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INTRODUCTION
Wide‐scale, disease‐related mortality of young‐of‐year (YOY) smallmouth bass Micropterus dolomieu was
first documented in 2005 in the West Branch Susquehanna, Susquehanna, and Juniata rivers. These fish were
seen swimming weakly near the surface with noticeable white lesions, sores, and eroded fins and some were
dead. Outbreaks occurred in 2005, 2007, and 2008 and to a lesser extent in 2006 and 2009. While disease has
had a large impact on YOY smallmouth bass, it appeared to have little if any effect on other species. Early
pathological analysis indicated that the bacterium Flavobacterium columnare or columnaris was responsible for
the mortality. It was believed that stressful water quality conditions in near‐shore habitat required by YOY
smallmouth bass were suppressing their immune systems and making them more susceptible to infection. Water
quality investigations conducted by the USGS Pennsylvania Water Science Center in 2008 (Chaplin and others
2009) confirmed the assumption that stressful water quality conditions occurred in this critical near‐shore habitat.
They determined that water quality, specifically dissolved oxygen (DO), temperature, and pH, were statistically
different between near‐shore locations and main‐channel locations. Water temperature of the Susquehanna and
Juniata rivers were also typically higher and varied more than comparable Allegheny or Delaware River locations.
Both factors are stressful to some fish. This strengthened support of the hypothesis that stressful water quality
conditions were contributing to the disease manifestation in YOY smallmouth bass.
Analysis of tissues from smallmouth bass from the Susquehanna River has since identified several other
issues. Further analysis of YOY smallmouth bass confirmed the presence of columnaris, but also identified several
other pathogens. One of these is an unrecognizable pathogen that was found in YOY smallmouth bass collected in
2008 and 2009 and in adult smallmouth bass in 2009 (V.Blazer, USGS, personal communication). Future
collections will provide more evidence to identify the unknown pathogen. Analyzed smallmouth bass also were
determined to have substantial myxozoan and trematode parasite infections. These infections could be a result
of the disease but could also contribute to its presence by causing stress. Collection of adult smallmouth bass
from the West Branch Susquehanna River (2009), and Susquehanna River (2008‐2009) also provided more
information. Adult male smallmouth bass were determined to have very high rates of intersex: a condition in
which female egg cells are found in the testes of males. Although rare, it is natural for smallmouth bass to display
this condition. However, the proportion of the fish and the severity of the cases are not considered typical. Rock
bass, which share many of the same characteristics as smallmouth bass, did not display the condition.
Largemouth bass virus (LMBv) was also discovered in smallmouth bass from the Susquehanna River system.
Smallmouth bass, like many other species, have been identified as carriers but are not believed to be directly
affected by the virus. However, it is unknown if being a carrier of the virus has the ability to add additional stress

to the fish’s immune system. As more information is gathered it appears less likely that columnaris is the
primary pathogen.
Identification of the disease and its causes has become more complex as more evidence is gathered. It
appears that that yet unmeasured variables may be acting on the smallmouth bass population. The study will
continue to focus on water quality with continuous monitoring of DO, temperature, and pH at locations used in
2008 and 2009 studies. Drastic differences in hydrologic conditions between the two years resulted in different
water quality values for the parameters of focus. Development of long‐term data records will help to answer
essential questions about this disease issue as well as the overall ecology of the Susquehanna River. Continued
monitoring of DO, temperature, and pH develop long‐term data records, which allow for trend comparisons. The
Susquehanna River lacks these records. In addition to conventional water quality parameters, endocrine
disrupting compounds (EDC) and emerging contaminants (EC) have major impacts on aquatic environments. EDC
and EC come from a number of sources including pharmaceuticals, fertilizers, and household cleaning products.
The severity of these impacts is only now starting to be understood. These contaminants can cause various
physiological imbalances in fish and other aquatic organisms and alter many aspects of the aquatic ecosystem.
These can cause undue stress to fish and other organisms and predispose them to diseases, similar to what has
been seen in smallmouth bass.
The fish health issues presented are one of the primary issues facing the Susquehanna River system. The
disease observed could simply be an independent occurrence or the result of a larger, ecosystem‐wide problem.
Future research will help identify the disease and its causes with the goal of eliminating it from the Susquehanna
River.
Study elements for 2010
The Susquehanna River Smallmouth Bass Technical Committee (Tech Committee) met in early 2010 to
develop the direction for all 2010 efforts. The prioritization scheme for monitoring in 2010 was:
1.
2.
3.
4.

Continuation of YOY smallmouth bass sampling at large river locations
Histopathological, pathogen, and immunosuppression studies with chemical and biological monitoring
Continuous monitoring for dissolved oxygen and temperature with a reduced scope
Tributary YOY smallmouth bass sampling with chemical and biological sampling.

Pre‐spawn, adult smallmouth bass histopathology
Despite the large‐scale mortality observed in YOY smallmouth bass, there has appeared to be little if any
elevated mortality in adult smallmouth bass. As such, little focus was placed on adults of the species which left a
few outstanding questions. One of these was whether the adult bass were contracting the same pathogens seen
in the YOY smallmouth bass and, if they were, was their immune function sufficient to keep it in check. Secondly,
was it possible for the adult smallmouth bass to be predisposing the YOY smallmouth bass to the conditions we
are observing? Lastly, was intersex present in the basin and if so what was the rate and severity of intersex in
adult male smallmouth bass.
Initial analysis of adult smallmouth bass by USGS Leetown Science Center, Nation Fish Health Laboratory
(USGS Leetown) in cooperation with Pennsylvania Department of Environmental Protection (PADEP) during
summer 2007 as part of an unrelated study documented both high rates and high severity of intersex in adult

male smallmouth bass; however, only one location on the Susquehanna River was sampled (V. Blazer, USGS
Leetown, Personal Communication). In May 2009, an initial collection of pre‐spawn adult smallmouth bass was
conducted at the Susquehanna River at the Mahantango Access and the West Branch Susquehanna River at
Montgomery. These collections were focusing on the pre‐spawn time period to determine whether adult fish
were subjected to same pathogens, whether tissue contaminants in adults were predisposing YOY smallmouth
bass to health issues, and whether there were temporal differences in intersex rates and severity. The 2009
collections found that some adult smallmouth bass had the same unidentifiable granulomatous lesions seen in
some YOY smallmouth bass; however, systemic infections of columnaris Flavobacterium columnare and motile
Aeromonads were quite low. Tissue contaminant analysis yielded 16 PCB congeners, flame retardants, personal
care products, and pesticides (organochlorine and others). Rates and severity of intersex within adult male
smallmouth bass were high, similar to 2007 collections (Blazer et al. 2010).
Collections of pre‐spawn adult smallmouth bass were conducted again between 4/18/ 2010 and
4/28/2010 to continue with histopathology of adults and temporal record of intersex. Contaminant analysis of
tissues was not conducted due to funding constraints. Adult bass were collected at the Delaware River at Yardley
(n = 8, 290‐463 mm), Juniata River at Newport (n =20, 290‐480 mm), Susquehanna River at Mahantango Access (n
= 15, 252‐451 mm), and Allegheny River at Kittanning (n = 20, 231 – 381 mm) for comparative analysis between
basins. Disease in YOY smallmouth bass and intersex in adult smallmouth bass have not been identified above
background levels outside of the Susquehanna River Basin to date. Generally, all locations had low numbers of
physical anomalies with the exception of the Allegheny River specimens, which showed no external anomalies.
Internally, all bass from all locations had comparable levels of parasitic infections of the liver, spleen, and kidneys
(anterior and posterior). Pathology of testes of male smallmouth bass did reveal differences between locations.
All male smallmouth bass from the Juniata and Susquehanna River sites had severe cases of intersex while the
Allegheny and Delaware rivers had levels normal for gonochorist fishes (V. Blazer, USGS Leetown, Personal
Communication).
Young‐of‐year smallmouth bass
Early YOY smallmouth bass histopathology
In 2010, as in 2009, YOY smallmouth bass were collected at approximately 30 days old, a month prior to typical
collections for the recruitment index that have yielded diseased smallmouth bass in the past. These collections
are made to elucidate when the infections by the pathogens that are leading to mortality are taking place. It is
hypothesized that some physiological or habitat utilization strategy changes, leading to increased stress or a
change in some other factor that allows for bacterial or parasitic infection. Collections during this time period will
help to identify when and where these infections are taking place in order to narrow the time period for further
investigations.

Approximately 30‐day‐old smallmouth
bass from the Susquehanna River at
Liverpool, PA. (PFBC)

YOY smallmouth bass were collected at nine locations as part of the early collections (Table 1). Collection of
specimens was conducted by spotting and electrofishing individual fish using backpack electrofishers. Collection
techniques do not allow for quantitative or qualitative interpretation of data relating to reproductive success or
population densities. Specimens were preserved in Z‐fix formalin solution for histopathological analysis. All fish
captured were in good condition and none had noticeable skin lesions or parasite infections based on physical
appearance. Pathology of early YOY smallmouth bass has not been conducted to date due to funding constraints.
Table 1. The location, number, and condition of early young‐of‐year
smallmouth bass captured for histopathological analysis during 2010
disease investigations.

