribes missouriense - 125

Vitis vulpina - 125

Total 32000 96000

Area A Area B Area A Area B

15

100

100 20 20

grasslands were surveyed to determine species

composition. All sites were originally cultivated

Fields that were seeded to grasses between 1990

and 2004, nine fields to native prairie grasses,

and three fields to cool-season, exotic grasses.

The dominant species in the grasslands

examined was dependent, in part, on the species

originally planted on the site. Generally, the

grass species planted is presently the dominant

species along with Solidago canadensis, a

common native prairie species that enters most

fallow fields, prairie plantings, and other

disturbed habitat in the Southern Till Plain

Natural Division (Kessler et al. 2001). This

perennial member of the Asteraceae, with its

wind-dispersed achenes and well developed

rhizome system, readily becomes established

and persists (Transeau 1935).

Nine tracts were originally planted to various

native prairie grass species, and always had

Solidago canadensis as the dominant or sub-

dominant species (Table 1). Usually each of the

nine fields was planted to Sorghastrum nutans

and either Andropogon gerardii or Schizachyr-

ium scoparium as a second native grass species

(Simpson & Esker 1997). Also, based upon the

results of the vegetation surveys cool-season

grasses were sometimes important associates in

these prairie grass plantings, indicating that

they were probably in the seed mix (Table 1).

Solidago canadensis and Rubus allegheniensis

were the only species consistently found in the

fields planted to cool-season grasses (Table 1).

Usually a mixture of two cool-season grass taxa

was seeded in each field, the most important

species planted being Agrostis gigantea (red

top), Bromus inermis (awnless brome), Dactylis

glomerata (orchard grass), Festuca arundinacea

(tall fescue), and Poa pratensis (bluegrass).

Both of the small woodlots examined were

immature second-growth upland forests locat-

ed in slightly dissected terrain close to the

eastern edge of Newton Lake. The woodlots

were classified as dry-mesic to mesic upland

forests with the shade-intolerant, fire-resistant

Quercus alba and Carya ovata among the top

three species in importance. Shade-tolerant,

fire-sensitive species were also present with

Acer saccharum the most common followed

by Fraxinus lanceolata (Tables 2, 3). The
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understory in these woodlots was very open;

few small or large saplings were present, though

woody seedlings were extremely common (Ta-

ble 4).

DISCUSSION

Prairie Ridge State Natural Area is one of

only five biologically significant grassland

habitat preserves in the state (Simpson & Esker

1997). It also is one of the 30 areas identified in

the Illinois Department of Natural Resources

Inventory of Resource Rich Areas in Illinois

(Suloway et al. 1996). Since the original

purchase in 1962, the primary goal at Prairie

Ridge has been the development of a grassland

ecosystem capable of maintaining viable pop-

ulations of grassland bird species, including

both permanent residents and migratory spe-

cies, with an emphasis on endangered and

threatened bird species (Simpson & Esker

1997). A second goal was to reconstruct the

typical prairie vegetation that was representa-

tive of the Southern Till Plain of Illinois in pre-

settlement times (Schwegman 1973).

Presently, within this natural area there are

numerous fields similar to those surveyed in

this study. These fields were originally cultivated

and now have established populations of cool-

season exotic grass, or populations of native

prairie bunch-grasses. These plantings have been

maintained by rotary mowing and prescribed

burning. Over time, seeds and fruits of many
prairie species become established in these fields.

Some of these fields, where succession toward

prairie communities has taken place, were

studied by Kessler et al. (2000). On these fields

prairie forbs were usually added to the original

seed mix during planting. Also, forbs have

entered the fields from surrounding fence-rows,

roadsides, and small prairie remnants. In these

fields Sorghastrum nutans, Andropogon gerardii,

Schizachyrium scoparium, and Panicum virgatum

were the dominant grasses while Solidago

canadensis was the dominant forb. One field,

originally planted in 1991, had 17 native prairie

forb and shrub species present when studied in

1998 (Kessler et al. 2000).

Similar results, on another site of the natural

area, were obtained by Edgin & Ebinger (2000)

in a successional prairie that was cropped until

the mid-1950s. Since that time the site has

remained fallow, and has been colonized by

prairie species from surrounding roadsides,

fence-rows, and a small prairie remnant in a

cemetery near the northwest corner of the site.

More than 144 species were recorded for this

field, the majority being native prairie grasses

and forbs, but also including 10 exotic and 20

woody species. Andropogon gerardii and Schi-

zachyrium scoparium were the dominant grass-

es, while more than 90 native prairie forbs and

shrubs were found.

Native grassland habitats come at a premium
in Illinois, and so do many grassland birds. Prairie

Ridge State Natural Area is the best place to find

many of these species (Simpson & Esker 1997).

While the grasslands and marshes of Prairie Ridge

are the most unusual feature of this area, a wide

variety of habitats is nearby, including shrubby

areas, small woodlots, and Newton Lake. All

parts of the natural area are managed to create the

best habitat for these endangered and threatened

species. As a result of this management, native

prairie is becoming established.
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APPENDIX I

Vascular plant species encountered at Prairie Ridge State Natural Area, Jasper County, Illinois are listed

alphabetically by family under major plant groups. An asterisk (*) indicates non-native species. Collecting

numbers are preceded by the initial of the collector (E = Bob Edgin; K = Annette Kessler; T = Gordon

Tucker). Specimens are deposited in the Stover-Ebinger Herbarium, Eastern Illinois University, Charleston,

Illinois (EIU), with some duplicates at the Illinois Natural History Survey Herbarium, Champaign, Illinois

(ILLS). Nomenclature generally follows Mohlenbrock (2002).

FERNS AND FERN ALLIES

Aspleniaceae (Spleenwort Family)

Asplenium platyneuron (L.) Oakes, T14050

Dryopteridaceae (Shield Fern Family)

Cystopteris protrusa (Weatherby) Blasdell, T13973

Polystichum acrostichoides (Michx.) Schott, T14086

Equisetaceae (Horsetail Family)

Equisetum arvensc L., T1 4144

Equisetum hyemale L., T15163

Onocleaceae (Sensitive Fern Family)

Onoclea sensibilis L., T14200

Ophioglossaceae (Adder's Tongue Family)

Botrychium dissection Spreng. var. dissectum, T14552A

Botrychium dissectum Spreng. var. obliquum (Muhl.)

Clute, T14551

Botrychium virginianum (L.) Sw., T14021

Thelypteridaceae (Marsh Fern Family)

Phegopteris hexagonoptera (Michx.) Fee, T14085

GYMNOSPERMS

Cupressaceae (Cypress Family)

Juniperus virginiana L., T13932

DICOTYLEDONEAE

Acanthaceae (Acanthus Family)

Justicia americana (L.) Vahl, 714071
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Ruellia humilis Nutt., K348, T13623

Aceraceae (Maple Family)

Acer X freemanii Murr., T14047, T15169

Acernegundo L., T1454f T14628

Acer rubrum L., T14041, T15170

Acer saccharinum L., T15I68

Acer saccharum Marsh., T14878

Amaranthaceae (Pigweed Family)

Amaranthus rudis J. Sauer, T14432, T14425

Anacardiaceae (Sumac Family)

Rhus glabra L., K358

Toxicodendron radicans (L.) Kuntze, T12349

Apiaceae (Parsley Family)

Cicuta maculata L., T14129
Eryngium yuccifolium Michx., K365

*Pastinaca saliva L., T13636

Sanicula canadensis L., T14128

Zizia aurea (L.) Koch, T13925

Apocynaceae (Ginseng Family)

Amsonia tabernaemontana Walt., T13995

Apocynum androsaemifolium L., T15441
Apocynum cannabinum L., E394, T12326

Araliaceae (Ginseng Family)

Panax quinquefolius L., T14135

Aristolochiaceae (Birthwort Family)

Aristolochia serpentaria L., T14082

Asarum canadense L., T1405

3

Asclepiadaceae (Milkweed Family)

Asclepias hirtella (Pennell) Woodson, K363

Asclepias incarnata L., K393

Asclepias purpurascens L., T14045, T14065

Asclepias syriaca L., K331

Asclepias tuberosa L., T14063

Asclepias verticillata L., K400
Asclepias viridiflora Raf., T14096

Asteraceae (Aster Family)

*Achillea millefolium L., K222

Ambrosia artemisifolia L., T12341

Ambrosia bidentata Michx., K418
Antennaria plantaginifolia (L.) Hook., T14861

*Anthemis cotula L., T14656
Aster ericoides L., T14483
Aster laevis L., T14482
Aster lanceolatus Willd., T14529, T14501

Aster lateriflorus (L.) Britt.. T14525

Aster novae-angliae L., T13870
Aster pilosus Willd., T14481

Aster turbinellus Lindl., T1453

5

Bidens aristosa (Michx.) Britt., T12369

Bidens bipinnata L., T14426
Bidens cernua L., 712362, T13860

Bidens frondosa L. T15162

Boltonia asteroides (L.) L'Her., T13854. T12343
Cirsium discolor (Muhl.) Spreng., E475

Conoclinium coelestinum (L.) DC, 713852

Conyza canadensis (L.) Cronq., T12350

Coreopsis lanceolata L., T13990
Coreopsis palmata Nutt., K301

Coreopsis tripteris L., T14391
Echinacea purpurea (L.) Moench., T14512

Eclipta prostrata (L.) L., T13867

Erechtites hieracifolia (L.) Raf., T12337
Erigeron annuus (L.) Pers., K317
Erigeron philadelphicus L., T1397

3

Eupatoriadelphus fistulosus (Barratt) R.M. King &.

H. Robins., T14834

Eupatoriadelphus purpureus (L.) R.M. King & H.

Robins., T14845

Eupatorium perfoliatum L., K412

Eupatorium serotinum Michx., T12334

Euthamia graminifolia (L.) Nutt., T12366

Euthamia gymnospermoides Greene, Jones 05-1

Helenium autumnale L., Cunningham 31

Helenium flexuosum Raf., T14134

Helianthus grosseserratus Martens, E536. T12345

Helianthus mollis Lam., K410
Helianthus pauciflorus Nutt., T14421

Helianthus strumosus L., Cunningham 33

Hieracium longipilum Torn, T14850
Krigia dandelion (L.) Nutt., T13974

Lactuca canadensis L.. T12348
Lactuca floridana (L.) Gaertn., T1440"

*Lactuca serriola L., T12333

*Leucanthemum vulgare Lam.. K309
Liatris aspera Michx.. T14386
Liatris pycnostachya Michx.. E460. K381. T12328

Liatris squarrosa (L.) Michx.. T14885
*Matricaria discoidea DC. T14029

Oligoneuron rigidum (L.) Small. T12330

Parthenium integrifolium L.. T14643

Pluchea camporata (L.) DC. T15165

Pseudognaphalium obtusifolium (L.) Hillard & Burn..

K431

Rudbeckia hirta L.. K289
Rudbeckia laciniata L.. T143SS

Senecio glabellus Poir., K209

Silphium integrifolium Michx.. TI4486

Silphium laciniatum L.. T144"2

Silphium perfoliatum L.. T14431

Silphium terebinthinaceum Jaeq.. E44S

Solidago canadensis L.. E1065. T14415

Solidago juncea Ait.. K416

Solidago nemoralis Ait.. K419

Solidago ulmifolia Muhl.. T143S5

*Sonchus asper (L.) Hill.. K345

^Taraxacum officinale Weber. T 1 4498

*Tragopogon dubius Scop.. T14035
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Verbesina altemifolia (L.) Britt., T14387

Verbesina helianthoides Michx., T14075

Vernonia missurica Raf., K401

Xanthium strumarium L., Cunningham 34

Balsaminaceae (Touch-me-not Family)

Impatiens capensis Meerb., T14875

Berberidaceae (Barberry Family)

Podophyllum peltatum L., T14091

Betulaceae (Birch Family)

Betula nigra L., T14522, T14855

Bignoniaceae (Bignonia Family)

Campsis radicans (L.) Seem., T14868

Boraginaceae (Borage Family)

Hackelia virginiana (L.) I.M. Johnston, T14831

Mertensia virginica (L.) Pers., T1462

5

Myosotis verna Nutt., K205, T13937, T13958

Brassicaceae (Mustard Family)

*Arabidopsis thaliana (L.) Heynh., T13928

Arabis laevigata (Willd.) Poir., T14073

*Barharea vulgaris R. Br., K204

*Capsella bursa-pastoris (L.) Medic, T13936

*Cardamine hirsuta L., T14627

Cardamine parviflora L., K206, T13929

Dentaria laciniata Muhl., T13971, T14621

*Erophila verna (L.) Chev., T14624
*Lepidium campestre (L.) R. Br., T14060

*Lepidium densijlorum Schrad., T13967

Rorippa sessiliflora (Nutt.) A. Hitchc, T15164

*Rorippa sylvestris (L.) Besser, T13631
Sibara virginica (L.) Rollins, T13929
*Thlaspi arvense L., T13938
*Thlaspi perfolialum L., T14623

Caesalpiniaceae (Caesalpinia Family)

Cercis canadensis L., T14630
Chamaecrista fasciculata (Michx.) Greene, K387
Gleditsia triacanthos L., T14007

Senna inarilandica (L.) Link, T14392

Callitrichaceae (Water Starwort Family)

Callitriche terrestris Raf., T13962

Campanulaceae (Bellflower Family)

Campanulastrum americanum (L.) Small, T14209

Lobelia infiata L.. T144 11

Lobelia spicata Lam.. K396

Triodanis perfoliata (L.) Nicuwl., K298

Cannabinaceae (Hemp Family)

Humulus lupulus L.. T14858

Capparaceae (Caper Family)

Polanisia dodecandra (L.) DC, T14199

Caprifoliaceae (Honeysuckle Family)

*Lonicera japonica Thunb., K254

*Lonicera maackii (Rupr.) Maxim., T14881

Sambueus canadensis L., T14095

Symphoricarpos orbiculatus Moench, T12379

Viburnum prunifolium L., T14644

Caryophyllaceae (Pink Family)

*Dianthns armeria L., K235

Paronychia canadensis (L.) Wood, T14655

Paronychia fastigiata (Raf.) Fern., T14870

Silene stellata (L.) Ait. f., T14138

*Stellaria graminea L., T14057

*Stellaria media (L.) Cyrillo, T14651

Celastraceae (Bittersweet Family)

Celastrus scandens L., T14539

Chenopodiaceae (Goosefoot Family)

*Chenopodium album L., T15170C

*Chenopodium ambrosioides L., T14849, T148669

Cistaceae (Rockrose Family)

Lechea tenuifolia Michx., T14090, T14869

Convolvulaceae (Morning Glory Family)

* Convolvulus arvensis L., T14126
*Ipomoea hederacea (L.) Jacq., T14496

Ipomoea lacunosa L., T14502

Cornaceae (Dogwood Family)

Cornus drummondii C.A. Mey., T14040

Cornus florida L., T14149

Corylaceae (Hazelnut Family)

Carpinus caroliniana Walt., 714521

Corylus americana Walt., T14854

Crassulaceae (Stonecrop Family)

*Sedum telephium L., T13624

Ebenaceae (Persimmon Family)

Diospyros virginiana L., T12346

Elaeagnaceae (Oleaster Family)

*Elaeagnus umbellata Thunb., T14863

Euphorbiaceae (Spurge Family)

Aca/ypha deamii (Weatherby) Ahles, T14852

Acalypha virginica L., K369, T14427, T14852,

T14490
Chamaesyce maculata (L.) Small, T13869, T14487

Chamaesyce nutans (Lag.) Small, T13699
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Croton capitatus Michx., T14389

Croton monanthogynus Michx., T143H9

Euphorbia corollata L., K437

Fabaceae (Bean Family)

Amorpha fruticosa L., T14058

Apios americana Medic, T14851
Baptisia alba (L.) Vent, K366

Desmodium paniculatum (L.) DC, K414

*Kwnmerowia stipulacea (Maxim.) Makino, T13853
Lespedeza capitata Michx., E463, T14417

Lespedeza virginica (L.) Britt., T14420
*Medic-ago lupulina L., T14097
*Medicago sativa L., T13849
*Melilotus albus Medic, K300

*Melilotus officinalis (L.) Pallas, T14883

*Securigera varia (L.) Lassen, T14139

Strophostyles leiosperma (Torr. & A. Gray) Piper,

K436, T14542

*Trifolium campestre Schreb., T13982, T14650

*Trifolium hybridum L., K376, T14036

*Trifolium pratense L., K311

*Trifolium repens L., T1407

4

Fagaceae (Beech Family)

Quercus bicolor Willd., T14856

Quercus imbricaria Michx., T15435
Quercus X leana Nutt., T14207
Quercus marilandica Muench., T14880
Quercus muhlenbergii Engelm., T14857
Quercus palustris Muench., T15170A

Quercus rubra L., T14864
Quercus stellata Wangh., T14532

Quercus velutina Lam., T14860, T14862

Gentianaceae (Gentian Family)

Frasera caroliniensis Walt., T14647
Sabatia angulatus (L.) Pursh, T14841

Geraniaceae (Geranium Family)

Geranium carolirdanum L., T14031

Geranium maculatum L., T14019

Grossulariaceae (Gooseberry Family)

Ribes missouriense Nutt., T14048

Hydrangeaeceae (Hydrangea Family)

Hydrangea arborescens L., T14860

Hydrophyllaceae (Waterleaf Family)

Ellisia nyctelea L., T14652

Hydrophyllum virginianum L., T14059

Hypericaceae (St. John's Wort Family)

Hypericum drummondii (Grev. & Hook.) Torr. & A.

Gray, K343, T14877
Hypericum mutilum L., T14531

*Hypericum perforatum L., K292. K302

Hypericum punctatum Lam.. K307. K330

Hypericum sphaerocarpum Michx.. 714092

Juglandaceae (Walnut Family)

Garya cordiformis (Wangenh.) K. Koch. T14856
Carya glabra (Mill.) Sweet, T142J0. T14384

Carya ovata (Mill.) K. Koch, T14202

Carya tomentosa (Poir.) Nutt.. T14646

Juglans nigra L., T14830

Lamiaceae (Mint Family)

Blephilia ciliata (L.) Bernh., 714079

Hedeoma pulegioides (L.) Pers., T14871

*Leonurus cardiaca L., T1403

3

Lycopus americanus Muhl.. T14836

Lycopus virginicus L., T14548
Monarch bradburiana Beck, T14013

Monarda fistulosa L., K380

Physostegia virginiana (L.) Benth.. T1443'7

Prunella vulgaris L., K389

Pycnanthemum pilosum Nutt., T14872

Pycnanthemum tenuifolium Schrad., K318. T13641

Pycnanthemum virginianum (L.) Dur. & B.D. Jacks.
"

T14485

Scutellaria incana Biehler, T14148

Stachys aspera Michx., T14413

Stachys tenuifolia Willd.. T14140

Teucrium canadense L., K367, T13639

Lauraceae (Laurel Family)

Lindera benzoin (L.) Blume, T14629

Sassafras a/bidum (Nutt.) Nees. obs.

Linaceae (Flax Family)

Linum medium (Planch.) Britt.. K403, T12344

Lythraceae (Loosestrife Family)

Ammannia coccinea Rottb.. T14534

Lythrum alatum Pursh. T13645

Malvaceae (Mallow Famih )

*Abutilon theophrasti Medic. T14433. T14499

Hibiscus laevis All.. T13851

Hibiscus moscheutos L.. T14500

*Sida spinosQ L.. T14495

Menispermaceae (Moonseed Family)

Menispermum canadense L.. T15444

Mimosaceae (Mimosa Family)

Desmanthus illinoensis (Michx.) MacM., K347

Molluginaceae (Carpetweed Family)

*Mollugo verticillata L.. 112335

Moraceae (Mulberry Family)
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*Madura pomifera (Raf.) Schneider. T14006
*Morus a/ha L, T13968, T14151

Moras rubra L.. T14527

Nelumbonaceae (Lotus Family)

Nelumbo lutea (Willd.) Pers.. T14550

Nyctaginaceae (Four o'clock Family)

Mirabilis nyctaginea (Michx.) MacM., T1465

3

Oleaceae (Olive Family)

Fraxinus americana L., T14528
Fraxinus lanceolata Borkh., T14130

Fraxinus pennsylvanica Marsh., T14046

Onagraceae (Evening Primrose Family)

Circaea lutetiana L., T14066

Epilobium coloratum Spreng., T12336

Gaura biennis L.. K406

Ludwigia alternifolia L., K368

Ludwigia palustris (L.) Ell., T14436

Ludwigia peploides (H.B.K.) Raven, T14435

Oenothera biennis L., K386, E1064

Oxalidaceae (Sorrel Family)

Oxalis strieta L., K210, T12339

Oxalis violacea L., K220

Papaveraceae (Poppy Family)

Sanguinaria canadensis L., obs.

Passifloraceae (Passion Flower Family)

Passiflora lutea L., T14210

Phrymaceae (Lopseed Family)

Phryma leptostachya L., T14155

Phytolaccaceae (Pokeweed Family)

Phytolacca americana L.. T15461

Plantaginaceae (Plantain Family)

Plantago oristata Michx., T13646
* Plantago lanceolata L., K316

Plantago pusilla Nutt., T15449

Plantago rugelii Decne., T14198

Plantago virginica L.. K261, T14067

Platanaceae (Sycamore Family)

Platanus occidentals L., T15443

Polygalaceae (Milkwort Family)

Polygala sanguinea L.. K325, T14064

Polyga/a verticillata L., K314

*Persicaria cespitosa (Blume) Nakai, T14157

Persicaria lapathifolia (L.) S.F. Gray, E529

Persicaria pensylvanica (L.) Small, K407, E530

Persicaria punctata (Ell.) Small, T12333, T14430
*Persicaria vulgaris Webb. & Mog., T13864
* Polygonum aviculare L., T1485

3

Polygonum tenue Michx., T12353
*Rumex acetosella L. E358, T13985
*Rumex crispus L., K247

Rumex triangulivalis (Danser) Rech. f., E434

Portulacaceae (Purslane Family)

Claytonia virginica L., K207

Primulaceae (Primrose Family)

*AnagalIis arvensis L., E6123

Dodecatheon meadia L., T13927
Lysimachia lanceolata Walt., T14203

*Lysimachia nummularia L., TJ4866

Ranunculaceae (Buttercup Family)

Anemone virginiana L., T14859

Hydrastis canadensis L., T14015
Myosurus minimus L., T13926

Ranunculus abortivus L., T13933

Ranunculus sceleratus L., T13963

Thalictrum dasycarpum Fisch. & Lall., T14008

Rosaceae (Rose Family)

Agrimonia parviflora Sol., T14840

Agrimonia pubescens Wallr., T14879

Crataegus crus-galli L., T13965

Cratagus pruinosa (Wendl.) K. Koch, T15442

Fragaria virginiana Duchesne, K221

Geum canadense Jacq., T14094

Geum laciniatum Murr., T13644
Geum vernum (Raf.) Torr. & Gray, T14022, T14645

Malus ioensis (Wood) Britt., T12347
*Malus pumila Mill., T15446

Porteranthus stipulatus (Muhl.) Britt., T14039

*Potentilla recta L., K291

Potentilla simplex Michx., K219, T14865

Primus hortulana Bailey, T14054
*Primus persica (L.) Batsch, T14632

Prunus serotina Ehrh., T15440A

Rosa blanda Ait., T14410

*Rosa canina L., T14049

Rosa Carolina L., T13989
*Rosa multiflora Thunb., T13934
Rosa setigera Michx., T14068

Rosa suffulta Greene, K357
Ruhus allegheniensis Porter, T13981

Rubus flagellars Willd., K214, T14137

Ruhus Occident'a/is L., T14536
Ruhus pensilvanicus Poir., T13960, T14017

Polygonaceae (Smartweed Family) Rubiaceae (Madder Family)

Antenoron virginianum (L.) Roberty & Vauties, T14414 Cephalanthus occidentalis L., T14540
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Diodia teres Walt., T14424
Galium aparine L., K211, T13986
Galium circaezans Michx., T14072

Galium concinnum Torr. & Gray, T14078

Galium obtusum Bigel., K225, T14867

*Galium pedemontanum (Bellardi) All., T13626

Galium tinctorium L., T13850

Salicaceae (Willow Family)

Populus deltoides Marsh., E522

Salix humilis Marsh., E387, T14205

Salix interior Rowlee, T14884

Salix nigra Marsh., E487

Santalaceae (Sandalwood Family)

Comandra umbellata (L.) Nutt., T14077

Saururaceae (Lizard's-Tail Family)

Saururus ceriums L., T14080

Saxifragaceae (Saxifrage Family)

Penthorum sedoides L., T14147

Scrophulariaceae (Figwort Family)

Agalinis purpurea (L.) Pennell, T12340

Gratiola neglecta Torr., K255

Lindernia dubia (L.) Pennell, T12325

Mimulus ringens L., K392

Penstemon digitalis Nutt., K229, T14089

Penstemon pallidas Small, K236

Penstemon tubaeflorus Nutt., E6125

Scrophularia marilandica L., T14874
*Verbascum blattaria L., T14127

*Verbascum thapsus L., obs.

* Veronica arvensis L., T13942
Veronica peregrina L., T13939

Solanaceae (Nightshade Family)

*Datura stramonium L., T14847

Physalis heterophylla Nees, T13625

Physalis pubescens L., T14493
Solarium carolinense L., K362, T13863

Staphyleaceae (Bladdernut Family)

Staphylea trifolia L., T14084

Ulmaceae (Elm Family)

Celtis occidentalis L., T14027

Ulmus americana L., T13955

Ulmus rubra Muhl., T14150

Urticaceae (Nettle Family)

Boehmeria cylindrica (L.) Sw., T14842
Laportea canadensis (L.) Wedd., T15448
Parietaria pensylvanica Muhl., T14020

Pilea pumila (L.) Gray, T14530

Valerianaceae (Valerian Family)

Valerianella radiata (L.) Dufr.. T1394, T14640

Verbenaceae (Vervain Family)

Verbena bracteata Lag. & Rodr., J'13930

Verbena hasfata L., K332, T14837
Verbena stricta L., T1451

1

Verbena urticifolia L., 7'14848, T15156

Violaceae (Violet Family)

Viola pratincola Greene, E315

Viola pubescens Ait., T14026
* Viola rafinesquii Greene, T14648

Vitaceae (Grape Family)

Parthenocissus quinquefolia (L.) Planch.. T14882
Vitis aestivalis Michx., T14031
Vitis riparia Michx., T 15440

Vitis vulpina L., T14030

MONOCOTYLEDONEAE

Acoraceae (Sweet Flag Family)

*Acorus calamus L., T13988

Agavaceae (Agave Family)

* Yucca smalliana Fern., T12377

Alismataceae (Water-Plantain Family)

Alisma subcordatum Raf., T14839

Sagittaria calycina Engelm.. T14145

Amaryllidaceae (Amaryllis Family)

*Narcissus poeticus L., T13924

Araceae (Arum Family)

Arisaema dracontium (L.) Schott. T1400V

Arisaema triphyllum (L.) Schott. T13972

Commelinaceae (Dayflower Famih
|

*Comme/ina communis L.. T14156

Tradescantia ohiensis Raf., T1400

2

Tradescantia virginiana L.. K3~l

Cyperaceae (Sedge Famih)

Carex amphibola Steud.. T14087

Carex brachyglossa Mack.. K224, K297
Carex blanda Dewey. K242. T139~0

Carex bushii Mack.. K216, K24^. T13987

Carex cephalophora Muhl.. K245

Carex cristatella Britt.. K296

Carex festucacea Schk., T13961

Carex frankii kunth. T13632

Carex granularis Muhl.. T14011

Carex grayi Carey, T13998

Carex hirtifolia Mack.. T139~5

Carex lupulina Willd.. TI4I46
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Carex lurida Wahl.. T14001

Carex missouriensis P. Rothr. & Reznicek, T14000
Carex muskingwnensis Schwein., T14549
Carex pellita Willd., T13969

Carex pensylvanica Lam., T 15437

Carex radiata (Wahl.) Small, T13977

Carex scoparia Schk., K275

Carex shortiana Dewey, T13996

Carex sparganioides Muhl., T14056

Carex squarrosa L., T13638
Carex typhina Michx., T14037

Carex mlpinoidea Michx., K285, T14838

Cyperus acuminatus Torr. & Hook., T13868
Cyperus echinatus (L.) A. Wood, K338

Cyperus erythrorhizos Muhl., T14544
Cyperus esculentus L. var. leptostachyus Boeck.,

' K3 12, T13858
Cyperus odoratus L., T12322, T13865

Cyperus squarrosus L., T15167

Cyperus strigosus L., K355

Eleocharis acicularis (L.) Roem. & Schultes, T14142

Eleocharis intermedia (Muhl.) Schultes, T14543

Eleocharis ovata (Roth) Roem. & Schultes, T13859,

T12365

Eleocharis palustris (L.) Roem. & Schultes, T13856

Eleocharis verrucosa (Svenson) Harms, K215

Fimbristylis autumnalis (L.) Roem. & Schultes,

T12320

Schoenoplectus americanus (Pers.) Volk. ex Schinz. &
R. Keller, T12363

* Schoenoplectus mucronatus (L.) Palla, T12321

Schoenoplectus pungens (Vahl) Palla, T12364, T14143

Schoenoplectus purshianus (Fern.) M.T. Strong,

T1237

5

Schoenoplectus tabernaemontani (K.C. Gmel.) Palla,

T13862
Scirpus cyperinus (L.) Kunth, T14505

Scirpus georgianus Harper, K238, T13642

Scirpus pendulus Muhl., T13999

Dioscoreaceae (Yam Family)

Dioscorea quaternata (Walt.) J.F. Gmel., T14523

Iridaceae (Iris Family)

*Iris x germanica L., T13983

*Iris pseudacorus L., T13994

Iris shrevei Small. T/3993

Sisyrhinchium alhidum Raf., K308

Juncaceae (Rush Family)

Juncus acuminatus Michx., T13700
Juncus biflorus Ell., K359, T12352

./uncus hrachycarpus Engelm., E416

Juncus interior Wieg., K240

Lemnaceae (Duckweed Family)

Lemna minor L.. T14508

Liliaceae (Lily Family)

Allium canadense L., T13980
*Allium sativum L., T14133

*Allium vineale L., T14032.

*Asparagus officinalis L., T13984
Camassia scilloides (Raf.) Cory, K218

Erythronium alhidum Nutt., T14622

*Hemerocallis fulva (L.) L., T15436

*Muscari hotryoides (L.) Mill., T14626

*Ornithogalum umhellatum L., T13923

Smilacina racemosa (L.) Desf., T14014

Trillium recurvation Beck, T13979, T14620

Typha angust[folia (L.) , T15466
Typha latifolia L., T15454

Uvularia grandiflora Sm., T14083

Orchidaceae (Orchid Family)

Aplectrum hyemale (MM. ex Nutt.) Willd., 15463

Liparis liliifolia (L.) Rich., T14069

Platanthera peramoena (A. Gray) A. Gray, photo

Spiranthes cernua (L.) Rich., T14546

Poaceae (Grass Family)

*Agrostis gigantea Roth, T13629, T13640

Agrostis hyemalis (Walt.) BSP., T14052

Alopecurus carolinianus Walt., K212

Andropogon gerardii Vitman, E473

Andropogon virginicus L., T14419

Aristida longespica Poir., K428
*Bothriochloa laguroides (DC.) Herter, T14484
Bouteloua curtipendula (Michx.) Torr., T14480

Brachyelytrum erectum (Roth) P. Beauv., T14152

*Bromus commutatus Schrad., K266, T13628

*Bromus inermis Leyss., T14876

*Bromus japonicus Thunb., T13991

Bromus puhescens Muhl., T14018, T14153

*Bromus tectorum L., T14005

Buchloe dactyloides (Nutt.) Engelm., T14494, T14641

Cenchrus longispinus (Hasck.) Fern., T14504

Chasmanthium latifolium (Michx.) Yates, T14204

Cinna arundinacea L., Marti 65

Danthonia spicata (L.) Roem. & Schultes, T14043

Dichanthelium acuminatum (Sw.) Gould & Clark,

K434, T14055

Dichanthelium hoscii (Poir.) Gould & Clark, T14025,

T14154

Dichanthelium clandestinum (L.) Gould, T14846

Dichanthelium oligosanthes (Schult.) Gould, T14093

*Digitaria ischaemum (Schreb.) Schreb., T15158,

T14488
*Digitaria sanguinalis (L.) Scop., T14428, T14489,

T151259

*Echinochha crus-gal/i (L.) P. Beauv., K409

Echinochloa muricata (Beauv.) Fernald, Craven 30

*Eleusine indica (L.) Gaertn., T14533

Elymus canadensis L., T12329

Elymus X ehingeri G.C. Tucker, T14873

Elymus canadensis X E. hystrix. T14076
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Elymus hystrix L., T14076
Elymus villosus Muhl., T14070

Elymus virginicus L., T12351

*Elytrigia repens (L.) Desv., T14132

*Eragrostis cilianensis (All.) Vign., T14197

Eragrostis hypnoides (Lam.) BSP., Cunningham 25

Eragrostis pectinacea (Michx.) Nees, T14408
*Festuca arundinacea Schreb., K241

*Festuca pratensis Huds., K258
Festuca subverticillata (Pers.) E.B. Alexeev, T13978,

T14658

Glyceria striata (Lam.) Hitchc, T13637

Hordeum jubatum L., T14003

Hordeum pusillum Nutt., T13957
Leersia oryzoides (L.) Swartz, T14503

Leersia virginica Willd., T14524

*Leptochloa acuminata (Nash) Mohlenbr., T14418

Muhlenbergia frondosa (Poir.) Fernald, T14526

Muhlenbergia glabriflora Scribn., T1237

8

Muhlenbergia schreberi J.F. Gmel., T14412

Panicum capillare L., K396
Panicum dichotomiflorum Michx., T14492

Panicum rigidulum Bosc, T14835

Panicum virgatum L., K397
Paspalum laeve Michx., K425
Paspalum setaceum Michx., K429
*PhaIaris arundinacea L., T13992

*Phleum pratense L., K335
*Phragmites australis (Cav.) Trim, obs.

*Poa annua L., T13931, T14016

Poa chapmaniana Scribn., T14639

*Poa compressa L., K239, J'13630

Poa palustris L., T14061
*Poa pratensis L., T13943
Poa sylvestris Gray, T14012, T14657

*Poa trivialis L., T14107

Schizachyrium scoparium (Michx.) Nash. K440
*Scleroch/oa dura (L.) P. Beauv., T1 4028
*Setariafaberi F. Herrm., K426, T14843

Setaria glauca (L.) P. Beauv., T14491

Sorghastrum nutans (L.) Nash, K408
Spartina pectinata Link, T14887

Sporobolus neglectus Nash, T14422

Tridens flavus (L.) Hitchc, T14538

Tripsacum dactyhides (L.) L.. T14438
Vulpia octoflora (Walt.) Rydb.. T14044, T14649

Potamogetonaceae (Pondweed Family)

Potamogeton foliosus Raf., T14507

Potamogeton nodosus Poir., T12376. T14506

Smilacaceae (Catbrier Family)

Smilax lasioneuron Hook., T15445
Smilax tamnoides L., T14537

Typhaceae (Cat-tail Family)

Typha angustifolia L., T15466

*Typha domingensis Pers., T13861

Typha latifolia L., T15454
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MAGNETIC RESONANCE IMAGING TECHNIQUE AND
PERIPHERAL NERVE ACTIVITIES

Ranjith S. Wijesinghe: Dept. of Physics and Astronomy, Ball State University, Muncie,

Indiana 47306 USA

Bradley J. Roth: Dept. of Physics, Oakland University, Rochester, Michigan 48309 USA

ABSTRACT. During the last decade many medical investigators have attempted to measure neural currents

directly using magnetic resonance imaging (MRI). The action currents of a peripheral nerve create their own
magnetic field that can cause the phase of the spins to change. Our goal in this paper was to use the measured

magnetic field of several nerves to estimate the resulting phase shifts in the magnetic resonance signal. We
examine four cases: frog sciatic nerve, crayfish medial giant axon, squid giant axon, and human median nerve.

