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What is a fish kill?What is a fish kill?
The sudden death of large numbers of fishThe sudden death of large numbers of fish

Causes:Causes:
––Lack of Oxygen:Lack of Oxygen: High Biochemical Oxygen Demand (BOD) High Biochemical Oxygen Demand (BOD) 
from increased organic matter and other factors that decrease DOfrom increased organic matter and other factors that decrease DO
levelslevels
––Fish Disease and Parasites:Fish Disease and Parasites: Fish are constantly exposed to Fish are constantly exposed to 
diseasedisease--causing viruses, bacteria, fungi and parasitescausing viruses, bacteria, fungi and parasites
––Pollutants:Pollutants: Pesticides, chlorine, gasoline, fuel oil, ammonia Pesticides, chlorine, gasoline, fuel oil, ammonia 
fertilizer, acids and other toxic chemicals fertilizer, acids and other toxic chemicals 
––Naturally toxic water:Naturally toxic water: AcidAcid--sulphatesulphate soils and aluminum soils and aluminum 
toxicitytoxicity
––Thermal Pollution:Thermal Pollution: Power plantsPower plants

Virginia Tech: Virginia Cooperative Extension. “Fish Kills: Their Causes and Prevention.” 2000



Some facts about the Shenandoah River Some facts about the Shenandoah River 
Watershed and fish kills:Watershed and fish kills:

The watershed encompasses over 1.5 million The watershed encompasses over 1.5 million 
acresacres



The Shenandoah River was named #5 of 10 in The Shenandoah River was named #5 of 10 in 
America’s Most Endangered Rivers of 2006 America’s Most Endangered Rivers of 2006 (American (American 
Rivers 2006)Rivers 2006) due to:due to:

––Failure to meet Federal Clean Water Standards: excess Failure to meet Federal Clean Water Standards: excess 
nutrients, nutrients, sediment, and other pollutantssediment, and other pollutants
––Rapid development: Increased Rapid development: Increased polluted runoff, overburdened polluted runoff, overburdened 
sewage and water treatment, and reduced riparian bufferssewage and water treatment, and reduced riparian buffers

Common Observations with 2004 Common Observations with 2004 –– 2006 fish kills: 2006 fish kills: 
––2004: North Fork / Main stem2004: North Fork / Main stem
––2005 and 2006:2005 and 2006: South Fork / North Fork / Main stemSouth Fork / North Fork / Main stem
––Mostly Mostly CentrarchidsCentrarchids (sunfish) were affected(sunfish) were affected
––Most kills and lesions were observed in April and May Most kills and lesions were observed in April and May 

Coincident with spawning periodCoincident with spawning period



VA Tech DVM Report on South Fork Shenandoah fish deathsVA Tech DVM Report on South Fork Shenandoah fish deaths

2005 fish samples:2005 fish samples:

–– FishFish died from secondary bacterial and fungal skin infections died from secondary bacterial and fungal skin infections 
due to due to immune suppressionimmune suppression (Smith 2005)(Smith 2005)

–– “as a result of fluctuating environmental and water “as a result of fluctuating environmental and water 
temperatures.”temperatures.” (Smith 2005)(Smith 2005)

Immune SuppressionImmune Suppression can be caused by a variety of can be caused by a variety of 
stressors stressors (UF 2002)(UF 2002)::

––Biological:Biological: Population density, pathogenic and nonPopulation density, pathogenic and non--pathogenic pathogenic 
microorganisms, internal and external parasitesmicroorganisms, internal and external parasites
––Chemical:Chemical: Low DO, changes in pH, chemical pollution, diet Low DO, changes in pH, chemical pollution, diet 
composition, accumulation of ammonia or nitrite, dissolved gasescomposition, accumulation of ammonia or nitrite, dissolved gases
––Physical:Physical: Temperature, light, soundsTemperature, light, sounds
––Procedural:Procedural: Handling, shipping, disease treatmentHandling, shipping, disease treatment



JMU Project:JMU Project:
–– Establish a knowledge and understanding of Establish a knowledge and understanding of 

environmental conditions before, during and after the environmental conditions before, during and after the 
fish killsfish kills

–– Study meteorological data including Study meteorological data including rainfall and runoff, rainfall and runoff, 
discharge data, air temperature, and water temperaturedischarge data, air temperature, and water temperature