Waterbody
Susquehanna River
Juniata River
Loyalsock Creek
Pine Creek
Tunkhannock Creek
Wyalusing Creek
Shermans Creek
Swatara Creek
Schuylkill River^

Number caught
20
15
20
20
13
3
20
20
20

Anomalies present
N
N
N
N
N
N
N
N
N

^ comparative, out‐of‐basin sampling location

Directed YOY smallmouth bass surveys – large rivers
Directed YOY smallmouth bass surveys were conducted on the West Branch Susquehanna, Susquehanna, and
Juniata rivers in 2010 as part of a larger, state‐wide effort to develop a recruitment index for predicting future
catchable bass populations. In recent years, however, this survey has also served to quantify disease prevalence
and distribution within the Commonwealth. Typically, these surveys are done in mid‐July when these fish are
most susceptible to backpack electrofishing gear. Initial surveys were made June 28 – July 20, 2010 with revisits
made to a few sites in order to validate catch rates and disease prevalence. Collections in the upper and middle
Susquehanna River and Juniata River were made two weeks earlier than normal due to early spawning and rapid
growth of YOY smallmouth bass.
Catch rates varied between 0.15 fish/ 50 m and 19.60 fish/ 50 m across the different reaches of the major rivers in
the Susquehanna River drainage (Table 2). The highest catch rates during 2010 were in the upper Susquehanna
River (North Branch). This was among the highest recorded catch rates for this reach (R. Wnuk, PFBC, personal
communication). The lowest catch rates during 2010 were in the lower Juniata River and are likely the result of a
high‐flow event in May 2010 resulting from an isolated rain event situated over portions of the Juniata River
drainage.

Table 2. Comparison of catch‐per‐unit‐effort (CPUE) of young‐of‐year smallmouth bass
for 2010 and historical medians and means at each reach of the major rivers of the
Susquehanna River Drainage.

Waterbody
West Branch Susquehanna River
Juniata River (lower)
Juniata River (middle)
Juniata River (upper)
Susquehanna River (upper)
Susquehanna River (middle)
Susquehanna River (lower)

CPUE (#/ 50 m)
1.55
0.15
0.40
1.77
19.60
1.72
0.71

historic
median
2.61
1.69
2.33
5.77
5.30
5.50
2.12

historic
mean
4.50
3.43
5.98
7.00
8.20
7.80
2.90

With the exception of the upper Susquehanna River, all large river reaches within the Susquehanna drainage had
YOY smallmouth catch rates below historic median values (Table 2). Similarly, catch rates of YOY smallmouth bass
have been on the decline in recent years for all major river reaches in the Susquehanna drainage with the
exception of the upper Susquehanna River (Figure 1). Catch rates of YOY smallmouth bass for comparable,
flowing water river reaches have been increasing over time with trajectory similar to the upper Susquehanna
River (Figure 2). The increase in catch rates and the similarity in rates of increase demonstrate that the conditions
controlling reproductive success, including disease, in the lower reaches of the Susquehanna River and its major
tributaries are limited to the drainage and conditions for reproductive success have been otherwise suitable.
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Figure 1. Comparison of catch rates of YOY smallmouth bass (number of fish per
50 m segment) and trends in catch rates (linear) at five major river reaches of
the Susquehanna River drainage from 1987 to 2010. Blank values indicate years
when surveys were not conducted not zero values. Scale differs between
graphics.
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Figure 2. Comparison of catch rates of YOY smallmouth bass (number of fish per
50 m segment) and trends of catch rates (linear) at four similar, un‐impounded
river reaches of the Commonwealth from 1987 to 2010. Blank values indicate
years when surveys were not conducted not zero values. Scale differs between
graphics.

Disease prevalence – large rivers
Disease incidence and prevalence were tracked at all large river locations across the Commonwealth as part of the
directed surveys for development of the black bass recruitment index. As in past years, disease was not found
outside of background levels in any waters outside of the Susquehanna River drainage (Table 3). Disease
prevalence has varied both spatially and temporally among the large river sites within the Susquehanna River
drainage (Figure 3). Initial upper Susquehanna River surveys yielded very low prevalence of disease among YOY
smallmouth bass collected. Unassociated collections by PADEP and PFBC staff following initial YOY smallmouth
bass collections yielded higher levels of disease (26% and approximately 30%, respectively) than were first
observed in directed YOY smallmouth bass surveys of ( R. Spear, PADEP, Personal Communication; R. Wnuk, PFBC
Area 4, Personal Communication). These collections were done using different equipment and methodologies so
quantified data is relative and could not be compared to historical collections. Timing of directed sampling is
scheduled coincident with the peak of susceptibility of YOY smallmouth bass to backpack electrofishers. As fish
grow past this point (approximately 75 mm total length (TL)) their ability to elude capture increases as a result of
better swimming efficiency which affects catch per unit effort (CPUE) calculations. Historically, later collections
have yielded higher proportions of diseased fish than earlier collections but it is uncertain whether these
weakened fish are more susceptible to collection or whether the proportion of diseased fish changes over time.
Table 3. Prevalence of disease among young‐of‐year smallmouth bass captured as part of directed
sampling at large river sampling locations across the Commonwealth.

Water
Delaware River
Lehigh River
Schuylkill River
Allegheny River
Ohio River
West Branch Susquehanna River
Juniata River
Susquehanna River (upper)
Susquehanna River (middle)
Susquehanna River (lower)

Drainage
Delaware River
Delaware River
Delaware River
Ohio River
Ohio River
Susquehanna River
Susquehanna River
Susquehanna River
Susquehanna River
Susquehanna River

Number
of fish
385
520
548
364
142
80
44
1,879
72
17

Number
of
diseased
fish
0
0
2
0
0
37
0
12
7
3

Prevalence
(%)
0
0
0.36
0
0
46.25
0*
0.64
9.72
17.65

* no young‐of‐year smallmouth bass were observed with disease symptoms; however, two age‐1
smallmouth bass did display symptoms and were sent for pathological analysis.
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Figure 3. Prevalence (%) of disease condition within YOY smallmouth bass captured during direct
surveys at the different reaches of the Susquehanna River; 2005 ‐2010.

Pathological analysis of moribund YOY smallmouth bass was conducted at two locations each at the middle
Susquehanna River and upper Susquehanna River, and one location on the Juniata River during 2010. In another
instance, dead YOY smallmouth bass from the Susquehanna River at Danville were collected by PADEP staff during
an unassociated survey and taken to PFBC Fish Health Unit for pathological analysis. Collection of these fish was
unexpected and as a result fish were preserved on ice instead of being delivered to the laboratory alive, which is
favored. Preservation of the fish on ice for the period of time needed to get them to the laboratory for analysis
did not appear to compromise the analysis. Bacterial cultures identified the presence of motile Aeromonads and
Pseudomonas aeruginosa in lesions; however, columnaris was missing from fish associated with this mortality
event (Table 4; Appendix A, Figure 1). Live fish were transported by USGS staff from the site to USGS, Leetown
Science Center, National Fish Health Laboratory for bacterial and viral cultures and pathological analysis for all
other collections. Cultures of lesions and internal organs revealed that bacterial infections of the external lesions
largely did not result in systemic bacterial infections (Table 5). Bacterial cultures revealed a mixture of motile
Aeromonads and columnaris infections of external lesions and mucosa. Further, cultures of columnaris that were
isolated were highly specific of media used for culturing and colony growth and morphology was not typical of this
species of bacteria. This may indicate that there may be mutations within the species that may be making it more
virulent than would be expected but investigators are not certain of the cause of this difference or its effects given
the small sample size (V. Blazer, U.S. Geological Survey, Personal Communication). Future collections will aid in
the determination of the impact of these changes and what is leading to them. In addition to bacterial cultures,
viral cultures conducted by U.S. Fish and Wildlife Service identified the presence of largemouth bass virus (LMBv)
from all locations sampled but not from all fish cultured (V. Blazer, U.S. Geological Survey, Personal
Communication).

X
X

LMBv

Digenean
trematodes

Capriniana
piscium

Number of
specimens
21*
17

Pseudomonas
aeruginosa

Site
Danville
Jersey Mills

Columnaris

Waterbody
Susquehanna River
Pine Creek

motile
Aeromonads

Table 4. Pathogens found in young‐of‐year smallmouth bass from each location by physical observation or in bacterial cultures
of lesions and internal organs of fish by Pennsylvania Fish and Boat Commission, Fish Health Unit.

