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Fishes of small streams in Ottawa County, Oklahoma, were collected by seine from July 
2004 through October 2005 to provide base-line data on species occurrences in Tar Creek 
and surrounding watersheds.  Nine sites within the study area have been receiving mine 
drainage contaminated with iron, zinc, lead and cadmium for at least three decades fol-
lowing the cessation of mining in the Tri-State Mining District of Oklahoma, Kansas, and 
Missouri in the 1960s.  No such known contamination exists for the remaining sampling 
sites which serve as “controls” for any future changes in fishes at the polluted sites.  Fifty-
three collections were made at 10 sites throughout Tar Creek watershed, and 26 collec-
tions were made on surrounding watersheds at sites on Coal, Cow, Little Elm, Hudson, 
Mud, and Four-mile creeks in Ottawa County.  A total of 34 species and hybrid sunfish 
representing ten families were collected.  Faunal composition of impacted streams was 
compared with non-impacted streams.  Species richness, corrected for habitat size, was 
significantly lower in impacted sites than in non-impacted sites.  As planned treatment 
systems for the mine drainage are implemented, the information in this report will allow 
evaluation of any changes in fish communities.  © 2006 Oklahoma Academy of Science.

INTRODUCTION

The Tar Creek watershed, located in north-
eastern Oklahoma, is primarily fed by run-
off, groundwater feeding from the Boone 
Aquifer, and discharge from mine seeps.  
The watershed drains approximately 138 
km2 and flows directly into the Neosho River 
(Fig.1).  It is located within a portion of the 
Tri-State Mining District, a region mined for 
lead and zinc beginning in the early 1900s 
(EPA 2005).  Cessation of mining activities 
in the 1960s was followed by an increase 
in metal contamination in the drainage di-
rectly resulting from artesian mine discharge 

through numerous bore holes.  Leachate 
derived from the run-off of tailings piles 
located throughout the region also has been 
linked to stream contamination (OWRB 
1983).  Surrounding watersheds are not 
known to receive mine drainage discharge.  
The scale and level of contamination within 
the Tar Creek watershed resulted in its des-
ignation as a federally funded Superfund 
Site in 1983 (EPA 2004).
	 Current large scale remediation projects 
include plans to minimize leachate from 
tailings piles and to eliminate or ameliorate 
mine drainage discharge into the streams.  
The removal of metals from mine discharge 
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has been recommended (Governor Frank 
Keating’s Tar Creek Superfund Task Force 
2000, Nairn et al 2005).  A pilot study to 
determine the feasibility of retaining metals 
through natural biogeochemical pathways 
in passive treatment systems is currently un-
derway (Nairn et al 2005, R. Nairn personal 
communication 2005).  Construction of these 
passive treatment systems for mine drain-
age discharges that flow to an unnamed 
tributary (UT) of Tar Creek, located at the 
southeastern edge of Commerce, Oklahoma, 
is expected to begin in 2007.
	 This paper reports the initial results 
of fish surveys conducted prior to the es-
tablishment of treatment systems on the 
UT.  It also serves to establish a baseline of 
existing fish communities within Tar Creek 
and its tributaries and to provide a basis for 
monitoring changes in the fish communities 
over time.  In addition, these surveys help 
to document fish communities for other 

small streams in Ottawa County, for which 
published information is scant (Branson 
1967, McNeely 1987).  Data from the current 
study will be used to help assess any future 
changes in fishes of the Tar Creek watershed 
in relation to the construction of a passive-
treatment system on the UT.  

METHODS

Collections were made using a variety of 
small-meshed (mesh size = 0.48 cm) seines, 
ranging 2.4 m to 4.6 m long x 1.2 m deep, in 
all available habitats at nine permanent sites 
and eight additional sites to document com-
mon, small-bodied fishes.  Most fish were 
identified, counted, and released in the field, 
with voucher specimens being preserved in 
10% formalin.  Permanent sites were chosen 
for continued monitoring of changes in fish 
population size and structure.  Other sites 
were included to document the ichthyofau-