In each case, the phase shift is much less than one degree, and will be very difficult to measure with current

technology.

Keywords: MRI, action currents, phase shift, nerve

Several investigators (Bodurka & Bandettini

2002; Cassara et al. 2008; Kamei et. al 1999;

Paley et al. 2009) have attempted to detect

neural currents directly using magnetic reso-

nance imaging (MRI). The action current of a

nerve creates its own magnetic field (Wikswo et

al. 1980; Roth & Wikswo 1985) that can act like

a gradient field during magnetic resonance

imaging, causing the frequency or phase of

the nuclear spins to change because of the

presence of the action current. However, this

magnetic field is very small; and it is not clear if

this effect can be measured. Therefore, our goal

in this paper was to use the measured magnetic

fields of peripheral nerves to estimate the

resulting phase shifts in the magnetic resonance

signals.

Magnetic measurement of action currents

using magnetic resonance would be a signifi-

cant diagnostic tool because it would allow true

functional imaging of action currents using all

the power and resolution of MRI. Researchers

have developed functional MRI to detect brain

activity, which measures the blood oxygenation

level-dependent (BOLD) signal (Ogawa et al.

1990). However, BOLD is an indirect measure-

ment of perfusion rather than a direct detection

of neural activity. Ideally, measurement of the

magnetic field of action currents would provide
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a signal that better follows the spatial and

temporal distribution of neural activity. Bio-

magnetic measurements using magnetometers

outside the body have been used to measure

neural activity directly (Hamalainen et al. 1993;

Romani 1989). However, MRI measurements

would detect the magnetic field inside the body,

eliminating the ill-posed and difficult inverse

problem that normally plagues biomagnetic

studies. For this reason, magnetic resonance

detection of action currents has generated

much interest in the past few years.

Previous studies (Cassara et al. 2008; Paley et

al. 2009) have attempted to calculate the

magnetic field associated with action currents

from first principles. However, a large body of

research exists in which magnetic fields of

nerves, and even single axons were directly

measured using ferrite-core, wire-wound to-

roids (Gielen et al. 1986; Wijesinghe et al.

1991). Our goal was to use these measurements

to estimate the MRI signal caused by action

currents.

METHODS
Action currents in nerves have been directly

measured using neuromagnetic current probes

by us and our former colleagues (Gielen et al.

1991; Wijesinghe et al. 1991; Wikswo & van

Egeraat 1991; Wikswo et al. 1990). From these

measurements of the current, /, and the radius

of the fiber, r, we can calculate the magnetic

field created by this current at the surface of the

134
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fiber using Ampere's law,

B=^ (1)

where /i is the magnetic permeability of free

space. Equation 1 neglects return currents

(Woosley et al. 1985) and is strictly valid only

for unmyelinated axons, although myelinated

axons should behave continuously to a good

approximation (Basser 1993).

Even though this expression represents an

approximation for evaluating the magnetic

field created by a nerve axon in the body, it is

not a poor approximation for distances very

close to the fiber (Woosley et al. 1985). In the

magnetic resonance signal, this magnetic field

will induce a phase shift, </>, of

(f)
= yBAt (2)

where y is the gyromagnetic ratio of a proton

(2.7 X 10
8
s"

1 T" 1

), B is the strength of the

magnetic field created by the nerve, and A/ is

the duration of the rising phase of the magnetic

field. (Strictly, the phase is found by integrating

the magnetic field over time, but Equation 2

should be a useful approximation. To be

quantitatively correct, one should use the

component of the magnetic field parallel to

the static field in Equation 2). This phase shift

is an invaluable tool in investigating whether a

noticeable event occurs in the MR signal due to

action currents in nerves.

RESULTS

We have investigated the phase shifts due to

four different measured action currents, from

the frog sciatic nerve, the crayfish medial giant

axon, the squid giant axon, and the human
median nerve.

Frog sciatic nerve.—The frog sciatic nerve

consists of thousands of individual small axons.

Experiments were performed to record action

currents from the bull frog (Rana catesbeiana)

sciatic nerve bundle in vitro. The frogs were

dissected approximately one hour before the

experiments were started. During the dissec-

tion, frog Ringer's solution was used to keep

the nerve moist. The nerve remained immersed

in circulating, oxygenated frog Ringer's solu-

tion at 20 °C throughout the experiment. The

action currents were recorded magnetically by

threading the nerve through a wire-wound,

ferrite-core toroid that served as a pick-up coil.

The nerve and toroid were immersed in saline

0.1

-0.1

-0.2

Figure l.—The recorded action current from a

frog sciatic nerve bundle at 21 C.

solution, and the induced emf in the coil was

measured using a sensitive room-temperature

amplifier. A more detailed experimental proce-

dure pertaining to this experiment has been

published by Wijesinghe and his colleagues

(Wijesinghe et al. 1991). The measured action

current from a frog sciatic nerve bundle is

shown in Fig. 1. This signal was recorded using

a strong stimulus so that it excited most of the

axons in the nerve bundle. Therefore, the

measured current, /, as can be seen in the

signal is 0.2 /*A, and the bundle radius, r, is

0.75 mm. Thus, B is 0.05 nT. The rise time is

about 1 ms, so the induced phase shift is about

0.0007°.

Squid giant axon.—The squid axon is histor-

ically one of the most important bioelectric

systems studied (Hodgkin & Huxley 1952). and

is one of the largest single axons known.

Wikswo & van Egeraat (1991) measured the

action current associated with a propagating

action potential along a squid giant axon using

the same method described for the frog sciatic

nerve bundle, and obtained 1=6 fiA. Hodgkin

& Huxley (1952) reported that the radius of the

squid giant axon, r, was about 0.5 mm. Thus.

the calculated value of B at the surface of the

axon, from Equation 1. is 2.4 nT. The rise time

is approximately 0.4 ms. so the induced phase

shift, from Equation 2. is about 0.00026

radians, or 0.015 .

Crayfish medial giant axon. The crayfish

medial giant axon, even though it is not as large

as the squid giant axon, has been studied in

several important experiments including the

first ever axonal current recordings using the

magnetic technique (Roth & Wikswo 19S5) and

using the same procedure described above for

the frog sciatic nerve bundle. As shown in

Fig. 2. the measured action current associated

with propagating signal. /. was about 2 uA.
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Figure 2.—The recorded action current from a

crayfish giant axon at 20 °C.

The radius of this giant axon, r, was about

O.l mm. Therefore, the calculated value of B at

the surface of the axon is 4.0 nT. The rise time

of the signal is about 0.3 ms. Therefore, from

Equation 2, the induced phase shift is about

0.00032 radians, or 0.018°.

Human median nerve.—The first intraopera-

tive recording of the action current of the

human median nerve bundle was reported by

Wikswo et al. (1990) using a toroidal pickup

coil. This recording was performed on patients

undergoing surgical section of flexor retinacu-

lum for decompression of carpal tunnel at the

Vanderbilt University Medical Center. The

median nerve was exposed proximal to the

flexor retinaculum and followed distally to

demonstrate the lateral and medial branches.

The nerve was immersed in physiological saline

for the duration of the recording procedure.

They found the recorded current using a

toroidal pickup coil to be / = 0.35 /iA. The

radius of the median nerve bundle is r = 2 mm.
Therefore, the corresponding magnetic field at

the surface of the bundle is 0.035 nT. The rise

time is about 0.75 ms. The calculated phase

shift is about 0.0004 .

All these phase shifts are very small, much
less than one degree. We can look at the size of

the phase shifts from another point of view. In

NMR spectroscopy, one often measures the

chemical shift, which specifies the fractional

change in the resonant frequency for different

chemical species and is typically on the order of

a few parts per million. In our case, the static

magnetic field during MRI was about 1 T, and

the magnetic field of the nerve was about 1 nT,

implying a fractional change of magnetic field

(analogous to a chemical shift) of about one

part per billion. Thus, we expect a frequency

resolution of about one thousand times that of

NMR spectroscopy would be required to detect

the magnetic signal of the nerve.

DISCUSSION

We found that in four common bioelectric

systems, the phase shift induced during MRI is

small (often less than one tenth of a degree),

and would probably not be measurable with

current technology. Therefore, we are not

optimistic about the future of such techniques.

In fact, we believe our results above overesti-

mate the MRI signal for the following reasons:

(1) The magnetic field of an action potential

consists of a biphasic signal with both depo-

larization and repolarization signals. The repo-

larization current lasts somewhat longer than

the depolarization current, but is also weaker,

so the integrated phases from depolarization

and repolarization have the same magnitude

but opposite sign. The net signal of the action

current is nearly zero, as the phase shifts of

depolarization and repolarization cancel. The
entire action potential is over in just a few

milliseconds, which is a short time compared to

most MRI imaging pulse sequences. Thus,

action potentials will be more difficult to detect

than predicted above, unless very brief, care-

fully timed pulse sequences are developed. (2)

In the case of the nerve, the action potentials in

different axons propagate at different speeds,

so that the compound action potential results

from the summation of many single axon

signals (Wijesinghe et al. 1991). Therefore, the

measured signal will decrease as the action

potentials propagate and become less well

synchronized. (3) We calculated the magnetic

field just outside a nerve, where it was largest.

In general, the field falls off with distance

outside the fiber (Equation 1). A typical MRI
signal represents an average over a pixel or

voxel, which often has a size on the order of a

millimeter. Thus, only part of a voxel may
experience a large magnetic field, with other

parts experiencing a weaker field. (4) In most

cases, the entire nerve will not be simultaneous-

ly active. Whereas for a frog sciatic nerve it is

fairly easy to stimulate most or all of the axons

using a strong electrical pulse, in an experiment

on a human median nerve under normal

physiological conditions only a small fraction

of the axons in a nerve will be active. This can

be confirmed by comparing the data presented

in this paper for the frog sciatic nerve bundle

and the human median nerve. Even though the
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radius of the human median nerve is much
larger than that of the sciatic nerve, the current

recorded in the human median nerve was much
smaller than that of the frog sciatic nerve. Even

though the total number of fibers in the human
median nerve is much larger than that in the

frog sciatic nerve bundle, the "active fibers" in

the median nerve bundle were fewer than that

in the frog sciatic nerve bundle. For these

reasons, we suspect that detecting neural

activity will be even more difficult than our

calculated phase shifts suggest.

Troung & Song (2006) recently introduced

another method called "Lorentz Effect Imag-

ing'
1

for detection of action currents using

MRI. This method is based on the principle

that when a current is placed in a magnetic

field, there exists a force-the Lorentz force-on

the current. This Lorentz force causes a

current-carrying nerve to shift from its original

position in the body. If there simultaneously

exists a magnetic field gradient during the

MRI, this movement of the axon causes the

spins to diphase, resulting in an artifact in the

magnetic resonance signal. Roth & Basser

(2009) recently investigated this effect using a

mathematical model and found that the Lor-

entz displacement was too small to be detected

using MRI techniques. In fact, they concluded

that the Lorentz force effect will be even

smaller than the effect examined in this paper.

Our analysis focused on peripheral nerves.

Other systems that might give larger results are

the brain and the heart. In the heart, a very large

volume of cardiac tissue is simultaneously

active, and this may provide a good starting

place to search for action currents recorded

using MRI (although motion artifacts will

certainly be a problem). If large regions of the

brain are simultaneously active, the magnetic

field around these active regions may be larger

than we estimate here. Moreover, if the signal is

caused by dendritic currents, it may not have the

rapid repolarization currents to cancel the

depolarization signal (Park & Lee 2007). These

two systems need to be examined in more detail.

Our estimates of the fractional change in

magnetic field strength or frequency caused by

action currents assume that the magnetic

resonance study is performed using a typical

static magnetic field strength on the order of

1 T. However, action currents might be detect-

ed more easily using ultra-low field MRI
systems (Cassara & Maraviglia 2008). The

ability of these systems to detect biomagnetic

signals is yet to be explored on living tissues.

Because the biomagnetic field is not propor-

tional to the static magnetic field (as it would

be for chemical shift or susceptibility effects), a

lower static field means a larger fractional

change in frequency caused by action currents.

Thus, ultra-low field measurements may be one

way to better detect action currents.

In conclusion, we find that MRI measure-

ments of action current in nerve are unlikely

using current technology. Bandettini et al.

(2005) asked if detecting neural activity using

MRI is "fantasy, possibility, or reality?" Our
results suggest that, at least for peripheral

nerves, "fantasy" may be closer than "reality".
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ABSTRACT. The historical range of the state-threatened tiger beetle Cicindela marginipennis within the

Whitewater watershed was sampled during the summer of 2007 to assess any changes in the species" reported

distribution over the past 30 years. We found that the species has now disappeared from two of the three

Indiana counties where it had previously been found. We did locate a viable population in Franklin County.

Due to the decline of this species in Indiana, its state listing as endangered is still warranted.

Keywords: Tiger beetles, Cicindela, endangered species

Tiger beetles are predaceous insects that are

important biodiversity indicators (Pearson &
Cassola 1992). They are called tiger beetles

because many of them are striped, and they are

visual predators that pounce on their prey.

Tiger beetles are found throughout Indiana

(Knisley et al. 1987). The focus of this survey

was the Whitewater River riparian corridor in

the southeastern portion of the state, with a

special emphasis on the Indiana state-endan-

gered species Cicindela marginipennis Dejean

(1831), commonly called the cobblestone tiger

beetle. Knisley et al. (1987) reported this beetle

in Dearborn, Franklin, and Wayne counties in

Indiana; but its status in Indiana has not been

assessed since these earlier surveys.

The cobblestone tiger beetle occurs in two

disjunct areas in the eastern United States. A
southern population occurs in Alabama and

Mississippi; and a larger northeastern popula-

tion occurs from southeastern Indiana east-

ward through southern Ohio, southern Penn-

sylvania, southern New York, and north along

the New Hampshire and Vermont border.

Isolated populations also have been reported

from Erie County, New York and in New
Brunswick, Canada (Pearson et al. 2006).

Cicindela marginipennis' preferred habitat is

sparsely vegetated cobblestone and gravel

banks along rivers. In New Hampshire, they

are most often found near the middle of a sand

bar or bank where the upriver cobble is scoured

by water and the sand is deposited at the

Correspondence: Dr. Kritsky; e-mail: cdarwin^aol.

com

downriver end (Dunn 1979). Cicindela margin-

ipennis is often found near the center of such a

sandbar or bank where vegetation is sparse, but

it is absent on banks and bars that are devoid of

vegetation (Dunn 1979, 1981).

METHODS
Potential sites for the survey were initially

identified using Google Earth® imagery. Com-
paring photographs of known C. marginipennis

sites with the historical range enabled us to locate

potential collection sites and their means of

access. Based on this reconnaissance, we sur-

veyed from the confluence of the Whitewater

River and the Great Miami River in Ohio north

through Dearborn. Franklin. Union. Fayette,

and Wayne counties in southeastern Indiana. We
further surveyed the East Fork of the White-

water River up to Richmond. Indiana and the

West Fork of the Whitewater River to just north

of Cambridge City, Indiana. We also surveyed

Tanner's Creek in Dearborn County, Indiana

because a Dearborn County environmental

assessment (Anonymous 2006) listed C. margin-

ipennis as possibly occurring along the creek.

Sites were reached on foot or by canoe. GPS
readings were taken at all sites where beetles \\ ere

observed. The occurrence of C. marginipennis

was documented with photographs. The GPS
locations for all the sites have been reported to

the Indiana Department of Natural Resources

Division of Preserves, but will not be included

herein to discourage collecting.

Knisley et al. (198") reported C. margin-

ipennis in three counties of southeastern In-
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diana. We contacted the collectors of those

beetles to obtain specific locations, which were

also visited. (Knisley & Brzoska pers. com-

mun.).

Cicindela marginipennis is also known from

the Great Miami River in Ohio (Kritsky et al.

1996), and a portion of this river was surveyed

to determine the status of the species in

southwest Ohio, where it was last collected in

1995. This locality is the closest population of

C. marginipennis to the Indiana records.

If a population of C. marginipennis was

located, its relative size was estimated by

conducting a full-length transect count along

the bank. A population was determined to be

strong if more than ten beetles were counted

and mating pairs were observed. To determine

the optimal substrate conditions, a quadrant of

one square meter was sampled to determine

cobblestone weight in grams and soil texture.

Soil texture was determined using sieves that

separated the components by particle size.

Gravel was defined as particles greater than

4.00 mm in size, granules were 2.0 to 4.0 mm,
sand was 0.05 to 2.00 mm, and silt and clay

particles were defined as those less than

0.05 mm. The texture was quantified as the

percentage by weight of these categories.

RESULTS AND DISCUSSION

We started the survey on 23 May 2007 and

continued visiting and revisiting potential sites

until 7 July 2007. We surveyed 49 localities along

the riparian corridor of the Whitewater River

from north of Cambridge City, Indiana south to

the Ohio River and observed six species of tiger

beetles, including C marginipennis.

Cicindela repanda Dejean (1825) was the most

common species encountered, found at nearly

every location visited. This species prefers sandy

areas near water (Graves & Brzoska 1991).

During the hottest days of the survey, it was

found on the wet sands adjacent to the river.

Cicindela punctulata Oliver (1790), likely the

most common tiger beetle in Indiana, was

found at five sites visited. This species is often

found at parks and on golf courses, driveways,

and dry paths in fields, and it was found at sites

that bordered such areas (Graves & Brzoska

1991).

Cicindela sexguttata Fabricius (1775), the

green tiger beetle, emerges in the spring and

was collected in areas that were bordered by

deep woods. It prefers sandy sunlit paths,

normally not staying close to water (Graves &
Brzoska 1991).

Cicindela tranquebarica Herbst (1806) is a

spring and fall species and was only found

occasionally during the survey. It is found in a

variety of habitats, including fields, eroded

areas, sand dunes, gravel pits, and exposed

hillsides. This species, which is one of the first

tiger beetles to emerge in the spring, was not

expected at many locations due to the extreme

heat of the summer (Graves & Brzoska 1991).

Cicindela duodecimguttata Dejean (1825) was

collected north of Brookville reservoir, west of

Liberty, Indiana. It is often found in areas

where vertical banks are present along streams

(Graves & Brzoska 1991).

The target species, C. marginipennis (Fig. 1)

was observed at one location in Franklin

County, Indiana. The site is a large flat

cobblestone bank approximately 225 m long

and 46 m wide, and harbored a strong popu-

lation with several mating pairs observed. This

site matches the description of the optimal C.

marginipennis site: large and sparsely vegetated,

with more sand present at the downriver end of

the bank than at the upriver end. The beetles

were mostly found from the middle of the bank
towards the upriver end, from 5.5 m to

approximately 41 m from the water. We did

not detect the beetle downriver at adjacent

cobblestone banks.

Cicindela marginipennis was not found at

Indiana's two historical locations. It was

collected along runoff stream at a gravel quarry

east of Richmond, Indiana in 1976 and 1977.

We visited the location and found that gravel

operations have since destroyed the stream, and

the beetles were not found.

The other historical Indiana location was
near the Interstate 74 bridge at the Whitewater

River, where C. marginipennis was collected in

1984. This site was visited four times, but only

C repanda and C. tranquebarica were collected.

Cicindela marginipennis was collected along

the Great Miami River in Hamilton County,

Ohio, just under 37 km east of the Indiana

locality. This population was also strong and

the site was similarly large: approximately

117 m long and 24 m wide. The beetles were

also concentrated from the middle towards the

upriver end of the bank, with C. repanda on the

sandy downriver portion of the bank. This site

is approximately 1 km from the 1995 site

(Kritsky et al. 1996).
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Figure 1.

—

Cicindela marginipennis in Franklin County, Indiana.

In 2009 Cicindela marginipennis was found at

a new location along the Whitewater River in

Hamilton County, Ohio (William Hull pers.

commun.). This location is approximately

37 km from the Franklin County, Indiana

location and 11.4 km from the Ohio location.

It is also 11.2 km downriver from Indiana's

Interstate 74 and Whitewater river collection

site where the beetle was collected in 1984.

Another potential location, which we surveyed

several times in 2007 without observing any C.

marginipennis, is only 3.5 km downriver. Both

locations will be monitored in the future to

determine if this beetle is expanding its range.

The substrate analysis (Table 1) suggests that

the size of the cobble was not critical for the

beetles
1

ideal habitat. The two C. marginipennis

sites had different proportions of large and

small cobblestones. Indeed, the Ohio site had

several very large stones unlike the Indiana site.

The historical site where C marginipennis is no

longer found had a cobble profile similar to the

Franklin County C. marginipennis site. One
notable difference was the proportion oi' gran-

ules. The historical site had a much lower granule

percentage compared to the two sites where C.

marginipennis was found. It is unclear if these

differences are critical for C. marginipennis to be

present; but other tiger beetle species, such as C.

hirticollis Say (1817). are very selective in then-

preferred substrate. Cicindela hirticollis has

disappeared from locations where lock and

dam construction apparently changed the sub-

strate characteristics (Kritsky et al. 1999a).

Conservation strategies to protect tiger beetles

have included transplanting larvae from estab-

lished areas to new areas (Pearson et al. 2000).

This process is expensive and not feasible in

Indiana, as the removal of larvae front one site

might threaten the donor population. Rather.

we suggest the ideal scenario w ould be to protect

the specific locality and the banks 3 km uprivei

and downriver. Tiger beetles will disperse on

their own to hospitable sites if given enough time

(Kritsky et al. 1999b). The adjacent banks

downriver from the Franklin Count) site are

littered with downed trees, which may interfere

with the natural scouring of the cobble and



142 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

Table 1.—Substrate analysis of current and for-

mer Cicindela marginipennis collection sites.

Great Franklin 1984

Miami River County collection

Substrate site in Ohio site site

Cobble

Mean cobble 208 g 76 g 65 g
weight

%Cobble <100g 60.2% 82.4% 85.1%

%Cobble 34.9% 17.6% 14.9%

100-2000 g

%Cobble >2000g 04.9% 0.0 0.0

Sifted material

Gravel 53.9% 39.4% 55.4%

Granules 17.7% 12.2% 08.8%

Sand 22.0% 39.4% 28.7%

Silt and clay 06.4% 09.0% 07.1%

The Great Miami River site in southwestern Ohio

and Franklin County in Indiana harbors viable

populations of C. marginipennis, whereas C. margin-

ipennis no longer occurs at the 1984 collection site.

Substrate was characterized by cobble weight and

sifted material. The cobble was categorized by

average cobble weight and percentage of different

cobble weights. Sifted material was categorized by

particle size with gravel defined as particles greater

than 4.0 mm, granules as between 2.0 mm and

4.0 mm, sand as between 2.0 mm and .05 mm, and

silt and clay as less than .05 mm.

redepositing of the sand. It is unknown if the

removal of these trees would eventually make
the sites more suitable for C. marginipennis.

Cicindela marginipennis is listed as endan-

gered in Indiana, and the continued decline in

its distribution warrants that designation. In

Ohio, the distribution of the cobblestone tiger

beetle has expanded following the removal of

the New Baltimore Bridge and the cessation of

gravel removal from the Great Miami River at

Dravo Park.
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THE "LOST" JORDAN AND HAY FISH COLLECTION AT
BUTLER UNIVERSITY

Carter R. Gilbert: Florida Museum of Natural History, University of Florida, Gainesville,

Florida 32611 USA

ABSTRACT. A large fish collection, preserved in ethanol and assembled by Drs. David S. Jordan and

Oliver P. Hay between 1875 and 1892, had been stored for over a century in the biology building at Butler

University. The collection was of historical importance since it contained some of the earliest fish material

ever recorded from the states of South Carolina, Georgia, Mississippi and Kansas, and also included types of

many new species collected during the course of this work. In addition to material collected by Jordan and

Hay, the collection also included specimens received by Butler University during the early 1880s from the

Smithsonian Institution, in exchange for material (including many types) sent to that institution. Many
ichthyologists had assumed that Jordan, upon his departure from Butler in 1879. had taken the collection.

essentially intact, to Indiana University, where soon thereafter (in July 1883) it was destroyed by fire. The

present study confirms that most of the collection was probably transferred to Indiana, but that significant

parts of it remained at Butler. The most important results of this study are: a) analysis of the size and content

of the existing Butler fish collection; b) discovery of four specimens of Micropterus coosae in the Saluda River

collection, since the species had long been thought to have been introduced into that river; and c) the

conclusion that none of Jordan's 1878 southeastern collections apparently remain and were probably taken

intact to Indiana University, where they were lost in the 1883 fire. The collection discussed has now been

incorporated into the fish collection at the Florida Museum of Natural History, in Gainesville.

Keywords: South Carolina, Georgia, Mississippi, Kansas, Indiana University, Smithsonian. Penikese. types

For many years a substantial collection of

bottled fishes and other animals had lain

dormant in the basement of the science building

at Butler University, in Indianapolis. The

collection was obviously old, as attested by

the glass stoppered bottles housing the speci-

mens (a type of bottle little used for scientific

specimen storage since the beginning of the 20
th

century). It appears that unknown individuals

were either assigned the task, or had taken it

upon themselves, of replacing the ethanol

preservative lost from some of the bottles

through evaporation. Nevertheless, over time

some specimen lots had either become com-

pletely desiccated or had rotted beyond hope of

rehabilitation because of the greatly diluted

alcohol, but a surprising number were still in

relatively good condition.

Drs. James Berry, David Daniell and Ste-

phen Perrill, faculty members in the Biological

Sciences Department at Butler, took on the

task of evaluating and determining the dispo-

sition of this collection, as well as of other items

occupying space in the basement of the

building. Closer examination not only con-

firmed the antiquity of the collection, but that it

also comprised fish material collected by Drs.

David Starr Jordan and Oliver Pern Hay
during their respective tenures at the school

from 1875-1892. Their collections are among
the earliest made in certain areas of southern

and midwestern North America: and the results

of their work, published in several papers.

included original descriptions of a number of

new species of fishes. Perusal of the labels in the

jars, together with metal tags attached to some

individual specimens, indicated that those with

tags had originally been catalogued into the

National Museum of Natural Historj (Smith-

sonian Institution) fish collection, and had later

been sent on exchange to Butler. Other lots

included specimens collected, mosth b\ Jordan

and Hay, during their years at the school.

Eighty-nine salvageable lots from both sources

were packed and shipped to the Smithsonian in

September. 1993. Several of these lots were

later determined to include type material, and

were cited in publication (Gilbert 1998:59. 144).

Later, main additional jars of specimens were

discovered elsewhere, indicating that the earlier

material actually represented only a fraction of

the total collection. The three individuals

143
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recognized the historical importance of this

material, but the logistics of packing and

shipping it to Washington represented more
work than they were prepared to deal with. Dr.

Berry, who by now had retired to Gainesville,

Florida, during the winter months, asked the

author for advice in the matter. It was pointed

out that that the Florida Museum of Natural

History (a department of the University of

Florida) is a major museum in its own right and

would be a highly suitable repository. Since Dr.

Berry was continuing to commute by automo-

bile between Gainesville and Indianapolis

several times each year, the most logical

solution was for him to bring parts of the

collection down as space in his vehicle permit-

ted. The transfer began, and eventually all

remaining material was brought down to

Gainesville. It was felt that the importance of

the collection was such that a written history,

together with an analysis of its contents, would

be the next logical step, and I was asked if I

would be willing to write this up. The present

paper is the result of this agreement.

This paper has three main goals. The first is

to review the history of the Butler University

collection, with pertinent biographies of the

two principal individuals (D.S. Jordan and

O.P. Hay) responsible for the collection's

development. The second is to record the

incorporation of extant Butler specimen lots

into the Florida Museum of Natural History

Fish collection. The third is to analyze these

lots, with particular emphasis on Jordan's

collections made during the summers of 1876—

1878 and Hay's collections from the early to

mid- 1880s, and to deduce from this the

approximate number and content of lots

presumed to have been taken by Jordan to

Indiana University, where they were later

destroyed by fire during the summer of 1883,

along with the rest of Jordan's fish collection,

library, and unfinished manuscripts.

THE FISH COLLECTION
When one thinks of major natural history

collections in the United States, institutions

such as the National Museum of Natural

History (Washington, D.C.) (USNM), Acade-

my of Natural Sciences of Philadelphia

(ANSP), American Museum of Natural Histo-

ry (New York, N.Y.) (AMNH), California

Academy of Sciences (San Francisco) (CAS),

and Field Museum of Natural History (Chi-

cago) (FMNH) are among the first to come to

mind. All of these museums had their origins in

the 19
th

century. The earliest of these was the

ANSP, which was founded in 1812, followed

later by the USNM in 1846, CAS in 1853,

AMNH in 1869, and FMNH in 1893. All of

these museums are either private or public

institutions. University-supported museums
were mostly in the future, with the Museum
of Comparative Zoology (Harvard University)

and the Peabody Museum (Yale University)

being exceptional in this regard, the former

being founded in 1865 and the latter the

following year. Other important university

natural history museums, such as those at the

University of Michigan, University of Kansas,

University of California, Tulane University,

and University of Florida were far in the

future.

Faced with the relative paucity of established

museums, together with relatively primitive

means of communication and travel, biologists

found it necessary to establish their own
collections, usually housed in some small area

at the educational institutions where they were

employed. Normally such collections served the

dual purpose of providing specimens for

teaching, as well as material for whatever

research activities the professor might find time

outside his principal teaching duties. Such

collections usually suffered from lack of insti-

tutional support, since few colleges or univer-

sities in those days had adequate financial

resources or appreciation of the value for such

collections. In many cases the responsible

individuals found it necessary to use their

own private funds for basic items such as jars

and alcohol, and had to be content with

whatever space happened to be available for

housing their collections. The future of such

collections was uncertain, since the responsible

individual, upon leaving or retiring, was only

rarely replaced by a colleague with similar

interests. Sometimes these orphan collections

were donated to well-established museums, but

more often they were either discarded or stored

in an attic, basement, or some other out-of-the

way place, where they eventually succumbed to

the ravages of time. These abandoned collec-

tions frequently included voucher material for

floras and faunas now lost forever to the

advances of civilization.

In many cases the professors responsible for

collections at small educational institutions
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Figures 1, 2.—David Starr Jordan. Photos from his autobiography (1922). The photo on the left was taken

in 1868 when he was about 18. (in the public domain)

were not individuals who are widely remem-

bered today. Teaching loads were typically

heavy, included a wide range of subjects; and

research time was generally very limited. Means
of communication we take for granted today

(e.g., telephones and computers) were far in the

future, as were modern means of travel.

Funded research was almost unheard of. The

result was that few individuals of that era had

the opportunity, initiative, or perseverance to

conduct long, labor-intensive research projects,

and what research as was produced usually

consisted of short reports dealing with summa-
ries of local floras or faunas.

Butler University was one of the many small

educational institutions where a small natural-

history collection was established. In contrast

to most such places, however, Butler had the

uncommon good fortune of having hired two

individuals whose subsequent careers were

anything but ordinary, and who were to

become giants in their respective fields of

specialization. These two, David Starr Jordan

(Figs. 1,2) and Oliver Perry Hay (Figs. 3.4).

both began their professional careers engaged

in the study oi^ fishes. Jordan continued to

concentrate on this field for the rest of his life,

but was probably even better known to the

Figures 3, 4.—Oliver Perry Hay. The photo on the left is from the 1891 Butler University yearbook. The

photo on the right is eopied with permission from a book by ST. Ross (2001).
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educational community and to the public at

large for his achievements in higher education.

Hay later shifted into the field of vertebrate

paleontology, where he was to achieve his

greatest renown. Before discussing the history

and status of the Butler University fish

collection per se, it is desirable to present brief

biographies of the above two individuals,

including a summary of their accomplishments,

with emphasis on their years at Butler. Of these,

Jordan's is the more detailed, a result of his

two-volume autobiography, comprising ap-

proximately 1600 pages, published during the

later years of his life (Jordan 1922a, b).

DAVID STARR JORDAN
David Starr Jordan (1851-1931) (Figs. 1,2)

was born near the town of Gainesville, New
York, in the western part of the state about

50 miles south of Rochester and 60 miles east of

Buffalo. He graduated from Cornell University

in 1872, having graduated in only three years

with a Master of Science degree, rather than the

conventional Bachelor's degree received by the

remainder of his class, a result of having taken

advanced botany courses required for the

higher degree. Cornell University later voted

to rescind this practice, which resulted in

Jordan being the last student at that school to

merge these two degrees into one (Jordan

1922a). Shortly thereafter, Jordan began his

career as an educator, being employed in

succeeding years at Lombard University (later

Lombard College), in Galesburg, Illinois

(1872-1873); the Appleton Collegiate Institute,

in Appleton, Wisconsin (1873-1874); and the

Indianapolis (Indiana) High School (1874-

1875). Regarding his stay at Lombard, Jordan

noted that he was "only twenty-one years old,

without worldly experience, and ... more or less

scornful of some of the social duties supposed

to be incumbent on professors'
1

(Jordan 1922a).

He worked very hard (during the year he taught

classes in zoology, botany, geology, mineralo-

gy, chemistry, physics, political economy, and

"evidence of Christianity," as well as German
and Spanish!!), with very little in the way of

teaching apparatus or laboratory facilities, and

considered himself to be an effective teacher.

Nevertheless, at the end of the school year, the

Lombard trustees, "being short of money and

none too appreciative, left me no acceptable

alternative save to resign - which I did not

unwillingly" (Jordan 1922a: 106).

The summer of 1873 found Jordan on the

island of Penikese, off the southern coast of

Cape Cod, where he had been selected by the

renowned Harvard zoologist, Louis Agassiz, to

participate in a unique experiment involving

the teaching of natural history, utilizing spec-

imens in their natural environment. Summer
courses are the norm today, but then they were

a new and creative innovation. A number of the

participating individuals were later to become

prominent scientists and educators. In addition,

it was here that Jordan met Susan Bowen, who
(in 1875) was to become his wife. Jordan was to

spend two summers at Penikese, the second

season under the direction of Alexander Agas-

siz, following the senior Agassiz's death in

December, 1873, after which the laboratory

was permanently closed.

Although Jordan's contact with Louis Agas-

siz was limited to only a few months, the latter's

influence was long lasting and was directly

responsible for the future course of Jordan's

career, in which his interests shifted from

marine algae to fishes, which became his

primary focus of research for the rest of his

life. Jordan made a deep impression upon

Agassiz as well. When a position opened at

the newly-founded Appleton Collegiate Insti-

tute, a new preparatory school in Appleton,

Wisconsin, at which science teaching was to be

made a specialty, Agassiz was asked to

recommend a suitable candidate. He immedi-

ately recommended Jordan. Jordan spent an

enjoyable and productive year at Appleton, and

would have stayed longer had the school not

experienced unexpected financial reverses asso-

ciated with a declining business climate. The
school was reluctantly closed, with the land and

buildings being turned over to neighboring

Lawrence University.