X
X

X

X
X

X

* specimens were provided to laboratory preserved on ice as live samples could not be provided
Table 5. Proportion (%) of young‐of‐year smallmouth bass from each location with motile Aeromonads or columnaris
Flavobacterium columnare found in bacterial cultures of lesions, internal organs, or mucosa of fish by U.S. Geological Survey,
Leetown Science Center, National Fish Health Laboratory.

Internal
organs

100
100
0
100
67

13
11
0
0
0

33

Columnaris

13
44
25
14
13

motile
Aeromonads

Columnaris

100
80
100
75
100

Mucus

motile
Aeromonads

Site
Greenwood/ Thompsontown
Danville
Laceyville
Liverpool
Clemsons Island

Columnaris

Waterbody
Juniata River
Susquehanna River
Susquehanna River
Susquehanna River
Susquehanna River

motile
Aeromonads

Lesions

0

Directed YOY surveys – tributaries
Fifteen tributary streams and two previously unassessed West Branch Susquehanna River locations were sampled
during the traditional mid‐July timeframe to determine catch rates of YOY smallmouth bass as well as determine if
diseased fish were present in those waters and, if so, what the proportion of fish displayed symptoms of the
disease condition. Catch rates ranged from 0 fish/ 300 m to 67 fish/300 m between tributaries sampled in 2010
(Table 6). Diseased YOY smallmouth bass were captured at eight tributary locations within the basin and one
additional location on the West Branch Susquehanna River. These were the first records of disease in tributary
locations within the Susquehanna River basin that were substantiated with collections of moribund fish for
pathological analysis. Collections made as part of an unassociated project by PFBC Division of Environmental
Services and Penn State University in 2008 had preserved specimens from three locations with noticeable lesions,
suggesting that this condition may be occurring in tributaries; however, preserved samples did not allow for
bacterial culture for confirmation.

Disease prevalence – tributaries
As previously mentioned, collections were made at 15 tributaries during the 2010 season (Table 6). Of these 15,
three were identified for further focus as they either showed evidence of diseased YOY smallmouth bass in
unassociated collections (Loyalsock and Wyalusing creeks) or did not appear to have diseased YOY smallmouth
bass (Pine Creek) under the same collections. With the increased focus, the contaminants were characterized
using passive contaminant samplers at these tributaries and physical water quality parameters were also
measured at 30‐minute intervals using water quality sondes (Loyalsock and Pine creeks only). Passive samplers
were not extracted and analyzed from Loyalsock and Pine Creek locations due to funding constraints. Samplers
have been preserved in anticipation of future funding for analysis. Water quality will be further discussed in
upcoming sections.
Diseased fish from tributary collections were preserved in Z‐fix formalin solution for histopathological analysis
from all locations at which they were found. Preserved samples included both asymptomatic and symptomatic
fish from each location for comparison. During study design, it was determined that simple pathology of
preserved fish was more economical than culture of moribund fish because diseased fish had not yet been
identified from tributary locations. Upon confirmation of similar pathological findings among tributary and large
river smallmouth bass, subsequent collections would be processed under the same means as large river
collections. Unfortunately, pathological analysis of tissues from smallmouth bass submitted from tributaries has
not yet been conducted due to funding constraints.
Of the eight tributary locations where diseased smallmouth bass were found, follow‐up visits were necessary to
find diseased fish at two locations. Pine and Loyalsock creeks were revisited following an angler report of dead
smallmouth bass observed at Pine Creek near the village of Cammal. YOY smallmouth bass surveys in late‐July
yielded adequate numbers of smallmouth bass specimens for investigation but all fish appeared healthy at that
point in time. Moribund smallmouth bass were collected at Pine Creek and delivered to PFBC’s Fish Health Unit at
Benner Spring Fish Culture Station for pathological analysis. Bacterial cultures revealed the presence of several
pathogens including columnaris, motile Aeromonads, and largemouth bass virus (LMBv) which have been
associated with kills of YOY smallmouth bass in large rivers of the Susquehanna Basin (Table 4; Appendix A,
Figure2).

Table 6. Incidence of disease, prevalence of disease, and catch per unit effort (# per 300 m) of young‐of‐year
smallmouth bass at select tributary streams

Incidence
of disease
Y
Y
N
Y
N
N
Y
N/A
N/A
Y
N

Prevalence
of disease
(%)
8
50
0
75
0
0
55
N/A
N/A
13
0

Catch per unit
effort (# per
300m)
12
2
82
4
10
6
67
0
0
16
6

Waterbody
Schuylkill River^
Aughwick Creek
Chemung River
Conestoga River
Conestoga River*
Conodoguinet Creek
Penns Creek
Pequea Creek
Pequea Creek*
Shermans Creek
Shermans Creek*

Tributary to
Delaware River
Juniata River
Susquehanna River
Susquehanna River
Susquehanna River
Susquehanna River
Susquehanna River
Susquehanna River
Susquehanna River
Susquehanna River
Susquehanna River

Shermans Creek*&
Swatara Creek
Towanda Creek
Tunkhannock Creek

Susquehanna River
Susquehanna River
Susquehanna River
Susquehanna River

N
Y
Y

0
30
36

31
56
25

West Branch Susquehanna
River (Jersey Shore)

Susquehanna River

Y

31

13

West Branch Susquehanna
River (McElhattan)
Wyalusing Creek

Susquehanna River
Susquehanna River

N
Y

0
75

1
8

Loyalsock Creek

West Branch
Susquehanna River

N

0

18

Loyalsock Creek #

West Branch
Susquehanna River

Y

47

19

Muncy Creek

West Branch
Susquehanna River

N

0

2

Pine Creek

West Branch
Susquehanna River

N

0

51

Pine Creek #

West Branch
Susquehanna River

Y

82

28

^ comparative out‐of‐basin site
* survey conducted by PFBC staff at alternative site than PADEP established site
# follow‐up survey conducted with tow‐boat electrofisher instead of backpack electrofisher, catch rates are not
comparable
& follow‐up survey conducted with 3‐person crew and different backpack electrofisher

Water Quality
Various components of water quality were assessed in 2010 as part of smallmouth bass health investigations. As
in past years, USGS PA Water Science Center was contracted to maintain sondes in the mainstem Susquehanna
and Juniata rivers while PADEP Central Office staff maintained sondes at Pine and Loyalsock creeks: two of the
tributary monitoring locations selected for 2010. These studies would focus on the physical water quality
measurements of dissolved oxygen concentrations, temperature, pH, and specific conductance. These
parameters, specifically dissolved oxygen and temperature, are among those believed to be causing stress of YOY
smallmouth bass and allowing colonization of bacteria and subsequent infections. In addition, passive
contaminant samplers were also placed at a number of locations to characterize contaminants, and the
Susquehanna River Basin Commission sampled nutrient concentrations and generated loading information
throughout the basin as part of an unassociated project.
Susquehanna River and Juniata River investigations (USGS)
The U.S. Geological Survey, Pennsylvania Water Science Center continued water quality sampling efforts in 2010,
similar to 2008 and 2009 under contract from PADEP. Sondes were placed in microhabitat and main channel
locations on both the Susquehanna and Juniata rivers throughout the May – October period critical for egg
deposition and YOY smallmouth bass development to continue the spatial comparison between these habitat
types. Sondes measured dissolved oxygen, pH, temperature, and specific conductance on 30‐minute intervals
throughout the entire period.
The dissolved oxygen, pH, temperature, and specific conductance during 2010 were similar to those measured in
2008 (Appendix B, Figures 1‐3). Stressful minimum dissolved oxygen concentrations (<5.0 mg/L) were measured
frequently throughout July at the main channel Susquehanna River site at Harrisburg, and both the main channel
and microhabitat locations at the Juniata River near Newport. Main channel locations at both the Juniata and
Susquehanna rivers had minimum daily dissolved oxygen concentrations of 4.10 mg/L during the 2010 critical
period. Occasionally, the minimum daily dissolved oxygen values fell below the 4.0 mg/L PADEP criterion at the
microhabitat location on the Juniata River at Howe Township Park (Appendix B, Figure 10). Consistently, daily
minimum dissolved oxygen values in the microhabitats of both the Juniata and Susquehanna rivers were more
stressful than comparable main channel locations in 2010 (Figure X; Appendix B, Figures 2 and 3) as was noted in
2008 (Chaplin et al. 2009).
Similarly, dissolved oxygen concentrations and temperature were found to be more stressful in the Susquehanna
River than comparable Allegheny River and Delaware River locations during the critical period of 2010.
Comparisons among locations showed that minimum daily dissolved oxygen was consistently below and
maximum daily temperature was consistently above those for the Allegheny and Delaware rivers (Appendix B,
Figure 4). Minimum daily concentrations of dissolved oxygen fell below the suggested criterion of 5.0 mg/L (EPA
1986) for 14 days in 2010 at the Susquehanna River at Harrisburg but did not drop below that threshold on any
occasion at the Allegheny or Delaware River locations during the critical period (Chaplin and Crawford, in review).
Median daily maximum water temperatures at the Susquehanna River at Harrisburg within the critical period
were 1.6 °C warmer in 2010 than the Delaware River at Trenton, NJ. Similarly, median daily maximum water
temperatures within the critical period during 2010 found the Susquehanna River at Harrisburg to be 3.4 °C
warmer than the Allegheny River at Acmetonia (Chaplin and Crawford, in review).