Figure 1.  Map of sampling site locations.  Filled circles indicate impacted sites.  Open 
circles indicate non-impacted sites. 
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na of the area.  Site locations, summarized 
in Table 1, were chosen to ensure similarity 
in size and structure among streams.  Sites 
on Tar Creek, Lytle Creek, and an unnamed 
tributary (UT) of Tar Creek, where reme-
diation activities are planned, receive either 
direct inflow from contaminated mine water 
or run-off from tailings piles.  Sites within 
streams where contamination is known to 
occur were designated as impacted sites.  No 
record of similar contamination was found 
for the remaining eight streams (non-im-
pacted sites).  We examined fish community 
composition and species richness within the 
region sampled and within impacted and 
non-impacted stream systems.  We used NT-
SYSpc version 2.11 to calculate Renkonen’s 
Percent Similarity Index (PSI) to compare 
relative abundance of taxa common to both 
impacted and non-impacted streams. 
	 Species richness was statistically ana-
lyzed using the residuals of a regression 
analysis between the number of species and 
the width of the stream from all collections.  
Mann-Whitney U-tests were conducted 
using SPSS 13.0 for Windows to compare 
the residuals of impacted sites and non-im-
pacted sites.

RESULTS

A total of 11,896 individuals, representing 
34 species and sunfish hybrids, Lepomis 
spp., were collected (Table 2).  Ten families 
were represented, dominated by Poeciliidae 
(79.1%) and Centrarchidae (9.1%).  The 
remaining 11.8% consisted of the families 
Lepisosteidae, Clupeidae, Cyprinidae, 
Catostomidae, Ictaluridae, Fundulidae, 
Atherinopsidae, and Percidae.  Gambusia 
affinis, western mosquitofish, were not col-
lected in Four-mile Creek, but were present 
at all other sites (Table 1).
	 Collections from the mainstem of Tar 
Creek and its impacted tributaries yielded 
24 species and two hybrid sunfish.  Species 
collected at the impacted sites were domi-
nated by G. affinis (83.7% of all individuals 
captured from impacted sites); relatively 

large numbers of Lepomis cyanellus, green 
sunfish (5.0%), also characterized these 
samples.  Neonate and juvenile G. affinis 
were observed at sites located along the UT, 
suggesting resident populations of repro-
ducing adults in the tributary.
	 Thirty species and six individual sunfish 
hybrids, Lepomis spp., were collected from 
non-impacted sites.  These collections were 
characterized by large numbers of G. affinis 
(72.4%), followed by Lepomis macrochirus, 
bluegill (4.4%), Campostoma anomalum, 
central stoneroller (3.6%), Fundulus notatus, 
blackstripe topminnow (3.7%), and Pime-
phales notatus, bluntnose minnow (3.3%).  
Young-of-year Lepomis spp. and Micropterus 
spp. were abundant in non-impacted sites, 
yet were not observed at impacted sites.
	 Relative abundance of species common 
to both impacted and non-impacted streams 
was high (PSI = 0.84).  Non-impacted 
streams had a slightly higher proportion of 
centrarchids (10.8%) compared to impacted 
streams (8.0%).  Lepomis cyanellus and L. 
macrochirus were the dominant centrarchids 
among both impacted and non-impacted 
streams, while Micropterus salmoides, large-
mouth bass, were more numerous in non-
impacted streams.  The proportion of cyp-
rinids in non-impacted streams (10.2%) was 
higher than in impacted streams (4.7%), and 
the dominant cyprinid species also differed 
between streams.  Cyprinella lutrensis, red 
shiner, and C. anomalum were the dominant 
cyprinids among impacted streams, while 
non-impacted streams had greater numbers 
of C. anomalum and P. notatus.
	 Furthermore, there was a positive 
relationship between species richness and 
stream width (Fig. 2; R2 = 0.261, P = 0.000).  A 
residual analysis showed that non-impacted 
streams had significantly higher species 
richness corrected for habitat size than 
impacted streams (Mann-Whitney U-test,             
N = 72, Z = -5.791, P = 0.0001).  Thus, overall 
the sites among streams impacted by min-
ing remnants have fewer fish species than 
non-impacted sites.
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Table 2.  Fishes sampled from 17 sites on Tar Creek and surrounding watersheds from 
2004-2005.  N = the total number of individuals of a species, % of Total = the percent of 
the total catch consisting of a given species, * not included in analysis.  Station # = the 
location (as defined in Table 1) of species capture.  Young-of-year denoted as yoy.