Following his second summer at Penikese,

Jordan went to Harvard University's Museum
of Comparative Zoology, where the senior

Agassiz had earlier promised him a job as

curator of fossil vertebrates should such a

position become available. Jordan would have

taken the position, but knew that the financial

future of the museum at the time was none too

secure following Agassiz's death. About the

same time, he received a telegram from the

Indianapolis (Indiana) Superintendent of

Schools, offering him a position as a teacher

in that city's high school. Despite the allure of

becoming a member of the Harvard faculty,
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Jordan ultimately opted for greater job security

and headed for Indianapolis. Jordan described

the students there as a "fine body of pupils."

Included among them were Charles H. Gilbert,

later Jordan's close associate and a prominent

ichthyologist in his own right; Charles Nutting,

later professor of zoology at the University of

Iowa; and Nellie Van de Grift, the sister in-law

of Robert Louis Stevenson. During the school

year, despite his many teaching duties, Jordan

found time to take courses at the Indiana

Medical College, with the objective of better

preparing him for teaching courses in anatomy

and physiology. This resulted in his being

awarded, in June of 1875, the degree Doctor

of Medicine, which Jordan described as

"scarcely earned."

The following summer (1875), Jordan was

asked to serve as an instructor in geology at a

summer course run by Harvard University at

Cumberland Gap, Tennessee. This experience

served to introduce him to the southern

Appalachians and its rich biota, which became

the focus of his research during the next several

years. While at Cumberland Gap, he received

word that he had been selected "without

warning" to be professor of biology at the

Northwestern Christian University (soon after-

ward changed to Butler University), which had

recently been moved from Indianapolis to the

nearby suburb of Irvington. By the time he

arrived there, Jordan had already embarked on

a productive scientific career, having produced

five publications (Jordan & Van Vleck 1874;

Jordan 1875a-d), with another five to follow

the next year (Jordan 1876a, b; Jordan &
Copeland 1876-1877, 1876a, b). The most

notable of these was the first edition of "A
Manual of the Vertebrates of the Northern

United States ...," which was to become the

standard reference to vertebrate animal identi-

fication in that part of the country, and was to

go through 13 editions over the next 53 years.

Because of its wide distribution, the publication

resulted in widespread recognition for Jordan,

to a far greater degree than would be true for

an average college professor barely 25 years

old.

Jordan revitalized the teaching of biological

sciences at Butler, and made his presence

known in various ways. One result was the

group of enthusiastic students that quickly

gravitated to him, attracted by his knowledge,

enthusiasm, and friendly demeanor, of which a

number were induced to follow careers in the

natural sciences. Charles Gilbert, mentioned

previously, had followed Jordan to Butler.

Another was Barton Warren Evermann. who
was also to become a prominent ichthyologist

and a close associate of Jordan's for the

remainder of his life. Soon after the end of

the college year in June 1876, Jordan departed,

along with his wife and Gilbert, for Rome.
Georgia. Using Rome as a base, they collected

and studied the fishes from the headwaters of

the Coosa River, as well as the adjacent

Chattahoochee and Altamaha river drainages.

The results, which were published the following

year (Jordan 1877a, b), included 20 new species.

of which all but three are recognized as valid

today.

Stimulated by his Georgia experience. Jordan

initiated several extended walking trips (Butler

University Student Tramps [BUST]) during the

next three summers (1877-1879) (Jordan 1922a:

Daily 1961). Expenses were $15 tuition. SI per

day (average) for board, for a total of S70 for

the entire summer. In August 1877. he trekked

with six students from eastern Kentucky and

Tennessee, on and adjacent to the Blue Ridge

plateau in Tennessee and North Carolina,

southward through western South Carolina,

and ending in Rome, Georgia. Fish collections

were made at various sites in different river

drainages, including the Cumberland. Tennes-

see, Santee, Savannah, Altamaha. Chattahoo-

chee, and Coosa (for summary of 18~6 18"

collection sites see Jordan & Brayton [18
7 8b:8-

10]). During these stops. Jordan delivered a

series of impromptu lectures covering a wide

range of subjects, which centered on the

biology and geology of the region, but included

such subjects as sociology, history, and local

politics. The trip included a number of inter-

esting sidelights, including an ascent of Mt.

Mitchell, the highest mountain east of the

Rockies; and a visit with Alexander Stephens.

the recent Vice-President of the Confederacy . at

his home in Atlanta. A summary paper of the

fishes collected and observed on that trip, later

published by Jordan & Brayton (1878b),

included nine new species (eight of which are

still considered valid today), as well as a

comparison of the fish fauna of the region with

those from surrounding areas. Prior to the trip,

Jordan had visited the Smithsonian Institution.

in Washington. D.C., where he met main of the

resident scientists.
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The following summer Jordan took a larger

group, including several females, on an even

longer trip (totaling 550 miles) that began at

Somerset, Kentucky, and ended at Toccoa,

Georgia, through much of the same region as

the year before (Jordan 1922a: 165). Following

conclusion of the 1878 trip, Jordan and five of

his students spent a month in Beaufort, North

Carolina, working on the local fishes (later

summarized by Jordan & Gilbert 1879); and

afterwards he and Gilbert traveled to Washing-

ton, D.C. for additional work.

The final summer session (1879), which

actually occurred following Jordan's departure

from Butler, was spent in Europe. Although

this trip was more strictly in the nature of a

tour, Jordan used this opportunity to visit

major European museums, where he made the

acquaintance of a number of ichthyologists and

other scientists, and worked on North Amer-

ican fishes housed in those museums (Jordan

1879-1 880a). It was one of Jordan's everlasting

regrets that he was unable to meet Charles

Darwin during this visit.

It is worth considering the circumstances

under which these summer treks were orga-

nized and conducted, since this tells us much
about Jordan's character and initiative. Jordan

(1922a) discussed these in a matter-of-fact way,

but he was simply describing things as they

then existed, and not in the same way we would

look at them today. It should be remembered

that travel and communications in the 1870s

were very primitive (no automobiles or tele-

phones), and such modern conveniences as

motels and fast-food restaurants did not exist.

The groups' treks took them over poorly-

marked trails through mountainous terrain,

with horses or mules being rented when
available to carry the heavier articles, and

meals and lodging being obtained along the

way by (hopefully) convincing a family to feed

and house the party following payment of a

negotiated sum of money. It was by no means
certain in the morning that these amenities

would be available at the end of a long and

arduous day of travel. If not, the party was

forced to camp along the trail, relying upon

whatever provisions they might have available.

At any time, of course, they could encounter

inclement weather. Along with the travel,

Jordan and his party were collecting specimens

for later study, which had to be preserved

(ethanol was the preservative of choice),

packed, and transported along with the basic

necessities. (The final disposition of these

specimens, which is the principal focus of this

paper, will be discussed in detail later). This

was adventure in its purest form, and is the type

of thing from which many would probably

recoil today. All this is recounted in order to

emphasize that it took a remarkable person to

organize and conduct such arduous trips, to

have established such rapport with his students

that they would willingly participate, and for

the students afterwards to agree that this was

an experience to be remembered the rest of

their lives.

Jordan's teaching activities at Butler have

been summarized above, and allusion has been

made to his scientific productivity. By the end

of 1879 he had produced 35 scientific publica-

tions (see summary in Hays 1952:95-98), all of

which involved fishes, and which had been

expanded to include marine species, as well as

freshwater fishes from western North America.

For many, this would have been a respectable

total for an entire career, but Jordan's career

was barely underway.

Jordan never planned to remain at Butler

indefinitely, and in fact during his years there

he had applied unsuccessfully for teaching

positions at several large universities. However,

his departure was hastened, in the spring of

1879, by an ill-conceived decision by the

school's directors to remove all non-church

members from the faculty (Waller 2006).

Jordan did not have strong views, pro or con,

on religion, and could have joined a church in

order to save his job, but being a man of strong

moral principles he chose to resign rather than

be coerced in this matter. As it turns out, he

probably would have left Butler anyway, since

about the same time he was offered the

professorship of natural history (which includ-

ed zoology, geology, botany, and physiology)

at Indiana University, in Bloomington. An
interesting aspect of this appointment is that

Jordan never formally applied for the position,

but instead went to Bloomington to speak on

behalf of his friend, Alembert Brayton, who
was a candidate for the job. Jordan made such

a favorable impression on the selection com-

mittee that he was offered the position instead!

It speaks well of Brayton that he did not feel

slighted by this unexpected turn of events,

which did nothing to affect their friendship.
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Jordan had an extraordinarily distinguished

career after leaving Butler. After only six years

as professor of natural history at Indiana, he

was unexpectedly named president of the

university, a circumstance perpetuated by the

sudden resignation of the previous president.

While in this position, Jordan instituted a

number of educational reforms and innova-

tions that placed him in the forefront of

American education. Chief among these was

abolishment of the traditional fixed four-year

curriculum, with its heavy emphasis on the

classics, and confining those courses to the first

two years. Under the new system, each student,

at the beginning of the third year, was required

to select a "major subject," with the more

advanced courses selected in consultation with

a major professor. This change in the direction

of college education, which was a major

innovation at the time, has since been univer-

sally adopted and is the norm for higher

education today. After six years as president,

Jordan was asked to become president of a

foundling university in California, funded by

the wealthy railroad magnate, Leland Stanford,

to be named in honor of his young son, Leland

Stanford, Jr., who had died tragically in 1884.

Jordan accepted the challenge and headed west.

He began to assemble a faculty (Gilbert was his

first appointee), and saw Stanford University

through its early years. This proved unexpect-

edly difficult, since, following Stanford's death

in 1893, a suit was filed by the Attorney

General of the United States involving repay-

ment of a loan made earlier by the government

to the Central Pacific Railroad Company. The
amount of money (27 million dollars, plus

accumulated interest) was of such magnitude

that the future of Stanford University during

the early years of its existence was very much in

doubt. Details of this suit, which was eventually

decided in the university's favor by the United

States Supreme Court in March, 1896, appear

in Jordan's (1922b) autobiography. Jordan

served as president of Stanford until 1913, at

which time he became chancellor, and in 1916

chancellor emeritus, in which position he

remained until his death in 1931. In addition

to his many administrative duties, Jordan was

involved in a wide variety of outside activities,

including memberships in scientific societies

and on various national and international

organizations, committees, and commissions

too numerous to mention here. His early

resignation from the presidency of Stanford

University in 1913, at age 62, was precipitated

by his intensive (and ultimately futile) activities

on behalf of world peace. He did a remarkable

amount of traveling in the United States and

throughout the world (a far more difficult

undertaking than it would be today), all the

time collecting fish specimens for his studies.

Anyone interested in the details of his remark-

able life will find his autobiography (Jordan

1922a, b) fascinating reading.

Despite his many administrative duties and

involvement in other outside activities, Jordan

still found time for research and writing, which

by the end of his life included 1939 titles (645 in

ichthyology, 430 in international relationships.

373 in general science, 246 in education, and

245 generalia) (Hays 1952). By any standards

this is a remarkable total. It should be noted

that a high percentage of his publications were

substantial in size, and included such major

works as Synopsis of the Fishes of North

America (Jordan & Gilbert 1883). the four-part

Fishes of North and Middle America (Jordan &
Evermann 1896, 1898a, 1898b, 1900). American

Food and Game Fishes (Jordan & Evermann

1902), the aforementioned 13 editions of

Manual of the Vertebrates of the United States

(Jordan 1876b et seq.), and his two-volume

autobiography The Days of a Man (Jordan

1922a, b).

Jordan was married twice. His first wife,

Susan Bowen, died in 1885 after ten years of

marriage and three children. His second wife,

Jessie Knight, whom Jordan married in 1SS~

and with whom he had three children, survived

him after his death in 1931.

OLIVER PERRY HAY
Oliver Perry Hay (1846 1930) (Figs. 3. 4)

was born in Saluda, Indiana. He obtained his

Bachelors's degree from Eureka College (Illi-

nois) in 1870. He initially intended to enter the

ministry, but after preaching onl\ one sermon

came to the conclusion that he was better suited

to a career in science. He returned to Eureka

College, where he served as professor of natural

sciences for two years, and obtained his

Master's degree from that institution in 1873.

He then served two years as professor of

biology at Oskaloosa College (Iowa) (1S~4

1876). and thereafter spent a year of graduate

stud> at Yale University (1876 IS"). He was

appointed professor of biology and geology at
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Butler in 1879, following Jordan's departure.

Jordan had personally recommended Richard

Rathbun (later a world-renowned expert on

crustaceans) for the position, but Hay was

selected, partly because of his religious back-

ground and because he "... had written articles

on science for church papers, and who, it was

thought, would be less pronouncedly an evolu-

tionist than either Rathbun or myself' (Jordan

1922a: 184). However, as Jordan {op. cit.) noted,

Hay's views on Darwinism later turned out to

be "quite as radical as mine." Hay proved to be

a productive scientist in his own right, and by

the end of the 1880s his list of publications had

reached a respectable total of 25 published

works (Lull 1931). Whereas Jordan's scientific

publications during this period centered almost

entirely on fishes, Hay's papers were broader in

scope, and included amphibians and reptiles,

birds, crustaceans, and fishes, as well as

geology. Although he published relatively few

papers on fishes, these were important inas-

much as they dealt with faunas from areas

previously little or completely unknown ich-

thyologically. He worked in Mississippi in 1880

and 1881 (Hay 1881, 1882), and made a

collecting trip to Kansas in 1885 (Hay 1887).

In addition, he wrote a paper on several small

collections of Florida fishes sent to him for

identification (Hay 1885). Hay's Mississippi

collections were among the first from that state,

and those from western Florida were the first

from that region. His collections were also

among the earliest from Kansas, having been

preceded only by those made during the Pacific

Railroad surveys in the early 1850s, the results

of which were published by Charles Girard

(1856, 1858, 1859a, b). A summary of new fish

taxa described in the above Hay papers reveals

17 new species from Mississippi [ten still valid],

two new species from Florida [one valid], and

two new from Kansas [neither valid]).

During his early years at Butler, Hay found

time to work toward his Ph.D. degree, which he

received from Indiana University in 1884,

although there is no evidence that this was

obtained under Jordan's direction. He served as

an assistant for the Arkansas Geological

Survey during summers from 1884-1888, and

held a similar position with the Indiana

Geological survey from 1891-1894. He was

one of the founders of the Indiana Academy of

Science, and served as president of that

organization in 1890-1891. He resigned his

position at Butler in 1892.

As noted earlier, Hay achieved his main

scientific renown in vertebrate paleontology.

His interest in this field apparently began while

at Eureka College, at which time he began to

work on a catalogue of paleontological litera-

ture, although his first extensive field experi-

ence was gained during a trip to western

Kansas in 1889 or 1890 (Lull 1931:34). Hay's

first published papers in vertebrate paleontol-

ogy did not appear for another five years (Hay

1895a-c), but from that time on all but two

(Hay 1894, 1896) of his scientific contributions

were in that field. He was appointed an

assistant curator in zoology at the newly

founded Field Museum of Natural History, in

Chicago, in 1895, and later (1901) became an

assistant (later associate) curator of vertebrate

paleontology at the American Museum of

Natural History, in New York City. He
resigned that position in 1907 to pursue

independent paleontological research, and in

1912 received an appointment as research

associate at the Carnegie Institution of Wash-
ington, a position he held until his retirement in

1926.

Dr. Hay was married to Mary Emily

Howsmon in 1870. The marriage produced

three children.

THE BUTLER UNIVERSITY NATURAL
HISTORY COLLECTION

The Butler University collection had its

genesis with Jordan's arrival in 1875, and

remained active at least until Hay's departure

in 1892. As was typical of the times, it was a

general natural history collection, comprising

different groups of vertebrates, although con-

sidering Jordan's lifelong interest in fishes it

comes as no surprise that this group of animals

was the one most heavily emphasized. A
photograph of the room in which the collection

was presumably housed (Fig. 5) shows banks

of glass-stoppered alcoholic specimen jars on
shelves along the walls, protected by glass-

fronted doors. Other specimen jars, mostly of

large size, completely fill a table in the center of

the room, although it is unknown whether these

had been removed for study, were awaiting

placement on the shelves, or were simply too

large to be housed elsewhere. Other large,

waist-high, glass-topped specimen tables are

positioned around the room. Although their
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Figure 5.—Photo of a laboratory on the campus of Butler University where David Starr Jordan worked

This undated photo is likely from the 1880s. Note the gas-lit chandelier. {Butler University archives)

contents cannot be clearly seen, they presum-

ably contained bird and mammal skins. Since

the entire room is not visible in the photograph,

it is impossible to say whether the room may
have included a work area (i.e., no microscopes

or work tables are evident), or if desks and

chairs were present where classes might have

been conducted. The room seen in the photo-

graph is probably typical of other such

collection facilities in the 19
th

century.

To what degree the Butler collection was

utilized following Hay's departure is uncertain,

although there is little evidence that additional

material was added after 1892. Some care may
have been afforded the collection from time to

time by the occasional addition of ethanol to

jars in which excessive evaporation had oc-

curred, although this is uncertain since jars with

properly fitted ground-glass stoppers can be

effective in preventing evaporation over long

periods of time. Even so, it is obvious that

many specimens were lost during the century

following Hay's departure, based on the

number of extant jars in which little or no

alcohol remains, the now-missing lots originally

entered in the Butler catalogue ledger, and the

numerous lots now unaccounted for among the

material received from the USNM.
In terms of its composition, the fish collec-

tion may basically be divided into two seg-

ments. The first includes 143 lots of marine and

freshwater fishes (mostly the former) received

from the Smithsonian Institution (USNM)
sometime during the early 1880s. The\ were

presumably received in exchange for specimens

of freshwater fishes, including main types,

received from Jordan (types of 2 L
) new species:

17 valid) and Hay (types of 18 new species: 1 1

valid), and which were obtained during their

recent southern collecting expeditions (Jordan

I877a,b; Jordan & Brayton 18" 18"8a. lS"Sb:

Hay 1881. 1882). These I'SNM lots were

accompanied b\ ledger sheets, on which data

for each lot were painstakingly recorded

(species name, collection locality, and original

USNM catalogue Dumber). These sheets are

still extant, and duplicates were made available

to me. The fish can be identified by metal taes.
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bearing original USNM catalogue numbers

attached to individual specimens (various

numbers between 252 and 27416), and none

was provided with a new catalogue number in

the Butler ledger. Most of these USNM fishes

are now in very poor condition, which probably

has resulted in many having been discarded

throughout the years, since only 56 of the

original 143 lots can now be accounted for.

Thirty-three of these lots were returned to the

Smithsonian in the early 1990s (David G. Smith

pers. comm.), and 23 were later catalogued into

the collection of the Florida Museum of

Natural History (UF). Most of the USNM
lots are of no particular historical importance,

but some have been determined to comprise

type material, including a few nominal North

American cyprinid, catostomid, and cen-

trarchid species (Gilbert 1998). These include

the cyprinid Gila grahamii Baird & Girard 1853

(USNM 252 [syntype]) (a synonym of Gila

robusta) (see Gilbert 1998:88); the catostomids

Catostomus latipinnis Baird & Girard 1853

(USNM 254 [paralectotype]) (see Gilbert

1998:189-190) and Catostomus lactarius Girard

1856 (USNM 257 [syntype]) (a synonym of

Catostomus catostomus) (see Gilbert 1998:189);

and the centrarchids Pomoxis nitidus Girard

1858 (USNM 261 [syntype]) (a synonym of

Pomoxis annularis) (see Gilbert 1998:244) and

Enneacanthus margarotis Gill & Jordan 1877

(USNM 20494 [syntype]) (a synonym of

Enneacanthus gloriosus) (see Gilbert 1998:241).

Of these, only the last was located among the

Butler lots, and this has been recatalogued as

UF 128460.

Nearly all remaining USNM type lots (each

involving a single specimen) involve species

described by Jordan & Gilbert (1880b, 1881b).

These include the scorpaenid Sebastichthys

chrysomelas Jordan & Gilbert 1881 (now

Sebastcs chrysomelas) (USNM 26968), which

has been recatalogued as UF 173480; and the

embiotocids Ditrema atripes Jordan & Gilbert

1880 (now Phanerodon atripes) and Aheona

aurora Jordan & Gilbert 1880 (now Microme-

trus aurora). Ditrema atripes (originally USNM
26987) has been recatalogued as UF 115520,

and A. aurora (originally USNM 26996) has

been recatalogued as UF 113801. Eschmeyer

(1998:160,173,373; 2008: on-line) listed large

numbers of types for each of the three species,

including the indicated USNM lots. He indi-

cated a number of paratypes for D. atripes, but

gave no indication of a holotype or a catalogue

number. All types of the other two species were

said to be syntypes. Following Eschmeyer, and

in the absence of further information, UF
115520 is considered a paratype, whereas the

other two specimens are regarded as syntypes.

A third embiotocid lot includes a specimen, in

very poor condition and bearing the catalogue

number USNM 26901, which has been recata-

logued as UF 115509. It was identified as

Holconotus rhodoterus Agassiz 1854 (now

Amphistichus rhodoterus) when sent to Butler

in the 1880s. The USNM lot from which this

specimen was later removed formed the basis

for Hubbs' (1933) original description of Cross-

ochir koelzi (now Amphistichus koelzi). Since

Hubbs' description occurred a half-century

after transfer of the specimen to Butler, this

specimen was obviously never examined by him
and thus should not be considered a paratype

of C koelzi. This decision is confirmed by

Eschmeyer (2008: on-line), who listed UF
115509 as "additional material," and made no

reference to its possible type status. Three other

type lots, each involving species described by

Jordan & Gilbert (1880a, 1880b, 1881a) and

including an undetermined number of speci-

mens (probably one from each lot), were

included in the Smithsonian exchange but

could not be located. These include the pholid

Apodichthys fucorum Jordan & Gilbert 1880

(USNM 26994) and the pleuronectids Pleur-

onichthys decurrens Jordan & Gilbert 1881

(USNM 27115) and Pleuronichthys verticalis

Jordan & Gilbert 1880 (USNM '27280). All

were listed as syntypes by Eschmeyer

(1998:463,612-613; 2008: on-line).

The second segment of the collection in-

cludes fishes collected mostly by Jordan and

Hay, nearly all from fresh water. Some are

from Indiana and neighboring states, but since

these include no important new ichthyological

discoveries they are not discussed further. The
remainder includes material emanating from

collections made by Jordan and Hay during

their expeditions to the southern United States

(these trips have been discussed in detail

earlier), and is by far the largest and historically

most important pait of the Butler collection.

Jordan's fish collections were the earliest, or

among the earliest, made in Georgia, South

Carolina, and Tennessee; as were Hay's collec-

tions from Mississippi and Kansas. These

include numerous new species and accompany-
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ing type specimens, many of which have been

identified among the present Butler material.

Of equal importance, these collections were the

first from those states to be studied and

reported upon in a comprehensive way. Since

they were made prior to the widespread

introductions of fishes (primarily game species)

by government agencies and private individuals

throughout the country, they provide voucher

specimens that are important in documenting

natural ranges of these species (e.g., see

especially discussions of Notropis procne and

Micropterus coosae from Saluda River, South

Carolina). Rapid and dramatic ecological

changes, such as loss of subsurface water

and associated surface wetlands, particularly

springs and marshes, have resulted in attendant

disappearances of fishes and other aquatic

organisms. This is reflected in the fragmenta-

tion of distribution patterns of many species

into highly isolated and usually temporary

pockets, especially in the western plains states

such as Kansas. Early biological collections

from these areas are critical for documenting

these changes. For example, one of only two

records confirming the former presence in

Kansas of the cyprinid Notropis heterolepis

(Cross 1967:141-142) is a specimen (USNM
37949), actually a hybrid involving that species

and Hybognathus hankinsoni (itself a species

that is now nearly gone from the state), that

was collected by Hay from Wallace, Kansas,

and was described by him (Hay 1887:252-253)

as a new species, Notropis germanus. Hubbs
(1951a) determined its hybrid identity, thus

verifying the former presence of N. heterolepis

in the state.

As indicated above, a number of Jordan and

Hay lots have been identified as types. This

requires explanation, since circumstances per-

taining to their type status may vary. Previous-

ly identified Butler specimens from a locality

from which the species was originally described

(and which were part of the original collection)

are considered to be types, on the theory that

these were likely examined by Jordan or Hay
during preparation of their various species

descriptions. This applies to lots both with

and without BU catalogue numbers, the main
criterion being that the lots were segregated and

specifically identified. Specimens from large

mixed and previously unidentified lots (mainly

involving material from the Saluda River) were

not regarded as types, since they almost surely

had not been previously examined. The large

series (225 specimens) of Cyprinella xaenura

(UF 173579) contains a penciled label (pre-

sumably in Jordan's handwriting) identifying

the specimens as "types/' This was the only

series for which this direct indication of type

status was available. In other cases types were

identified by a combination of factors, includ-

ing study of original descriptions, knowledge of

type localities, the fact that they were properly

identified when originally catalogued, and

information gleaned from type catalogues

(Collette & Knapp 1967; Gilbert 1978. 1998:

Eschmeyer 1998, 2008). For example. 49

specimens of Hybognathus hayi (not originally

provided with a BU number and now cata-

logued as UF 115497) were discovered with a

label indicating these were collected by Hay
from the Pearl River. These are surely part of

Hay's original series of H. hayi. but are onl)

considered to be topotypes (thus no formal type

status) since Jordan's (1885a) description of the

species was based on ten specimens that had

been removed from the original series and sent

to Jordan for study (Gilbert 1998). Of the 19

total species described by Hay (1881. 1882.

1885, 1887), only the type material of Opso-

poeodus emiliae had not previously been ac-

counted for (Gilbert & Bailey 1972:20: Gilbert

1978:42; Gilbert 1998:75).

POSSIBLE FATE OF PART OF THE BUT-
LER FISH COLLECTION IN RELATION

TO THE 1883 INDIANA
UNIVERSITY FIRE

It is generally known that Jordan began the

assembly of a substantial fish collection at

Butler. This is substantiated by statements that

large numbers of specimens taken b\ him and

Charles Gilbert during their 1 S"6 collecting trip

to Georgia were deposited at Butler (Jordan

1877b:308). and later, in his autobiography,

that he had left a substantial collection at the

school following his depart tire for Indiana

University (Jordan l
L)22a:lS4). The following

is quoted directly from the latter w ork: "Ha\ . .

.

finding material for the stud) of fishes ahead)

at hand in the collections 1 left at the college.

proceeded to extend m\ operations m the

Alabama Basin b\ a survej of the fauna of

the state of Mississippi.'* Despite this, the

perception has developed throughout the years

that most of the collection was taken b\ Jordan

to Indiana Universitv to form the basis for
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another collection, which was subsequently lost

when the IU zoology building (Owen Hall) was

struck by lightning and destroyed by fire in July

1883 (Jordan 1922a:279). This supposition is

based on several factors. First, many fish

species described by Jordan and others prior

to that time cannot presently be accounted for

(Collette & Knapp 1967:3-5; Taylor 1969;

Gilbert 1978, 1998), and possible destruction

of types in the Indiana University fire has been

suggested for at least 19 nominal species, as

follows: Ictalurus simpsonii Gill 1861 (Gilbert

1998:226), Noturus exilis Nelson 1876 (Gilbert

1998:212), Noturus leptacanthus Jordan 1877

(Taylor 1969:70; Gilbert 1998:217), Noturus

skills Jordan 1877 (Gilbert 1998:226), Pimelo-

dus lynx Girard 1859 (Gilbert 1998:218) (family

Ictaluridae); Ceratichthys lucens Jordan 1880

(Gilbert 1998:106), Ceratichthys zanemus Jor-

dan & Brayton 1878 (Gilbert 1998:166); Chro-

somus pyrrhogaster Jordan 1876 (Gilbert

1998: 1 38); Phoxinusflammeus Jordan & Gilbert

in Jordan 1878 (Gilbert 1998:80) (family

Cyprinidae); Bubalichthys altus Nelson 1877

(Gilbert 1998:171), Catostomus araeopus Jor-

dan 1878 (Gilbert 1998:171), Ichthyobus cya-

nellus Nelson 1876 (Gilbert 1998:179), Ichthyo-

bus ischyurus Nelson 1877 (Gilbert 1998:187),

Lagochila lacera Jordan & Brayton 1877

(Gilbert 1998:188), Myxostoma euryops Jordan

1877 (Gilbert 1998:182) (family Catostomidae);

Chaenobryttus antistius McKay 1881 (Gilbert

1998:231), Copelandia eriarcha Jordan 1877

(Gilbert 1998:234), Xenotis aureolus Jordan

1877 (Gilbert 1998:232), Xenotis lythrochloris

Jordan 1877 (Gilbert 1998:240-241) (family

Centrarchidae). Although it cannot be proved

that all, or any, of the above types were lost in

the Owen Hall fire, the preponderance of

missing types of species described during this

period of time (all but two of the above were

described between 1876 and 1881) is suggestive.

It should also be noted that the number of

species indicated is certainly minimal, since it

involves only four freshwater families (Cypri-

nidae, Catostomidae, Ictaluridae, Centrarchi-

dae). Jordan's research during that time includ-

ed a number of additional families, many of

them marine (see summary of publications in

Hays 1952:96-106), and it is beyond the scope

of this study to list all possibilities.

Other evidence pointing to likely loss of

material in the Indiana fire is seen from a

number of related circumstances. First is

Jordan's (1877b:308) statement, regarding his

1876 Georgia collections, "Of most of the

species here mentioned, hundreds of specimens

were taken. ... These specimens are deposited

in the Museum of Butler University at India-

napolis, Indiana, under the auspices of which

institution they were collected." Coupled with

this is the uneven presence of voucher material

from these collections, as well as from collec-

tions made the following year in Georgia and

adjacent southeastern states (Jordan & Brayton

1878b:8— 10). In many cases species reported in

those papers to be common or abundant are

now poorly represented in museums, whereas

other species whose presence was similarly

described are well represented. For example,

225 specimens of Cyprinella xaenura (from the

Ocmulgee River, Georgia), 340 specimens of

Notropls scepticus, and 260 specimens of

Cyprinella pyrrhomelas (the last two species

from the Saluda River, South Carolina) were

found in the Butler collection, and additional

specimens of each of these species are present in

other museums. Other species indicated as

being equally common are now represented

by few or no museum specimens.

The fate of Jordan's 1876 collection from

Nancy's Creek, a tributary of the upper

Chattahoochee River, is also pertinent to this

discussion. Jordan ( 1877b:355—357) listed a

total of seven species from this locality, of

which one, Photogenis eurystomus (= Cypri-

nella venusta eurystoma), was described as new.

It was said to be abundant, as were two other

species (Nocomis biguttatus [= Nocomis lepto-

cephalus] and Ictalurus punctatus) taken at the

same time. Despite this, the only specimen

remaining today of the original seven species

appears to be the lectotype of P. eurystomus

(MCZ 24388). The apparent absence of the

remainder of this collection would seem to

provide compelling evidence pointing to the

loss of this material in the 1883 fire.

The fate of Jordan's 1878 southeastern

collections remains a mystery. Jordan (1922a)

described the route of his 1878 trip as beginning

at Somerset, Kentucky, through southeastern

Kentucky to Cumberland Gap, Tennessee, the

French Broad River, North Carolina, and

thence to Rabun Gap and the Gorge of the

Tallulah River in northern Georgia. Collections

were surely made during this time, although

Jordan did not provide a precise list of

collection sites, either in his autobiography
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(Jordan 1922a) or elsewhere. Jordan & Brayton

(1878b) specifically indicated that the sites

listed in their paper were limited to collections

made in 1876-1877 (the list also included a few

miscellaneous collections made earlier by oth-

ers), and in any event their paper went to press

too early for Jordan's 1878 collections to be

included. There is no evidence that any fishes

obtained during the 1878 trip presently exist in

any museum collections.

The conclusion to be drawn from the above

is that large segments of Jordan's southeastern

fish samples, and perhaps portions of Hay's

collections from Mississippi as well (Hay's

Kansas collections were made in 1885) were

taken by Jordan to Indiana University, where

they were later destroyed in the aforementioned

fire. Possibly all of Jordan's 1878 summer
collections were lost at this time, although

questions will remain inasmuch as Jordan

(1922a:279) made no mention of these in his

brief summary of losses sustained from this

disaster.

What had not previously been known, and

what the present paper serves to convey, was

the size and content of the collection remaining

at Butler. One can only speculate why Jordan

would have left disproportionately large num-
bers of certain common species at Butler (as

discussed above), while leaving few or no

specimens of other equally common fishes. In

connection with this, I have included, in the

individual collection accounts, direct quotes

from the Jordan and Hay papers relating to

relative abundance of the various species

encountered.

ANALYSIS OF THE JORDAN AND HAY
BUTLER FISH COLLECTIONS

The present paper includes analyses of: 1)

Jordan's collections made in Georgia during

1876 (Jordan 1877b) and certain collections

from his 1877 trip to Georgia, Tennessee, and

South Carolina (Jordan & Brayton 1878b); 2)

all of Hay's collections from Mississippi (1880

1881) and Kansas (1885) (including one from

Memphis, Tennessee) (Hay 1881, 1882, 1887);

and 3) collections from three widespread

localities in Florida that were sent to Hay for

study (Hay 1885). With two exceptions, local-

ities from which specimen lots were missing

from the Butler collection have been omitted

from this analysis, although material may be

present in other museum collections (primarily

the USNM). One is Jordan's 1876 collection

from Nancy's Creek, in the upper Chattahoo-

chee River drainage, which is included beeause

of its probable relevance to the 1883 Indiana

University fire. The other is a Hay Locality from

Mississippi (Vaughan's Station), sinee it is the

only Hay collection site from which Butler fish

specimens were not found.

Included in the USNM collection (but not in

the Butler collection) are specimens from the

following sites visited by Jordan during his

1877 expedition: (Georgia) Toccoa Creek,

below Toccoa Falls; Oconee River, at Sulphur

Springs and Fuller's Mills: Suwannee Creek,

near Suwannee; and Chattahoochee River,

northwest of Gainesville; (Tennessee) Stone

River, at Murfreesboro; Big Pigeon River, at

Clifton; (North Carolina) Swannanoa River, at

foot of Black Mountain.

Three other localities from which fish collec-

tions were obtained in 1877 were each repre-

sented by a single species in the Butler

collection, none of which were included among
the material transferred to the Florida Museum
of Natural History and which were thus not

incorporated into the UF collection. As a

consequence, these localities are not included

in the collection summaries below. A lot of

Notropis telescopus from Chickamauga River,

near Ringgold, Georgia was originally cata-

logued as BU 38, but this was not located.

Three specimens of Luxilus coccogenis (BU 61 )

from the Powell River, near Cumberland Gap.

Tennessee, were included in the early return of

specimens to the Smithsonian and are now

catalogued as USNM 329422. Six specimens of

Cottus carolinae zopherus (BU 3~ c
)) from Cave

Spring, Georgia were likewise returned to the

Smithsonian and are catalogued as USNM
329282.

Jordan and Braxton ( 1

S
~ S b : S 10). in then-

summary o( 1876 IS" collecting localities.

listed a total of 53 different sites, which

included eight collections from the same

general region made by earlier workers. Jordan

collected at 14 different places in the Coosa

drainage in 1876. but only at one locality each

in the Altamaha and Chattahoochee drainages.