Further, more in‐depth review of these data will be presented by USGS in an Open File Report that currently
under colleague review and will be available in coming months. This report will analyze and compare all three
years of available data from the various locations and provide comparisons of microhabitat versus main channel
values, Susquehanna River versus comparable out‐of‐basin locations, and contemporary data versus historical
data.
Pine Creek and Loyalsock Creek investigations (PADEP – Central)
Sondes were placed in Pine and Loyalsock creeks in cooperation with PADEP central office as part of a
collaborative effort to assess DO, pH, temperature, and specific conductance and its relationship to disease in
smallmouth bass as well as to gather baseline data on effects of Marcellus shale exploration in these watersheds.
Sondes were maintained and data recording frequency consistent with on‐going USGS monitoring in large river
reaches.
Diel temperature fluctuations between the Loyalsock Creek, Pine Creek, and the Susquehanna River during the
critical period were similar. Daily surface water temperatures were typically highest on the Susquehanna River
and lowest on Loyalsock Creek (Figure 4). Loyalsock and Pine creeks typically experienced substantially lower
temperatures during the overnight hours then the Susquehanna River. While the diurnal fluctuations of dissolved
oxygen concentrations were similar, minimum daily concentrations of the three sites differed. This was most
evident when comparing the Loyalsock Creek and Susquehanna River. Daily minimum dissolved oxygen levels at
Loyalsock were routinely 2 mg/L greater than those on the Susquehanna River. Daily minimum dissolved oxygen
concentrations at Pine Creek were routinely 1 mg/L greater than those on the Susquehanna River (Figures 5 & 6).
Diseased YOY smallmouth bass were collected at all three stations, however. Minimum dissolved oxygen
concentrations at Loyalsock Creek were 6.39 mg/L measured August 12, 2010, which under normal conditions
would not be considered stressful. This minimum was recorded only seven days prior to the final YOY smallmouth
bass survey which yielded smallmouth bass with lesions symptomatic of the disease. The minima at Pine Creek
was 4.40 mg/L and occurred on July, 9, 2010; six days prior to the initial YOY smallmouth bass survey. This survey
yielded high densities of YOY smallmouth bass but none of the fish displayed symptoms of disease. This minimum
was similar to the 4.1 mg/L concentration measured on the Susquehanna River on the same date.

Figure 4: Comparison of surface water temperatures for Pine and Loyalsock creeks and the Susquehanna River during the
May to October critical period for smallmouth bass spawning and development. Graphics provided by J. Lookenbill, PADEP.

Figure 5: Stream discharge, surface water temperature, and dissolved oxygen concentration at Loyalsock Creek during the
May to October critical period for smallmouth bass spawning and development. Graphics provided by J. Lookenbill, PADEP.

Figure 6: Comparison of dissolved oxygen concentrations for Pine Creek and the Susquehanna River during the May to
October critical period for smallmouth bass spawning and development. Graphics provided by J. Lookenbill, PADEP.

The comparison of physical water quality conditions in these tributaries raises some interesting points. First, is
that water quality conditions at some of the larger tributaries, like Pine Creek, can be as stressful as some of the
Susquehanna River locations. This largely forested watershed is thought to have good water quality conditions
but instantaneous water quality records indicate that periods of stress do occur and the severity is similar to what
is measured in the large river reaches. Secondly, in the case of Loyalsock Creek, diseased smallmouth bass were
found in water quality conditions that would not be considered stressful under normal circumstances. While the
onset of disease within Loyalsock Creek populations of smallmouth bass coincided with minimum dissolved
oxygen concentrations, these concentrations were far less stressful than the EPA recommended 5.0 mg/L for
protection of warm‐water fishes. This suggests that other factors are potentially at play in onset of the disease.
Lastly, the timing of disease on these two water bodies did not coincide with dissolved oxygen minima or timing
of disease on other tributaries. Diseased smallmouth bass were not observed until early‐ to mid‐August at these
two locations while it was identified on other tributaries and large river locations as much as a month sooner.
Passive Contaminant Samplers
Passive contaminant samplers, including both semi‐permeable membrane devices (SPMD) and polar organic
compound integrative samplers (POCIS) were deployed in 2010 to characterize contaminants that adult
smallmouth bass would have been subjected to leading into the spawn and YOY smallmouth bass would have
encountered in the time leading up to and through the period when disease outbreaks typically occur in mid‐July.
Passive contaminant samplers mimic fish tissue and accumulate contaminants over an extended period of time.
They provide an advantage over discrete, grab samples for parameters that chronically occur at levels below
method detection limits or are episodic in nature or occur in pulses that could be missed by periodic sampling.
These devises provide information on the suite of contaminants that occur in the waterbody and relative
concentrations but do not provide information on the exact time and concentrations of specific parameters.

Passive samplers were deployed twice at the Delaware River, Allegheny River, Susquehanna River, and Juniata
River in 2010. The initial deployment coincided with collections of pre‐spawn adult smallmouth bass for
histopathological analysis. This deployment would characterize contaminant conditions immediately leading into
the spawn through egg deposition and hatching to swim‐up fry stage. After the initial six‐week period, samplers
were recovered and a second set of sampler deployed at these locations to cover the period from swim‐up fry
through the mid‐July survey period when diseased fish are usually observed. This deployment scenario allowed
for characterization of contaminants through the entire early life stages of these YOY smallmouth bass when they
are most susceptible.
Similarly, passive samplers were also deployed in three tributaries to characterize contaminants in those
waterbodies as well provide some insight as to how tributary reaches compared to larger rivers. Waters included
had strong smallmouth bass populations and had either lesioned smallmouth bass from previous, independent
collections (Loyalsock and Wyalusing creeks) or did not contain lesioned smallmouth bass in the same
independent collections (Pine Creek). Unlike river locations, only one deployment was done at each of the
tributary locations because there is uncertainty as whether the condition seen in the tributaries was the same as
the large river fish. Until confirmation could be made in terms of the cause of the lesions, it was prudent to only
do one deployment instead of two.
Due to funding constraints, passive contaminant samplers have not been fully extracted and analyzed. The USGS
Leetown Science Center, National Fish Health Laboratory provided cooperative funds to allow extraction and
select chemical analysis (pesticides only) of four of the eleven total passive samplers. Extracts were sent to the
National Fish Health Laboratory for the total estrogenicity assays for comparison with the pre‐spawn, adult
smallmouth bass collected at the Delaware, Allegheny, Susquehanna, and Juniata rivers while pesticide analysis
will be conducted at the USGS Columbia Environmental Research Center. The remaining samplers (n=7) are
currently preserved at the USGS Columbia Environmental Research Center pending funding for extraction and
analysis.
SRBC Nutrient monitoring program
The Susquehanna River Basin Commission maintains a long‐term record of nutrient concentrations and loadings
throughout the Susquehanna River Basin including several large river locations on the West Branch Susquehanna,
Susquehanna, and Juniata rivers. Since respiration‐driven dissolved oxygen sags are one of the theorized causes
of stress leading to infection, a record of the nutrient levels which could lead to algal growth are of high
importance. Included in these are the concentrations and loads of dissolved forms of phosphorus (dissolved
phosphorus and orthophosphate or dissolved inorganic phosphorus (DIP)) which have increased in recent years
(Figure 7) despite consistent decreasing trends for total phosphorus (Langland et al. 2006, McGongical 2009,
McGonigal 2010). Phosphorus is commonly accepted as the limiting nutrient in freshwater systems. Further,
dissolved inorganic phosphorus is the most readily usable form for plant and algal uptake. Increases in loading of
dissolved forms of phosphorus could have substantial impact on the plant and algal biomass in the Susquehanna
River system and is among the potential root causes of the respiratory demand for dissolved oxygen.
Interestingly, this parameter is not flow‐related as are many of the other nutrients and wide discrepancies
between measured values and model predicted values have been observed (M. Langland, USGS, Personal
Communication). This could also explain the presence of inorganic phosphorus, and potential relevance, under
low‐flow situations.