Genus	 Species	 N	 % of Total	 Station #

Lepisosteus	 osseus	 2	 0.02	 10
Dorosoma	 cepedianum	 6	 0.05	 7,8
Campostoma	 anomalum	 279	 2.35	 1,2,8,9,10,14,15,16
Cyprinella	 lutrensis	 273	 2.29	 1,2,6,7,8,10,15
Erimystax	 x-punctatus	 2	 0.02	 10
Lythrurus	 umbratilis	 52	 0.44	 2,6,7,8,9,16
Notomigonus	 crysoleucas	 21	 0.18	 1,2,3,6,8,10,11
Notropis 	 atherinoides	 2	 0.02	 7
N.	 rubellus	 1	 0.01	 7
N.	 spp.	 3	 *	 6,10
Phenacobius	 mirabilis	 24	 0.20	 8
Pimephales	 notatus	 169	 1.42	 7,8,9,10
P.	 vigilax	 2	 0.02	 7,8
Carpiodes	 carpio	 1	 0.01	 8
Moxostoma	 erythrurum	 2	 0.02	 8,10
Amieurus	 melas	 5	 0.04	 6,7,10,11
A.	 natalis	 8	 0.07	 7,8,16
Ictalurus	 punctatus	 13	 0.11	 2,10
Fundulus	 notatus	 393	 3.30	 1,2,5,6,7,8,9,10,11,12,13,14,16
Gambusia	 affinis	 9379	 78.84	 1,2,3,4,5,6,7,8,9,10,11,12,13,15,16,17
Labidesthes	 sicculus	 68	 0.57	 1,7,8,17
Lepomis	 cyanellus	 467	 3.93	 1,2,3,4,5,6,7,8,9,10,11,12
L.	 gulosus	 81	 0.68	 1,2,6,7,8,10,13,14,15,17
L.	 humilis	 13	 0.11	 7,14,16
L.	 macrochirus	 352	 2.96	 1,2,5,6,7,8,9,10,11,12,13,14,17
L.	 megalotis	 35	 0.29	 1,2,7,8,10,14,16
L.	 microlophus	 14	 0.12	 1,3,5,7,10
L.	 hybrid	 8	 0.07	 1,4,6,7,13
L.	 yoy	 367	 *	 7,8,9
Micropterus	 salmoides	 104	 0.88	 1,2,6,7,8,9,10,12,13,14
M.	 yoy	 32	 *	 7
Pomoxis	 annularis	 8	 0.07	 2,6,8,12,13
Etheostoma	 chlorosomum	 9	 0.08	 7,8
E.	 gracile	 44	 0.37	 1,2,5,6,8
E.	 spectabile	 9	 0.08	 2,9,14,16
E.	 whipplei	 8	 0.07	 8,15,16
Percina	 caprodes	 9	 0.08	 1,7,8
P.	 phoxocephala	 1	 0.01	 10
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DISCUSSION

Species richness in the area was comparable 
to that of other Oklahoma streams. Ten 
sites sampled in the Sand Creek watershed 
including Hickory Creek of the Bird Creek 
drainage in Osage County resulted in the 
recording of 23 species (Stewart et al 1999).  
Furthermore, a survey of the Crutcho Creek 
drainage in central Oklahoma noted 30 spe-
cies, 17 of which were collected within Cru-
tcho Creek alone (Matthews and Gelwick 
1990).  Both studies document communities 
numerically dominated by cyprinids.  Our 
initial surveys of the Tar Creek and nearby 
drainages resulted in 34 species and fish 
communities characterized by large num-
bers of the poeciliid G. affinis. Thus, the 