Flow quantity and variability:Flow quantity and variability:
–– Discharge dataDischarge data available from several U.S. Geological available from several U.S. Geological 

Survey (USGS) gaging stationsSurvey (USGS) gaging stations
Air temperature data and summaries:Air temperature data and summaries:
–– Meteorological info including Meteorological info including air temperatureair temperature data data 

available in abundance:  VA State Climatology Office, available in abundance:  VA State Climatology Office, 
National Climate Data Center & other databasesNational Climate Data Center & other databases

Water Temperature data: Water Temperature data: 
–– Discharge data have been collected for many years; but Discharge data have been collected for many years; but 

long term long term water temperature datawater temperature data are unavailableare unavailable
–– Municipal water treatment plants Municipal water treatment plants -- ??????



Climate Trends in VirginiaClimate Trends in Virginia

Air Temperature:Air Temperature:
–– 1985 to present has been warmer than the period of 1960 to 19851985 to present has been warmer than the period of 1960 to 1985
–– The midThe mid--1960s was the coolest period since the beginning of the century1960s was the coolest period since the beginning of the century
–– The hottest decade on record is still the 1930sThe hottest decade on record is still the 1930s
–– An identifiable trend for VA air temperature hasAn identifiable trend for VA air temperature has not not been observedbeen observed

Precipitation:Precipitation:
–– National precipitation averages have increased by 10% over the lNational precipitation averages have increased by 10% over the last ast 

centurycentury
–– In Virginia there has been In Virginia there has been nono annual trend in precipitationannual trend in precipitation
–– The last few decades have had notably dry summersThe last few decades have had notably dry summers

The recurring themes are:The recurring themes are:
–– Natural climate variability is greatNatural climate variability is great
–– Although global temperature and national precipitation levels maAlthough global temperature and national precipitation levels may be y be 

increasing, there is increasing, there is nono definitive evidence in Virginia that supports either definitive evidence in Virginia that supports either 
observationobservation

http://climate.virginia.edu/vca/vca23_1/nature_change.html



http://lwf.ncdc.noaa.gov/oa/climate/onlineprod/drought/xmgr.html

Lower Shenandoah Valley Average Monthly Air Temperature

(all stations)



Sources of Water Temperature DataSources of Water Temperature Data

520520Shenandoah:Shenandoah:
North Fork North Fork 

3838ΟΟ 5959‘‘ NN
7878ΟΟ 2222‘‘ WW

Strasburg WTPStrasburg WTP

10201020Shenandoah:Shenandoah:
North Fork North Fork 

3838ΟΟ 3737‘‘ N N 
7878ΟΟ 4747‘‘ WW

Broadway WTPBroadway WTP

468468Shenandoah: Shenandoah: 
South ForkSouth Fork

3838ΟΟ 5454‘‘ NN
7878ΟΟ 1010‘‘ WW

Front Royal WTPFront Royal WTP

760760Shenandoah:Shenandoah:
North ForkNorth Fork

3838ΟΟ 5151‘‘ NN
7878ΟΟ 3030‘‘ WW

Woodstock WTPWoodstock WTP

834834South Branch South Branch 
Potomac: South Fork Potomac: South Fork 

3939ΟΟ02 02 ‘‘ NN
7878ΟΟ 5757‘‘ WW

Moorefield, WV WTPMoorefield, WV WTP

ElevationElevation
(Feet above sea level)(Feet above sea level)

River SystemRiver SystemLatitude Latitude 
LongitudeLongitude

Site NameSite Name



The Shenandoah River Watershed

Source: http//www.purewaterforum.org/fishkill/images/Fish%20Kill%20Reports_none.jpg
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Monthly Average Water Temperatures at M&I Intake Stations



20 Week Temperature Averages at M&I Intake Stations 

y = 0.36x + 8.6            r2 = 0.83

y = 0.12x + 10.2            r2 =0.76 y = -0.04x + 10             r2 = 0.34

y = 0.18x + 8.3           r2 = 0.77



January to June Water Temperature AnalysisJanuary to June Water Temperature Analysis
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Spawning and TemperatureSpawning and Temperature
Smallmouth bass Smallmouth bass ((Micropterus dolomieuMicropterus dolomieu)):: Spawning occurs in 16 Spawning occurs in 16 -- 2222ΟΟC water, C water, 

generally in midgenerally in mid--May May ““when the river clears and flows stabilized.when the river clears and flows stabilized.”” (Surber 1970)(Surber 1970)