There are several potential sources for inorganic phosphorus in the system as it is the bi‐product of many
biological activities. Other sources include the use of orthophosphate in drinking water treatment as an anti‐
corrosive agent in soft water situations as well as an additive in the sewage treatment process. However, the
most common source that is identified is agriculture, particularly fertilizer. Long‐term research sites have recently
demonstrated that soil saturation with phosphorus is occurring at locations were no‐till agriculture is being
utilized and planned studies will further expand upon this concept locally (M. Langland, Personal Communication).
Phosphorus and potassium tend to accumulate in the surface layer of the no‐till treatment (Weill et al. 1990),
allowing for saturation because they are not incorporated deeper into the soils. Further, no‐till practices also
increase soil moisture, increasing the possibility for inorganic phosphorus to remain in solution and be
transported to surface waterbodies during runoff events or through interstitial flow. Sharpley et al. (2001) found
that the concentration of dissolved reactive phosphorus in runoff was strongly correlated with concentration of
phosphorus in the soil in a Northumberland County study.
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Figure 7. Concentrations (mg/L) of dissolved phosphorus and orthophosphate at the Susquehanna River at Danville for the
period 1985 – 2010. Data provided through the SRBC Nutrient and Sediment Monitoring Project.

While concentrations and loads of dissolved phosphorus and orthophosphate have been increasing lately, the
sources, mechanisms, and implications are not yet fully understood. Comparison of concentrations of
orthophosphate have failed to demonstrate a positive relationship between disease incidence and concentrations
(and subsequently loads) of orthophosphate in river and stream samples. Orthophosphate concentrations of
tributary streams where disease incidence were high were not significantly different (chi‐square =1.5265, df=1,
p=0.2166) from those where disease incidence was non‐existent or prevalence very low (i.e., indistinguishable

from background; Figure 8). Similarly, comparison of orthophosphate concentrations for large river locations
during January to August of years when disease incidence were high and years when disease incidence were low
to non‐existent did not prove to be conclusive.

Figure 8. Comparison of orthophosphate concentrations (mg/L) for tributaries where YOY smallmouth bass surveys were
conducted to track disease incidence. * indicate tributaries and years when disease incidence was not detected or at very
low frequency. Nutrient data provided by SRBC Nutrient and Sediment Monitoring Program and PADEP Water Quality

Concentrations were found to be significantly higher for years when incidence of disease was low or non‐existent
at the Susquehanna River at Marietta and Juniata River at Newport (chi‐squared=19.0304, df=1, p=0.00001287
and chi‐squared=7.8661, df=1, p=0.005037, respectively) and similar at the Susquehanna River at Danville (chi‐
squared=1.8792, df=1, p=0.174)(Figure 9). Two tributaries where disease incidence differed from year‐to‐year
were found to have different relationships of orthophosphate concentrations between years. Disease incidence
was detected in Swatara Creek in surveys conducted in 2010 while no diseased smallmouth bass were found in
2009. Concentrations of orthophosphate were not different between the two years (chi‐squared=0.1489, df=1,
p=0.6995). However, comparison of orthophosphate concentrations of the Chemung River during 2009, when
disease incidence were found, were higher (chi‐squared=7.3373, df=1, p=0.006754) than during 2010 when no
disease incidence were reported (Figure 8). Dodds (2002) cautions use of dissolved inorganic nutrients, which
include orthophosphate, in analyses because they are commonly under high demand and turnover rapidly,
therefore measured concentrations may be low yet actual supply could be high. The relatively short time since
the onset of the increases and the questions regarding the behavior of these parameters limit the available
information on the subject. Further investigation into inorganic phosphorus paired with quantitative and
qualitative analysis of algal communities should provide insight on the role of this parameter in the Susquehanna
River system. Currently, SRBC is in review and analysis of 2010 nutrient data as part of their program. A report of
findings for 2010 and discussion of trends is expected in autumn 2011.

Figure 9. Comparison of orthophosphate concentrations (mg/L) for large river locations during January –August of years
when disease incidence were high (“disease”; 2005, 2007,2008, 2010) and years when disease incidence was low to non‐
existent (“disease‐free”; 2002, 2004, 2006, 2009). Nutrient data provided by SRBC Nutrient and Sediment Monitoring
Program.

Discussion
Disease incidence and prevalence varied both spatially and temporally in 2010 as they have in past years.
Prevalence in the middle Susquehanna River was lower than in past years despite hydrologic conditions being
suitable to large‐scale outbreak. The factors behind this are uncertain but could include early spawn allowing for
increased growth and strength before susceptibility to disease increased, different habitat usage, different dietary
needs, or simply that the usual pathogens were not present or as common as in past years. While the bass
populations in this reach have suffered most since the onset of the disease condition in 2005 and also have been
the focal point of disease outbreak in the past, other reaches had more adverse conditions in 2010. The West
Branch Susquehanna River and upper Susquehanna River reaches had comparable and higher than normal
prevalence, respectively. The West Branch Susquehanna River prevalence was similar to past years and was the
most severe at the initial time of survey (46%). This included the expansion of the scope of the disease upstream
at the West Branch Susquehanna River to Jersey Shore: a previously unassessed location. Initial collections and
follow‐up collections in the upper Susquehanna River yielded high densities of YOY smallmouth bass and low
disease prevalence; however, incidental collections during adult smallmouth bass surveys demonstrated that
disease prevalence increased following initial collection. These observations suggest that disease prevalence was
higher in the upper Susquehanna River than it has been since the condition has been observed to have been
affecting smallmouth bass in the drainage. The observations of the relatively high prevalence in the West Branch
Susquehanna River and the relatively low prevalence in the middle and lower Susquehanna River, suggest that
condition may be moving northward or at least expanding its range.

Further evidence of this is the incidence of disease in tributary streams in 2010. Independent collection in 2008
by DES staff identified three tributaries that had smallmouth bass with lesions similar to those seen in the large
river reaches of the Susquehanna drainage. The 2010 survey included all three of these streams and found
smallmouth bass with lesions at two of the three previously sampled locations in addition to six other locations.
Whether disease was present in these streams prior to 2010 and had gone unnoticed or the new observations
provided evidence of expansion of the distribution of the disease is uncertain. The tributary scenarios provide a
unique opportunity to focus on smaller watersheds where the variables are less diffuse than large river reaches.
This focus should be helpful in identifying causative agents and tracking sources leading to disease outbreaks.
Similar to expansion in scope of the disease, the pathogens that are found to be are involved in disease outbreaks
are also expanding. Initial diagnosis of columnaris infections is still found to be occurring; however, other bacteria
have been documented as well. Motile Aeromonads and Pseudomona aeruginosa have also been isolated from
lesions and cultures of symptomatic YOY smallmouth bass. Columnaris bacteria that have been isolated recently
from lesions appear different from those isolated typically. This may be a sign that the columnaris affecting these
fish may be more virulent than typical strains. Further, viral assays have consistently identified the presence of
LMBv in some populations of diseased smallmouth bass. Although not known to be a direct pathogen of the
species, smallmouth bass are known to be a carrier and LMBv could be a potential stressor. Heavy infestations of
trematode and myxozoan parasites have been documented in a number of fish analyzed. As with LMBv, the
parasite load being carried may not be causing mortality but could be an additional stressor to these individuals
allowing bacterial infections to take over.
A workshop was held in Berkeley Springs, WV in April with biologists studying similar fish kills in the Potomac and
James River drainages in Maryland, West Virginia, and Virginia to share findings of the different investigations and
provide guidance and share insights moving forward. These kills involve smallmouth bass but also include other
sunfish species and sucker species. These studies have also found large volumes of parasites present in the fish
and high rates and severity of intersex. Their investigations have failed to tie specific land uses to disease
outbreaks. The hypothesis entering their investigations was that manure from poultry operations was likely
causing eutrophication as well introducing endocrine disrupting compounds to the systems; however, the data
failed to support this hypothesis. In Virginia kills, the bacterium Aeromonas salmonicida has been implicated as
the causative agent. Unlike the Susquehanna investigations, dissolved oxygen and temperature have also not
been shown to be stressors. Temperature has been found to play a role in that they have not seen fish kills occur
above 25oC, consistent with the life history of A. salmonicida. One of the take home messages of the discussions
what that there is no existing guidance on these disease situations. Historically, fish kill investigations involved a
single, severe pollutant that caused wholesale mortality; not a suite of sub‐lethal stressors that cause reoccurring
chronic mortality events of a single or a few species. Information gathering as part of these investigations will be
beneficial in other investigations moving forward as these are among the seminal studies into these types of fish
kill events.
In light of these factors, continued study into the pathology of the disease within smallmouth bass and the factors
contributing to it is of utmost importance. Further focus on tributary systems should provide vital insight into
what is contributing to the infection with an overall smaller set of variables. It is important though not to break
the on‐going record of pathology and water quality data that has been generated from large river locations. In
addition, as the importance of the role of parasites in the manifestation of the disease becomes more evident,
further investigation into parasite pathogens and their intermediate hosts is needed. As records of intersex in the
basin increase and the relationships between contaminants and immune function are further developed, a

better understanding of how contaminants, particularly endocrine disrupting compounds need to be further
investigated (Appendix C).
RECOMMENDATIONS
1. Continue to investigate pathology of diseased smallmouth bass to determine role that different bacterial
pathogens are playing in mortality events including further investigation into the unique strain of
columnaris that was identified.
2. Continue to gather physical water quality data (temperature, dissolved oxygen, pH, and specific
conductance) in select large river reaches and tributaries, preferably where there are existing nutrient and
other water quality data.
3. Further determine the role that myxozoan and trematode parasites are having on the immune function of
YOY smallmouth bass.
4. Qualify and quantify the algal community of the affected reaches to elucidate the relationship between
nutrient enrichment, respiratory demands on dissolved oxygen concentrations, and potential food source
for parasite intermediate hosts.
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Appendix A
Fish Pathology Reports