His principal collecting localities in the Coosa

drainage were Silver and Rocky creeks (both

near Rome), tributaries of the Etowah and

Oostanaula rivers, respectively. He also collect-

ed in two other streams in the Etowah system

and eight in the Oostanaula system, as well as
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in three creeks directly tributary to the Coosa

River. Unfortunately, all of the last collections

were combined during the cataloging process

under the collective name "Etowah, " so it is

impossible to know the exact provenance of

individual lots of specimens. All of Jordan's

1876 specimens from the Altamaha drainage

were taken from the South Fork of the Oconee

River, at Flat Shoals. Three places in the

Chattahoochee drainage were visited that year,

but Fish sampling could only be done in a clear

headwater tributary, Nancy's Creek (see above

discussion). To add further confusion, addi-

tional localities in these three drainages were

visited the following year, and some 1876 sites

were revisited (Jordan & Brayton 1878b:39-44;

Jordan 1880b:235-241; Jordan 1922a:162-163).

The last can only be distinguished by the

indication of "Jordan and Drayton'' as collec-

tors in the USNM (Smithsonian) catalogue.

(Collectors are not indicated in the Butler

catalogue).

Only five percids were recorded by Jordan

(1877b) from the upper Coosa River system

(including Sander vitreus, of which none was

secured), although subsequent study has shown

at least a dozen additional darter species to

inhabit this area (see Mettee et al. 1996:578—

733). Most of these species were not described

until many years later, and thus may have gone

unrecognized in mixed lots of darters taken by

Jordan to Indiana University. Evidence of this

is seen from a single individual of Etheostoma

ditrema, which was reidentified by Ramsey &
Suttkus (1965) among a series of four speci-

mens originally identified as Boleosoma stig-

maeum at the Academy of Natural Sciences of

Philadelphia. In addition, most darter species in

the upper Coosa have small geographic ranges,

and may not occur within the relatively limited

geographical area from which Jordan's samples

were taken.

All Butler specimens emanating from Jor-

dan's 1876 Georgia trip are either from the

South Fork of the Ocmulgee River, at Flat

Shoals, or from various tributaries to the

Etowah and Oostanaula rivers (both in the

Coosa drainage), near Rome. As noted above,

no specimens were found in the Butler collec-

tion from Nancy's Creek.

METHODS
The following analysis of Jordan collections

from Georgia, South Carolina, and Tennessee

does not include (as noted above) all collections

made by him during his southern trips of 1876

or 1877 (Jordan 1877a,b; Jordan & Brayton

1878b), but rather only those for which lots of

fishes were found in the Butler University

collection. All localities visited by Hay in

Mississippi and Kansas (Hay 1881, 1882,

1887) are included, as are a few small collec-

tions from Florida, which were sent to Hay for

identification and were later reported upon by

him (Hay 1885).

These appear in order of collection, with

those made by Jordan (all in the late 1870s)

listed first, followed by Hay collections made
during the early 1880s, the Florida collections

sent to Hay for study, and finally Hay's Kansas

collections from 1885. For each collection,

families are listed in phylogenetic sequence,

based on the classification followed by Nelson

(2006). This usually differs from the order in

which they appeared in the original publica-

tions. Within each family, taxa are listed

alphabetically by genus and species, with

spelling based on presently accepted nomencla-

ture, to be followed (in parentheses) by the

scientific name as it appeared in the Jordan or

Hay publications. If a name has been changed

from that originally used, even if the present

spelling differs only slightly from that em-

ployed by Jordan or Hay (e.g., Ameiurus vs.

Amiurus; Lepisosteus vs. Lepidosteus), the

original spelling is indicated in parentheses

immediately following the presently accepted

scientific name. If the present scientific name
remains completely unchanged from that orig-

inally used, the parenthesized name is omitted.

Following thereafter is the present museum
catalogue number, followed (in parentheses

and if applicable) by the original Butler

catalogue number. For those Butler lots not

originally provided with a BU catalogue

number, the notation "BU uncat." appears

instead. Listed thereafter is the number of

specimens, and, if type status is involved, this is

so indicated. If present, series in the Florida

Museum of Natural History (UF) are listed

first, followed by those in the National

Museum of Natural History (USNM) and lots

in other museums in no particular order (see

below). It might seem more logical to reverse

this order, both because the great majority of

type specimens are housed in the USNM
collection and also because USNM catalogue

numbers are cited more frequently in this paper
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than UF numbers (336 versus 167). Neverthe-

less, the present sequence is followed since the

primary purpose of this paper is to report upon

material formerly housed in the Butler collec-

tion, most of which is now in the Florida

Museum of Natural History collection. Listing

of UF catalogue numbers first also makes it

much easier to locate former Butler University

lots in this paper. Finally, a brief discussion

may follow, relating to such things as nomen-

clature, taxonomy, and local abundance (the

last often with relevant quotes taken verbatim

from the original publication).

Listed species whose present identities are

unknown are discussed prior to the other

species from that locality. Alleged species based

either on a proven, or alleged, hybrid combi-

nation and whose identify is unknown do not

appear in the species list, but are discussed

under the locality heading (e.g., Notropis

germanus, from Wallace, Kansas; and Notropis

umbrifer, from Beloit, Kansas).

Specimens were initially preserved in 70

percent ethyl alcohol, and have been perma-

nently maintained in this strength solution ever

since. As a result, their present condition is

below present-day standards, the specimens

usually being soft and flaccid. This has made
identification of some species difficult, partic-

ularly certain cyprinids with similar meristic

and morphometric characters and for which

pigmentary features are critical for proper

identification.

The majority of museum catalogue lots listed

in the present paper are housed at the Florida

Museum of Natural History (UF) and National

Museum of Natural History (USNM). Other

museums include the Academy of Natural

Sciences of Philadelphia (ANSP); Museum of

Comparative Zoology, Harvard University

(MCZ); Museum of Zoology, University of

Michigan (UMMZ); California Academy of

Sciences (former Stanford University collec-

tion) (CAS-SU); Cornell University (CU);

British Museum (Natural History) (BMNH);
and Museum National d'Histoire Naturelle

(MNHN). Lots formally catalogued into the

Butler University collection are indicated by

the acronym "BU," which represents an

addition to the list of formal museum acronyms

appearing in Leviton et al. (1985) and Leviton

& Gibbs (1988).

In addition to material housed at the Florida

Museum of Natural History (UF), I have

examined listed type lots of the families

Cyprinidae, Catostomidae. Ictaluridae. and

Centrarchidae housed in the museums listed

above (Gilbert 1978, 1998). For practical

reasons, non-type lots from collections other

than those at UF were not always examined by

me, particularly well-defined species not likely

to present identification problems.

Changes in original identifications for some

of Jordan and Hay's USNM specimens have

occurred throughout the years, but unfortu-

nately the name (or names) of those responsi-

ble, together with the dates at which these

changes might have occurred, are not indicated

in the USNM database. Sometimes this infor-

mation is available in the published record, and

in such cases this is noted in the present paper.

Occasionally there may be handwritten notes

left in the specimen jars by earlier workers.

David G. Smith has kindly re-examined

some potential problem specimens in the

USNM, and a number of Hay specimens from

Mississippi were reexamined by Stephen T.

Ross (pers. commun.) during preparation of his

book on Mississippi fishes (Ross 2001). Two
USNM specimens originally identified as

Ameiurus nebulosus from the Memphis area

were borrowed by me and found to be A. melas.

One specimen of a Mississippi sucker originally

identified as Moxostoma macrolepidotum was

reidentified by C. Richard Robins as Miny-

trema melanops. Specimens of Carpiodes and

Ictiobus were likely examined and reidentified

many years ago by Carl L. Hubbs during

preparation of his 1930 revisionary study. A
few specimens in these genera were also

reexamined by Henry L. Bart. Hay's few

remaining gar specimens from Mississippi were

presumably examined by Royal D. Suttkus,

although this has not been positively eon-

firmed.
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COLLECTION SUMMARIES

GEORGIA: Tributaries to Oostanaula, Etowah, and

Coosa rivers (primarily Silver and Rocky creeks

[tribs. to Etowah and Oostanaula rivers, respective-

ly]), near Rome, Floyd County. D.S. Jordan & C.H.

Gilbert, July 1876. Jordan 1877b:307-377.

Family Lepisosteidae

1. Lepisosteus osseus (= Lepidosteus osseus) - No
voucher specimen found. "A single specimen was

taken in the Etowah."

Family Anguillidae

2. Anguilla rostrata {— Anguilla vulgaris) - No
voucher specimens saved. Jordan reported collecting

a few small specimens, which "escaped through the

cover of the livepail."

Family Cyprinidae

3. Campostoma oligolepis (= Campostoma anom-

alum var. prolixum) - USNM 31071 (1), USNM
36761 (3), USNM 101157 (1). BU 5 not located and

presumed lost. "Quite abundant in the more sluggish

tributaries of the Etowah and Oostanaula rivers."

Populations in the Mobile Bay basin were referred to

the species oligolepis by Burr & Cashner (1983).

4. Cyprinella caerulea (= Photogenis caeruleus) -

UF 173839 (ex BU 45, BU 46) ( 1 ex syntypic series of

Hybopsis xaenocephalus); USNM 17883 (lectotype of

Photogenis caeruleus), USNM 20114 (2 paralecto-

types); ANSP 19839-19841 (3 paralectotypes origi-

nally, now 0); MCZ 24396 (1 paralectotype); CU
1488 (1 paralectotype); BMNH 1880.1.21.10 (1

paralectotype); MNHN A. 1306 (1 paralectotype).

"Occurs in abundance in clear tributaries of the

Oostanaula River." Identification of UF 173839 as

C. caerulea based on presence of 1,4-4,1 pharyngeal

teeth; 8 anal rays; and 1 1 scales above and between

lateral lines on opposite sides of body. Source of

original description.

5. Cyprinella callistia ( = Photogenis callistius) -

USNM 31148 (2 paralectotypes); MCZ 24363

(lectotype); ANSP 19658 (1 paralectotype), ANSP
19837-19838 (2 paralectotypes); BMNH 1880.

1.21.67 (1 paralectotype); MNHN A. 1289 (1 para-

lectotype). BU 66 not located and presumed lost.

Most specimens "taken in Silver Creek." Source of

original description.

6. Cyprinella trichroistia (
= Photogenis callistius) -

UF 173474 (BU 62) (17 ex syntypic series of

Photogenis stigmaturus); USNM 31131 (lectotype),

USNM 163956 (6 paralectotypes); MCZ 24393 (1

paralectotype); CAS-SU 2005 (1 paralectotype);

MNHN A. 1280 (1 paralectotype). Not originally

distinguished by Jordan from Photogenis callistius.

Original description of Codoma trichroistia Jordan &
Gilbert appeared later in Jordan and Brayton

(1878b:50-51), based on material from this collection.

7. Cyprinella venusta stigmatura (= Photogenis

stigmaturus) - UF 173465 (BU 62) (55 paralecto-

types); USNM 17891 (lectotype), USNM 20125 (1

paralectotype), USNM 31075 (1 paralectotype),

USNM 3*1080 (20 paralectotypes), USNM 163958

(10 paralectotypes); ANSP 19820-19827 (8 paralec-

totypes); MCZ 24371 (1 paralectotype); MNHN
A.1283 (2 paralectotypes). USNM nos. 31075 and

31080 not recorded by either Gibbs (1957:192) or

Gilbert (1978:81; 1998:151). "Small tributaries of the

Etowah, Coosa, and Oostanaula, where it is the most

abundant minnow." The form stigmatura probably

represents a distinct species in the Cyprinella venusta

complex (see Gilbert 1998:151), but the systematics

of C venusta have not yet been formally resolved.

Source of original description.
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8. Hybopsis lineapunctata (= Nocomis amblops var.

winchelli; Hybopsis gracilis) - UF 165617 (ex BU 45)

(4 ex syntypic series of Hybopsis xaenocephalus), UF
173578 (1 ex BU 304) (ex syntypic series of

Nototropis Urns); USNM 17884 (1), USNM 31119

(1), USNM 31121 (1); ANSP 19846 (1). BU 72 not

located and presumed lost. "Abundant in all

tributaries of the Etowah, Coosa, and Oostanaula.
,,

9. Luxilus chrysocephalus chrysocephalus (= Lux-

ilus cornutus) - No voucher specimens found.

"Excessively abundant in the basin of the Etowah."

10. Lythrums lirus (= Nototropis lirus) - UF
173473 (BU 304) (71 paralectoypes); USNM 17876

(6 paralectotypes); USNM 20138 (2 paralectotypes),

USNM 101158 (5 paralectotypes); ANSP 19842 (1

paralectotype); MCZ 24383 (1 paralectotype); ANSP
19842 (lectotype); BMNH 1880.1.21.7-8.24 (3 para-

lectotypes); MNHN A. 1303 (3 paralectotypes).

"Abounds in still deep waters, and in the clear mill

ponds." Source of original description.

11. Notemigonus crysoleucas (— Notemigonus

americanus) - No voucher specimens found. "Quite

abundant in still places."

12. Notropis asperifrons (
= Hybopsis xaenocephalus)

- USNM 1 64968 ( 1 paratype of Notropis asperifrons,

ex syntypic series of Hybopsis xaenocephalus [USNM
17886]), USNM 164969 (1 paratype of Notropis

asperifrons, ex syntypic series of Hybopsis xaenoce-

phalus [USNM 20116]), reidentified by Suttkus &
Raney (1955); CAS-SU 64422 (ex CAS-SU 3875) (2).

13. Notropis chrosomus (= Hybopsis chrosomus) -

UF 115514 (BU 332) (3 paralectotypes); USNM
17881 (lectotype), USNM 203857 (1 paralectotype ex

USNM 17881), USNM 329144 (BU 39) (48 para-

lectotypes); ANSP 19843-19845 (3 paralectotypes);

MCZ 24373 (1 paralectotype); CAS-SU 64421 (ex

CAS-SU 3875) (2); CAS-SU 3870 (1); CU 1487 (1

paralectotype); BMNH 1880.1.21.40 (1 paralecto-

type); MNHN A. 1292 (3 paralectotypes). "Abounds
in tributaries of the Etowah and Oostanaula."

Source of original description.

14. Notropis stilbius (= Nototropis stilbius)

USNM 17879 (2 syntypes), USNM 203321 (1 ex

syntypic series of Nototropis lirus); ANSP 118701-

18702 (2 syntypes); CAS-SU 2528 (3 syntypes), CAS-
SU 3870 (1); BMNH 1880.1.21.16 (1 syntype). BU 35

not located and presumed lost. "Abundant." Source

of original description.

15. Notropis xaenocephalus (= Hybopsis xaenoce-

phalus) - UF 115513 (BU 45, BU 46) (34 para-

lectotypes), UF 173485 (ex BU 62) (2 ex syntypic

series of Photogenis stigmaturus), UF 173577 (ex BU
304) (1 ex syntypic series of Nototropis lirus): USNM
20116 (lectotype), USNM 17886 (2 paralectotypes);

ANSP 19828-19837 (9 paralectotypes); MCZ 24394

(1 paralectotype); CAS-SU 3875 (1 paralectotype).

Source of original description.

16. Phenacobius catostomus USNM 17889

(lectotype), USNM 31087 (3 paralectotypes); ANSP

19847 (1 paralectotype); MCZ 24385 (1 paralecto-

type); MNHN A. 1307 (1 paralectotype): BMNH
1883.12.14.234 (1 paralectotype). "Abundant in

Silver Creek." Source of original description.

17. Rhinichthys obtusus USNM 17890 (1),

USNM 101125' (1). BU 109 not located and

presumed lost. "Abundant in the small clear brooks

which flow from the springs in the hill country."

18. Semotilus atromaculatus (= Semotilus corpo-

ralis) - USNM 169375 (1 ). "Abundant in the basin of

the Etowah and Oostanaula." At the time of

publication of Jordan and Brayton's paper, the

species name of the Creek Chub was mistakenly

thought to be corporalis. This situation was later

clarified by Jordan (1885b:817) (see Gilbert 1998:66).

Family Catostomidae

19. Hypentelium etowanum (= Catostomus nigri-

cans var. etowanus) - USNM 17885 (1 syntype).

USNM 31057 (1 syntype), USNM 31060 (2 syn-

types), USNM 31091 (1 syntype); MNHN A.12"0 (

1

syntype). Only USNM 17885 and MNHN A.1270

listed as syntypes by Gilbert (1998:182). ••Water

basin of the Etowah and Oostanaula. abounding m
rapids and clear places." Source of original descrip-

tion.

20. Minytrema melanops (= Erimyzon melanops) -

No voucher specimens found. "'Abundant in the

Etowah River basin."

21. Moxostoma duquesnei (= Myxostoma duquesnii

var. lachrymalis) - No voucher specimens found.

22. Moxostoma eryihrurum (
= Myxostoma eur-

yops) - Gilbert (1998:182) reported the original

description of M. euryops to be based on a single

specimen (i.e., the holotype [now lost]), 'taken in

Lovejoy's Creek, a small tributary of Oostanaula

River, near Floyd Springs. 14 miles north of Rome."'

However, a single specimen (USNM 31 0S6). collect-

ed by Jordan and Gilbert from the Etowah Ri\er in

1876, is catalogued under the name Moxostoma
erythrurum. Whether this is the supposed missing

holotype of Myxostoma euryops cannot be deter-

mined. Source o( original description of Myxostoma

euryops.

Family Ictaluridae

23. Ameiurus natalis (= Amiurus cupreus) \o
voucher specimens found. "•Abounds in the deeper

and more muddy tributaries of the Etowah and

Oostanaula." It is uncertain whether Jordan's

specimens represent Ameiurus natalis or Pylodictis

o/ivaris. both of which are name to the Etowah

River (Mettee et al.. 1996:382 383,412 413). Silurus

cupreus is a junior s\ non\ m of Pylodictis olivaris, and

Pimelodus antoniensis (which Jordan also included in

the synonymy of A. cupreus) is a junior synonym of

Ameiurus natalis (Gilbert 1998:208, 21 I). Of the two,

A. natalis is the more likeh possibility since Bl" 16S.

which was not located and is presumed lost, was
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entered in the Butler catalogue as that species. See

Pylodictis olivaris below.

24. Ictalurus punctatus (= Ichthaelurus punctatus) -

No voucher specimens found. "Taken in consider-

able numbers in the Etowah and Oostanaula."

25. Noturus leptacanthus - UF 133554 (no BU
number) (2). Jordan (1877b:352) reported having

collected only a single specimen (the holotype),

which is now lost (Taylor 1969:70; Gilbert

1998:217). The two extant specimens are thus

topotypes, but have no formal standing. Source of

original description.

26. Pylodictis olivaris - No voucher specimens

found. See above remarks under Ameiurus natalis.

Family Esocidae

27. Esox americanus (= Esox reticulatus var.

affinis) - USNM 17887 (2). "Very abundant in

Dyke's Pond and other mill-ponds tributary to the

Etowah River."

Family Fundulidae

28. Fundulus stellifer (= Xenisma stellifera) - UF
165609 (no BU number) (4 syntypes); USNM 1

(2 syntypes), USNM 329280 (BU 329) (1 syntype);

ANSP 20718 (3 syntypes); MCZ 24376 (1 syntype).

"Very abundant in many tributaries of the Etowah,

Oostanaula, and Coosa rivers, preferring the clear,

cold water of the "spring branches." Source of

original description.

Family Cottidae

29. Coitus carolinae zopherus (= Potamocottus

zopherus) - USNM 17877 (7), USNM 329282 (BU
379) (6) (from Cave spring); ANSP 20721 (3); MCZ
24377 (1); BMNH 1880.1.21.18 (1); MNHN A.1295

(1). "Occurs in great abundance in tributaries of the

Etowah and Oostanaula, particularly in Lovejoy,

Rocky, and Silver Creeks. A hundred or more
specimens secured. " Some of the 19 specimens listed

here could be syntypes. Jordan specifically indicated

that the original description was based on the three

largest specimens. Source of original description.

Family Centrarchidae

30. Ambloplites ariommus ( = Ambloplites rupestris)

USNM 329109 (BU 136) (2). "Moderately

common in the Etowah and Oostanaula."

31. Lepomis macrochirus macrochirus (= Lepiopo-

mus obscurus; Lepiopomus pallidus [?]) No voucher

specimens found. L. pallidus was indicated as

"abundant" and all specimens collected were young.

32. Lepomis megalotis (= Xenotis inscriptus; Xenotis

sanguinolentus) No voucher specimens found. X.

sanguinolentus was said to "abound in all the

tributaries of the Etowah, Oostanaula, and Coosa."

33. Micropterus coosae (= Micropterus pallidus)

USNM 31152 (1 paratype of Micropterus coosae).

"Abundant in the Etowah, Oostanaula, and Coosa

River, rather more so than the next species" (i.e., M.

salmoides).

34. Micropterus henshalli (= Micropterus sal-

moides) - USNM 31142 (1 paratype of Micropterus

punctulatus henshalli). The superficially similar

Largemouth and Spotted basses were assumed to

be identical prior to their separation by Hubbs (1927)

as distinct species. The Mobile Bay population of

Spotted Bass was described as a distinct subspecies of

M. punctulatus {henshalli) by Hubbs & Bailey (1940),

and was recently elevated to a full species by Baker et

al. (2008). Both Micropterus salmoides and M.

henshalli (as well as M. coosae) are present and

widespread in the Etowah River system today (Etnier

& Starnes 1994:433^35; Mettee et al. 1996:552-554).

35. Micropterus salmoides salmoides ( = Microp-

terus salmoides) - USNM 329278 (BU 156) (5). See

above remarks under Micropterus henshalli. The five

specimens cited here have not been reexamined.

Family Percidae

36. Etheostoma coosae (= Boleichthys elegans) -

USNM 31108 (2), USNM 31117 (1).

37. Etheostoma ditrema (= Boleosoma stigmaeum)

- ANSP 20649 (1 paratype of Etheostoma ditrema).

Specimen removed from series of four specimens of

Boleosoma stigmaeum (originally ANSP 20646-

20649) by Ramsey & Suttkus (1965), in their original

description of Etheostoma ditrema. Based on pre-

ferred habitat of the species, this specimen likely

came from Dyke's Pond, which was one of the

collecting sites listed by Jordan and Brayton

(1878b:9).

38. Etheostoma stigmaeum (= Boleosoma stig-

maeum) - USNM 17880 (5 paralectotypes); ANSP
20645 (lectotype), ANSP 20646-20648 (3 paralecto-

types [ANSP 20649 later removed by Ramsey &
Suttkus (1965) and recatalogued as Etheostoma

ditrema]). "Numerous specimens from the Etowah

are identified with the above species." Source of

original description.

39. Percina kathae (= Percina caprodes) - USNM
31146 (1). "Abundant in all the tributaries of the

Etowah, Oostanaula, and Coosa Rivers." Until

recently, all Gulf slope logperch populations were

called Percina caprodes. Two species of logperch

have recently been described from the Coosa River

system of Alabama, Georgia, and Tennessee

(Thompson 1985, 1997b), including the one listed

here.

40. Percina nigrofasciata ( = Hadropterus nigrofas-

ciatus) - USNM 17878 (1), USNM 31082 (1). "My
specimens were taken in small tributaries of the

Etowah and Oostanaula Rivers."

4 1

.

Sander vitreus ( = Stizostethium salmoneum) -

Jordan had no adult specimens at hand, and reported

this species only from the Oostanaula River.
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Family Sciaenidae

42. Aplodinotus grunniens (= Haploidonotus grun-

niens) - "Abundant in the river-channels of the

Etowah and Oostanaula, but I was unable to secure

specimens."

GEORGIA: Nancy's Creek, tributary to Chattahoo-

chee River, above Atlanta, Fulton County. D.S.

Jordan & C.H. Gilbert, summer 1876. Jordan 1877a,

1877b:355-357.

The near total absence of specimens from this

locality in museum collections is significant, and

lends credence to the possibility that most were lost

in the 1883 Indiana Univesity fire. Three species

(Cyprinella vesnusta eurystoma, Nocomis leptocepha-

lus, and Ictalurus punctatus) were said to be

abundant, suggesting that numerous specimens were

originally obtained.

Family Cyprinidae

1. Cyprinella venusta eurystoma (= Photogenis

eurystomus) - MCZ 24388 (lectotype). "Quite

abundant." The form eurystoma probably represents

a distinct species within the Cyprinella venusta

complex (see Gilbert 1998:77-78), but the systematics

of C. venusta have not yet been formally resolved.

Source of original description.

2. Nocomis leptocephalus (= Nocomis biguttatus) -

No voucher specimens found. Nocomis biguttatus is a

northern species that does not occur south into

Georgia (Jenkins & Lachner 1980a). Taxonomy of

genus Nocomis first clarified by Hubbs (1926).

Family Catostomidae

3. Erimyzon oblongus

found

No voucher specimens

1UUI1U.

4. Moxostoma duquesnei (= Myxostoma duquesnii)

- No voucher specimens found.

Family Ictaluridae

5. Ictalurus punctatus (= Ichthaelurus punctatus) -

No voucher specimens found. "This species is

extremely abundant in Nancy's Creek, where we
took two or three quite large specimens."

Family Centrarchidae

6. Lepomis macrochirus macrochirus (= Helioperca

pallida) - No voucher specimens found.

7. Micropterus salmoides salmoides (= Moxostoma
salmoides) - No voucher specimens found.

GEORGIA: South Fork of Ocmulgee River, at Flat

Shoals, DeKalb County. D.S. Jordan and C.H.

Gilbert, summer 1876. Jordan 1877a, 1877b:357-368.

Family Clupeidae

1. Alosa sapidissima - "Fishermen told us that the

Shad ascends the Ocmulgee River as far as the

Shoals. We saw no specimens."

Family Cyprinidae

2. Cyprinella callisema (= Episema callisema) - L'F

165650 (BU 63) (49 ex paralectotype series of

Minnilus xaenurus); USNM 17864 (lectotype),

USNM 163954 (3 paralectotypes ex USNM 17864).

USNM 20126 (1 paralectotype): MCZ 24384 (1

paralectotype); BMNH 1883.12.14.210(1 paralecto-

type). BU 37 not located and presumed lost. "Very

abundant in the South Fork of the Ocmulgee."

Source of original description in Jordan (1877b:363-

364).

3. Cyprinella xaenura ( = Photogenis xaenurus) -

UF 173579 (BU 63) (225 paralectotypes of Minnilus

xaenurus); USNM 17862 (lectotype), USNM 163957

(4 paralectotypes ex USNM 17862), USNM 329284

(7 paralectotypes); MCZ 24365 (1 paralecto-

type); CAS-SU 1996 (1 paralectotype): BMNH
1880.1.21.82 (1 paralectotype); MNHN A. 1313 (2

paralectotypes). "The most abundant species in the

Ocmulgee River." Source of original description in

Jordan (1877a:79).

4. Hybopsis rubrifrons (= Nocomis rubrifrons) -

USNM 17863 (7 syntypes), USNM 20146 (1

syntype), USNM 329267 (BU 70) (1 syntype);

MCZ 24381 (1 syntype). "Quite abundant." Source

of original description in Jordan (1877b:330).

5. Notemigonus crysoleucas (= Notemigonus ischa-

nus) - UF 173462 (BU 117) (14 syntypes of

Notemigonus ischanus), UF 165807 {ex BL' 63) il

ex paralectotype series of Minnilus xaenurus):

USNM 17865 (7 syntypes of Notemigonus ischanus).

USNM 20112 (2 syntypes of A", ischanus); MCZ
24368 (1 syntype of N. ischanus). BU 115 not located

and presumed lost. "Very abundant in still waters of

the Ocmulgee River." Source of original description

of Notemigonus ischanus in Jordan ( lS"b:364-365).

6. Notropis hudsonius (
= Hybopsis hudsonius var.

amarus) - USNM 17867 (1)". USNM 1 P346 (1).

USNM 329260 (BU 42) (26). "Very abundant."

7. Notropis petersoni (= ?) - UF 165S0S (BU 03)

(18 ex paralectotype series of Minnilus xaenurus).

This species, which was not described until main

years later (Fowler 1942). may have been confused

by Jordan with either Hybopsis rubrifrons or Notropis

hudsonius.

8. Semotilus atromaculatus (= Semotilus corpor-

alis) No voucher specimens found. "A few small

specimens from a little Spring run not found in the

river." See earlier comment regarding nomenclature

of this species.

Family Catostomidae

9. Erimyzon oblongus \o voucher specimens

found. "This species in the Ocmulgee in some

abundance."

10. Moxostoma collapsum (= Myxostoma papillo-

sum) No voucher specimens found. "Abounds in

the Ocmulgee River." Specimens from this locality
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identified as Myxostoma papillosum were referred to

the southeastern race of Moxostoma anisurum by

Jenkins (1970:475). (M. papillosum does not range

this far south). M. collapsum recently elevated to full

species in Nelson et al. (2004:204), on advice of R.E.

Jenkins.

1 1

.

Moxostoma rupiscartes (
= Myxostoma cervi-

nurri) - No voucher specimens found. "Abounds in the

rapids and rock pools at the 'Falls
1

at Flat Shoals."

Jordan's records of M. cervinum from this locality

were referred to M. rupiscartes by Robins & Raney

(1956:15.) (M. cervinum does not range this far south).

Family Ictaluridae

12. Ameiurus brunneus (= Antivirus brunneus) -

USNM 17861 (lectotype), USNM 20148 (lectotype?),

USNM 328910 (17); MCZ 24369 (1). BU 184 not

located and presumed lost. "Extremely abundant in

the South Fork of the Ocmulgee.'
,

For discussion of

controversy surrounding lectotype designation see

Gilbert (1998:12-14). Source of original description

in Jordan (1877b:366-368).

13. Ictalurus punctatus (= Ichthaelurus punctatus) -

USNM 17866 (1), USNM 328910 (BU 159) (17).

"We obtained a great number of specimens, mostly

Family Esocidae

14. Esox niger ( = Esox reticulatus var. affinis) -

No voucher specimen found. "A single large

specimen of this species was taken." Some question

is attached to this identification, since at that time

Esox niger and Esox americanus were not adequately

distinguished. Present identification as Esox niger is

based both on indication of large size (E. americanus

attains a much smaller maximum size), as well as

habitat (E. americanus is characteristic of very quiet,

weedy waters, in contrast to lakes and small rivers

usually favored by E. niger). It should be noted,

however, that Jordan made no mention of the chain-

like pigmentation pattern characteristic of large

specimens of E. niger, and from which the common
name "Chain Pickerel" is derived.

Family Centrarchidae

15. Lepomis auritus (= Lepiopomus auritus) - BU
142 not located and presumed lost. "Many small

specimens of this species were taken."

16. Lepomis gulosus (= Chaenobryttus gulosus;

Chaenobryttus viridis) No voucher specimens

found.

Family Percidae

17. Percina nigrofasciata (= Hadropterus nigrofas-

ciatus) - No voucher specimens found. "Three large

specimens taken in rapid water."

SOUTH CAROLINA: Saluda River, at Farr's Mills,

near Greenville, Greenville County. D.S. Jordan,

A.W. Brayton, et al., summer 1877. Jordan &
Brayton 1878b: 11-29.

Many BU specimens from this locality were

included in several large, mixed, unsorted, and

uncatalogued lots. Two species found in these

unsorted lots, Notropis procne and Micropterus

coosae, were not included among the species reported

by Jordan and Brayton, although the latter (under

the name Micropterus pallidus) was said by locals to

be present occasionally. A specimen of Notemigonus

crysoleucas, which was collected in Reedy River (i.e.,

Reedy Creek), at Greenville C.H., in close proximity

to the Farr's Mills site, is included here for the sake

of convenience.

Attention is called to a recent publication on

South Carolina freshwater fishes (Rohde et al. 2009),

which includes a discussion of the historical impact

of Jordan's work and complete accounts and spot-

distribution maps for all species known from the

state.

Family Anguillidae

1. Anguilla rostrata (= Anguilla vulgaris) -

Reported by Jordan & Brayton (1878b:29) from the

Saluda, but no voucher specimens were located in

collections.

Family Cyprinidae

2. Campostoma anomalum (= Campostoma anom-

alum subspecies proxilum) - USNM 329274 (BU 3)

(1), USNM 341548 (1).

3. Clinostomus funduloides (
= Gila vandoisula) -

USNM 31149 (1); MCZ 24390 (1). BU 120 not

located and presumed lost. "This species is common
in the Saluda waters."

4. Cyprinella chloristia (= Codoma chloristia) - UF
173492 (ex BU 116; no BU number) (44) (topotypes

of Codoma chloristia, with no formal standing);

MCZ 24380 (lectotype); BMNH 1880.1.21.43 (1

paralectotype). "Abundant in the clear waters of

the Saluda River." Source of original description.

5. Cyprinella nivea (= Photogenis niveus) - UF
165634 (ex BU 54; ex BU 116) (12); USNM 31115

(2). "Abundant in the Saluda River."

6. Cyprinella pyrrhomelas (= Codoma pyrrhomelas)

- UF i 65635 {ex BU 54; ex BU 63; ex BU 65; ex BU
116; no BU number) (260); USNM 329431 (BU 65)

(49); MCZ 24374 (1). "Extremely abundant in the

clear rapid waters of the Saluda and its tributaries."

7. Cyprinella zanema (= Ceratichthys zanemus) -

UF 165638 (BU 81) (5 paralectotypes). "Abundant

in the Saluda River." Source of original description.

8. Hybognathus regius (= Hybognathus argyritis) -

No voucher specimens found. "A few specimens were

obtained in Saluda River."

9. Hybopsis hypsinotus (= Ceratichthys hypsinotus)

- No voucher specimens found. "Not uncommon in

the Saluda."
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10. Nocomis leptocephalus leptocephalus (= Cer-

atichthys biguttatus) - UF 173453 (no BU number)

(13); USNM 329259 (no BU number) (11).

"Common" in tributaries of the Saluda." See

earlier comments concerning taxonomy of genus

Nocomis.

11. Notemigonus crysoleucas (= Notemigonus

americanus) - UF 173486 (BU 118) (1 [in two

pieces]), "We obtained but a single specimen in the

Reedy River." See earlier comment.

12. Notropis hudsonius (= Alburnops saludanus) -

UF 165637 (no BU number) (1). "Abundant in the

Saluda River." Topotype of Alburnops saludanus,

with no formal standing. Source of original descrip-

tion of Alburnops saludanus.

13. Notropis chlorocephalus (= Alburnops chlor-

ocephalus) - USNM 31112 (1). "Abundant in the

clear rapid waters of the Saluda." Systematics of

Notropis chlorocephalus and the closely related

Notropis lutipinnis have, until recently, remained

unclear. Notropis chlorocephalus was considered to

be restricted to the Catawba River system in the

Santee River drainage (Gilbert & Burgess 1980a),

with N. lutipinnis occurring in other parts of the

Santee drainage (i.e., including the Saluda River

system) south to the Altamaha River drainage, in

Georgia (Gilbert & Burgess 1980b). The situation

was complicated, however, by the fact that other

Santee drainage populations (i.e., outside the Ca-

tawba system) seemed to show some degree of

morphological intermediacy between the two species.

Wood & Mayden (1992), utilizing genetic data,

concluded that the name chlorocephalus was appli-

cable to all populations found throughout the Santee

drainage, and that N. lutipinnis was confined to those

drainages to the south (Rohde et al. 2009:152, 159).

However, they declined to introduce a new name for

the morphologically intermediate populations of N.

chlorocephalus occurring outside the Catawba sys-

tem.