species richness of the region is comparable 
to other Oklahoma regions.
	 Habitat measurements such as stream 
width often correlate with the number of 
species present within a given stream reach 
(Matthews 1998, Wiberg-Larsen 2000).  Wid-
er stream reaches tend to have more species 
present.  Therefore, we could not compare 
one collection site to another without at-
tention to habitat size.  Statistical analysis 
showed that impacted sites were influenced 
by something other than stream width as a 
predictor in the number of species present.  
Impacted streams had fewer fish species per 
collection than non-impacted streams.  
	 Species richness among individual sites 
varied.  Permanent sampling sites of non-
impacted streams ranged from 24 species 
at Cow Creek to nine species at Little Elm 
Creek.  Species richness of impacted sites 
varied from 15 species at Tar Creek (U.S. 
Hwy 69 bridge, Commerce, OK) to two 
species (G. affinis and L. cyanellus) and a 
Lepomis hybrid at the UT below mine water 
inflow.  In spite of differences in richness, 
impacted and non-impacted sites shared a 
generally similar ichthyofauna.  Poeciliids 
and centrarchids dominated the fish com-
munity composition in each, whereas native 
minnows or darters made up only a small 
percent of the community.
	 Impacted streams were characterized by 
large numbers of G. affinis and L. cyanellus, 
which were two species classified as tolerant 
to degraded habitat and water quality (Jester 
et al 1992); thus, it is not surprising to find 
these two species dominating the waters of 
the impacted sites.  The impacted sites of the 
region are subjected to elevated concentra-
tions of iron, zinc, lead, cadmium, and other 
metals, sulfate, and mineral acidity due to 
the mine drainage discharges (Nairn et al 
2005).  Despite the availability of suitable 
habitat within most impacted sites, few 
darter species were collected.  Etheostoma 
gracile and E. spectabile were collected at im-
pacted sites, while  E. chlorosomum, E. gracile, 
E. spectabile, and E. whipplei were collected 
at non-impacted sites.

Figure 2.  Number of fish species versus 
stream width (m) for all collections at 17 
stream sites in Northeastern Oklahoma.  
Filled circles indicate impacted sites.  Open 
triangles indicate non-impacted sites.  Re-
siduals of linear regression analysis (N = 
72, P = 0.000) were used to calculated dif-
ferences in species richness/stream width.  
Non-impacted sites had significantly 
more fish species per stream width than 
impacted sites (Mann-Whitney U-test, N 
= 72, Z = -5.791, P = 0.0001).
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	 Previous collections from non-impacted 
sites were similar to those in this study.  A 
collection from 20 March 2001 (R. Broughton 
personal communication 2005) at Little Elm 
Creek in the vicinity of the current collections 
yielded a total of only five species and added 
no new species to the list collected during 
our survey.  Few individuals were collected 
by Broughton, of what the majority were C. 
lutrensis.  Unpublished original field notes 
of Carl Riggs and Jimmie Pigg are archived 
in the Sam Noble Oklahoma Museum of 
Natural History, Norman, OK, and provide 
historical community data of the area.  A 
historical survey by Carl Riggs, collection 
number R63-1, on 24 April 1963, yielded 
seven species in Coal Creek (1.6 km W, 0.4 
km N of U.S. Hwy 69) all of which were listed 
as currently present in this stream.  An ad-
ditional historical collection made by Jimmie 
Pigg on 19 May 1991 from Elm Creek, (U.S. 
Hwy 66, 4 km W of Commerce, OK) noted 
five species (Amierus melas, Notomigonus 
crysoleucas, C. lutrensis, L. macrochirus, and 
M. salmoides) which were not caught in this 
stream during the current study.  It should be 
noted, however, that Elm Creek was sampled 
only once during the current study, thus we 
make no conclusions about change in com-
munity structure in this stream. 
	 Fish communities within the study area 
appear to share similar structures, consist-
ing of a moderately diverse assemblage of 
species, but with extremely depauperate 
composition within 0.01 km of the outfall 
of mine wastes in the UT.  Impacted stream 
sites have lower species richness than non-
impacted stream sites.  No significant range 
extensions were reported, and all species 
were within their general ranges as reported 
in Miller and Robison (2004).  No threatened 
or endangered species were found.  The 
current study will serve as a baseline for 
future evaluation of remediation efforts in 
the Tar Creek watershed.  However, further 
research is needed to evaluate the effects of 
mine water drainage on communities in im-
pacted streams and to examine differences 
in fish body condition and reproduction.  