COMMONWEALTH OF PENNSYLVANIA
Pennsylvania Fish and Boat Commission
Fish Production Services

SUBJECT:

Smallmouth bass mortality (7/13/2010)

TO:

Geoffrey Smith,
Susquehanna River biologist

FROM:

Coja Yamashita
Fish Health Unit Leader

PFBC Fish Health lab Sample ID Number 10‐140
Date Collected:

7/13/2010

Date Received:

7/14/ 2010

Collection
Location:

Total Number of Fish:
Species:

North Branch of the Susquehanna River, upstream of the PFBC Danville access ID # 568,
Montour County
21
Smallmouth bass (Micropterus dolomieui)

Moribund fish were collected on July 13, 2010 by Pennsylvania Department of Environmental Protection (DEP)
staff. Fish were placed on ice and delivered to the Pennsylvania Fish and Boat Commission (PFBC) Susquehanna
River Biologist. Fish were then delivered to the PFBC Fish Health Lab the next day. Examination of the specimens
and bacteriology was conducted by the PFBC Fish Health Lab. Tissue samples were collected and submitted to the
USFWS Northeast Fish Health Center for virology analyses. Eleven fish were preserved in a formalin solution
provided by the United States Geological Survey.
External examination:
Total length of specimens provided ranged from 50 to 240 mm. Lesions and hemorrhaging were observed at
various locations on a majority of specimens. Fin erosion was present at several locations. No external parasites
were observed. Large numbers of motile bacteria were observed in wet mounts from lesions. Gills were in fair
condition.
Internal examination

Signs of systemic bacterial infection including enlarged kidney, and spleen were observed in all specimens. The
stomach was distended in several specimens, large numbers of subadult Ephemeroptera were observed when
examining the contents of the stomachs.
Microbiology:
The following species of bacteria and or groups of bacteria were isolated from the kidney and/or lesions of the
specimens provided:
Motile Aeromonas group – 8 of 8 specimens sampled for bacteriology
Pseudomonas aeruginosa – 1 of 8 specimens sampled for bacteriology
Bacteria were isolated from kidney and spleen tissue following procedures recommended in; AFS-FHS (American
Fisheries Society-Fish Health Section). 2007. FHS blue book.
Virology:
Largemouth Bass virus (LMBv) was detected by USFWS Northeast Fish Health Center using virology cell culture on
CHSE, EPC, FHM and BF‐2 cells with PCR confirmation.
Conclusions:
The mortality event appears to have been the result of bacterial infection, most likely bacteria belonging to the
Motile Aeromonas group. Motile Aeromonas are commonly found in association with fish kills and are the
primary cause of Motile Aeromonas Septicemia. Bacteria belonging to the Motile Aeromonas group are endemic
to the Commonwealth’s waters. Thus, this mortality event does not provide evidence of a new fish pathogen.
Bacterial infestations such as the one responsible for these mortalities are usually the by‐product of
environmental stress such as a sudden increase in water temperature or other water quality issue.
Largemouth Bass virus is known to be present in the Susquehanna River Smallmouth bass population. LMBv is
known to cause mortality in adult Largemouth bass (Micropterus salmoides), however, it has not been linked to
fish kills involving juvenile fish or other species. While it is unlikely that LMBv is responsible for this mortality
event it may have been an additional stressor, weakening the immune system of the affected fish allowing for the
onset of Motile Aeromonas Septicemia.

cc:

R. Wnuk
A. Shiels

COMMONWEALTH OF PENNSYLVANIA
Pennsylvania Fish and Boat Commission
Fish Production Services

October 13, 2011

SUBJECT:

Smallmouth Bass Mortality (8/10/2010)

TO:

Geoffrey Smith,
Susquehanna River Biologist

FROM:

Coja Yamashita
Fish Health Unit Leader

PFBC Fish Health Lab Sample ID Number: 10‐156
Date Collected:

8/10/2010

Date Received: 8/10/ 2010
Location:

Pine Creek, Downstream of Cammel, Lycoming County PA.

Total Number
of Fish:

17

Species:

Smallmouth bass (Micropterus dolomieui)

The fish kill was first reported on August 9, 2010. Moribund fish were collected on August 10, 2010 by
Pennsylvania Fish and Boat Commission (PFBC) staff. Fish were delivered live to the PFBC Fish Health Lab.
Examination of the specimens and bacteriology was conducted by the PFBC Fish Health Lab. Tissue samples were
collected and submitted to the USFWS Northeast Fish Health Center for virology analyses.
External examination:
Total length of specimens provided ranged from 59 mm to 105 mm. Lesions and hemorrhaging were observed at
various locations on a majority of specimens. Fin erosion was present at several locations. Gills were in poor
condition with severe clubbing. In addition, large numbers of protozoan ectoparasites characteristic of Capriniana
piscium were observed on the gills.
Internal examination

Signs of systemic bacterial infection including enlarged kidney and spleen were observed in all specimens.
Digenean trematode infection (white grub) was observed in liver tissue.
Microbiology:
The following species of bacteria and or groups of bacteria were isolated from the kidney and/or lesions of the
specimens provided:
Flavobacter columnaris
Motile Aeromonas group
Bacteria were isolated from kidney and spleen tissue following procedures recommended in; AFS-FHS (American
Fisheries Society-Fish Health Section). 2007. FHS Blue Book.
Virology:
Largemouth Bass virus (LMBv) was detected by the USFWS Northeast Fish Health Center using virology cell culture
on CHSE, EPC, FHM and BF‐2 cells with PCR confirmation.
Conclusions:
Several factors may have contributed to this mortality event including gill parasites, digenean trematode
infestation, external and internal bacterial infection, and the presence of LMBv.
Parasite and bacterial infestations such as the one observed are usually the by‐product of environmental stress
such as an increased water temperature or another water quality issue.
Largemouth Bass Virus is known to be present in the Susquehanna River smallmouth bass population. LMBv is
known to cause mortality in adult largemouth bass (Micropterus salmoides), however, it has not been linked to
fish kills involving juvenile fish or other species. While it is unlikely that LMBv is the primary cause of this
mortality event it may have been an additional stressor, weakening the immune system of the affected fish
allowing for the onset of the other conditions.

cc:

J. Arway
L. Young
J. Detar
A. Shiels

Appendix B
Water Quality Graphics
(from Chaplin and Crawford, In Review)

Figure 1: Dissolved oxygen, water temperature, and pH at the Susquehanna River at Harrisburg, Pennsylvania,
2008 through 2010. From Chaplin and Crawford, in‐review PRELIMINARY DATA

Figure 2: Dissolved oxygen, water temperature, and pH at the Juniata River at Newport, Pennsylvania, 2008
through 2010. From Chaplin and Crawford, in‐review PRELIMINARY DATA

Figure 3: Dissolved oxygen, water temperature, and pH in young‐of‐year smallmouth bass microhabitat at the
Juniata River at Howe Township Park, Pennsylvania, 2009 and 2010. From Chaplin and Crawford, in‐review
PRELIMINARY DATA

Figure 4. Comparison of water quality at the Susquehanna River at Harrisburg, Pennsylvania; Delaware River at
Trenton, New Jersey; and Allegheny River at Acmetonia, Pennsylvania: 2008 through 2010. From Chaplin and
Crawford, in‐review PRELIMINARY DATA

Appendix C
2011 Proposed study plan for smallmouth bass disease
investigations

Investigation into factors associated with disease in Susquehanna
Basin populations of smallmouth bass: 2011 sampling season
Contact:

Geoffrey Smith
Susquehanna River Biologist
Pennsylvania Fish and Boat Commission
(717) 265‐7837
geofsmith@state.pa.us