14. Notropis proem (= ?) - UF 165636 (no BU
number) (15). No specific reference to this species

found in Jordan and Brayton's paper, and it is

uncertain to what name, if any, it was referred by

them. Although Hocutt et al. (1986) indicated the

native range of this species to extend south to the

Santee River drainage, all records mapped by

Jenkins & Sorenson (1980) from this drainage are

from the Broad and Catawba river systems. Rohde et

al. (2009:164) partially confirmed the distribution

indicated by Jenkins and Sorenson, since they

showed records of the species from the Santee

drainage to be heavily concentrated in the eastern

river systems (Broad, Catawba, and Wateree), with

only a single record mapped from the more westerly

Saluda system (though not in the immediate vicinity

of Farr's Mills). Despite this, antiquity of the

specimens recorded here appears to confirm natural

presence of Notropis procne in the Saluda River.

15. Notropis scepticus ( = Notropis photogenis) -

UF 165631 (ex BU 54; ex BU 1 16: no BU number)

(340 topotypes, with no formal standing): USNM
328909 (BU 54) (38 topotypes); USNM 31081 (21

syntypes of Minnilus scepticus): CAS-SU 2529 (1

syntype); BMNH 1880.1.21.83 (1 syntype). BMNH
1883.12.14.212 (1 syntype); MNHN A. 1288 (5

syntypes) (Gilbert 1998:145). "The most abundant

species in the Saluda waters." Reference to Notropis

photogenis, with which this species was confused by

Jordan and Brayton, appears on page 23 of their

paper. It was later described by Jordan & Gilbert

(1883) as Minnilus scepticus. based on a subset of

specimens from the original collection. Since the

specimens contained in UF 165631 and USNM
328909 were discovered long after preparation of

the description of Minnilus sceptcus. they quality

only as topotypes and have no formal type status.

16. Semotilus atromaculatus (
= Semotilus corpor-

alis) - BU 98 not located and presumed lost. "This

common species occurs in the tributaries of the

Saluda." See earlier comment regarding nomencla-

ture of this species.

Family Catostomidae

17. Catostomus commersonii (= Catostonius com-

mersoni) UF 173452 (BU 179) (3): USNM 329262

(BU 176) (1), USNM 341546 (no BU number) (1).

"Common in the Saluda."

18. Erimyzon oblongus (= Erimyzon sucetta) -

USNM 329520 (BU 388) (1). "Moderately abundant

in the Saluda River."

19. Minytrema melanops - No voucher specimens

found. "Abundant in mill ponds of the Saluda River.

and is known as the Striped Sucker."

20. Moxostoma papillosum - USNM 329449 (BU
175) (6). Voucher specimens not examined. "A few

specimens of this peculiar species were taken in

Saluda River." Identification suggested by Jordan

and Brayton's comment "... this peculiar species.'"

which likely was in allusion to the distinctively

shaped mouth. Entered in BL' catalogue as Mox-
ostoma niacrolepidotum. which docs not occur in the

Saluda River.

21. Moxostoma rupiscartes (= Myxostoma cervi-

num) - UF 173451 (no BU number) (6). "Exceed-

ingly abundant in the Saluda River."

Family Ietaluridae

22. Ameiurus brunneus (= Amiurus brunneus) IF
173491 (no BL' number) (5 ex original series of 2S

specimens [61.0 84.2 mm SL]): USNM 20938 (1

[identification as this species questionable; see

comments]). USNM 329444 (BU 189) (31 [identifi-

cation of at least some specimens as this species

questionable: see comments]). "The common catfish

of the Saluda." This species was regarded as

indistinguishable from Ameiurus platycephahts by

Jordan (1889:131). and the two were later formally
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synonymized by Jordan & Evermann (1896:142),

who erroneously concluded that A. brunneus was the

young of A. platycephalus. The two continued to be

regarded as identical until diagnosed as valid species

by Yerger & Relyea (1968), who indicated that

sympatry throughout the region of co-occurrence

was not uncommon. Principal diagnostic characters

are slightly overlapping differences in anal-ray and

total gill-raker counts (including rudiments) on outer

gill arch (anal rays usually 17-20 in A. brunneus and

usually 19-24 in A. platycephalus; gill rakers usually

14-17 in A. brunneus and usually 11-13 in A.

platycephalus): and a consistently more inferior

mouth in A. brunneus, with the premaxillary teeth

in upper jaw slightly exposed (versus not exposed). In

addition, the two exhibit discrete but broadly

overlapping geographical ranges. Anal-ray counts

for the five specimens comprising UF 173491:16, 17

(in two), 18 and 20; gill-raker counts: 14 (in 2) and 15

(in 3).

23. Ameiurus platycephalus (= Amiurus brunneus) -

UF 173838 (no BU number) (23 specimens [24.6-

143.2 mm SL] ex original series of 28 Ameiurus

brunneus [UF 173491]); UMMZ 245206 (2). Anal-ray

counts for five randomly-selected specimens: 20 (in

two) and 21 (in three); gill-raker counts 11, 12 (in 3),

and 13. UMMZ specimens identified by M.L. Smith.

See above comments regarding differentiation of this

species from Ameiurus brunneus, and possibility that

USNM 20938 and a large part of USNM 329444 are

this species.

Family Esocidae

24. Esox niger (
= Esox reticulatus) - UF 173455

(no BU number) (1). "Very common.

"

Family Centrarchidae

25. Lepomis auritus (= Lepiopomus auritus) - UF
173454 (no BU number) (3).

26. Lepomis gulusus (= Chaenobryttus viridis) No
voucher specimens found. "Occurs in abundance in

the Saluda."

27. Micropterus coosae {— Micropterus pallidus) -

UF 167077 (no BU number) (4 [35.0-41.0 mm SL]).

Jordan & Brayton (1878b) apparently did not see

these four small specimens, since they stated, on page

15 (referring to Micropterus pallidus), that no black

bass were collected either in the Saluda or Ennoree

rivers, but that locals reported they "are frequently

taken there." Identification of the present specimens

as Micropterus coosae. rather than M. salmoides, is

based primarily on a well-defined membrane con-

necting the spinous and soft dorsal fins, a character

not found in the latter species. Rohde et al.

(2009:337) stated unequivocally that M. coosae is

introduced into the Saluda River, and indeed this

seems logical from a zoogeographic standpoint.

Despite this, antiquity of the present record argues

strongly for natural occurrence of the species at this

locality.

Family Percidae

28. Etheostoma olmstedi (= Boleosoma macula ti-

ceps) - Jordan & Brayton (1878b: 13) reported

collecting one specimen at this locality. A single

specimen, identified as Etheostoma jessiae and

originally catalogued as BU 152, could not be

located and is presumed lost. Since E. jessiae, which

does not occur anywhere on the Atlantic slope, bears

a superficial resemblance to E. nigrum, this could be

the specimen in question.

29. Etheostoma thalassinum (= Nothonotus thalas-

sinus) UF 173494 (no BU number) (1); USNM
31122 (lectotype of Nothonotus thalassinus), USNM
257921 (2 paralectotypes); MCZ 24397 (1 paralecto-

type); CAS-SU 987 (1 paralectotype); BMNH
1880.1.21.68 (1 paralectotype). "Very abundant in

all the streams seined." Source of original description.

30. Percina crassa (= Alvordius crassus) - UF
173495 (no BU number) (1); USNM 23459 (lectotype

of Alvordius crassus), USNM 31111 (3 paralecto-

types). "Especially abundant in the Saluda at Farr's

Mills." Source of original description.

TENNESSEE: Elk River and tributaries, at Estill

Springs, Franklin County. D.S. Jordan, A.W.
Brayton, et al., summer 1877. Jordan & Brayton

1878b:56 71.

Although Jordan & Brayton (1878b:56) reported

collecting only 17 species from this locality, the

species listed below exceed that number by four.

Unfortunately, those authors did not always specif-

ically state whether or not a species was actually

collected at the Estill Springs locality. In some cases

these "additional" species (e.g., Notropis n. sp. cf

spectrunculus) can be accounted for because they

were not recognized in 1878, and it is uncertain with

which of the identified species, if any, they might

have been confused. In some cases no voucher

specimens apparently remain, but the species was

specifically stated to have been collected there, as for

example Moxostoma lacerum. In those cases in which

a species is not represented by vouchers, reasons for

justifying its presence on the species list are included

in the individual discussions.

A specimen lot originally in the Butler collection

(BU 53) and identified as Notropis scabriceps was not

found and is presumed lost. No reference to that

species (which does not occur in the Tennessee River

drainage) appears in the Jordan and Brayton paper.

Five species of Notropis known today from the upper

Elk River system were not recorded by Jordan and

Brayton (e.g., Notropis ariommus, N. atherinoides, N.

leuciodus, N. photogenis, N. micropteryx) (Etnier &
Starnes 1994). Since Jordan and Brayton listed the

last four from other parts of the Tennessee drainage,

they obviously were familiar with those species.
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Based on this, it seems most likely that the missing

BU 53 is Notropis ariommus, although this is only

conjecture.

Family Cyprinidae

1. Clinostomusfunduloid.es (= Gila estor) - USNM
31147 (4 syntypes of Gila estor), USNM 101149 (1

syntype of Gila estor); BMNH 1880.1.21.71 (1

syntype). BU 119 not located and presumed lost.

Source of original description of Gila estor.

2. Cyprinella galactura (= Photogenis galacturus) -

UF 1 13796 (BU 40, BU 57) (16). "Abundant in every

stream examined."

3. Erimystax dissimilis (and/or Erimystax insignis)

(= Ceratichthys dissimilis) - BU 78 not located and

presumed lost. "Obtained in Elk River.
1

" Reference

could possibly be based, entirely or in part, on the

similar (but readily distinguishable) Erimystax in-

signis, which occurs throughout much of the same

geographic area (Harris 1980a, b).

4. Hemitremia flammea ( = Phoxinus flammeus) -

"A single specimen taken in Elk River, at Estill

Springs.'
1

Type lost (Gilbert 1998:80). Source of

original description.

5. Hybopsis amblops (= Ceratichthys winchelli) -

UF 173477 (BU 43) (8). "Everywhere abundant in

Tennessee River.
11

Hybopsis winchelli is a closely

related species restricted to Gulf slope drainages.

6. Luxilus chrysocephalus chrysocephalus (= Lux-

ilus cornutus) - USNM 329277' (BU 56) (1). BU 41

not located and presumed lost. "Abundant in every

stream examined.
11

7. Euxilus coccogenis UF 173476 (no BU
number) (47). "Abundant in every stream exam-

ined.
11

8. Lythrurus lirus (= Notropis Urns) - USNM
101150 (3). BU 334 not located and presumed lost.

"Abounds in Elk River.
11

9. Nocomis micropogon (= Ceratichthys bignttatus)

- No voucher specimens found. "Everywhere very

abundant." Nocomis biguttatus is a more northern

species that does not range south into Tennessee

(Jenkins & Lachner 1980a). The closely related N
micropogon is abundant throughout the upper half of

the Tennessee basin (Jenkins & Lachner 1980b), and

is assumed to be the species on which Jordan and

Brayton's record was based.

10. Notropis telescopns - USNM 3291 10 (BU 319)

(49). "Abundant in Elk River.
11

11. Notropis volncellus (= ?) - UF 1 13794 (no BU
number) (1). Not listed by Jordan and Brayton. It is

uncertain to which species name, if any, it may have

been referred.

12. Notropis new species cf spectrunculus (= ?) -

UF 113771 (BU 50) (1). Not distinguished by Jordan

and Brayton, and it is uncertain to which species

name, if any, it may have been referred. Not
recognized as a valid species until recently and still

undescribed, it is currently known by the vernacular

name "Sawfin Shiner" (Etnier & Starnes 1 994:236—

237).

13. Phenacobius uranops - USNM 31114 (1). BU
105 not located and presumed lost. "Rather common
in the Elk River."

14. Rhinichthys obtusus No voucher specimens

found. "Abundant in all clear rocky brooks and in

outlets of springs."

15. Pimephales notatus (= Hyborhynchus notatus)

USNM 329283 (no BU number) (4).

Family Catostomidae

16. Catostomus commersonii (= Catostomus com-

mersoni) - No voucher specimens found. "Generalh

abundant."

17. Hypentelium nigricans (
= Catustomus nigri-

cans) - USNM 329430 (10). "Very abundant

throughout the Tennessee Basin."

18. Moxostoma lacerum (
= Quassilabia latera) -

No voucher specimen found. There is reason to

believe that an individual catalogued as CAS-SU
3773 (and said to be from the Clinch River.

Tennessee) could be this missing specimen (R.E.

Jenkins, pers. comm.), although this cannot be

proved. Species originally described (as Lagochila

lacera) by Jordan & Brayton (1877-1878a). One oi^

two original type localities, with type locality later

fixed as Chickamauga River, near Ringgold. Geor-

gia, by subsequent lectotype designation (see Gilbert

1998:188). Although it was not realized at the time of

collection, this widespread species was in severe

decline, with the last known specimens being

collected only 15 years later (in 1893) from a

tributary of the Maumee River, in northwestern

Ohio (Kirsch 1895:328: Trautman 1981:452 454:

Ono et al., 1983:211-212). A thorough survej has

revealed that only 34 specimens (including one

skeleton) remain today in museum collections

(Jenkins 1970:541-545; Jenkins & Burkhead 1994:

519; R.E. Jenkins, pers. commun.).

Family Fundulidae

19. Fundulus catenatus (= Xenisma catenatum)

USNM 31151 (1). BU 341 not located and presumed

lost. "Abundant in the Elk River ... in clear waters.""

Famih Centrarchidae

20. Micropreras salmoides salmoides (= Micro-

pterus salmoides) ('?) Bl 131 not located and

presumed lost. Identification as Micropterus sal-

moides tentative, since the species of Micropterus

were not differentiated at time of appearance of

Jordan and Bra>lon"s paper. Three members of this

genus occur at the Estill Springs localit) today (the

present species, plus M. dolomieu and \1. punctula-

fus) (Etnier & Starnes 1^4:431 435). and Jordan's

original sample could have included any, or all. of

these species.
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Family Percidae

21 . Percina caprodes caprodes (= Percina caprodes)

- No voucher specimens found. "Generally abun-

dant in clear streams."

MISSISSIPPI: Tributary to Tuscumbia Creek, near

railroad station at Corinth, Alcorn County. O.P.

Hay, March 1880. Hay 1881:488-515.

Family Cyprinidae

1. Luxilus chrysocephalus chrysocephalus (= Lux-

Hits cornutus) - UF 133525 (BU 47) (3).

2. Lythrums umbratilis cyanocephalus (= Minnilus

pimctulatus) - USNM 27430 (lectotype), CAS-SU
4076 (4 paratypes). Although USNM 27430 was

considered to be the holotype by Gilbert (1998:137-

138), partly because there was no indication in the

original description of multiple specimens in the

original series, the presence of additional specimens

dictates that this should be considered the lectotype,

as originally designated by Snelson & Pflieger

(1975:235) and as earlier listed by Gilbert (1978:73).

Source of original description of Minnilus punctula-

tus.

3. Notemigonus crysoleucas (= Notemigonus chry-

soleucus) - UF 133841 (BU 387) (5); USNM 27423

(1).

4. Pimephales notatus (= Hvborhynchus notatus) -

UF 167078 (BU 17) (1).

Family Catostomidae

5. Erimyzon oblongus (?) (= Erimyzon sucetta) -

No voucher specimens located. The three species of

Erimyzon were not differentiated until Hubbs (1930)

clarified situation, all species having previously gone

under the species name sucetta. Two species, E.

sucetta and E. oblongus, occur in the vicinity of

Corinth, with the latter apparently being much more
common here (Ross 2001:267, 269).

Family Fundulidae

6. Fundulus olivaceus (?) (= Zygonectes notatus) -

UF 113780 (BU 342) (1). Specimen faded, so

diagnostic body spotting cannot be seen. Since the

very similar Fundulus olivaceus and F. notatus both

occur in the area (with F. olivaceus more common
and widespread [Ross 2001:364, 367]), a question

mark accompanies this species identification.

Family Percidae

7. Etheostoma chlorosoma (= Vaillantia chloro-

soma) - USNM 27428 (1 syntype [now disintegrat-

ed]). Source of original description, and one of three

localities from which type material was collected

(other localities include Artesia and Macon) (see

Collette& Knapp 1967:72).

8. Etheostoma proeliare (= Microperca proeliaris) -

USNM 27418 (holotype). Source of original descrip-

tion.

MISSISSIPPI: Catawba Creek, tributary to Tibby-

hah Creek, at Artesia (Tombigbee River drainage),

Lowndes County. O.P. Hay, March-April 1880. Hay
1881:488-515.

As noted below, the catfishes recorded from this

locality are both from Sand Creek, another stream in

the immediate area.

Family Cyprinidae

1. Lythrums bellus (= Minnilus bellus) - UF
167072 (BU 60) (13 paralectotypes); USNM 27426

(lectotype), USNM 203332 (3 paralectotypes ex

USNM 27426); CAS-SU 756 (6 paralectotypes),

CAS-SU 2526 (1 paralectotype). Source of original

description. Original description based on 40 speci-

mens, including 36 from Artesia and 4 from Macon.

Only the above 24 specimens from Artesia can now
be accounted for.

2. Notemigonus crysoleucas (= Notemigonus chry-

soleucus) - BU 114 not located and presumed lost.

3. Opsopoeodus emiliae emiliae (= Opsopoeodus

emiliae) - UF 113784 (BU 110) (1 syntype). Types

previously believed to have been lost (Gilbert &
Bailey 1972; Gilbert 1998:75). Hay (1881:508)

recorded one specimen from Artesia. Source of

original description, and one of three localities from

which the original type material came (other

localities include Macon and Enterprise).

4. Pimephales notatus ( = Hyborhynchus notatus) -

UF 115527 (BU 100) (13).

5. Semotilus atromaculatus (= Semotilus corpor-

alis) - BU 94 not located and presumed lost. When
Hay's paper was published, the species name of the

Creek Chub was mistakenly thought to be corporalis,

a situation later clarified by Jordan (1885b) (see

Gilbert 1998:66).

Family Catostomidae

6. Erimyzon oblongus (?) (= Erimyzon sucetta) -

BU 181 not located and presumed lost. As noted

earlier, the three species of Erimyzon were not

differentiated until Hubbs" (1930) clarified situation,

all species having previously gone under the species

name sucetta. Erimyzon sucetta and E. oblongus both

occur in the vicinity of Artesia, with the latter

apparently being slightly more common (Ross

2001:267-269). Erimyzon tenuis has not been record-

ed from the immediate area, but could occur there

(Ross 2001:270).

Family Ictaluridae

7. Ameiurus me/as (= Amiurus melas) - UF 133527

(BU 166) (1). "One specimen from Sand Creek,

Artesia/'

8. Ameiurus na talis (= Amiurus vulgaris) - No
voucher specimens found. "Two catfishes were

purchased from a young negro, who had caught

them in Sand Creek, near Artesia. One of these,
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having a total length of 10 inches, I identify as the

above." Hay further identified this specimen as

Amiurus vulgaris subsp. ailurus. A. vulgaris is a junior

synonym of Ameiurus nebulosus, which is not native

to Mississippi (Gilbert 1998:227) (although it has

recently been introduced into the state [Ross

2001:309]), whereas ailurus is a junior synonym of

Ameiurus natalis, which is widespread and common
in the state.

Family Fundulidae

9. Fundulus olivaceus (?) (= Zygonectes notatus) -

UF 115528 (BU 345) (6). Remarks concerning

identification of this species appearing in account

from Corinth are applicable here.

Family Poeciliidae

10. Gambusia affinis (= Zygonectes melanops) -

UF 133536 (BU 344) (17); USNM 27427 (12).

Family Centrarchidae

11. Lepomis cyanellus (= Apomotis cyanellus) - BU
143 not located and presumed lost.

12. Lepomis macrochirus macrochirus (= Lepomis

pallidus) - UF 133537 (BU 140) (11).

13. Micropterus salmoides salmoides (= Microp-

terus pallidus) - BU 310 not located and presumed

lost.

Family Percidae

14. Etheostoma artesiae (= Poecilichthys artesiae)

- USNM 27434 (holotype). Source of original

description.

15. Etheostoma chlorosoma (= Vaillantia chloro-

soma) - No voucher specimens found from this

locality. Source of original description, and one of

three localities from which type material was

collected (other localities include Corinth and

Macon) (see Collette & Knapp 1967:72).

MISSISSIPPI: Horsehunter Creek, tributary to

Noxubee River, at Macon (Tombigbee River drain-

age), Noxubee County, O.P. Hay, March-April

1880. Hay 1881:488-515.

Family Clupeidae

1. Dorosoma cepedianum - UF 133844 (BU 309)

(3). "Several specimens of this species were caught ...

along the Noxubee River, at Macon."

Family Cyprinidae

2. Hvbognathus hayi (= Hvbognatlius argyritis)

UF 133533 (BU 21) (1). At the tune of Hay's (1881)

publication, he did not distinguish the two species of

Hybognathus found in the region, all being identified

as H. argyritis. He subsequently corrected this (Hay

1882:67-68) and restricted the name argyritis to the

species later described by Jordan (1885a) as Hybog-

nathus hayi. Cited by Ross (2001:159).

3. Hybognathus nuchalis ( = Hybognathus argyritis)

- USNM 27431 (1). See above comment. Cited by

Ross (2001:160).

4. Lythrurus bellus ( = Minnilus bellus) - BU 52 not

located and presumed lost. Four syntypes were

originally present from this locality (Hay 1881:51

1

).

A series originally comprising 36 species also

obtained at Artesia (see previous account). One of

sources of original description.

5. Notemigonus crysoleucas (= Notemigonus chry-

soleucus) - BU 113 not located and presumed lost.

6. Opsopoeodus emiliae emiliae ( = Opsop<>c<idu\

emiliae) - UF 115522 (BU 111) (1 syntype): USNM
27429 (lost; original number of specimens unknown):

CAS-SU 620 (1 syntype). The specimens now
catalogued as UF 115522 and CAS-SU 620 are two

of the missing syntypes of this species (Gilbert &
Bailey 1972:20; Gilbert 1978:42; Gilbert 1998:75).

One of sources of original description.

7. Pimephales notatus (= Hyborhynchus notatus) -

UF 133532 (BU 321) (12). '"Many in the waters

around ... Macon ..."

Family Catostomidae

8. Erimyzon sucetta (?) - BU 148 not located and

presumed lost. Precise identification uncertain, and

could apply to any of three species of Erimyzon ( E.

sucetta, E. claviformis, E. tenuis), all of which occur

in Mississippi but were not distinguished until their

taxonomy was clarified by Hubbs (1930). Based on

distributions mapped by Ross (2001 :267-2~0). E.

sucetta and E. oblongus both are likely possibilities.

with E. tenuis the least likely.

Family Ictaluridae

9. Ameiurus melas (
= Amiurus melas) - L'F 1

"345"

(BU 161) (1).

10. Ictalurus punctatus - UF 173466 (BU TO) (3).

11. Noturus gyrinus - No voucher specimens

found.

Family Aphredoderidae

12. Aphredoderus sayanus \o voucher specimens

found.

Family Fundulidae

13. Fundulus olivaceus (?) (= Zygonectes notatus) -

UF 173456 (BV s5s) (17). Remarks concerning

identification o( this species appearing in account

from Corinth are applicable here.

Family Poeciliidae

14. Gambusia affinis (= Zygonectes melanops) -

UF 113779 (BU 347) (6).

Family Centrarchidae

15. Lepomis cyanellus (= Apomotis cyanellus) - L'F

113776 (BU 141) (2).
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16. Lepomis macrochirus macrochirus (= Lepomis

pallidus) - BU 137 not located and presumed lost.

1 7. Pomoxis annularis (= Pomoxys annularis) - No
voucher specimens found.

18. Pomoxis nigromaculatus (= Pomoxys nigroma-

culatus) - UF 133837 (BU 305) (2).

Family Percidae

19. Etheostoma chlorosoma (= Vaillantia chloro-

soma) - CAS-SU 726 (3 syntypes) (see Collette &
Knapp 1967:72). One of sources of original descrip-

tion. Other localities include Corinth and Artesia.

20. Etheostoma nigrum (= Boleosoma maculatum)

-USNM 27443 (1).

Family Elassomatidae

21. Elassoma zonatum - USNM 27452 (1).

MISSISSIPPI: Sucarnochee River, at Narkeeta

(Tombigbee River drainage), Kemper County. Hay
1881:488-515. Hay may not have collected specimens

at this locality, based on his statement, "I saw a few

"Sunfishes" taken from the Sucarnochee River, a

tributary of the Tombigbee." This seems to be bourne

out by the apparent absence of any museum
specimens from this locality. Of the two species

recorded by Hay, one {Lepomis obscurus) cannot be

positively identified. This nominal form is a junior

synonym of Lepomis macrochirus (Gilbert 1998:245),

but that species was consistently referred to by the

name Lepomis pallidus elsewhere in Hay's paper. The
other species, Centrarchus macropterus, is common in

lowland areas of the Gulf slope, but was not recorded

by Hay from any other locality visited by him in 1880.

MISSISSIPPI: Chickasawha River, at Enterprise

(Pascagoula River drainage), Clarke County. O.P.

Hay, April 1880. Hay 1881:488-515; Hay 1882:58-

75. In addition to the original collections made by

Hay in 1880 and reported upon in his 1881 paper,

some additional specimens were later sent to him by

Mr. William Warner, a resident of Enterprise. At

least two species (Alosa chrysochloris and Lahidesthes

sicculus), and likely the two additional species of

Pomoxis, emanate from the Warner collection.

Although not collected at Enterprise, a specimen of

Pylodictis olivaris was taken in the Chickasawha

River, at Shubata, located a short distance to the

south. This record is included here.

Family Hiodontidae

/. Hiodon tergisus (= Hyodon selenops) - USNM
27455 (1).

Family Clupeidae

2. Alosa chrysochloris (
= Clupea chrysochloris) -

Hay (1881:502) indicated that a single individual was

later sent by Mr. William Warner. Present where-

abouts of specimen unknown.

Family Cyprinidae

3. Cyprinella venusta cercostigma (= Luxilus

chickasavensis) - UF 167075 (no BU number) (13

paralectotypes of Luxilus chickasavensis); USNM
27419 (lectotype); USNM 163953 (8 paralectotypes)

(ex USNM 27419). Source of original description of

Luxilus chickasavensis.

4. Hvhognathus nuchalis (= Hvbognathus argyritis)

UF 113797 (BU 322) (2); USNM 32253 (1). See

above comment regarding this species under discus-

sion of collection from Macon.

5. Hybopsis winchelli (— Ceratichthys winchelli) -

USNM 329271 (BU 67) (1).

6. Luxilus chrysocephalus isolepis (= Luxilus

comutus) - UF 133535 (BU 249) (11).

7. Lythrurus roseipinnis (= Minnilus rubripinnis) -

UF 167073 (BU 68) (81 paralectotypes of Minnilus

rubripinnis); USNM 27420 (lectotype), USNM
203325 (16 paralectotypes ex USNM 27420). Source

of original description of Minnilus rubripinnis.

Species name later changed to roseipinnis on basis

of homonymy (Jordan 1885b:815; Gilbert 1998:

142,144).

8. Macrhybopsis storeriana (= Ceratichthys am-

blops ?) - USNM 27436 (1). Species not listed in

paper. Most likely misidentified as Ceratichthys

amblops, which does not occur in Gulf slope

drainages of Mississippi.

9. Nocomis leptocephalus bellicus (= Ceratichthys

biguttatus) - USNM 27422 (1). BU 333 not located

and presumed lost. Nocomis biguttatus is a northern

species that does not range south into Mississippi

(Jenkins & Lachner 1980a). Taxonomy of the species

of Nocomis first clarified by Hubbs (1926).

10. Notropis amplamala (= Ericymba buccata) -

USNM 27421 (1); CAS-SU 891 (1). "Several

individuals of this species were seined in the

Chickasawha River at Enterprise. " Notropis ampla-

mala, which was recently described by Pera &
Armbruster (2006), represents disjunct southern

populations formerly referred to Ericymba buccata

(= Notropis buccatus) (Gilbert 1980).

11. Notropis atherinoides (= Minnilus dilectus) -

UF 115494 (BU 48) (1). "A single specimen ....

answering well enough to Girard's description, was

obtained at Enterprise."

12. Notropis longirostris (= Alburnops longirostris)

- UF 1 15495 (no BU number) (13 syntypes); USNM
27440 (11 syntypes), USNM 101118 (24 syntypes).

Source of original description in Hay (1881:504).

13. Notropis maculatus (— Hemitremia maculata) -

USNM 101174 (lectotype of Hemitremia maculata).

Source of original description.

14. Notropis texanus (= Alburnops xaenocephalus)

- USNM 27435 (4). Notropis xaenocephalus is

confined to the Mobile Bay basin and does not

range west into Mississippi.

15. Notropis volucellus - USNM 27438 (3 ex

USNM 101174). Species not listed in paper. Speci-
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mens removed from original syntypic series of

Hemitremia maculata.

16. Opsopoeodus emiliae emiliae (= Opspoeodus

emiliae) - No voucher specimen found. Hay (1881:508)

reported one specimen from Enterprise. One of sources

of original description, in addition to Artesia and Macon.

17. Pimephales vigilax (= Alburnops taurocephalus)

- USNM 27439 (3 syntypes of Alburnops tauroce-

phalus). Source of original description.

Family Catostomidae

18. Hypentelium nigricans (= Catostomus nigri-

cans) - USNM 27447 (1).

19. Minytrema melanops (?) (= Moxostoma macro-

lepidotum) - No voucher specimens found. Identifica-

tion of this species remains in doubt, except that it

cannot possibly be Moxostoma macrolepidotum, which

is not found in Mississippi. (Although the closely

related, and formerly conspecific, M. breviceps does

occur in the Tennessee River drainage in the extreme

northeastern part of the state [Ross, 2001:290]).

Examination of the various sucker accounts in Ross
1

(2001) books suggests only two possibilities, Moxos-

toma carinatum and Minytrema melanops. The former

has only been recorded three times from the Pascagoula

drainage (Ross 2001:284), however, with all records

well removed from the Enterprise locality. Mimytrema

melanops superficially resembles the various species of

Moxostoma, and is relatively common throughout the

Pascagoula River system and elsewhere along the Gulf

Coast (Ross 2001:280). It is probably significant that

M. melanops was not mentioned in either of Hay's 1 88

1

or 1882 papers. Confirmation would appear to be

confirmed by C.R. Robins
1

identification, as Miny-

trema melanops, of a similarly identified specimen from

the Pearl River, at Jackson (USNM 32314).

20. Moxostoma poecilurum - UF 173464 (BU 252)

(2); USNM 27463 (1). "One specimen from Enter-

prise. " The present number of museum specimens

exceeds that number by two.

Family Ictaluridae

19. Ictalurus punctatus UF 133845 (BU 188) (1);

USNM 27446 (1). "I have obtained specimens of this

Catfish from the Noxubee River at Macon; others

have been sent me from Enterprise, by Mr. Warner."

20. Noturus nocturnus (= Noturus leptacanthusl) -

USNM 27442 (1). Specimen reidentified by Taylor

(1969:74).

21. Pylodictis olivaris (= Pilodictis olivaris) - The
skin of a large specimen collected near the closely

adjacent community of Shubuta was provided to

Hay and reported upon by him. The voucher does

not appear to have been saved.

Family Aphredoderidae

22. Aphredoderus sayanus - UF 173590 {ex BU
385) (1 dried). Species not listed by Hay.

Family Atherinopsidae

23. Labidesthes sic cuius vanhyningi (= Labidesthes

sicculus) - USNM 32261 (2). Species not originally

collected or listed by Hay (1881). but specimens later

sent by William Warner were acknowledged and

recorded in a later paper (Hay 1882:58).

Family Fundulidae

24. Fundulus olivaceus (= Zygoncctes notatus) -

UF 133534 (no BU number) (16); USNM 27444 (6).

Positive species identification as Fundulus olivaceus

based on statement "there are four or five longitu-

dinal rows of black dots above the lateral line.

especially conspicuous in specimens from Enter-

prise." It is possible that some specimens of the

closely related and superficially similar F. notatus

could also have been included in the series.

Family Centrarchidae

25. Ambloplites ariommus (= Ambloplites rupestris

)

USNM 27451 (1). When Hay's paper was

published, only one species of Ambloplites was

recognized (i.e., A. rupestris). The Gulf coast

populations were later described as a new species.

A. ariommus, by Viosca (1936).

26. Lepomis gulosus (= Chaenobryttus gulosus) -

UF 173589 (BU 385) ( 1 dried); USNM 27459 ( 1 ). BU
382 not located and presumed lost.

27. Lepomis macrochirus macrochirus ( = Lepomis

pallidus) - USNM 27457 ( 1 ).

28. Lepomis megalotis ( = Lepomisfallax) - USNM
27456 (1). The present specimen has not been

reexamined in order to determine whether it might

be Lepomis margina tits, a similar species that was not

regarded as specifically distinct when Hay's paper

was published.

29. Micropterus salmoides salmoides (?) (
= Microp-

terus pallidus) - No voucher specimens found. This

identification is accompanied by a question mark

since both Micropterus salmoides and the superficial-

ly similar M. punctulatus are common in the vicinit)

of Enterprise (Ross 2001:430. 432).

30. Pomoxis annularis USNM 2~460 (1).

Although neither species of Pomoxis was included

in Hay's list of species from Enterprise (Ha\

1881:515). one specimen of each species from this

locality is present in the USNM collection and

attributed to Hay. These likeh were included among
the specimens from Enterprise later sent h\ William

Warner, although there was no specific mention of

these in Hay's (1882:58. b2 63) paper.

31. Pomoxis nigromacukitus USNM 2~4M 1 1 1.

See above comments under Pomoxis annularis.

Familj Percidae

32. Ammocrypta beanii (= Ammocrypta gelidd) -

USNM 2 "425 (2 syntypes of Ammocrypta gelida):
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CAS-SU 745 (1 syntype lost). Source of original

description of Ammocrypta gelida.

32. Etheostoma lynceum (= Nanostoma elegans and

Nanostoma zonule) - USNM 27445 (lectotype of

Nanostoma elegans); CAS-SU 627 (1 paralectotype).

Etheostoma lynceum was originally considered to be,

at most, a subspecies of Etheostoma zonule. Etnier &
Starnes (1986) showed that the two are valid species.

As now recognized, E. zonule does not occur in

Mississippi. Source of original description of Nano-

stomu eleguns.

33. Etheostoma stigmueum (= Poecilichthys sax-

utilis) - USNM 27433 (holotype of Poecilichthys

suxutilis). Source of original description of Poeci-

lichthys suxutilis.

34. Percinu nigrofasciata (= Hudropterus spillmani)

- USNM 27432 (lectotype of Hudropterus spillmani).

"Several specimens ... were caught in a branch

flowing into the Chickasawha at Enterprise." Col-

lette & Knapp (1967:48) included the following quote,

which they attributed to Hay: "Several specimens

were placed in Professor Jordan's collection and the

remainder in Butler University." Hay (1882:60)

reported another specimen from this locality, sent

later by William Warner. Only the lectotype can now
be located (Collette & Knapp 1967:48). Source of

original description of Hudropterus spillmani.

35. Percinu suttkusi (= Percinu cuprodes) - USNM
27424 (1). Logperch from this locality were long

referred to Percina caprodes, but recently were

described by Thompson (1997a) as a new species,

Percina suttkusi.

TENNESSEE: Mississippi River, at Memphis (col-

lections actually made in side pools of the river,

across from Memphis, in Crittenden County, Ar-

kansas). O.P. Hay, late June 1881. Hay 1882:57-75.