ACKNOWLEDGMENTS

We thank Rachel Daily and Jeff Wesner for 
their field assistance.  We thank Dr. Robert 
Nairn for providing us extensive knowledge 
about the study area and for reviewing the 
manuscript.  We thank all landowners in 
the region who provided access to these 
streams.  This manuscript was also benefited 
by comments from Dr. William Fisher and 
an anonymous reviewer.  Funding was 
provided by the Environmental Protection 
Agency Project X7-97682001-0.

REFERENCES
Branson BA.  1967.  Fishes of the Neosho River System 

in Oklahoma.  Amer Midl Nat 78:126-154.
Environmental Protection Agency (EPA).  2004.  EPA 

National Priorities List Narrative:  Tar Creek (Ot-
tawa County), OK U.S.  8p.  Available from:  EPA, 
Office of Superfund Remediation and Technology 
Innovation, Washington, DC. 

Environmental Protection Agency (EPA).  2005.  Five 
Year Review, Tar Creek Superfund Site, Ottawa 
County, Oklahoma.  209 p.  Available from:  EPA, 
Superfund-Region 6:  South Central, Dallas.

Governor Frank Keating’s Tar Creek Superfund Task 
Force. 2000.  Governor Frank Keating’s Tar Creek 
Task Force Final Report.  26 p.  Available from: Okla-
homa Department of Environmental Quality; Office 
of the Secretary of Environment, Oklahoma City.

Jester DB, Echelle AA, Matthews WJ, Pigg J, Scott CM, 
Collins KD.  1992.  The fishes of Oklahoma, their 
gross habitats, and their tolerance of degradation 
in water quality and habitat.  Proc Okla Acad Sci 
72:7-19. 

Matthews WJ.  1998.  Patterns in Freshwater Fish 
Ecology.  Boston:  Kluwer Academic Publishers.  
756 p.

Matthews WJ, Gelwick FP.  1990.  Fishes of Crutcho 
Creek in the North Canadian River in central 
Oklahoma:  effects of urbanization.  Southw Nat 
35:403-410.

McNeely DL.  1987.  Niche relations within an Ozark 
stream cyprinid assemblage.  Envir Biol Fish 
18:195-208.

Miller RJ, Robison HW.  2004.  Fishes of Oklahoma.  
Norman (OK): University of Oklahoma Press.  
450 p.

Nairn, RW, Calvey, MJ, Landers, TL. 2005. Current and 
planned remediation demonstration projects of 
the Oklahoma Plan for Tar Creek.  In: R. Barnhisel, 
editor.  Proceedings of the 2005 National Meeting.  
Breckinridge (CO):  American Society of Mining 
and Reclamation.  p 779-790.

Oklahoma Water Resources Board (OWRB).  1983.   Tar 
Creek Field Investigation, Task 1.2, Water quality 
characteristics of seepage and runoff at two tailings 

SMALL-BODIED FISHES OF TAR CREEK 15

Chapter 2.indd   15 2/21/07   4:56:43 PM



Proc. Okla. Acad. Sci. 86: pp 9-16 (2006)

piles in the Picher Field, Ottawa County, Oklahoma.  
27 p.  Available from:  OWRB, Water Quality Divi-
sion, Oklahoma City.

Stewart, JG, Gelwick FP, Matthews WJ, Taylor CM.  
1999.  An annotated checklist of the fishes of the 
Tallgrass Prairie Preserve, Osage County, Okla-
homa.  Proc Okla Acad Sci 79:13-17. 

Wiberg-Larson P, Brodersen KP, Birkholm S, Grøn§ PN, 
Skriver J.  2000.  Species richness and assemblage 
structure of Trichoptera in Danish streams.  Fresh-
water Biol 43:633-647.

Received: June 1, 2006; Accepted September 29, 2006.

C.M. FRANSSEN, M.A. BROOKS, R. W. PARHAM, K.G. SUTHERLAND, and W.J. MATTHEWS16

Chapter 2.indd   16 2/21/07   4:56:43 PM