Background
Wide‐scale, disease‐related mortality of young‐of‐year (YOY) smallmouth bass was first documented in 2005 and
again annually at varying degrees between 2006 and 2010 at the West Branch Susquehanna, Susquehanna, and
Juniata rivers. In 2010, bacterial infections resulting in lesions were documented in eight other tributaries in the
Susquehanna River Basin. These were the first records of the condition in smaller, warm‐water streams within
the basin. Flavobacterium columnare and a number of motile Aeromonads were isolated from the lesions of a
high proportion of affected YOY. Internal isolations of bacteria as well as Largemouth Bass Virus were present in a
lower proportion of bass. Pathological analysis of moribund and dead YOY smallmouth bass also documented
infection by myxozoan and trematode parasites. Further, adult male smallmouth bass specimens have shown to
have some of the same parasites as well as severe rates of intersex (testicular oocytes). Investigations of
physicochemical water quality and nutrient parameters have failed to identify a definitive cause and mechanism
for the disease condition, but stressful water quality conditions have been documented and are believed to play a
role in manifestation of the disease (Chaplin et al. 2009). The documentation of the intersex condition within the
smallmouth bass populations (V. Blazer, presentation to SRBC WQ Advisory Comm., Oct. 2010) indicates the
presence of endocrine disrupting compounds (EDC) and the potential for these and other emerging contaminants
(EC) to contribute to compromised disease resistance of YOY smallmouth bass and, subsequently, the population
levels. However, little information exists on the presence of EDC and EC in both ambient water and fish tissues of
the West Branch Susquehanna, Susquehanna, and Juniata rivers.
The proposed 2011 collections will focus on continued sampling at main‐stem Susquehanna River, West Branch
Susquehanna River, and Juniata River locations and an expansion to a select set of tributaries (to be determined).
The inclusion of smaller watersheds will help identify particular sources or conditions that could be leading to the
disease manifestation, as they are less complex than the larger river systems. This year’s study plan will consist of
two components: a continuation of the large river long‐term water quality monitoring and a continued emphasis
on the bacteria and parasites contributing to the YOY smallmouth bass mortality.
Long‐term, large river water quality monitoring
The availability of long‐term water quality data sets on the large river systems of the Susquehanna River Basin is
limited; a primary factor compromising this disease investigation. Until 2008, there were no, multi‐parameter
water quality meters(sondes) located measuring dissolved oxygen (DO), pH, water temperature, and specific
conductance (SC) on a continuous basis (30‐minute intervals) in any portion of the West Branch Susquehanna,
Susquehanna, or Juniata rivers. The Susquehanna is the only river system in the eastern United States that does
not have at least one sonde for long‐term monitoring.
As part of this investigation, water quality sondes have been deployed and maintained by USGS, Pennsylvania
Water Science Center under annual contracts for six‐month deployments at different points in the Susquehanna
and Juniata rivers. Funding for 2008‐2010 water quality monitoring efforts have been identified annually, often
last‐minute, making planning, budgeting, and coordination difficult. Despite the funding difficulties, data
provided under these arrangements has offered valuable insight on existing conditions in these waterbodies. The

lack of historic datasets similar to those collected since 2008 has hindered comparisons to determine if water‐
quality conditions have changed over time. The Susquehanna River smallmouth bass technical committee
requests that sondes be deployed at no less than two sites at the mainstem Susquehanna River, one site on the
West Branch Susquehanna River, and one site on the Juniata River. The committee would like to integrate sondes
at the following existing USGS gage locations:
West Branch Susquehanna River at Lewisburg
Susquehanna River at Danville
Susquehanna River at Harrisburg
Juniata River at Newport
The Pennsylvania Department of Environmental Protection (PADEP) has recently included the Susquehanna River
at the Danville location as part of the expansion of the Department of Environmental Protection’s Water Quality
Network (WQN) for 2011 and has had instrumentation installed. Further expansion to include the other
recommended sites and the identification of long –term funding to support these sites will benefit this
investigation and numerous other studies including, the Chesapeake Bay TMDL. Estimated costs for installation
and operation and maintenance (O&M) of additional sondes at Harrisburg, Newport, and Lewisburg would be
$46,450.00 for 2011 and an additional $178,537.00 for the period of 2012‐2015 (Table 1).
Microhabitat settings, characterized by relatively shallow slow‐moving water, are where YOY smallmouth bass
spend the first few months of their lives. This time period is critical for survival and proper development, however,
water quality in microhabitats is relatively stressful because dissolved‐oxygen concentrations typically are lower
and vary more widely than in nearby main channel settings (Chaplin et al., 2009). Therefore, in addition to main
channel sondes, we are requesting the placement of sondes at two YOY microhabitat locations to continue the
data record for spatial comparisons between main channel and microhabitat areas. The sondes in YOY
microhabitat settings will be paired with main channel sondes but exact locations have yet to be determined. As
previously mentioned, low dissolved oxygen concentrations (<5.0 mg/L) remains one of the theorized causes
leading to bacterial infections in YOY smallmouth bass that prefer these habitats. As such, continuation of this
data record is invaluable in the disease investigation. Estimated costs for installation and O&M of these sondes
would be $23,900.00 for 2011 and an additional $132,600 for 2012 – 2015 (Table 2).
Fish Health
The consistent findings over the course of the disease investigation suggest complex interactions of water quality,
bacterial pathogens and parasite infections. A number of observations made in 2009‐2010 require further
investigation. First, cultures from many of the lesions contained both motile Aeromonads and Flavobacterium
columnare, considered important pathogens of fishes. In addition, the growth pattern of F. columnare (smooth
and heavy growth versus rough colony morphology) may indicate the presence of virulence factors important in
disease initiation and progression. Motile Aeromonads may also differ in virulence and hence it is important to
better define (using molecular techniques) the bacterial populations and factors which may influence these
virulence factors. Second, is the presence of both myxozoan and trematode parasites in YOY smallmouth bass
analyzed. The role of these parasites either directly or in combination with the bacterial infections remains
unclear. Parasites may compromise the YOY smallmouth in a number of ways: 1) high parasite loads may cause
immune suppression and allow secondary bacterial infection 2) the entrance point of the parasites through the
epidermis may provide a route of entry for bacteria 3) heavy parasite loads may make fish more sensitive to
chemicals contaminants and 4) certain invertebrates may be vectors for the bacterial pathogens. Contemporary
studies have found that parasites have had an important role in disease within amphibian populations (Rohr et al.
2008a, Rohr et al. 2008b), leading to global declines. These same studies have identified environmental
conditions as the primary factors affecting the virulence of the parasites and subsequent bacterial infections. Use
of agrochemicals (Kiesecker 2006; Rohr et al. 2008b) in combination with eutrophication (Rohr et al. 2008a) has
been found to increase impacts of parasite infections in amphibian populations. Fish species, such as smallmouth
bass, with similar ecology, may be affected similarly. Further, the intersex conditions seen in adult male

smallmouth bass has been linked to agrochemicals and other EDC. Previous studies with EDC and smallmouth
bass in the Potomac River Basin found percent agricultural landuse and animal density in the catchment to be
associated with intersex prevalence, while other landuse parameters such as wastewater treatment plants and
human density were not (Blazer et al. 2007; Blazer et al. Submitted).
The myxozoan and trematode parasites in question have complex life cycles that require an intermediate host,
often an invertebrate, to complete. It is unknown which of the invertebrates found in each of these systems is
serving this role. Identification of the species or species group serving as the intermediate host will help in
understanding whether or not this species is new to the drainage; factors that may have lead to population
increases in the intermediate hosts; why mortalities occur in some waters and not others; and if a particular
intermediate host appears to be key to the parasites/disease, what can be done to control the spread and or
proliferation.
Recent analysis by the USGS, National Fish Health Laboratory identified DNA primers unique to the parasites
found in Susquehanna River drainage smallmouth bass samples. Using these primers, invertebrate samples from
select waterbodies could be tested to determine whether parasites are present and which species of
invertebrates are serving as host. Consequently, the objectives of this portion of the proposed study plan are: (1)
determine the role that parasites may have in manifestations of bacterial infections of YOY smallmouth bass; (2)
identify the distribution of parasite within the Susquehanna River basin and determine if it exists outside of the
basin; (3) determine the intermediate host for parasite to help identify management options to control parasite
reproduction and prevent expansion where it does not already exist; and (4) determine whether agrochemicals
and/ or eutrophication are exacerbating parasite proliferation in the environment and virulence, leading to wide‐
spread bacterial infections in YOY smallmouth bass.
Methods
The study design includes nine tributary sites (three in‐basin controls or places where diseased fish have not been
found, three in‐basin treatments or locations where diseased fish have been found, and three out‐of‐basin
controls) for comparison along with four large river sites collocated with USGS gage locations. Large river
sampling locations are not part of the statistical design and will all be in the Susquehanna River Basin to continue
disease record. This design scheme, which will allow statistical comparison between tributary station types, was
identified during consultation with invited guests from USGS, Leetown Science Center and Pennsylvania Water
Science Center; USGS Pennsylvania Cooperative Fish and Wildlife Research Unit; and Susquehanna River Basin
Commission (SRBC). Specific sites have not been identified at this point in time but in‐basin sites will include
those sampled in previous efforts.
Fish
Two life stages of smallmouth bass (YOY and adult) will be collected at each of the nine locations during the index
period of June through August to assess overall health and determine presence and severity of parasite and
bacterial infections. Pre‐spawn, adult smallmouth bass will be collected via boat (river and large tributaries) or
tow barge (smaller tributaries) electrofishing in late‐April or early‐May, depending on stream temperature and
hydrologic conditions. Fish will be dissected on‐site and select tissue saved for histopathology by USGS, National
Fish Health Laboratory staff. Bacterial and viral cultures of lesions, and select organs will be conducted by USFWS
staff as part of the Wild Fish Health study. In 2009 and 2010, adult pre‐spawn smallmouth bass (two locations
annually) were collected at the West Branch Susquehanna, Susquehanna, and Juniata rivers as part of the disease
investigation. Continuation of these analyses and expansion to include all four of the river locations previously
identified will give a better understanding of the disease in each of the waterbodies as well as track changes over
time. In addition, collections will also provide information on distribution, prevalence, and severity of intersex in
adult male smallmouth bass and temporal changes that may occur. YOY smallmouth bass will be collected
monthly from June to August to assess health and develop a timeline for parasite infection. As in previous years,
specimens will be collected in early to mid‐June (about 30 days of life); during the mid‐July historic index period