This collection, the First in a series of collections by

Hay during his second southern trip (during the

summer of 1881), was made in overflow pools on the

opposite side of the river from Memphis, this

necessitated by the absence of suitable collecting

sites on the Memphis side of the river.

Family Lepisosteidae

1. Atructosteus spatula ( = Atractosteus tristoechus)

No voucher specimens found. "Many of these were

captured at Memphis ...." Atractosteus tristoechus is

endemic to Cuba, and all specimens of Atructosteus

from United States waters are A. spatula. Questions

surround identification of Hay's gars, four species of

which are known from the Memphis area (Etnier &
Starnes 1994:109 1 13). As discussed below, only one

museum specimen from this locality apparently still

remains (USNM 32373 [see below]), and this has

been reidentified as Lepisosteusplatostomus, a species

not reported by Hay. From this, it is obvious that at

least some of Hay's specimens originally identified as

Alligator Gars were misidentified, but does not

negate the possibility that others were correctly

identified.

2. Lepisosteus osseus (= Lepidosteus osseus) - No
voucher specimens found. "A very common fish." In

contrast to the other gar species, all of which have

relatively short snouts and conceivably could be

confused with one another, this species is so distinct

that it could hardly have been misidentified by Hay.

3. Lepisosteus plutostomus (= Atractosteus tristoe-

chus) - USNM 32373 (1). The problems surrounding

identification of Hay's short-snouted gar specimens

have been discussed above. The possibility also exists

that other specimens identified as Alligator Gars may
be Lepisosteus oculatus, the fourth gar species known
from the Memphis area.

Family Amiidae

4. Amiu calva - UF 113755 (no BU number) (2);

USNM 32275 (3 lost). "Many of these were taken at

Memphis."

Family Clupeidae

5. Dorosoma cepedianum - UF 115502 (no BU
number) (3); USNM 32316 (1 lost). "Abundant

everywhere. Collected at Memphis ..."

Family Cyprinidae

6. Hybognuthus hayi (= Hybognuthus urgyritis) -

USNM 32239 (1). "These appear to be quite as

abundant as the preceding (referring to Hybognuthus

nuchalis [ed.]) Found at the same places."

7. Hybognuthus nuchalis - No voucher specimens

found. "Numerous specimens collected at Memphis

8. Lythrums fumeus (= Minnilus lirus) - USNM
32236 (1 lost). "At Memphis I caught a single

specimen of a Minnilus which I cannot distinguish

from typical specimens of M. lirus from the Etowah

River, in Georgia." Although the identification of

this fish cannot be known with certainty, it is not

Lythrurus lirus, which is confined to the Tennessee

and Mobile Bay basins. The voucher specimen is lost,

but it is presumed to be Lythrurusfumeus rather than

Lythrurus umbratilis, the only other member of this

genus known from the Memphis area (Etnier &
Starnes 1994:189, 191). L. fumeus and L. lirus are

very similar in appearance, both lacking a distinct

dark blotch of pigment at the anterior base of the

dorsal fin, a feature that distinguishes them from the

related L. umbratilis. Lythrurus fumeus was not

recognized when Hay's paper appeared, and was

not described until ten years later (Evermann

1892:81). Finally, although it cannot be stated with

certainty that Hay knew L. umbratilis in 1882, he was

clearly familiar with the species several years later,

since he identified it from Kansas (Hay 1887:249).

9. Notemigonus crysoleucas (= Notemigonus chry-

soleucus) - No voucher specimens found. "Found in
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abundance in the little lakes and ponds along the

Mississippi at Memphis ...."

10. Notropis citherinoides (= Notropis dilectus) -

No voucher specimens found. "Collected at Mem-
phis ...."

1 1

.

Opsopoeodus emiliae emiliae ( = Opsopoeodus

emiliae) - USNM 32377 (1). "A very common fish

throughout the region visited. Collected at Memphis

12. Pimephales vigilax (= Alburnops taurocephalus)

- USNM 32246 (1). "I have obtained specimens at

Memphis ..."

Family Catostomidae

13. Carpiodes carpio (?) - No voucher specimens

located. "This is an abundant fish everywhere in the

region visited. Specimens were obtained at Memphis
..." None of Hay's Memphis specimens originally

identified as this species are present in the USNM
collection, although the species is known from this

area (Etnier & Starnes 1994:265), and some of Hay's

now-missing specimens could have been this species.

The two remaining museum specimens from this

locality originally identified by Hay as C carpio have

been reidentified as Carpiodes velifer and Ictiobus

bubalus, respectively (see below). Neither of these

species was recorded in either of Hay's papers, but

taxonomy of the genera Carpiodes and Ictiobus was

not clarified until Hubbs' (1930) study. Finally, two

other ictiobine species {Carpiodes cyprinus and

Ictiobus niger) not recognized by Hay and not

included among extant museum material are known
from the Memphis area (Etnier & Starnes 1994:265,

280).

14. Carpiodes velifer (= Carpiodes carpio)

USNM 32187 (1). See above comments under

Carpiodes carpio.

15. Ictiobus bubalus (= Carpiodes carpio) - USNM
32325 (6). See above comments under Carpiodes

carpio.

16. Ictiobus cyprinellus ( = Ictiobus cyprinella) - UF
115503 (no BU number) (18). "Quite as common as

the preceding" (i.e., referring to Carpiodes carpio).

Family Ictaluridae

17. Ameiurus melas (= Amiurus melas; Amiurus

marmoratus) - USNM 35225 (2), USNM 32231

(lost). "Abundant everywhere." None of Hay's

specimens originally identified as A. me/as apparent-

ly are extant. The above two specimens were

originally identified by Hay as A. marmoratus (a

junior synonym of A. nebulosus), but were recently

reidentified by me as A. melas.

Family Esocidae

18. Esox americanus vermieulatus (= Esox wnbro-

sus) - USNM 32269 (4). 'This appears to be a very

abundant fish in the Lower Mississippi Valley, as

well as further north. Specimens were secured at

Memphis ...."

Family Aphredoderidae

19. Aphredoderus sayanus - USNM 32211 (3).

"This was found to be a rather common fish at most

of the localities visited. Specimens are in the

collection from Memphis ..."

Family Atherinopsidae

20. Labidesthes siccuius vanhyningi (= Labidesthes

sieculus) - No voucher specimens found. "This

curious fish has representatives in my collections

from the Mississippi at Memphis ...."

21. Menidia audens - USNM 32303 (1 paralecto-

type [cleared and partially deteriorated]). '"A feu

specimens were obtained at Memphis ..."" Contro-

versy has surrounded the validity of this species.

Some have contended it is conspecific with Menidia

beryllina (Chernoff et al. 1981). whereas recent

evidence has been presented (Suttkus & Thompson
2002; Suttkus et al. 2005) to support species

recognition of M. audens. Most important to the

latter contention, both morphological forms ha\ e

been found to occur sympatrically at two localities.

with no apparent evidence of gene interchange.

Menidia audens is currently recognized as a valid

species (Nelson et al.. 2004:98. 215). One of sources

of original description.

Family Moronidae

22. Morone mississippiensis {— Morone interrupta)

- USNM 32195 (1 lost). "Two small specimens of

this fish were secured at Memphis.""

Family Centrarchidae

23. Lepomis cyanellus (= Apomotis cyanellus) -

USNM 32177 (1). USNM 32289 (1). "A number of

fine specimens of this fish were captured at Memphis

24. Lepomis gulosus (
= Chaenobryttus gulosus) -

USNM 32180 (1 lost). ••Abundant everywhere. From
the Mississippi at Memphis ....""

25. Lepomis humilis \o voucher specimens

found. "A number of specimens of a Lepomis are

in the collections from Memphis ... which 1 refer to

this species."

26. Micropterus salmoides salmoides (= Miero-

pterus salmoides) UF 115523 (no BU number) (2);

USNM 32263 (5). "An abundant fish everywhere."

27. Pomoxis annularis {— Pomoxys annularis) - L"F

115505 (no BU number) (2): USNM 32283 il lost).

"Probably even more abundant than the preceding'"

(referring to Pomoxys sparoides).

28. Pomoxis nigromaculatus (= Pomoxys spar-

oides) I 1 1 15504 (no BU number) (4). •"Abundant

specimens were captured at Memphis ..."
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Family Percidae

29. Etheostoma chlorosoma ( = Vaillantia camura) -

No voucher specimen found. "One specimen of this

species was obtained at Memphis, Tenn. ..."

30. Etheostoma gracile (= Poecilichthys butler-

ianus) - USNM 195973 (1 paratype of Poecilichthys

butlerianus). Original description of this species by

Hay (1882:62) was based almost entirely on the

holotype, from Vaughan's Station. A few remarks

were made concerning the lone paratype. One of

sources of original description of Poecilichthys

butlerianus.

31. Etheostoma proeliare (= Microperca proeliaris)

- USNM 32179 (1). "On my last trip I succeeded in

getting additional specimens at Memphis ..."

MISSISSIPPI: Mississippi River and vicinity, at

Vicksburg, Warren County, (most collections made
in neighboring backwater areas, but some made at

other places in Vicksburg region and across river in

Madison Parish, Louisiana). O.P. Hay, early July

1881. Hay 1882:57-75.

Family Lepisosteidae

1. Lepisosteus platostomus (= Atractosteus tristoe-

chus) - USNM 32311 (1). "Many of these were

captured at ... Vicksburg ..." S.T. Ross (pers.

commun.) is responsible for reidentification of the

remaining voucher specimen as Lepisosteus platosto-

mus, although it is possible that some Alligator Gars

{Atractosteus spatula) may have been present in the

original sample. A third species of "shortnose" gar

{Lepisosteus oculatus) also occurs in the area, and

could have been included in the original sample.

2. Lepisosteus osseus (= Lepidosteus osseus) - UF
133843 (no BU number) (3). "Found at ... Vicksburg."

Family Amiidae

3. Amia calva - UF 115518 (no BU number) (1).

Hay did not specificially report this species from

Vicksburg, but the species is common in that area

(Ross 2001:93).

Family Clupeidae

4. Alosa chrysochloris (= Clupea chrysochloris) -

USNM 32262 (1). "Two small specimens were

secured at Vicksburg."

5. Dorosoma cepedianum USNM 32184 (1 lost).

"Abundant everywhere. Collected at ... Vicksburg

Family Cyprinidae

6. Hybognathus hayi (= Hybognathus argyritis)

USNM 32193(1), USNM 101163 (7). "Found at the

same places" (referring to Hybognathus nuchalis

[ed.]).

7. Hybognathus nuchalis - USNM 32249 (2).

"Numerous specimens collected at ... Vicksburg ..."

8. Notemigonus crysoleucas (= Notemigonus chry-

soleucus) - USNM 32203 (1). "Found in abundance

in the little lakes and ponds along the Mississippi

River at ... Vicksburg ..."

9. Notropis atherinoides (= Minnilus dilectus) -

USNM 32218 (1). "Collected at ... Vicksburg ...".

10. Notropis maculatus (= Hemitremia maculata) -

No voucher specimens found. "Several specimens of

this species were secured at Vicksburg ..."

1 1

.

Opsopoeodus emiliae emiliae ( = Opsopoeodus

emiliae) - No voucher specimens found. "A very

common minnow throughout the region visited.

Collected at ... Vicksburg ..."

12. Pimephales notatus (= Hyborhynchus notatus) -

No voucher specimens found. "Specimens of this

widely distributed species were obtained at ...

Vicksburg ..."

13. Pimephales vigilax (= Alburnops taurocephalus)

- USNM 32247 (1). "I obtained specimens at ...

Vicksburg ..."

Family Catostomidae

14. Carpiodes carpio - USNM 32182 (2), USNM
101173 (1). "This is an abundant fish everywhere in

the region visited. Specimens were obtained at ...

Vicksburg ..." Comments regarding this species from

Memphis are applicable here, as well as for the

following two species.

15. Carpiodes velifer (= Carpiodes carpio) -

USNM 32174 (1). See above comment.

16. Ictiobus bubalus (= Carpiodes carpio) - USNM
32271 (1). See above comment.

17. Ictiobus cyprinellus (= Ictiobus cyprinella) - No
voucher specimens found. "Quite as common as the

preceding. The young were taken at ... Vicksburg

Family Ictaluridae

18. Ameiurus melas (= Amiurus melas) - UF
173460 (no BU number) (4).

19. Ictalurus punctatus - No voucher specimens

found. "Common everywhere. Taken at ... Vicks-

burg ..."

Family Aphredoderidae

20. Aphredoderus sayanus - USNM 32219 (1).

"Specimens are in the collections from Memphis ..."

Family Esocidae

21. Esox niger (= Esox reticulatus) - UF 133835

(no BU number) (3). Not specifically reported by

Hay from Vicksburg.

Family Atherinopsidae

22. Menidia audens - UF 165628 (BU 326) (two

syntypes of Menidia audens): USNM 32308 (10 lost).

One of sources of original description.
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Family Poeciliidae

23. Gambusia affinis (= Gambusia patrue!is) -

USNM 32243 (1).

Family Centrarchidae

24. Lepomis gulosus (= Chaenobryttus gulosus) -

USNM 32273 (1). "Abundant everywhere. From the

Mississippi at ... Vicksburg ..."

25. Lepomis humilis - UF 1 13753 (no BU number)

(3); USNM 32323 (1 lost). "A number of specimens

of a Lepomis are in the collection from . . . Vicksburg

... which I refer to this species."

26. Lepomis macrochirus macrochirus (= Lepomis

pallidus) - USNM 32175 ( 1 ). "This species was found

at every locality visited, except Memphis ..."

27. Lepomis megalotis - UF 173459 (no BU
number) (4); USNM 32295 (2). "Specimens of this

variable fish were obtained at all points, except

Memphis." Reference to variability suggests that

some Mississippi specimens may have been the closely

related Lepomis marginatus, although the latter

species appears to be much the less common of the

two, at least in the Vicksburg area (Ross 2001:419).

28. Microptereus salmoides salmoides (= Micro-

pterus salmoides) - UF 133836 (no BU number) (6);

USNM 32240 (2).

29. Pomoxis annularis - USNM 32322 ( 1 ). Hay did

not specifically report this species from Vicksburg.

30. Pomoxis nigromaculatus (= Pomoxys spar-

oides) - USNM 32292 (1). "Abundant specimens

were captured at ... Vicksburg ..."

Family Percidae

31. Etheostoma caeruleum (= ?) - UF 115512 (no

BU number) ( 1 ). Hay made no mention of this species,

nor of any other darter answering its description, from

this locality. Since Etheostoma caeruleum is known to

occur in the vicinity of Vicksburg (Ross 2001 :461 ), the

present record is considered valid.

32. Pereina caprodes - No voucher specimens

found. "Specimens of this species were captured at

Vicksburg ..."

Family Sciaenidae

33. Aplodinotus grunniens (
= Haplodinotus gruu-

niens) - No voucher specimens found. "Specimens of

this species were secured at Vicksburg only."

MISSISSIPPI: Big Black River, at railroad crossing

near Edwards, Hinds County. O.P. Hay, 20 August

1881. Hay 1882:57-75.

Family Clupeidae

1. Dorosoma cepedianum - USNM 32220 (1 lost).

Family Cyprinidae

2. Cyprine/la venusta cercostigma (= Luxilus

stigmaturus) - UF 133538 (BU 336) (11): USNM
32244(1).

3. Hybognathus nuchalis - UF 167074 (BU 349)

(1); USNM 32296 (1): CAS-SU 577 (1).

4. Notemigonus crysoleucas (= Notemigonus chrv-

soleucus)- USNM 32233 (1).

5. Notropis atherinoides (= Minnilus dilectus) - UF
115521 (BU 340) (2): USNM 32199 (1).

6. Notropis texanus (= Alburnops xaenocephalu I

USNM 32265 (14). See earlier remarks in connection

with Enterprise collection regarding distribution of

Notrop is xaenocephalus

.

7. Pimephales notatus - USNM 32204 f 1 i.

8. Semotilus atromaculatus (= Semotilus corpo-

ralis) - No voucher specimens found. ""A feu were

found along the Big Black near Edwards." See earlier

remarks in connection with Artesia collection re-

garding nomenclature of this species.

Family Catostomidae

9. Carpiodes velifer (
= Carpiodes carpio) - USNM

32293 (1). "This is an abundant fish everywhere."

10. Ictiobus cyprinellus (= Ictiobus cyprinella) -

USNM 32320 (1). "One specimen 9 inches long was

taken in the Big Black near Edwards."

Family Ictaluridae

11. Ameiurus melas (= Amiurus melas) - USNM
32251 (1).

12. Noturus nocturnus (= Noturus leptacanthusl) -

USNM 32301 (1) (?). The indicated specimen, which

has been identified as Noturus nocturnus, lacks

locality data but is indicated to be from Mississippi.

Based on the catalogue number, this is likely one of

Hay's specimens. Since Hay (1882:73) indicated

having obtained only one specimen of Noturus

during his 1881 collecting trip (from Edwards), and

since N. nocturnus is known to be common and

widespread in the Big Black River system (Ro^
2001:328), the present USNM lot is believed to

represent the specimen in question.

Family Esocidae

13. Esox niger (= Esox reticulums) - USNM 32288

(1).

Family Atherinopsidae

14. Menidia audens USNM 32206 tl syntype),

USNM 32303 (1 syntype lost). USNM 32304 (1

syntype lost).

Famih Fundulidae

15. Fundulus notii (= Zygonectes dispar) - USNM
32210 (

1
). Identification as Fundulus nottii confirmed

by ST. Ross (pers. commun.), who examined the

specimen.

Famih Centrarchidae

16. Centrarchus macropterus - USNM 32268 (2).
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17. Lepomis gulosus (= Chaenobryttus gulosus) -

UF 113787 (BU415) (2); USNM 32230 (1), USNM
32291 (2).

18. Lepomis macrochirus macrochirus (= Lepomis

pallidas)- USNM 32285 (1).

19. Lepomis megalotis - No voucher specimens

found.

20. Micropterus salmoides salmoides (= Micro-

pterus salmoides) - USNM 32208 ( 1 lost).

2 1

.

Pomoxis annularis ( = Pomoxys annularis) - No
voucher specimens found.

22. Pomoxis nigromaculatus (= Pomoxys spar-

oides) - No voucher specimens found.

Family Percidae

23. Etheostoma graeile (= Poeeilichthys butler-

ianus) - USNM 32224 (holotype). Source of original

description of Poeeilichthys butlerianus.

24. Etheostoma nigrum (= Boleosoma olmstedi) -

No voucher specimens found. "A very few specimens

of this Darter were obtained in the Big Black River,

near Edwards ..."

25. Etheostoma proeliare (= Mieroperca proeliaris)

- No voucher specimens found. "On my last trip I

succeeded in getting additional specimens ... from

the Big Black at Edwards."

MISSISSIPPI: Pearl River, at Jackson, Hinds

County (two separate collections). O.P. Hay, July-

August, 1881. Hay 1882:57-75.

Family Lepisosteidae

1. Lepisosteus oculatus (= Atraetosteus tristoe-

chus) USNM 32375 (1). Although Hay collected

some Allligator Gar specimens from Mississippi

(and possibly from Memphis) (see account of

Vicksburg collection), it is obvious that other

specimens of short-nosed gars were confused with

that species, including the present one. Whether or

not some Alligator Gars may have been included

in Hay's Jackson collections cannot be deter-

mined, but it should be noted that Ross (2001:86)

showed the species to ascend the Pearl River only

a short distance into Mississippi, well below

Jackson.

2. Lepisosteus osseus (= Lepidosteus osseus) - No
voucher specimens found. "A very common fish.

Found at ... Jackson ..."

Family Hiodontidae

3. Hiodon tergisus (= Hyodon selenops) USNM
32254 (1). "Two specimens ... were caught for me in

the Pearl River at Jackson.""

Family Anguillidae

4. Anguilla rostrata No voucher specimen found.

"The head of a specimen of the common eel was

given me by a fisherman at Jackson."

Family Clupeidae

5. Dorosoma cepedianum - No voucher specimens

found. "Abundant everywhere. Collected at ...

Jackson."

Family Cyprinidae

6. Cyprinella venusta cereostigma (= Luxilus

stigmaturus) - UF 173468 (no BU number) (8);

USNM 32237 (4); CAS-SU 2589 (1). Cyprinella

venusta stigmatura is endemic to the Coosa River

system of the Mobile Bay basin.

7. Hyhognathus hayi (= Hybognathus argyritis) -

UF 115497 (no BU number) (49 topotypes); USNM
32306 (lectotype), USNM 195573 (9 paralectotypes),

USNM 32276 (15 topotypes); UMMZ 247531 (1

topotype). This species was recognized as distinct by

Hay, but was called by him Hybognathus argyritis.

H. argyritis was later shown by Pflieger (1971:365-

369) to be a valid species endemic to the Missouri

River basin (Pflieger 1980). Ten specimens from this

locality were removed from the original series and

later formed the basis for Jordan's (1885a) original

description of Hybognathus hayi. The remaining

specimens are topotypes, but have no formal

standing since they were not involved in preparation

of the original description.

8. Hybognathus nuchalis (= Hybognathus nuchaIis;

Tirodon amnigenus) - UF 113793 (BU 330) (8);

USNM 32192 (1), USNM 32300 (1), USNM 32157

(holotype of Tirodon amnigenus). Tirodon amnigenus,

which was described as a new genus and species by

Hay (Hay 1882:68-69), was determined by Hubbs

(1947) to be based on a specimen of//, nuchalis with

aberrant pharyngeal dentition.

9. Macrhybopsis storeriana (= Ceratichthys am-

blops!) - UF 133528 (no BU number) (1); USNM
32188 (1); CAS-SU 573 (1). "A few good specimens

were secured in the Pearl River at Jackson."

Macrhybopsis storeriana was not specifically men-

tioned by Hay, and Hay's reference to Ceratichthys

amblops is presumed to be the basis for this record.

Hybopsis amblops does not occur in any Gulf slope

drainages, although a closely related species, Hybop-

sis winchelli, is found there, including the Pearl River

drainage (Ross 2001:227). It is possible, in fact, that

Hay's record may have been based, in part, on //.

winchelli, but that cannot be proved given the

absence of any voucher specimens of that species.

10. Notemigonus crysoleucas (= Notemigonus

chrysoleucus) UF 173471 (no BU number) (1);

USNM 32248 (1). "Found in abundance ... in the

Pearl at Jackson."

11. Notropis atherinoides (
= Minnilus dilectus) -

USNM 32 194(1); CAS-SU 1057(1). "Collected at ...

Jackson."

12. Notropis maculatus (= Hemitremia maculata) -

USNM 32245 (1). "Several specimens of this species

were secured at ... Jackson."
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13. Notropis texanus (= Alburnops xaenocephalus)

- UF 113795 (no BU number) (12). Notropis

xaenocephalus is restricted to the upper Coosa River

system of the Mobile Bay basin.

14. Opsopoeodus emiliae emiliae (= Opsopoeodus

emiliae) - USNM 32215 (1), USNM 32222 (10),

USNM 32310 (2); UMMZ 187267 (1). "A very

common species throughout the region visited.

Collected at ... Jackson."

15. Pimephales vigilax (= Alburnops taurocephalus)

- UF 133529 (BU 55) (4); USNM 32190 (2), USNM
32309 (5); CAS-SU 3964(1).

Family Catostomidae

16. Carpiodes cyprinus (= Carpiodes carpio) -

USNM 32371 (1). As discussed elsewhere, the species

of Carpiodes and Ictiobus were not distinguished

prior to Hubbs' (1930) review. Carpiodes carpio does

not occur in the Pearl River drainage (Ross

2001:259), and specimens identified as this species

from there by Hay prove to be a mixture of

Carpiodes cyprinus, C. velifer, and Ictiobus buba/us.

17. Carpiodes velifer (= Carpiodes carpio) -

USNM 32313 (1), USNM 32317 (1). See above

comment.

18. Cycleptus meridionalis (= Cycleptus elongatus)

- No voucher specimen found. "One specimen

having a total length of 21 inches was taken from

the Pearl River." Eastern Gulf slope populations of

Cycleptus were recently described as a new species,

meridionalis, by Burr & Mayden (1999).

19. Ictiobus bubalus (= Carpiodes carpio) - UF
115499 (no BU number) (3). See above comment.

20. Minytrema melanops {— Moxostoma macrolepi-

dotuni) - USNM 323 14 ( 1 ). As discussed in the account

of the collection from Enterprise, Moxostoma macro-

lepidotum does not occur in Gulf slope drainages, and

specimens identified as that species are presumed to be

Minytrema melanops. Reidentification of the present

specimen, by C.R. Robins, confirms this assumption.

21. Moxostoma poecilurum - No voucher speci-

mens found.

Family Ictaluridae

22. Ameiurus melas (= Amiurus melas) - USNM
32370(1).

23. Ictalurus punctatus - UF 173470 (no BU
number) (1); USNM 32277 (1).

Family Esocidae

24. Esox americanus (= Esox umbrosus) - USNM
32242 (1), USNM 32374 (1). "This appears to be a very

abundant fish in the Lower Mississippi Valley, as well as

farther north. Specimens were secured at ... Jackson ..."

Family Aphredoderidae

25. Aphredoderus savanus - USNM 32178 (1).

USNM 32281 (1).

Family Atherinopsidae

26. Labidesthes siccuius vanhyningi (= Labidesthes

sicculus) - UF 173469 (no BU number) (1): USNM
32196(4); CAS-SU 1072 (1)

27. Menidia audens - USNM 32307 (1 paralecto-

type). One of sources of original description.

Family Fundulidae

28. Fundulus nottii (?) (= Zygonectes dispar)

USNM 32214 (1). "A ... male of this species was

obtained in the Pearl at Jackson.

29. Fundulus olivaceus (?) (= Zygonectes notatus) -

UF 173472 (no BU number) (4)'; USNM 32299 (6).

"Numerous specimens were obtained at Jackson.*"

See earlier comment regarding identification and

occurrence of Fundulus olivaceus and F. notatus.

Family Poeciliidae

30. Gambusia affinis (= Gambusia patruelis)

USNM 32250 ( 1 ); CAS-SU 1092 ( 1 ).

Family Centrarchidae

31. Centrarchus macropterus - USNM 32282 (1).

"A few were taken at Jackson."

32. Lepomis cyanellus (= Apomotis cyanellus) -UF
1 15498 (no BU number) (2); USNM 32278 ( 1 ). USNM
32378 (1). "A number of fine specimens of this species

were collected at Memphis, and others at Jackson."

33. Lepomis gulosus (= Chaenobryttus gulosus) -

No voucher specimens found. "Abundant every-

where. From the ... Pearl at Jackson."

34. Lepomis humilis - No voucher specimens

found. "A number of specimens are in the collections

from ... Jackson ... which I refer to this species."

35. Lepomis macrochirus macrochirus (= Lepomis

pallidas; Lepomis obscurus) - USNM 32318 ( 1 ).

USNM 32319 (1). USNM 32376 (1)

36. Lepomis marginatus (= Lepomis megalotis)

UF 133838 (no BU number) (2).

37. Lepomis megalotis - UF 1 13 (no BU number)

(1); USNM 32181 (1). USNM 3222" (1). Ha\

specifically mentioned the variable appearance of this

species. Demonstrated presence ofLepomis marginatus

is at least partly responsible for this observation.

38. Pomoxis annularis ( = Pomoxys annular;*.
| UF

133531 (BU 418) (1). -Abundant. Found at ...

Jackson."

39. Pomoxis nigromaculatus (= Pomoxys spa-

roides) - UF 133530 (no BU number) (9); USNM
32298 (1). Not specifically listed b\ \\a\ from

Jackson.

40. Micropterus salmoides salmoides (= Micro-

pterus S(dmoidcs) \o voucher specimens found.

"An abundant fish everywhere."

Family Pereidae

41. Ammocrypta beanii USNM 32221 (1). "One
specimen of this species was taken ... at Jackson."
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42. Ammocrypta vivax - USNM 32213 (holotype).

'"Only a single specimen of this species was secured."

Source of original description.

43. Etheostoma chlorosoma (= Vailkmtia camura) -

No voucher specimen found. "One specimen of this

species was obtained at ... Jackson."

44. Etheostoma proeliare ( = Microperca proeliaris)

-USNM 32205 (1).

45. Percina suttkusi {— Percina caprodes) - UF
173467 (no BU number) (1). "Specimens of this

species were captured ... at Jackson." Populations of

logperch from the Pearl River drainage were recently

described as the indicated new species by Thompson
(1997a).

46. Percina vigil (= Ioa vigil) - USNM 32201

(holotype). Source of original description.

Family Aplodinotidae

47. Aplodinotus grunniens (= Haplodinotus grun-

niens) - No voucher specimens collected. "Evidence

of its occurrence at Jackson were obtained."

MISSISSIPPI: Big Black River, at Vaughan's

Station, along New Orleans and Chicago Railroad,

Yazoo County. O.P. Hay, August 1881. Hay
1882:57-75.

Family Cyprinidae

1. Hybognathus hayi (= Hybognathus argyritis) -

No voucher specimens found. "These appear to be

quite as abundant as the preceding (referring to

Hybognathus nuchalis [ed.]). Found at the same

places."

2. Hybognathus nuchalis - No voucher speci-

mens found. "Numerous specimens collected at ...

Vaughan's."

3. Notemigonus crysoleucas (= Notemigonus chry-

soleucus) - USNM 32272 (1). "Found in abundance

at ... Vaughan's."

Family Catostomidae

4. Ictiobus cyprinellus - USNM 32189 (2 lost).

"The young were taken at ... Vaughan's."

Family Ictaluridae

5. Ameiurus me/as (= Amiurus nic/as) - USNM
32287(1 lost).

6. Ameiurus natalis ( = Amiurus me/as) - USNM
32294 (2).

Family Esocidae

7. Esox americanus (= Esox umbrosus)

USNM 32264 (2). "Specimens were secured at ...

Vaughan's."

Family Aphredoderidae

8. Aphredoderus sayanus - USNM 32197 (2). "This

was found to be a rather common fish at most of the

localities visited. Specimens are in the collections

from ... Vaughan's."

Family Poeciliidae

9. Gambusia affinis (= Gambusia patruelis)

USNM 32209 (1). "Of thirty-two specimens collected

at Vaughan's all are females."

Family Centrarchidae

10. Lepomis cyanellus (= Apomotis cyanellus) -

USNM 32305 (5 lost). Not specifically reported by

Hay from Vaughan's Station.

11. Lepomis gulosus (= Chaenobryttus gulosus) -

USNM 32290 (4). "Abundant everywhere."

12. Lepomis megalotis - USNM 32255 (2 lost).

Hay (1882:63) specifically mentioned that the two

small individuals collected at Vaughan's were of a

darker color and had a shorter opercular flap than

Longear Sunfish specimens examined elsewhere. This

suggests that the two missing specimens may have

been Lepomis marginatus.

13. Lepomis macrochirus macrochirus (= Lepomis

pallidus) - USNM 32372 (1).

14. Micropterus salmoides salmoides (= Micropterus

salmoides) - USNM 32286 (1). "An abundant fish

everywhere."

15. Pomoxis annularis (— Pomoxys annularis) -

USNM 32270 (1)

16. Pomoxis nigromaculatus (= Pomoxys spa-

roides) - No voucher specimens found. "Abundant

specimens were captured at ... Vaughan's ..."

MISSISSIPPI: Yalabusha River, at Grenada, Yala-

busha County. O.P. Hay, August 1881. O.P. Hay,

August 1881. Hay 1882:57-75.

Family Clupeidae

1

.

Dorosoma cepedianum - No voucher specimens

found.

Family Cyprinidae

2. Hybognathus hayi (= Hybognathus argyritis) -

UF 133526 (no BU number)'(3); CAS-SU 4112 (2).

"Found at the same places" (as the preceding).

3. Hybognathus nuchalis - USNM 32232 (1),

USNM 32234 (10). "Numerous specimens collected

at Grenada."

4. Notropis atherinoides (= Minnilus dilectus) - No
voucher specimens found. "Collected at ... Grenada."

5. Opsopoeodus emiliae emiliae (= Opsopoeodus

emiliae) - USNM 32207 (1). "A very common
minnow throughout the region visited. Collected at

... Grenada."

6. Pimcphalcs notatus (= Hyhorhynchus notatus) -

USNM 32223 (1). "Specimens of this widely

distributed species were obtained at ... Grenada."

7. Pimcphalcs vigilax (= Albumops taurocephalus)

- USNM 32241 (6). "I obtained specimens ... at

Grenada."
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Family Ictaluridae

8. Ictalurus punctatus - No voucher specimens

found.

Family Esocidae

9. Esox americanus (= Esox umbrosus) -USNM
32173 (1).

Famly Atherinopsidae

10. Labidesthes sicculus vanhyningi (= Labidesthes

sicculus) - USNM 32225 (1).

Family Fundulidae

11. Fundulus olivaceus (= Zygonectes notatusl) -

USNM 32259 (6).

Family Poeciliidae

12. Gambusia affinis (= Gambusia patruelis) -

USNM 32234(1)/

Family Centrarchidae

13. Eepomis gulosus (= Chaenobryttus gulosus) -

USNM 32183 (1).

14. Eepomis macrochirus macrochirus (= Eepomis

pallidas) - USNM 32186(1).

15. Eepomis megalotis - No voucher specimens

found.

16. Micropterus salmoides scdmoides (= Microp-

terus salmoides) - USNM 32200 ( 1 ).

17. Pomoxis nigromaculatus (= Pomoxys spa-

roides) - USNM 32266 ( 1 ).

Family Percidae

18. Eheostoma nigrum (= Boleosoma olmstedi)

No voucher specimens found.

19. Percina maculata or Percina sclera (= Alvor-

dius aspro) - No voucher specimen found. "One
specimen was secured while seining in the Yalabusha

River at Grenada. " Percina maculata and P. sclera

are similar in appearance and both occur in the

Yalabusha system, where the latter species is

generally more common and widespread (Ross

2001:507, 513). P. sclera had not been formally

described when Hay's paper was published.

FLORIDA: Collections from Florida, made by H.T.

Mann and D.M. Davison, April 1885, and sent to

O.P. Hay. Hay 1885:552-559.

In this paper are discussed some small collections

from three localities in Florida, which were sent to

Hay for analysis by H.T. Mann and D.M. Davison.

The first is a brackish-water collection from St.

Augustine, whereas the remaining two are freshwater

collections from the western panhandle (Choc-

tawhatchee River, at Westville, in Holmes County:

and Yellow River, near Chaffin. in Santa Rosa

County). The last two collections appear to be the

first freshwater collections recorded from the Florida

panhandle region.

Judging from the content of Hay's paper, it would

appear that very few species were involved in these

collections. Only two species were mentioned from

St. Augustine, a goby (Gobionellus smaragdus [
=

Ctenogoblus smaragdus]) and a mullet (Mugil albula

[= probably Mugil cephalus]); four from Westville, a

silverside {Labidesthes sicculus). and three killifishes

{Zygonectes auroguttatus [= Fundulus cingulatus],

Zygonectes nottii [= Fundulus escambiae], Heteran-

dria ommata [— Leptolucania ommata]); and onh a

single species (a darter) from Chaffin (Etheostoma

davisoni). However, two unsorted Butler collections,

respectively labeled "St. Augustine" and "Westville,"

offer clear evidence that Hay did not include all

species from these localities in his discussion. The lot

from St. Augustine includes two species ( Puce ilia

latipinna and Cyprinodon variegatus) not recorded by

Hay, and a third species from the same locality

(Fundulus rubrifrons), likewise unlisted b\ Ha\. was

found at the UMMZ (D.W. Nelson, pers. commun.).