for PFBC, Division of Fisheries Management (about 60 days of life); and during early to mid‐August (about 75 to 90
days of life) when lesions began to appear on smallmouth bass at tributary locations in 2010. Similar to adult
smallmouth bass, YOY smallmouth bass will be cultured on‐site for bacterial and viral analysis and select tissues
preserved for histopathological analysis by USGS National Fish Health Laboratory staff.
Methodologies and sampling locations will differ between collections based on condition of the fish to be
collected, the recruitment of fish to the sampling gear, and final disposition of the data generated. Mid‐June
collections will be spot surveys using gas‐powered, backpack electrofishers (AC) or battery powered backpack
electrofishers (AC). Sampled reaches will be near the historic sampling location or identified reach for July
surveys but not collocated with them as removing fish will compromise quantitative assessments. In previous
collections, it has been more efficient to spot individual smallmouth bass and electrofish each fish singly until
desired sample size is reached. Mid‐July surveys will be conducted using gas‐powered, backpack electrofishers
(AC) within the historically surveyed reaches or over a contiguous, 300‐meter reach along a single bank for newly
established sampling locations. The July collections using this method will serve as a quantitative index value and
allow comparison of density between sites and years. The Division has more than 20 years of smallmouth bass
data state‐wide using this methodology allowing for accurate comparisons of density among waters.
Supplemental collections using other methods (i.e., tow barge) or by increasing sampled area to provide adequate
sample size for histopathological analysis or more precise prevalence values will be done if needed and as time
allows. Tow boat electrofishers using pulsed‐DC will be used during August collections to ensure adequate
collection of YOY smallmouth bass. Susceptibility to backpack electrofishing gear decreases as fish increase in size
requiring a switch to tow boat electrofishing as the primary method for this time period. Additionally, it is
presumed that diseased fish are more susceptible to backpack fishing gear than healthy fish by this point in time,
imposing bias into prevalence estimates. As with June collections, sampled reach should be near but not
collocated with previous surveys as removal of fish by previous surveys may affect estimates. Field fish health
sampling, bacteriology and histopathological analysis will be conducted by USGS, National Fish Health Laboratory
staff. Required funding for this portion of the project is $78,000.00 (Table 3).
Invertebrates
To obtain potential parasite intermediate host specimens, benthic invertebrate samples will be collected at the
nine locations for RNA and DNA extraction and PCR confirmation of host species. Organisms will be collected
using standard D‐frame kick nets with 500 micron mesh. Sample will be composed of one square meter area in
typical YOY smallmouth bass habitat coincident with YOY smallmouth bass collections. Extra effort will be
required at each site beyond standard kick‐sample protocols to ensure that gastropods are removed from rock
surfaces and substrate is excavated deep enough to disrupt sediment and silt under the gravels and cobbles to
ensure that oligochaets are sampled effectively. All material will be transported to the laboratory facilities and
invertebrates sorted into species groups (i.e., gastropods, oligochaets, mayflies, stoneflies, etc.) for molecular
analysis for both parasite life stages and bacterial pathogens. Additional effort may be necessary to collect larger
organisms (i.e., crayfish and Dobson fly larvae or hellgrammites) as they may not be adequately represented in
the sample and are potential parasite intermediate hosts. Confirmation of a species group as a parasite
intermediate host may necessitate lower levels of taxonomic identification to determine whether or not the
parasite‐host relationship is species‐specific. Sample collection, sorting, and molecular analysis will be conducted
by USGS National Fish Health Staff (Table 3). Lower‐level taxonomic identification may require further
consultation to taxonomic expert if one is not available to agency staff. Funding to support this portion of the
project is $62,400.00 (Table 3).
Water Quality
In‐situ water quality sondes (YSI 6600 or equivalent) will be placed at each of the sampling points to monitor
dissolved oxygen (DO), temperature, specific conductance, and pH through the May to October index period.
Sondes will be programmed to log data at fifteen‐minute intervals throughout the period. Sonde maintenance,
calibration, quality control procedures, and data maintenance will be preformed following USGS standard

operating procedures detailed in Wagner et al. (2006). Sondes will be supplied by USEPA, Region 3 Field Office
and PADEP Central Office. Sonde maintenance and data processing will be conducted by PADEP Central Office
Staff.
Nutrient samples will be collected at nine proposed monitoring locations to measure nutrient and suspended
sediment (SS) concentrations during various flows as per SRBC protocols. Fixed‐date, monthly samples will be
collected during the middle of each month. All samples will be collected by hand with USGS depth integrating
samplers. At each site between three‐ and ten‐depth integrated vertical samples will be collected across the
water column and then composited to obtain a representative sample of the entire waterbody. In addition, at
least four high flow events will be sampled, targeting one per season. If possible, a second high flow event will be
sampled in accordance with spring planting in the basin to characterize agrochemical and nutrient introductions.
During high flow sampling events, samples will be collected daily during the rise and fall of the hydrograph with
goal being to gather a minimum of three samples on the rise and three samples on the fall, with one sample as
close to peak flow as possible. Sampling continues until flows returned to pre‐storm levels.
Whole water samples will be collected to be analyzed for total nitrogen (TN) species, total phosphorus (TP)
species, total organic carbon (TOC), and SS. Additionally, filtered samples are collected to analyze for dissolved
nitrogen (DN) and dissolved phosphorus (DP) species. All samples will be delivered to the PADEP Laboratory in
Harrisburg to be analyzed the following workday. Suspended sediment concentrations will be completed at SRBC
or at the USGS sediment laboratory in Kentucky, depending upon the site location. Further description of
parameters and laboratory methods used is detailed by McGonigal (2009). Current site selection and sampling
framework will be provided for by current SRBC and Delaware River Basin Commission (DRBC) sampling programs,
and no additional funding needs are anticipated.
Polar organic compound integrative samplers (POCIS) will be deployed twice at each of the nine tributary sites
and four river sites over the index period to characterize herbicides and pesticides present in these systems.
POCIS samplers mimic fish tissue by continuously accumulating contaminants and are preferred over discrete
samples for contaminants that are only found in water periodically (i.e., run‐off events, periodic discharges).
Deployment periods will be approximately one month each and bracket the entire time frame between the
smallmouth bass spawn in early‐May to the normal PFBC YOY collection period in mid‐July. This will provide
information on the relative concentration of contaminants that the adult and YOY smallmouth bass, parasite
intermediate hosts, and cercariae are exposed to in these waters (Jones‐Lepp et al. 2004). Samples will be
extracted and analyzed by USGS, Columbia Environmental Research Center. Required funding to support this
portion of the project is $130,000.00 (Table 3).
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Table 1: Estimated costs of instrumenting large river water‐quality sondes for 2011 and four
subsequent years
Station
Susquehanna River at Harrisburg
Juniata River at Newport
West Branch Susquehanna River at Lewisburg

O&M*
$13,150.00
$13,150.00
$13,150.00

Installation
$0.00
$0.00
$7,000.00
Total

Total
$13,150.00
$13,150.00
$20,150.00
$46,450.00

Station
All locations (2012)
All locations (2013)
All locations (2014)
All locations (2015)

O&M*
$41,423.00
$43,494.00
$45,668.00
$47,952.00

Installation
$0.00
$0.00
$0.00
$0.00
Total

Total
$41,423.00
$43,494.00
$45,668.00
$47,952.00
$178,537.00

*includes rental fee for equipment
Table 2: Estimated costs of instrumenting large river microhabitat water‐quality sondes for 2011 and
four subsequent years
Station
Large River microhabitat locations (2)

O&M*
$23,900.00

Installation
$0.00
Total

Total
$23,900.00
$23,900.00

Station
both locations (2012)
both locations (2013)
both locations (2014)
both locations (2015)

O&M*
$30,765.00
$32,303.00
$33,918.00
$35,614.00

Installation
$0.00
$0.00
$0.00
$0.00
Total

Total
$30,765.00
$32,303.00
$33,918.00
$35,614.00
$132,600.00