The collection from Westville contains three species

similarly not mentioned {Poecilia latipinna, Lepomis

macrochirus, Eepomis marginatus). In addition, the

latter collection included Hay"s unique voucher

specimen of Labidesthes sicculus. There is no direct

evidence that the collection from Chaffin included

anything other than the single specimen (the holo-

type) of Etheostoma davisoni. In addition to the

discovery of previously unreported species in two of

the three collections, other indirect evidence that

these collections were larger than originally indicated

may be inferred from Hay's comment that '"the

greater part [isfrom] the eastern portion of the State.

principally at Saint Augustine."

FLORIDA: vicinity of St. Augustine. St. Johns

County. H.T. Mann & D.M. Davison 1S85.

Familj Mugilidae

1. Mugil cephalus (= Mugil albula) - USNM 37361

(lost: "several specimens" originally present). Iden-

tification based on Hay's comment that scales are

absent from the fins (other than caudal).

Family Fundulidae

2. Fundulus rubrifrons UMMZ 248381 (1).

Species not reported by Hay. Record provided b>

D.W. Nelson.

Familj Poeciliidae

3. Poecilia latipinna UF 173580 (no Bl' number)

(36). Species not reported by Hay.

Familj C\ prinodontidae

4. Cyprinodon variegatus IF 173581 (no Bl"

number) (2). Species not reported b> Hay.
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Family Gobiidae

5. Ctenogobius smaragdus (= Gobionellus smarag-

(///.v) - USNM 37360(1 ).

FLORIDA: Choctawhatchee River, at Westville,

Holmes County, H.T. Mann & D.M. Davison, April

1885.

Family Atherinopsidae

1. Labidesthes sicculus vanhyningi (= Labidesthes

sicculus) - UF 1 15508 (no BU number) ( 1 ). "A single

specimen of this fish was obtained at Westville."

Family Fundulidae

2. Fundulus cingulatus (= Zygonectes auroguttatus)

- USNM 37362 (lectotype of Zygonectes aurogutta-

tus and neotype of Fundulus cingulatus [see below]),

USNM 315090 (1 paralectotype). "Eight specimens

obtained at Westville.''' Present disposition of the

remaining six specimens unknown. Source of original

description of Zygonectes auroguttatus. USNM
37362 designated as lectotype of Zygonectes auro-

guttatus by Gilbert et al. (1992:755) and as neotype

of Fundulus cingulatus by Lazara (2002).

3. Fundulus escambiae (= Zygonectes nottii) -

USNM 37363 (1). Fundulus nottii is not found in the

Florida panhandle, but is very similar in appearance

to Fundulus escambiae, which does occur there and

was described by Bollman (1887) shortly after

publication of Hay's paper.

4. Leptolucania ommata (= Heterandria ommata) -

USNM 37364 (1). Hay initially believed this to be an

undescribed species, and included the manuscript

name "'Zygonectes manna" below the species heading.

Family Poeciliidae

5. Poecilia latipinna - UF 1 15507 (no BU number)

(5). Species not reported by Hay.

Family Centrarchidae

6. Lepomis macrochirus macrochirus - UF 113752

(no BU number) (1). Species not reported by Hay.

7. Lepomis marginatus - UF 115506 (no BU
number) (2). Species not reported by Hay.

FLORIDA: Yellow River, near Chaffin, Santa Rosa

County, H.T. Mann & D.M. Davison, April 1885.

Family Percidae

1. Etheostoma davisoni- USNM 37365 (holotype).

Source of original description.

KANSAS: Republican River, at Concordia, Cloud

County, O.P. Hay & M.J. Thompson, July 1885.

Hay 1887:242-253.

Family Hiodontidae

1 . Hiodon alosoides (= Hyodon alosoides) ~ USNM
37932 (1).

Family Cyprinidae

2. Cyprinella lutrensis (= Notropis lutrensis) - No
voucher specimens located.

Family Catostomidae

3. Carpiodes carpio (= Ictiobus velifer) - USNM
37931 (1). Although originally identified by Hay as

Ictiobus velifer (now Carpiodes velifer), Metcalf

(1966:142) identified Hay's USNM specimen as

Carpiodes carpio. There are very few records of

Carpiodes velifer from Kansas. Cross (1967:180) did

not map any records of the species from any locality

close to Cloud County, and the species is now nearly

extirpated from the state.

Family Ictaluridae

4. Ameiurus melas (= Amiurus melas) - USNM
37929(1).

5. Ictalurus punctatus - UF 115510 (no BU
number) (1).

KANSAS: tributary to Solomon River, just west of

Beloit, Mitchell County. Hay 1887:243-247.

Family Lepisosteidae

1. Lepisosteus osseus (= Lepidosteus osseus) -

USNM 37959 (1). "One specimen, VA inches long."

Family Cyprinidae

2. Campostoma anomalum UF 1 13800 (BU 2) (2).

"Two specimens."

3. Cyprinella lutrensis (= Notropis lutrensis;

Notropis macrostoma [?]) - UF 113798 (BU 27, BU
320, BU 339, BU 348) (54); USNM 37941 (5).

"Notropis macrostoma''' was included by Hay in the

list of species from this locality, based on a single

specimen having 1,4-4,1 phyarngeal teeth and 9 anal

rays. However, N. macrostoma is a synonym of

Notropis amabilis, a species whose native range

(Texas and Mexico) is far distant from Kansas.

These Kansas records were considered by Cross

(1967:125) to be based on misidentified Cyprinella

lutrensis, although this cannot be proved since none

of the specimens specifically identified by Hay as

Notropis macrostoma have been examined.

4. Luxilus cornutus (= Notropis megalops) - UF
113782 (BU 87) (3).

5. Notropis stramineus missuriensis (= Notropis

deliciosus) UF 115493 (BU 32) (2). "A single

specimen .... is referred to this species."

6. Notropis topeka (= Notropis topeka; Notropis

aeneolus) USNM 37943 (two paratypes of Notropis

aeneo/us). Both Notropis topeka and Notropis aeneo-

lus were recorded from this locality by Hay, with the

latter being specifically described as a "new species."

The situation is further confused by the fact that N.

aeneo/us (but not N. topeka) was included in

subsequent species lists from Kirwin (two speci-

mens), Wallace (one specimen), and WaKeeney, with
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one of the original four specimens from the last

locality (3% inches total length) (USNM 37945) said

to be "the type of the species." WaKeeney has usually

been considered the type locality for Notropis aeneolus

(Gilbert 1998:34-35), and the above-mentioned spec-

imen (USNM 37945) has been regarded as the

holotype (Gilbert 1978:23; 1998:34). In the present

paper, additional specimens referred to N. aeneolus by

Hay are shown to exist, including two from Kirwin

(USNM 37942), three from Beloit (USNM 37943),

one from WaKeeney (UF 133564), and one from

Wallace (UF 1 13791). All are regarded as paratypes.

7. Phenacobius mirabilis - UF 1 1 5492 (BU 102) ( 1 ).

"One specimen.

"

8. Pimephales notatus - USNM 37958 (10 lost). No
other voucher specimens located. "Numerous spec-

imens were collected which are referred to this

species."

9. Pimephales promelas ( = Pimephales promelas

confertus) - UF 133555 (BU 337) (24). "Abundant."

10. Semotilus atromaeulatus - UF 113764 (no BU
number) (1 dried). "A single specimen."

Family Catostomidae

11. Carpiodes carpio (= Ictiobus velifer) - UF
115525 (BU 177) (1); USNM 37936 (1). See earlier

remark under Concordia collection.

12. Catostomus commersonii (= Catostomus teres)

- No voucher specimens located.

13. Moxostoma macrolepidotum USNM 37930

(1). "Two specimens; one 10 inches long." The
record for this species is located well west of its

present range in Kansas (Cross 1967:189). Identity of

remaining voucher specimen (USNM 37930) con-

firmed by R.E. Jenkins (pers. commun.).

Family Ictaluridae

14. Ameiurus melas (= Amiurus melas) - UF
115491 (BU 171) (7); USNM 38239 (2).

15. Ictalurus punctatus - BU 167 not located and

presumed lost.

Family Centrarchidae

16. Lepomis cyanellus - UF 173475 (BU 145) (2).

"Two specimens."

17. Lepomis humilis USNM 37956 (3); USNM
101144 (2). BU 144 not located and presumed lost.

"Many specimens ... were obtained."

Family Percidae

18. Etheostoma nigrum (= Etheostoma olmstedi)

USNM 37964 (3). "Two specimens secured."

KANSAS: North Fork of Solomon River, at Kirwin,

Phillips County. Hay 1887:247-248.

Family Cyprinidae

1. Cyprinella lutrensis (= Notropis lutrensis) - UF
113775 (BU 28) (7); USNM 37965 (1). "Abundant."

2. Luxilus cornutus (= Notropis megalops) - UF
113788 (BU 82) (5).

3. Notropis stramineus missuriensis (= Notropis

delieiosus) UF 113774 (BU 30) (3): USNM 37954

(1). "Common."
4. Notropis topeka (= Notropis aeneolus) USNM

37942 (two paratypes of Notropis aeneolus). "Two
specimens." Although not formally designated as

types of the supposed new species, Notropis aeneolus

(for which the formal description appeared elsewhere

in Hay's paper), the present specimens are tentatively

considered paratypes, as discussed earlier.

5. Pimephales notatus - UF 115529 (BU 26) (1);

USNM 37955 (1).

6. Pimephales promelas (= Pimephales promelas

confertus) - UF 133556 (BU 22) (2).

7. Semotilus atromaeulatus - UF 165629 (BU 92)

(three dried).

Family Ictaluridae

8. Ameiurus melas (= Amiurus melas) - UF 1 13790

(no BU number) (1). "One specimen."

Family Centrarchidae

9. Lepomis humilis - UF 113777 (BU 146) (two

dried).

KANSAS: North Fork of Solomon River, at Lenora.

Norton County. Hay 1887:248-249.

Family Cyprinidae

1

.

Campostoma anomalum -UF133558(BU1)(8):
USNM 38236 (2 lost). "One or the commonest of

fishes."

2. Chrosomus erythrogaster UF 115553 (Bl" L
)i

(2); USNM 38241 (1). "Two specimens.'* (Number of

extant specimens exceeds this number b\ one). This

species until recently was placed in the genus

Phoxinus, based on several close morphological

similarities to species found in Eurasia. A recent

study by Strange & Mayden (2009). utilizing genetic

characters, indicates that it should be reassigned to

the genus Chrosomus. Present inclusion in the latter

genus is in anticipation of this change. Westernmost

record for species, and one of only two records from

western two-thirds of Kansas (Cross 196~:S1).

3. Cyprinella lutrensis (= Notropis lutrensis) "So

voucher specimens found. "Abundant."

4. Luxilus cornutus (= Notropis megalops) UF
133557 (Bl' 84) (39).

5. Lythrurus umbratilis umbratUis (= Notropis

umbratilis) UF 113789 (BU S3) tl): USNM 38232

(2). "Four specimens secured." Westernmost record

for species, and only record from the western two-

thirds of Kansas (Cross l%":108).

6. Nocomis biguttatus (?) UF 133560 (BU 73) (1).

Uncertainly surrounds the provenance of this

record. The species was not included among those

recorded by Ha\ from Lenora. and was not mapped
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by Cross (1967:87) from this locality or from closely

adjacent areas of Kansas. It is uncertain whether: a)

the present specimen was originally misidentified, b)

the specimen from this locality was correctly

identified but was accidentally omitted by Hay from

his paper, or c) the locality data is incorrect and the

specimen is actually from either WaKeeney or

Wallace, other localities from which Nocomis bigut-

tatus was recorded by Hay.

7. Notropis stramineus missuriensis (
= Notropis

deliciosus) - UF 165630 (no BU number) (28);

USNM 37950(1).

8. Phenacobius mirabilis-UF 133561 (BU 103) (3);

USNM 37962 (2). "Several specimens were secured."

9. Pimephales notatus - USNM 37939 (1).

10. Pimephales promelas (= Pimephales promelas

confertus) - UF 133840 (BU 15, BU 19) (6); USNM
38240(1).

1 1. Semotilus atromaculatus (= Semotilus atroma-

culatus; Squalius elongatus) - UF 133559 (BU 101)

(1); USNM 38233 (1). "Quite common;' The UF
specimen was identified by Hay as Semotilus

atromaculatus. He originally identified the USNM
specimen as Squalius elongatus, but this was later

determined by Hubbs (1951b) to be an individual of

S. atromaculatus with aberrant pharyngeal dentition.

Family Catostomidae

12. Catostomus commersonii (= Catostomus teres)

- No voucher specimens located.

Family Ictaluridae

13. Noturus Jlavus - USNM 37963 (1). "One
specimen only."

Family Fundulidae

14. Fundulus kansae (= Fundulus zebrinus) - No
voucher specimens located. "Abundant in the

shallow tributary."Although Fundulus kansae was

placed in the synonymy of Fundulus zebrinus (Clark

Hubbs 1972; Poss & Miller 1983) (summarized by

Robins et al. 1980), recent studies, emphasizing

molecular data (Kreiser 2001; Kreiser et al. 2001),

support reelevation of F. kansae to full species.

Family Centrarchidae

15. Lepomis cyanellus - No voucher specimens

located. "Common."

Family Percidae

16. Etheostoma spectabile pulchellum (= Etheo-

stoma lepidum) - USNM 37951 (6). BU 160 not

located and presumed lost. "Numerous specimens

secured at Lenora."

17. Etheostoma nigrum ( = Boleosoma olmstedi) -

UF 1 15524 (BU 155) (11). "Common."

KANSAS: Saline River, 5.6 mi. N of WaKeeney,
Trego County. Hay 1887:250.

Family Hiodontidae

1

.

Hiodon alosoides (= Hyodon alosoides) - USNM
38238 (2 lost). "One small specimen."

Family Cyprinidae

2. Campostoma anomalum - UF 113778 (BU 343)

(5).

3. Cyprinella lutrensis (= Notropis lutrensis) - UF
1 13496 (BU 251) (31); USNM 37940 (4). "Common,
as it is elsewhere in western Kansas."

4. Hybognathus placitus { = Hvbognathus nuchalis)

- UF '113762 (BU 18) (4). "A number of good

specimens of this widely-distributed species were

obtained."

5. Luxilus cornutus (= Notropis megalops) - UF
1 13781 (BU 86) (3); USNM 38235 (1). "Several small

specimens and one with a total length of 5
lA inches."

6. Macrhybopsis storeriana (= Hybopsis storeria-

nus) - USNM 37938 (1). This specimen catalogued

(apparently erroneously) as being from Wallace,

Kansas (see subsequent discussion). "In the Saline

collection are several specimens that appear to

belong to the above-named species."

7. Nocomis biguttatus (= Hybopsis biguttatus) -

BU 76 not located and presumed lost. "Numerous
large specimens are found in the collection." See

earlier discussion of this species under collection

from Lenora.

8. Notropis stramineus missuriensis (= Notropis

deliciosus) - UF 133562 (BU 24, BU 34) (27).

9. Notropis topeka (= Notropis aeneolus) - UF
133564 (BU 75) (one paratopotype of Notropis

aeneolus); USNM 37945 (holotype of Notropis

aeneolus). Two additional specimens were reported

by Hay from this locality, but these have not been

located. Source of original description of Notropis

aeneolus.

10. Phenacobius mirabilis - UF 165625 (BU 104)

(three dried).

11. Pimephales notatus - UF 113799 (BU 29) (2).

12. Pimephales promelas (= Pimephales promelas

confertus) - USNM 37961 (5). BU 327 not located

and presumed lost.

13. Semotilus atromaculatus -UF 167079 (BU 328)

(10).

Family Catostomidae

14. Carpiodes carpio (= Ictiobus velifer) - BU 317

not located and presumed lost. See earlier remarks

under Concordia collection.

15. Catostomus commersonii (= Catostomus teres)

~ UF 1 1 5496 (no BU number) ( 1 ); USNM 38234 ( 1 ).

Family Ictaluridae

16. Ameiurus melas (= Amiurus melas) - UF
133566 (BU 169) (3). "Common."

17. Ictaluruspunctatus- USNM 38231 (1). BU 186

not located and presumed lost.
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Family Fundulidae

18. Fundulus kansae (= Fundulus zebrinus) - UF
133839 (BU 355) (14). "Very abundant;

1

See earlier

comments under Lenora collections regarding re-

elevation of Fundulus kansae to full species.

Family Centrarchidae

19. Lepomis cyanellus - USNM 37946 (1). BU 378

not located and presumed lost. "Several fine

specimens were secured."

20. Lepomis humilis UF 133563 (BU 384) (16);

USNM 37933 (3).

Family Percidae

21. Etheostoma spectabile pulchellum (= Etheo-

stoma lepidum) - No voucher specimens located.

"Numerous specimens .... were secured."

22. Etheostoma nigrum (= Boleosoma olmstedi) -

UF 133567 (BU 151) (6).

KANSAS: Smoky Hill River, at Wallace, Wallace

County. Hay 1887:252-253.

As discussed by Cross (1967:93), one specimen of

Macrhybopsis storeriana, attributed to Hay and

supposedly from Wallace, is catalogued in the

National Museum of Natural History (USNM
37938). Hay (1887:250) did not list this species from

Wallace, but did report several specimens from

WaKeeney, farther downstream in the Kansas River

system. Metcalf (1966:196) confirmed identity of the

USNM individual as M. storeriana. No specimens of

M. storeriana from WaKeeney are present in the

USNM collection. Cross (1967:92) did not include

the alleged Wallace record on his Kansas distribution

map of M. storeriana, but did map the record from

WaKeeney. Both Cross and Metcalf assumed that

supposed occurrence of the species at Wallace is in

error and is based on transposition of locality data

for the remaining WaKeeney specimen.

Family Cyprinidae

1. Campostoma anomalum - UF 1 15501 (BU 6) (3).

2. Cvprinella lutrensis (= Notropis lutrensis) - UF
115530 (BU 25) (6); USNM 37960 (1). "Abundant."

3. Hybognathus hankinsoni (= Hybognathus nucha-

lis) - USNM 38237 (2). Specimens reidentified by

C.L. Hubbs in 1940.

3a. Hybognathus hankinsoni X Notropis heterolepis

(= Notropis germanus) - USNM 37949 (1). Hubbs
(1951a) determined hybrid origin of specimen.

4. Hybognathus plaeitus (= Hybognathus nuchalis)

- UF 115500 (BU 11) (2). Identification based on

presence of a pointed dorsal fin in both specimens,

the primary character used by Cross (1967:70 7 1 ) for

distinguishing this species from Hybognathus hankin-

soni (which has a rounded dorsal fin). The specimens

are too descaled and flaccid to permit other

confirmatory characters (e.g., scale counts) to be

used.

5. Luxilus cornutus ( = Notropis megalops) - UF
113760 (BU 85) (11).

6. Nocomis biguttatus (= Hybopsis biguttatus) -

USNM 37948 (1). See earlier discussion of this

species under Lenora collection.

7. Notropis heterolepis (= Notropis germanus [
=

Notropis heterolepis X Hybognathus hankinsoni]}

USNM 37949. Presence of Notropis heterolepis at

this locality based solely on this h> brid individual,

identified by Hubbs (1951a). Also see above.

8. Notropis stramineus missuriensis (= Notropis

delieiosus) UF 133551 (BU 59) (10): USNM 37947

(1). "Common."
9. Notropis topeka (— Notropis aeneolus) IT

113791 (BU 74) (1 paratype of Notropis aeneolus):

USNM 37934 (one paratype of Notropis aeneolus).

10. Phenaeobius mirabilis - BU 106 not located and

presumed lost.

11. Pimephales promelas (= Pimephales promelas

eonfertus) - UF 133553 (BU 16) (5).

12. Semotilus atromaeulatus - UF 133552 (BU 93)

(2); USNM 37952 (two lost).

Family Catostomidae

13. Catostomus eommersonii (= Catostomus teres)

- USNM 37935 (1). "Apparently abundant."

Family Ictaluridae

14. Ameiurus melas (= Amiurus melas) - IF
173463 (BU 165) (2).

15. Notions Jlavus - UF 113785 (BU 172) ( 1 1.

Family Fundulidae

16. Fundulus kansae (— Fundulus zebrinus) -

USNM 37957 (4). BU 356 not located and presumed

lost. "Very abundant in the vicinit) of Wallace."

Family Centrarchidae

17. Lepomis humilis - USNM 3~93~ (2). BU 138

not located and presumed lost.

18. Lepomis cyanellus - UF 1 15531 (BU 135) 1 1 (;

USNM 37953 (1).

LamiK Percidae

19. Etheostoma spectabile pulchellum (- Etheo-

stoma lepidum) UF 113786 (BU 150) (five dried);

USNM 37944 (2).
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A CENTURY OF SHIFTING FISH ASSEMBLAGES
IN WOLF LAKE, ILLINOIS-INDIANA

Philip W. Willink: The Field Museum, Fish Division, 1400 S. Lake Shore Drive. Chicago.

Illinois 60605 USA

ABSTRACT. Urban areas have suffered from declines in environmental quality and biodiversity: however,

there is a lack of long-term studies examining these issues because people rarely collect data from a single

locality for extended periods. An exception is Wolf Lake, half of which is located in Chicago. Illinois and hall

in Hammond, Indiana. Fishes have been collected from Wolf Lake over the past 109 years, and there is a

detailed history of environmental changes, including shifts in fish assemblages. Two primary factors have

caused the fish assemblages to shift, but these were active at different times. Initially, marshes around the lake

were drained and filled with waste from the local steel industry. The lake bottom was subsequently dredged.

Fishes sensitive to these environmental perturbations were extirpated, while habitat generalists survived.

Later, there was an influx of invasive species. When making conservation/management decisions, it is

important to realize that multiple factors working at different times can influence present biodiversity.

Keywords: Wolf Lake, Illinois, Indiana, fish assemblage, invasive species, urban degradation

Urban areas have long suffered from declines

in environmental quality and biodiversity. There

are a variety of reasons and explanations for

these declines and many short-term studies

addressing the issues. However, there is a lack

of studies looking at long-term trends because

people have not consistently collected data from

a single locality for extended periods. Long-term

studies are important when making conservation

and management decisions because one never

knows if short-term studies are documenting

minor environmental perturbations that will

'correct' themselves over longer periods of time.

In order to conduct a long-term analysis, one

must first locate a place with a significant

history of data collection. An ideal candidate is

Wolf Lake (Fig. 1), a 395 ha lake located half

in Chicago, Illinois and half in Hammond,
Indiana. Lake Michigan is 1 km to the north.

Wolf Lake drains into the Calumet River via

Indian Creek. The lake is well-known to the

general public, both because it is intersected by

Interstate highway 90, and also because it is a

popular fishing and duck-hunting locality.

Three parks are in the immediate vicinity

(Forsythe Park, Wolf Lake Park, and William

W. Powers Conservation Area), and it is visited

by thousands of people every year.

Correspondence: E-mail: pwillink@fieldmuseum.org

Because of its proximity to downtown Chi-

cago, Wolf Lake has been subjected to regular

fish sampling since 1 898. Fishes were preserved in

museum collections, reported in literature ac-

counts, or both. This interest in Wolf Lake fishes

continues today, including the 2002 Calumet

Biodiversity Blitz, a 24-hour survey of all flora

and fauna in and around the lake. Wolf Lake w as

classified as Cook County's only exceptional lake

by Chicago Wilderness (Chicago Region Biodi-

versity Council 1999).

Formation and history of Wolf Lake. Be-

cause there is a large amount of historical fish

data and a detailed record of physical changes.

Wolf Lake provides an excellent opportunit} to

study the impact o\" a century of urbanization

on aquatic habitats.

Wolf Lake exists because of southerly

currents that have eroded the western shoreline

o( Lake Michigan. These eroded sediments

were then deposited along the southern edge of

the Lake Michigan basin, creating beaches and

dunes. This deposition has formed an alternat-

ing series of characteristic ridges and swales

that mark the position of Lake Michigan's

historical shorelines. At times there were

imperfections in the deposition of sediments,

resulting in the formation of bays. Oxer time

some of these bays have become isolated from

Lake Michigan by continual sedimentation

across their mouths. Wolf Lake was formed

IS'
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Figure 1
.—Map of modern Wolf Lake, adjacent

waters, Interstate Highway 90, and the Illinois-

Indiana state line.

in this way (Chrzastowski & Thompson 1994;

Chrzastowski et al. 1994), and radiocarbon

dating of peat material indicates that it is

approximately 1000 years old (Chrzastowski et

al. 1994).

The area of depositional sediment in which

Wolf Lake was formed is called the Calumet

Lacustrine Plain. It is a level area between Lake

Michigan to the north and glacial moraines to

the south. Elevation is slightly above that of

Lake Michigan, and the Calumet River forms

the dominant drainage. Much of the area was

marsh, with scattered ponds and lakes.

People inhabited the area from the time of its

formation. Native American trails and settle-

ments were located near Wolf Lake (Meyer

1954). Unfortunately, we have no direct evi-

dence of how they utilized its natural resources.

The area began to change significantly in 1 803

with the construction of Fort Dearborn on the

site of modern day Chicago. European settlers

soon began to build communities, roads, etc.

throughout the Calumet region. Fortunately

they also conducted surveys and drew maps.

Maps from 1804 to 1838 show a Wolf Lake

that extended to the east and west, incorporating

what was once known as Hyde Lake and very

close or connected with modern day Lake George
(Meyer 1954). Its northern and southern bound-

aries were relatively similar to what we see today.

Wolf Lake was connected to Lake Michigan via

the Wolf River, but it is unclear if there was a

direct connection with Lake Calumet and the

Calumet River, or only indirect connections via

intervening marshes (Fig. 2).

By 1876, communities were growing in the

region, but the marsh prevented habitation

adjacent to Wolf Lake (Andreas 1876). This

changed quickly, as maps from 1881 to 1896

indicate that fill and drains had reduced the size

of the lake (Higley & Raddin 1891; Kay et al.

2) Circa 1850 3) Circa 1900 4) Circa 1950 5) Circa 2000

a

t

i
3

if \

Hyde
Lake

Lake
Michigan

Wolf] S\
Lakei / o )

If &

\r\-2;

\

'•f\

S\:\ Lake

S )
*•\ Michigan

1/ '\
10

o

Wolf '\(\ ^*»

Lalisjfl \

y&*-* Lake

\. Powder *
\

*. George

N.Horn ~-
;

\<L

vNLake
c7i :\

Figures 2-5.—Changes in geography of Wolf Lake and surrounding region over the past 150 years. Many
boundaries are approximate because of vagaries in the historical record and the marshy nature of the region.

Dashed line is border between Illinois and Indiana. See text for relevant citations. 2. Wolf Lake circa 1850; 3.

Wolf Lake circa 1900: 4. Wolf Lake circa 1950: 5. Wolf Lake circa 2000.



WILLINK—WOLF LAKE FISH ASSEMBLAGES 189

1997). To the west, Hyde Lake was a separate

entity, although there was a direct connection

to the east with Wolf Lake and a direct

connection to the west with the Calumet River

(Fig. 3). To the east, Lake George was an

independent water body, although there was a

direct connection with Wolf Lake.

A U.S. Army Corps of Engineers map from

1896 (Tetra Tech 2002) shows four ice houses

along Wolf Lake and Wolf River, and there

were also railroads and roads around the lake.

The shores were predominantly marsh, but

there was evidence of fill along the northern

edge. Maximum depth was a little over one

meter. Wolf River still existed, but the section

near Lake Michigan was small and possibly

intermittent.

Photos of Wolf Lake (Shelford 1913) show a

lake with bullrush marsh along the edges. The
center was choked with floating aquatic mac-

rophytes, and the lake was evidently shallow.

Farther from the water was a successional

series with a wide prairie area followed

sequentially by taller weeds, low shrubs, high

shrubs, and finally trees (Shelford 1913). The
number of species and variety of pondweeds

and other aquatic plants was high in the 1920s

(Greenberg 2002).

A U.S. Geological Survey map from 1929

showed that Wolf River no longer reached

Lake Michigan (Tetra Tech 2002). There was

no longer a direct connection with Lake

George, and Hyde Lake had disappeared

(Kay et al. 1997). Indian Creek was present

and provided a connection with the Calumet

River (Fig. 4). There were many more homes
and industries in the region, particularly along

the northeastern shoreline. Furthermore, there

was a railroad running across the north-south

axis of the lake, and another running along the

southern and southeastern shorelines.

A significant amount of fill was deposited

around Wolf Lake between 1928 and 1953.

Much of the material dumped into the local

wetlands was slag produced by nearby steel

mills (Kay et al. 1997). A 1953 U.S. Geological

Survey map (Tetra Tech 2002) provides evi-

dence of encroaching development from all

sides. The southeastern corner of the lake was

filled in, and there was an artificial dike with a

small opening along the Illinois-Indiana bor-

der.

The last major physical impact on Wolf Lake

was the construction of the Indiana Toll Road.

or Interstate 90 (also known as the Chicago

Skyway). Work started in 1954. and was

finished in 1956. Not only did the Interstate

run across the middle of Wolf Lake, but the

lake was used as a source of fill, meaning that it

was dredged to a depth of 3-6 m. Levees were

built to facilitate access of construction equip-

ment to the entire lake (Fig. 5). These levees

were left in place since this allowed people to

walk or drive to the center of the lake. These

also served to divide Wolf Lake into nine semi-

discrete pools, and this is how it appears today.

The marsh to the south of Wolf Lake was also

used as a source of fill, resulting in the creation

of Powder Horn Lake (Schoon 2003).

After the completion of the Indiana Toll

Road, only minor changes were made to the

physical structure of the lake. However, hu-

mans continued to influence the area, primarily

through the stocking of game fishes to enhance

fishery appeal. Since at least the 1970s, there

are records of Walleye (Sander vitreus), Tiger

Musky (Esox lucius x Esox masquinongy),

Channel Catfish (Ictalurus pwictatus). North-

ern Pike (Esox lucius), and Smallmouth Bass

(Micropterus dolomieu) being introduced into

the lake (Tetra Tech 2002; Robertson 2006).

Additional stockings are possible, but have not

been officially recorded. These efforts have

made modern Wolf Lake popular with fisher-

men.

Other studies have examined historical

changes in Calumet region fish assemblages.

but they lacked the long-term resolution of the

data available for Wolf Lake. For example.

Greenfield & Rogner (1984) studied the fishes

of Lake Calumet, but they were unable to find

a significant amount of data from the late 1800s

and early 1900s. Instead, the) relied on

information from the Calumet River and

surrounding region. Their results indicated that

a number of fishes were extirpated from Lake

Calumet, and that habitat modification ma\

have been responsible.

Another project was initiated for the purpose

of examining changes in the fish assemblages of

the Grand Calumet River watershed, mosth

between the years 1
L)"6 to W(i (Simon c\:

Stewart 1999; Simon & Mo> IW 2000). Data

prior to the 1970s are scant, and are based

almost entirely on studies b\ Meek Jv: Hilde-

brand (1910) and Shelford (1913). These data

show a decrease in the number of native species

and increase in the number of invasive species.
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METHODS
Data were obtained from two sources:

literature records and specimens preserved in

museum collections. The Field Museum of

Natural History, Illinois Natural History Sur-

vey, and Southern Illinois University - Carbon-

dale all have fishes collected from Wolf Lake.

These records are considered the most reliable

because they can be verified. It is often

impossible to verify literature records, so only

reports from reliable sources were considered

(e.g., Meek & Hildebrand 1910; Robertson

1970, 1978, 2006; Indiana Department of

Natural Resources in Tetra Tech 2002; U.S.

Army Corps of Engineers in Tetra Tech 2002).

In some cases literature records overlap muse-

um records (e.g., Meek & Hildebrand 1910).

Recent data were supplemented by the author's

personal fieldwork. This yielded a total of 35

independent collecting events.

Data were grouped into four time periods

(1898-1937, 1961-1969, 1974-1987, and 1990-

2007) reflecting when data were collected and

times of significant environmental impact. No
fish surveys are known from the 1940s and

1950s. Only presences are indicated. Absences

may be true absences or the species was present

but not collected. Because of the non-standard

methods used to collect the data and its

presence/absence nature, most statistical tests

cannot be used for analyses. Instead, the

different time periods were compared using

the tripartite similarity index (Tulloss 1997).

The tripartite similarity index is mathematically

more rigorous than other similarity indices,

such as when analyzing groups of different sizes

(e.g., Simpson's and Jaccard's).

RESULTS

A total of 57 species was recorded from Wolf
Lake between the years 1898 and 2007 (Ta-

ble 1). Only one hybrid was included in this list,

the Tiger Musky (Esox lucius X Esox masqui-

nongy), because it is recognizable and sought

after by anglers. Many of the sunfishes

(Lepomis spp.) opportunistically hybridize with

one another, but unlike the Tiger Musky there

are no clear long-term consistent strains within

the lake.

Museum records document the presence of

36 species, and 21 species are known solely

from museum records. Literature records doc-

ument the presence of 36 species, and 21 species

are known solely from literature records.

The number of species per time period

fluctuated from 31 (54% of the total number
of species recorded) to 20, 34, and finally 40

(70%) (Table 2). The low number of species in

the 1961-1969 time period is probably due to

the relatively lower sampling effort of four

collections. Only 12 species (21%) were report-

ed from all four time periods, but 18 species

(32%) were reported from both the first and
last time periods. Of the original 31 species, 18

(or 58% of the original assemblage) have

persisted to the present day.

Seven species are introduced in the Chicago

region: Common Carp (Cyprinus carpio), Ale-

wife (Alosa pseudoharengus), Goldfish {Caras-

sius auratus), Chinook Salmon {Oncorhynchus

tshawytscha), Redear Sunfish (Lepomis micro-

lophus), White Perch (Morone americana), and
Round Goby {Neogobius melanostomus), but

many others owe their presence in Wolf Lake to

human intervention. Four are present only in

the last time period.

Five species from this area are considered to

be threatened or endangered in Illinois: Iowa
Darter {Etheostoma exile), Banded Killifish

{Fundulus diaphanus), Northern Starhead Top-

minnow {Fundulus dispar), Blackchin Shiner

(Notropis heterodon), and Blacknose Shiner

{Notropis heterolepis). None of the five are

listed in Indiana. Two are only present in the

first time period, and one is only present in the

first two time periods.

The tripartite similarity indices show that

time periods further apart are less similar than

those closer together (Table 3). The most

similar result was the comparison between

1974-1987 and 1990-2007, which are adjacent

time periods. The least similar result was 1961-

1969 versus 1990-2007, but this may have been

influenced by the low number of collecting

events in the 1960s. The second lowest index

was 1898-1937 versus 1990-2007, which are the

two time periods furthest apart in years.

DISCUSSION

Lake succession is a natural phenomenon.

Some of the pioneering studies on this topic

were conducted by Shelford (1911a, 1911b,

1913) less than 15 km to the east of Wolf Lake.

He looked at a series of ponds formed by low

dune formation along the Lake Michigan

shoreline. Ponds closer to Lake Michigan were
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younger, contained more open water, less

vegetation and debris, and more species of

fishes. Ponds farther from Lake Michigan were

older, contained less open water, more vegeta-

tion and debris, and fewer species of Fishes. In

short, these ponds were slowly filling in over

time, converting to marshes.

Wolf Lake was on a similar successional

trajectory. Originally an open bay of Lake

Michigan, it began to slowly lose its connection

with the lake. Vegetation and debris were

gradually filling its basin. It was surrounded

by encroaching marsh. In time, Wolf Lake

would have completely disappeared, gradually

changing into field and later to forest. This

succession was interrupted as people colonized

the area and modified the environment. Vege-

tation was removed and banks were stabilized.

The lake bottom was dredged. Wolf Lake was

essentially reset to an earlier time, and the fish

assemblages reflect this.

Data reveal three broad categories of fishes:

1) those that were extirpated in the early years,

2) those that persisted for the entire century,

and 3) those that have appeared recently.

Roughly half of the original fish assemblage

has been extirpated. Of these, some are

environmentally sensitive and declining

throughout the Chicago region. The Blackchin

Shiner, Blacknose Shiner, Pugnose Minnow
{Opsopoeodus emiliae), and Northern Starhead

Topminnow all prefer lakes and marshes with

clear water and abundant native vegetation.

Initially Wolf Lake would have provided an

ideal habitat for these species. As a result of

sedimentation, eutrophication, invasive aquatic

plants, and general disturbance, they are

disappearing region wide. Three of the five

are endangered or threatened in Illinois. These

were among the first to be eliminated from

Wolf Lake.

A little over half of the fishes originally

present in Wolf Lake still persist today. These

include the Bluntnose Minnow (Pimephales

notatus), Largemouth Bass (Micropterus sal-

moides), and Bluegill (Lepomis macrochirus),

which are three of the most common fishes in

regards to distribution and abundance through-

out the Chicago region. They are found in

almost every aquatic habitat in which fishes can

survive, so it is no surprise that they have

persisted throughout the modern history o(

Wolf Lake. Golden Shiner {Notemigonus cry-

soleucas) and Common Carp are also wide-

spread throughout the Chicago region.

Yellow Perch (Perca flaveseens). Northern

Pike, Grass Pickerel {Esox americanus vermicu-

latus), Pumpkinseed (Lepomis gibbosus), Black

Crappie (Pomoxis nigromaculatus), and White

Crappie (Pomoxis annularis) are found in main
lakes within the Chicago region. All species are

popular among anglers, and their populations

are often managed. Northern Pike have recent-

ly been stocked in Wolf Lake (Robertson 2006).

The presence or absence of original species in

Wolf Lake can largely be explained b\ changes

in aquatic habitats. Environmentally-sensitive

species were eliminated and habitat generalists

survived. However, many of the current inhab-

itants of Wolf Lake appeared recently, and

many of these are due to accidental or

intentional introductions by people. For exam-

ple, Walleye, Sauger (Sander canadensis),

Channel Catfish, Smallmouth Bass. Tiger

Musky, and Redear Sunfish owe their presence

in Wolf Lake to stocking programs (Tetra Tech

2002; Robertson 2006). Chinook Salmon are

stocked in Lake Michigan, but swim through

Indian Creek into Wolf Lake at various times.

Unintentional introductions include White

Perch, which were first seen in the Chicago

region in 1988 (Savitz et al. 1989) and are

increasing in abundance (Laird & Page 1996).

It is an eastern United States fish that gained

access to the Great Lakes via the Welland

Canal. The Round Goby is another recent

invader, first appearing in the Calumet River in

1993 (Laird & Page 1996; Charlebois et al.

1997). It is believed to have arrived in the

ballast tanks of freighters from the Black Sea.

Not all species fall within the three broad

categories o( fishes. Some, such as American

Eel (Anguilla rostratd), can be found in a

variety o( habitats, but are rare in the region.

Others are common in Lake Michigan, and

occasionally enter adjacent waters. According

to Nelson (1876. 1 878 ), there are times when

consistently strong north winds blow Lake

Michigan water into the Calumet River and

adjacent wetlands. Lake Michigan fishes follow

the water into the Calumet drainage, replacing

typical Calumet fishes. When the winds stop.

the Lake Michigan water returns to its normal

position along with most of the fishes, and the

Calumet fishes return to their previous habi-

tats. However, some Lake Michigan fishes

remain behind. This phenomenon is not as
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Table 1
.—List of Wolf Lake fishes and the time period in

museum specimens (X) or literature reports (O).

/hich they were recorded. Records are from

Time period

1898- 1961 1974- 1990-

Scientific name Common name 1937 1969 1987 2007

Notropis heterodon Blackchin Shiner X
Notropis heterolepis Blacknose Shiner X
Opsopoeodus emiliae Pugnose Minnow X
Etheostoma caeruleum Rainbow Darter X
Percina caprodes Logperch o
Notropis hudsonius Spottail Shiner o
Labidesthes sicculus Brook Silverside X
Ictiobus niger Black Buffalo X
Umbra limi Central Mudminnow X
Noturus gyrinus Tadpole Madtom X X
Fundulus dispar Northern Starhead Topminnow X X
Notropis atherinoides Emerald Shiner X X X
Notropis stramineus Sand Shiner X X X
Pimephales notatus Bluntnose Minnow X X X X
Micropterus salmoides Largemouth Bass X X X X
Perca flavescens Yellow Perch X X o X
Lepomis gibbosus Pumpkinseed X o X X
Lepomis macrochirus Bluegill X o X X
Lepomis gulosus Warmouth X o o X
No ten iigonus crysoleucas Golden Shiner X X o o
Esox americanus vermieulatus Grass Pickerel X X o o
Esox lucius Northern Pike X o o o
Cyprinus carpio Common Carp X o o o
Pomoxis nigromaculatus Black Crappie X o o o
Erimyzon sucetta Lake Chubsucker X o o X
Etheostoma nigrum Johnny Darter X X X
Etheostoma exile Iowa Darter X X X
Fundulus diaphanus Banded Killifish X X X
Ameiurus nebulosus Brown Bullhead X o o
Ictiobus bubalus Smallmouth Buffalo X o
Pomoxis annularis White Crappie X o
A losa pseudoharengus Alewife o o o
Ameiurus natalis Yellow Bullhead o X o
Sander canadensis Sauger o o
Sander vitreus Walleye o o o
Lepisosteus osseus Longnose Gar o
Ictiobus cyprinellus Bigmouth Buffalo o
Anguilla rostrata American Eel o
Carassius auratus Goldfish o
Lepomis cyanellus Green Sunfish X X
Catostomus commersonii White Sucker o X
Carpiodes cyprinus Quillback o o
Dorosoma cepedianum Gizzard Shad o o
Ameiurus melas Black Bullhead o o
Amia calva Bowfin o o
Ictalurus punctatus Channel Catfish o o
Esox lucius X Esox masquinongy Tiger Musky o o
Morone chrysops White Bass o o
Pimephales promelas Fathead Minnow X
Fundulus notatus Blackstripe Topminnow o
Micropterus dolomieu Smallmouth Bass X
Oncorhynchus tshawytscha Chinook Salmon o
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Table 1.—Continued.

Scientific name

Time period

1898- 1961 1974 1 990

Common name 1937 1969 1987 200"

Orangespotted Sunfish O
Northern Longear Sunfish o
Redear Sunfish

White Perch X
Round Goby X

Lepomis humilis

Lepomis peltastes

Lepomis microlophus

Morone americana

Neogobius melcmostomus

common today because Wolf River and most of

the wetlands have been destroyed, but Wolf
Lake is still connected to Lake Michigan via the

Calumet River and Indian Creek.

Examples of Lake Michigan fishes in Wolf
Lake are Spottail Shiner {Notropis hudsonius),

Logperch {Percina caprodes), Emerald Shiner

(Notropis citherinoides), and Alewife. Wolf Lake
abundances often reflect their abundance in

Lake Michigan. The Emerald Shiner is most

common in large rivers and along the shores of

Lake Michigan; but they became scarce in Lake

Michigan in the 1960s, perhaps due to the

explosion in Alewife numbers (Smith 1979;

Laird & Page 1996). It was last seen in Wolf
Lake soon after it became scarce in Lake

Michigan. Alewives first entered Lake Michi-

gan in 1949 (Woods 1960) and were reported in

Wolf Lake from the 1960s to the 1980s, which

corresponds to their peak numbers in Lake

Michigan (Laird & Page 1996).

Another Lake Michigan fish, which is not

included in Table 1, is the Lake Sturgeon

{Acipenser fulvescens). It is often said to be an

early inhabitant of Wolf Lake, but there are no

authenticated records. They were well-known

from Lake Michigan, Calumet River, and Lake

Calumet during the 1800s (Nelson 1878); and it

is reasonable to assume that they strayed into

Wolf Lake at the same time. By 1900 they had

become rare and are now almost completely

absent from the region (Smith 1979). (A

fisherman caught one in Wolf Lake in 2001

[Tetra Tech 2002], but there are questions

surrounding the validity of the record.)

It is difficult to determine if the number o\~

species has changed significantly over time.

Thirty-one species were originally reported

from Wolf Lake, and 40 are known today. These

numbers are highly influenced by sampling

techniques, which have changed considerably

over the years. Early collections were primarily

with small seines, whereas shocker boats and a

wide variety of traps and nets are used today. The

increased effectiveness of modern methods

would presumably increase the number of species

found, and this is indeed the case. It is possible

that species richness in modern Wolf Lake is

actually higher due to increased habitat hetero-

geneity, the ability of exotic species to exploit

novel niches, or other reasons: but the data

cannot be used to test these hypotheses.

It is a mistake to think that Wolf Lake's fish

assemblage has reached equilibrium or a climax

state, for it is continuing to change even toda\

.

This is most obvious with its benthic fishes.

Both the Johnny Darter {Etheostoma nigrum)

and Iowa Darter were recorded front the first

and last time periods. The Johnin Darter is the

most common darter in the Chicago region.

where it is found in almost all aquatic habitats

and is not particularly sensitive to environmen-

Table 2.—Number of species, percent of overall

total number of species (N = 57), and number of

collections in each of the four time periods.

Table 3.—Tripartite similarity indices for com-

parisons among fish assemblages from different

time periods.

Time Number of Percent of Number o( 1898- 1961- 1*T4- 1990-

period species

31

total

54%

collections

13

1937 1969 1987 2007

1898-1937 1898-1937 — — —
1961-1969 20 35% 4 1961-1969 0.583 — — —
1974-1987 34 59% 7 1974-1987 0.503 0.573 — —
1990-2007 40 70% 11 1990-2007 0.496 0.473 0.-42
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tal degradation. The Iowa Darter, on the other

hand, prefers lakes, marshes, and slow-moving

streams with clear water and abundant native

vegetation. It is threatened in Illinois because

this type of habitat is becoming rare. The

presence of the Iowa Darter has always been a

positive sign for Wolf Lake.

In 1993 a Round Goby was collected in

nearby Calumet River (Laird & Page 1996;

Charlebois et al. 1997). Its numbers have since

increased dramatically, and it has been shown

to competitively exclude other benthic fishes,

such as the Mottled Sculpin {Cottus bairdii)

(Dubs & Corkum 1996; Laird & Page 1996;

Charlebois et al. 1997; Janssen & Jude 2001).

The Round Goby entered Wolf Lake and is

now abundant in all habitats. Darters, the

historically dominant benthic fishes in Wolf
Lake, have almost completely disappeared,

presumably in response to this invader. Signif-

icant Iowa Darter populations were known
from several localities in the late 1990s; recent

surveys have failed to find any. The last Iowa

Darter collected in Wolf Lake was in 2001

(Tetra Tech 2002). Johnny Darters have

become extremely rare, and their future in

Wolf Lake is uncertain.

There are two other rare fishes that continue

to survive in Wolf Lake. The Lake Chubsucker

{Erimyzon sucetta) prefers lakes and slow-

moving streams with clear water and abundant

native vegetation. It is slowly being eliminated

from the Chicago region as its habitat contin-

ues to disappear. The Banded Killifish prefers

open water, often adjacent to dense aquatic

vegetation. Its numbers have been declining

throughout the Chicago region, and it is

threatened in Illinois. However, both species

are still present in Wolf Lake; and there is a

sufficient amount of suitable habitat for them

to survive. One of the largest inland popula-

tions of Banded Killifish near Chicago is in

Powder Horn Lake (Greenberg 2002; Retzer &
Batten 2005), which is 0.5 km to the south of

Wolf Lake. It is unclear if Banded Killifish

move between the two lakes.

Wolf Lake has changed in the past, is

changing now, and will change in the future.

Historical changes are due to two primary

factors. Environmental modification in the first

half of the century eliminated sensitive species

and then introduced species became established

during the second half of the century. If it were

simply a matter of aquatic habitats following a

successional trajectory, then we could predict

the future of Wolf Lake. But the stocking of

game fishes and unintentional introductions of

exotic species add a wildcard to the mix. It is

difficult to predict what the fish assemblage will

be 10, 20, or 30 years from now.

It is a matter of opinion as to whether the

Wolf Lake of 2007 is 'better' than the Wolf
Lake of 1898. On one hand, some people prefer

the modern version with its abundance of game
fishes. Others, however, prefer the original

version with its native fishes and endangered

species. Most people fall somewhere between

these two extremes. There are no easy answers

to these issues, but an understanding of the

consequences of our actions is critical to

making informed management/conservation

decisions for urban areas around the world.
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FROG POND, FISH POND: TEMPORAL CO-EXISTENCE OF
CRAWFISH FROG TADPOLES AND FISHES

John G. Palis:

USA
Palis Environmental Consulting, P.O. Box 387, Jonesboro, Illinois 62952

ABSTRACT. Biologists are alarmed by worldwide declines in amphibian populations and the extinction of

amphibian species. The introduction of predators is among the causes of amphibian declines. Introducing

predatory fishes into amphibian breeding habitat, in particular, can have detrimental effects on amphibian

populations. Because their tadpoles are susceptible to predation by fishes, crawfish frogs (Lithobates areolatus

[= Rana areolata]) typically breed in fishless wetlands. An exception, however, occurs in southern Illinois

where crawfish frog tadpoles reach metamorphosis in fish-rearing ponds subsequent to the introduction of

predatory fishes. Observational and experimental evidence suggest that crawfish frog tadpoles successfully co-

exist with introduced predatory fishes by attaining a size refuge from predation. Results indicate that stocking

ponds with predatory fishes does not necessarily reduce the potential of such ponds to serve as amphibian

habitat. By coordinating the timing of fish introductions to reduce potential negative effects on amphibian

larvae, fisheries biologists can improve habitat suitability for amphibians.

Keywords: Lithobates areolatus, Rana areolata, Micropterus salmoides, Pimephales promelas, amphibian, fish

Amphibian biologists are concerned about a

worldwide decline in amphibian numbers and

species (Blaustein & Wake 1990; Wyman 1990;

Wake 1991; Stuart et al. 2004). Many amphib-

ians are unable to coexist with predatory fish

and are constrained to breeding in fishless

water bodies (Gamradt & Kats 1996; Hecnar &
M'Closkey 1997; Snodgrass et al. 2000).

Introduction of predatory fishes into previously

fishless water bodies has been implicated in the

decline or extirpation of amphibians (Bradford

1989; Knapp & Matthews 2000).

Crawfish frogs (Lithobates areolatus [= Rana
areolata]) breed in fishless temporary and semi-

permanent ponds or small lakes (Phillips et al.

1999). Crawfish frogs are likely excluded from

fish-occupied water bodies because their tad-

poles are susceptible to predation by fishes

(Werschkul & Christianson 1977). Crawfish

frogs are believed to be declining over much of

their range (Parris & Redmer 2005), and

stocking breeding habitat with predatory fishes

has been implicated as contributing to this

decline (Phillips et al. 1999). However, the

relative timing of frog breeding and fish

stocking may serve to minimize the effects of

fish predation on tadpoles. I conducted a study

to evaluate this possibility in a pond used for

Correspondence: John Palis; e-mail: jpalis@yahoo.

com

breeding by crawfish frogs that is stocked

annually with predatory fishes. The objectives

were to examine the size relationships between

crawfish frog tadpoles and fishes and experi-

mentally evaluate the effects of fish predation

on crawfish frog tadpoles.

METHODS
Field survey.—In March 2007 and 2008, I

observed calling male crawfish frogs and

crawfish frog egg masses in a pond on Crab

Orchard National Wildlife Refuge (CONWR),
Williamson County, Illinois. The approximate-

ly 1.2-ha pond is up to ca. 2.0 m deep and is

largely devoid of vegetation. The nearshore

bottom is partially covered with algae and

pondweed (Potamogeton diversifolius), and a <
2 m wide band of narrow-leaved cattail ( Typha

angustifolia) and bulrush (Scirpus americanus)

occurs along ca. one-third of the shoreline. This

pond is used to raise largemouth bass (Micro-

pterus salmoides) for stocking into Crab Or-

chard Lake (Christopher Bickers, Illinois

Department of Natural Resources pers. com-

mun.). Juvenile largemouth bass and adult

fathead minnows (Pimephales promelas) are

introduced into the pond each spring. In

2007, largemouth bass were stocked on 16

May, and in 2008 they were stocked on 21 May.

Fathead minnows are stocked as prey for the

bass several times each spring and summer,

196
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beginning in April. Each fall, the pond is

completely drained of water and all fish are

removed. The pond drain is closed each winter

and the pond subsequently re-fills with winter

precipitation. Because water and fish are re-

moved annually, the site mimics a Ashless,

temporary pond during the crawfish frog breed-

ing season (typically late-February through early

April in southern Illinois; JP pers. observ.).

Adult fathead minnows were stocked on 22

April 2008, and largemouth bass fry were

stocked on 21 May 2008. When fishes were

being released from the tank truck into the

pond, I measured a sample of each fish species {n

= 20) and crawfish frog tadpoles (n = 20). I

captured tadpoles using a 1-rara mesh dipnet in

April and a 4-mm mesh dipnet in May. I

measured total length (TL; snout to tip of tail

fin) and body width (BW; maximum width of

body) of each tadpole to the nearest 0.5 mm
with a ruler. I measured the total length (TL;

snout to tip of tail fin) of the fishes to the nearest

0.5 mm with a ruler and gape width (GW;
external mouth width from the outside of one

maxillary bone to the other, with the mouth
closed; Lawrence 1958) to the nearest 0.1 mm
using calipers. Due to their diminutive size, I

measured largemouth bass fry preserved in 10%
formalin under 10.5-power magnification.

To gauge recruitment, I seined for late-stage,

metamorphosing crawfish frog tadpoles (i.e.,

having 2-A limbs) with a 6.1 m long, 1.2 m high

seine having 3.2 mm mesh. On 11 June 2007

and 12 June 2008, I made ten 10-m long seine

hauls through shallow (< 0.5 m), nearshore

water. I counted and released all tadpoles and

released all fishes. In 2008, I measured TL and

GW of 20 largemouth bass and TL and BW of

20 crawfish frog tadpoles having no more than

two limbs. After determining data were nor-

mally distributed, I used /-tests to compare
mean TL and BW of tadpoles with the mean
TL and GW of bass.

Predation experiment.—I examined survival

of crawfish frog tadpoles caged with fish on the

day fish were stocked. I examined survival of

tadpoles caged with adult fathead minnows for

48 h from 22-24 April 2008. Containment oi^

amphibian larvae with potential piscine preda-

tors for 24^8 h is sufficient to determine larval

susceptibility to fish predation (Werschkul &
Christianson 1977; Gregoire & Gunzburger

2008). Cages were 80 cm X 20 cm aluminum
window screen cylinders. I placed 20 cages on

the substrate, side to side in a single line, in

water 30 cm deep. Each cage was held m place

with a wire stake. I introduced 10 crawfish frog

tadpoles into each cage and two adult fathead

minnows into 10 randomly-selected cages. The
remaining 10 fishless cages served as controls.

Largemouth bass fry were one-fifth the size of

the tadpoles (see Results) when introduced into

the pond. Because largemouth bass fry were

clearly incapable of preying upon or injuring

the tadpoles, I did not test survival of tadpoles

with bass in cages.

After the experiment. I counted tadpoles and

examined them for injuries. 1 then released

tadpoles and minnows into the pond. After

testing data for violations of normality, I used

/-tests to compare mean TL and BW of

tadpoles with the mean TL and GW of

minnows.

RESULTS

Field survey.—Adult fathead minnows intro-

duced into the pond on 22 April 2008 were

longer than crawfish frog tadpoles measured

the same day; however, the body width of

tadpoles was greater than the gape width of the

minnows (see results of predation experiment).

Largemouth bass fry introduced into the pond

on 21 May 2008 were much smaller than

crawfish frog tadpoles. Largemouth bass aver-

aged (± 1 SD) 11.0 ± 0.7 mm TL and had a

mean GW of 1.2 ± 0.1 mm. whereas the

crawfish frog tadpoles captured the same da\

averaged 57.5 ± 4.4 mm TL and 1~.0 —

1.2 mm BW (Fig. 1).

Seining in June 2007 and 2008 revealed the

presence of late-stage, metamorphosing craw-

fish frog tadpoles both years. I captured 168

crawfish frog tadpoles in 2007 and 44 in 200S.

The discrepancy in catch among years is likeh

attributable to variation in sampling condi-

tions. In 2007. seine hauls terminated at a mud
bank. In 2008. when the water level was higher.

inundated rigid, nearshore vegetation prevent-

ed the seine from reaching the hank. As a

result, tadpoles were more likeh to avoid

capture in 2008. In 2008, crawfish frog tadpoles

were longer than largemouth bass (tadpole

mean TL = 70.1 ± 4.1 mm: bass mean TL =

64.2 ± 7.4 mm; t = 3.12, df = 38, P - 0.003)

and wider than largemouth bass GW (tadpole

mean BW = 20.0 ± 1.8 mm; bass mean GW =

6.0 ± 1.0 mm: t - 31.25. d\ = 38, P = 0.00001:

Fig. 1).
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Figures 1-3.—Measurements of fish gape width

and tadpole body width over time. 1. Mean fathead

minnow gape width (inner gray circle) and mean
crawfish frog tadpole body width (outer circle) on 22

April 2008; 2. Mean largemouth bass gape width

(inner black circle) and mean crawfish frog tadpole

body width (outer circle) on 21 May 2008; 3. Mean
largemouth bass gape width (inner black circle) and

mean crawfish frog tadpole body width (outer circle)

on 12 June 2008.

Predation experiment.—The mean TL and

BW of 20 crawfish frog tadpoles introduced

into cages on 22 April 2008 were 19.5 ±
3.3 mm and 5.5 ± 1.0 mm, respectively. The
mean TL and GW of fathead minnows
introduced into the cages were 53.0 ± 4.0 mm
and 2.8 ± 0.2 mm, respectively. Fathead

minnows were significantly longer than craw-

fish frog tadpoles (/ = 28.72, df = 38, P =

0.00001), but tadpole BW was significantly

wider than the GW of the minnows (t = 1 1.24,

df = 38, P = 0.00001; Fig. 1). Survivorship of

tadpoles after 48 h in cages with and without

fathead minnows was 100%, and no tadpoles

were injured by minnows.

DISCUSSION

Fathead minnows and largemouth bass

potentially pose a threat to tadpoles small

enough to be consumed. Fathead minnows are

omnivorous, consuming benthic detritus, crus-

taceans, and other aquatic micro- and macro-

invertebrates (Held & Peterka 1974; Litvak &
Hansell 1990; Duffy 1998; Herwig & Zimmer
2007). Because fathead minnows consume
crustaceans as large as amphipods and isopods,

they are potential predators of small tadpoles.

Juvenile largemouth bass less than 40 mm TL
feed principally on aquatic invertebrates in-

cluding small crustaceans, and insect nymphs
and larvae (Applegate & Mullan 1967; Keast &
Eadie 1985; Olson 1996). At 40-50 mm TL,

juvenile largemouth bass shift to a fish-domi-

nated diet (Applegate & Mullan 1967; Olson

1996). Largemouth bass > 50 mm TL also

consume tadpoles; and, in some systems, tad-

poles comprise up to 41% of the diet of bass

261-336 mm TL (Hamilton & Powles 1983).

My observations suggest that the crawfish

frog, a species that normally reproduces in

fishless wetlands can, under the conditions

observed in this study, successfully reproduce

(i.e., produce late-stage, metamorphosing tad-

poles) in water bodies containing predatory

fishes. The likely mechanism permitting co-

existence of crawfish frog tadpoles and preda-

tory fishes is the order of colonization of each

species into the pond. Because crawfish frogs

breed approximately 1-2 months prior to the

introduction of fishes, crawfish frog tadpoles

have reached a size refuge from predation by

the time each fish species is introduced.

Attainment of a size refuge is a successful

strategy for tadpole survival in the presence of

piscine predators (Semlitsch & Gibbons 1988;

Eklov & Werner 2000). Predaceous fishes are

gape-limited, therefore prey body size relative

to predator mouth gape determines which prey

can be consumed (Hambright 1991). Tadpole

BW was nearly twice as wide as adult fathead

minnow GW and 14 times wider than large-

mouth bass fry GW when each species was

introduced into the pond. Thus, crawfish frog

tadpoles were too large to be consumed by

either fish species.

This study demonstrates that stocking ponds

with predatory fishes does not necessarily

reduce the potential for such ponds to serve

as amphibian habitat. By coordinating the

timing of fish introduction to reduce potential

negative effects on amphibian larvae, fisheries

managers can increase habitat suitability for

amphibians.
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AN HISTORIC RECORD OF THE RED-COCKADED WOODPECKER
IN INDIANA

Steven G. Piatt and Christopher M. Ritzi: Department of Biology, P.O. Box C-64, Sul Ross

State University, Alpine, Texas 79832 USA

Thomas R. Rainwater: 619 Palmetto Street, Mount Pleasant, South Carolina 29464 USA

ABSTRACT. A previously overlooked historic record of the Red-cockaded Woodpecker in Indiana is

presented. It was collected in 1823 at the confluence of the Ohio and Anderson rivers in Perry County by the

German naturalist Paul Wilhelm. It is concluded that although the specimen collected by Wilhelm is

apparently no longer extant, the Red-cockaded Woodpecker should be considered a hypothetical species in

future revisions of the checklist of Indiana vertebrates.

Keywords: Red-cockaded Woodpecker, Picoides borealis, birds, Indiana, Paul Wilhelm

The Red-cockaded Woodpecker (Picoides

borealis) is a small woodpecker historically

found throughout much of the southeastern

United States, occurring along the Atlantic

seaboard from southern Florida northwards to

Virginia, west along the Gulf Coast to eastern

Texas and Oklahoma, and north to southeast-

ern Missouri and west-central Kentucky (Con-

ner et al. 2001). Extra-limital records exist for

north-central Texas, New Jersey, Maryland,

Pennsylvania, Ohio, and Illinois (Cory 1919;

Bent 1964; Mengel 1965; Jackson 1994; Conner
et al. 2001), but the Red-cockaded Woodpecker
has not been reported from Indiana (Simon et

al. 2002). A previously overlooked historic

record of the Red-cockaded Woodpecker in

Indiana is here presented.

This record is based on a Red-cockaded

Woodpecker collected at the confluence of the

Ohio and Anderson rivers (37
n
59.94'N,

86 48.80'W) on 25 April 1823. The bird was

taken by Paul Wilhelm (Duke of Wurttemberg),

a German naturalist who collected plants and

animals while traveling the Ohio, Mississippi,

and Missouri rivers from 1822 to 1824 (Butscher

1942; Wilhelm 1973). According to Wilhelm

(1973), the boat in which he was traveling up the

Ohio River sustained "some unimportant dam-
age" necessitating a stop "near a settlement

[present-day Troy in Perry County] on Anderson

Creek." While awaiting completion of repairs,

Wilhelm went ashore, climbed some nearby

"bluffs," and collected "a few rare birds [not

listed], among them Picus querulus" [= Picoides

borealis]. Although it is unclear from the account

whether the woodpecker was collected in Spencer

or Perry County, a prominent ridge, probably

the "bluffs" described by Wilhelm, is located on

the west bank of the Anderson River in Spencer

County. Wilhelm's attention was drawn to the

woodpecker after it vocalized. The ultimate fate

of this specimen is unknown; Wilhelm's collec-

tion, among the largest private natural history

collections ever assembled, was dispersed and

much of it lost following his death in 1860

(Lottinville 1973).

Wilhelm (1973) provides little in the way of

habitat description, merely noting that "Cercis

canadensis [redbud] and Prunus virginianus [—

P. virginiana, common chokecherry] were in full

bloom" and scattered Hamamelis virginica [=

H. virginiana, witch hazel] were seen. The

mention of these plants coupled with his

statement that the collection occurred after

climbing nearby "bluffs", suggest the wood-

pecker was taken in upland hardwood forest.

Although typically associated with stands of

mature pine (Pinus spp., particularly P. taeda

and P. palustris, but also P. elliottii, P. echinata,

P. rigida, and P. virginiana; Conner et al. 2001),

Red-cockaded Woodpeckers in central Ken-

tucky inhabit mixed pine-oak forests (Mengel

1965; Kalisz & Boettcher 1991; Monroe &
Zimmerman 1994). While Spencer and Perry

counties are outside of the known natural

distribution of any Pinus, P. virginiana is found

west of the collection site in Clark, Floyd, and

Scott counties (Fowells 1965), and may have

200
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historically occurred in uplands along the

Anderson River. However, most extra-limital

records of Red-cockaded Woodpeckers are

from habitats other than pine forest (Mengel

1965; Conner et al. 2001). The area of the

collection site is now considered part of the

Shawnee Hills Natural Region, and character-

ized as mixed mesophytic forest dominated by

American beech (Fagus grandifolia), sugar

maple (Acer saccharum), hickory {Carya spp.),

tuliptree {Liriodendron tulipifera), and oaks

{Quercus spp.) (Petty & Jackson 1966; Mum-
ford & Whitaker 1982; Jackson 1997).

Red-cockaded Woodpeckers outside of the

traditional breeding range are generally thought

to be vagrant or dispersing birds (Conner et al.

2001). Breeding colonies of Red-cockaded

Woodpeckers in south-central Kentucky (Men-

gel 1965; Monroe & Zimmerman 1994) are the

nearest extant populations to Perry and Spencer

counties in Indiana and represent a possible

source of the bird taken by Wilhelm. These

populations occur approximately 250 km south-

east of the collection site, well within the known
dispersal capabilities of Red-cockaded Wood-
peckers; a bird observed in northern Illinois

during August 2000 was over 650 km from the

nearest breeding population (Conner et al. 2001).

Red-cockaded Woodpeckers have also been

sighted in Mammoth Cave National Park

(Wilson 1961; Mengel 1965), only 110 km
southeast of the collection site. Although suitable

habitat is limited and reproduction remains

undocumented in the park, it is possible that

colonies might have historically occurred in this

area (Mengel 1965).

Wilhelm's record was evaluated according to

the criteria proposed by Forman & Russell

(1983) for assessing the validity of historical

data: first- or second-hand observations, con-

text of the observation, possible bias in the

data, and the author's knowledge of the

subject. Wilhelm's record constitutes a first-

hand report, and although it appears in an

account not published until 1835 (1 1 years after

the specimen was collected), the book is based

on personal journals written during his travels.

There is no obvious bias in the account, and

Wilhelm was a knowledgeable and experienced

naturalist well qualified to identify the speci-

mens he collected. Wilhelm also carried natural

history manuals and publications of American
and European scientists with him to facilitate

identification of specimens in the field (Lottin-

ville 1973). Furthermore, the plumage of the

Red-cockaded Woodpecker is distinct (Ridg-

way 1914), and not easily confused with any of

the more common species of small-bodied

woodpeckers known to occur in the region

{Piciodes villosus, P. pubescens. and Sphyrapi-

cus varius). Therefore, it is unlikely thai a

collector of Wilhelm's experience would con-

fuse a Red-cockaded Woodpecker with one of

the other woodpeckers common in the forests

of southern Indiana.

In conclusion, the Red-cockaded Woodpeck-
er collected by Wilhelm in Indiana should be

regarded as a valid state record, albeit one that

has escaped the notice of contemporary biolo-

gists. It is therefore recommended that the Red-

cockaded Woodpecker be considered a hypo-

thetical species (sensu Simon et al. 2002) in

future revisions of the checklist of Indiana

vertebrates. Although the record as discussed

here seems valid, a hypothetical designation for

the Red-cockaded Woodpecker is warranted

because the specimen collected by Wilhelm

cannot be located for verification. Given the

lack of suitable breeding habitat in southern

Indiana, it is unlikely that the Red-cockaded

Woodpecker was ever a permanent member of

the state's biota.
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THE FIRST RECORDS OF THE EASTERN SMALL-FOOTED BAT
(MYOTIS LEIBIl) IN INDIANA

Nicholas S. Gikas, Justin G. Boyles, Arthur A. Zurcher, Brianne L. Walters and

John O. Whitaker, Jr.: Center for North American Bat Research and Conservation.

Department of Biology, Indiana State University, Terre Haute, Indiana 47809 USA

ABSTRACT. This note reports the netting of two individuals of the eastern small-footed myotis {Myotic

leibii) on two different dates at the entrance to Wyandotte Cave, Crawford County, Indiana. This is the first

report of the species from Indiana.

Keywords: Bat, eastern small-footed bat, Myotis leibii, Indiana, Wyandotte Cave

Twelve species of bats have been reported

from the state of Indiana other than three

Seminole bats {Lasiurus seminolus) that were

likely transported by humans from their more

southerly range (Whitaker & Mumford 2009).

While conducting a survey on 25 February

2009 at Wyandotte Cave in Crawford County,

Indiana, one eastern small-footed bat {Myotis

leibii) was captured in a harp trap at the

entrance to the cave. A second individual was

captured in a harp trap at the same location on

16 March 2009. These are the first records of

M. leibii in the state of Indiana, and the bats

were released after voucher photographs were

taken.

The first individual was a female weighing

4.0 g with a 29 mm forearm and was given

band IN-ISU A04581. The second was a male

weighing 4.3 g with a 30 mm forearm and was

given band IN-ISU A04639. The measure-

ments, in combination with a black facial mask
and distinct keel on the calcar, were the main

characteristics used for identification. Both

bats were captured exiting the cave, so we
suspect they were hibernating in the cave.

Interestingly, Wyandotte Cave is surveyed

every two years for the endangered Indiana

bat (Myotis sodalis), but no eastern small-

footed bats have ever been reported during the

surveys.

The distribution of M. leibii extends from the

northeastern United States and southern On-

tario and Quebec southward to Georgia and

Alabama and west into Oklahoma (Best &
Jennings 1997). The only known hibernacula

for M. leibii consist of caves and mines (Best &
Jennings 1997). The hibernation ecology of this

species has not been extensively studied (Yeil-

leux 2007), but they apparently hibernate in

areas with colder temperatures compared to

other species of Myotis (Best & Jennings 199":

Butchkoski 2003; Tuttle 2003). For this reason.

they tend to be found near the entrances of

larger caves and mines (Tuttle 2003). Individ-

uals have been found on cave floors hibernating

under rocks which may explain why none have

been reported in surveys of Wyandotte Cave

(Davis 1955; Martin et al. 1966).

This is a species that had long been expected

in Indiana (Mumford & Whitaker 1982): but it

is not surprising that it was not found earlier, as

there is only one record for Ohio, the type

locality in Erie County (Whitaker & Hamilton

1998). Two individuals were recently reported

in Pope County, Illinois approximately 280 km
southwest of Wyandotte Cave (Steffen et al.

2006). The range comes close in Breckenridge

County, Kentucky approximately 65 km south

of Wyandotte Cave (Barbour & Davis 1974).
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