Redbreast sunfish Redbreast sunfish ((Lepomis auritusLepomis auritus)):: Water temperatures during breeding have Water temperatures during breeding have 
been noted between 16 and 28been noted between 16 and 28ΟΟC. C. RRedbreasts have been observed guarding edbreasts have been observed guarding 
nests between May 13nests between May 13thth and July. (Jenkins and Burkhead 1993) and July. (Jenkins and Burkhead 1993) 

Northern hogsucker Northern hogsucker ((Hypentelium nigricansHypentelium nigricans)):: Spawn in water between 11 and Spawn in water between 11 and 
2323ΟΟC during April and May; C during April and May; “…“…has an interesting reproductive repertoire that has an interesting reproductive repertoire that 
contrasts with that of other sucker genera.contrasts with that of other sucker genera.”” (Jenkins and (Jenkins and BurkheadBurkhead 1993)1993)

Largemouth bass Largemouth bass ((MicropterusMicropterus salmoidessalmoides)): : Spawning occurs in 18 Spawning occurs in 18 -- 2424ΟΟC water C water 
((CarlanderCarlander 1977); Normal spawning period in Virginia is May and June. 1977); Normal spawning period in Virginia is May and June. 
(Jenkins and (Jenkins and BurkheadBurkhead 1993) 1993) 



April and May Water Temperatures at M&I Intake Stations





16o C : March 1 – June 30



Luray Flow Rates: South Fork Shenandoah

Avg: 2311
Avg: 2311Avg: 2472

Avg: 1815 Avg: 1556



Strasburg Flow Rates: North Fork Shenandoah

Avg: 1102 Avg: 1009

Avg: 840 Avg: 771



Conclusions:Conclusions:
There has been no observed trend in air temperatures coincident There has been no observed trend in air temperatures coincident with with 

the increase in river water temperatures the increase in river water temperatures 

When 2004, 2005, and 2006 data were compared to the earliestWhen 2004, 2005, and 2006 data were compared to the earliest data set  data set  
at Woodstock, Strasburg and Front Royal:at Woodstock, Strasburg and Front Royal:

––Annual water temperature averages increased by 1.5 to 2.9Annual water temperature averages increased by 1.5 to 2.9ΟΟCC
––January to June temperature averages increased by 2.4 to 3.9January to June temperature averages increased by 2.4 to 3.9ΟΟCC
––Spawning temperatures occurred 3Spawning temperatures occurred 3--4 weeks earlier 4 weeks earlier 

Most fish kills occurred in the reach of the river system wMost fish kills occurred in the reach of the river system where here 
temperature increases were observedtemperature increases were observed

No fish kills were officially reported upstream of Broadway,No fish kills were officially reported upstream of Broadway, VAVA

It is possible that (with the greater discharge and more dramatiIt is possible that (with the greater discharge and more dramatic c 
fluctuations that typically occur in April of most years) fish tfluctuations that typically occur in April of most years) fish that hat 
have historically spawned in midhave historically spawned in mid--May are additionally stressed.May are additionally stressed.
The added stress may exacerbate their already weakened The added stress may exacerbate their already weakened 
condition enough to cause mortality.condition enough to cause mortality.



AcknowledgementsAcknowledgements
Support provided by VDEQ and NSFSupport provided by VDEQ and NSF--REU REU 
Karen Anderson: Friends of the Shenandoah River Karen Anderson: Friends of the Shenandoah River 
Ross E. Clem: Town of Broadway WTPRoss E. Clem: Town of Broadway WTP
Robert Heavener: HarrisonburgRobert Heavener: Harrisonburg--Rockingham Regional Sewer Authority Rockingham Regional Sewer Authority 
Bill Henry: Town of Moorefield, WV WTP Don Kain: VDEQ Bill Henry: Town of Moorefield, WV WTP Don Kain: VDEQ 
William Kusar: Town of Front Royal WTPWilliam Kusar: Town of Front Royal WTP
Christopher Ritenour: Town of Strasburg WTPChristopher Ritenour: Town of Strasburg WTP
Charles Weaver: Town of Woodstock WTPCharles Weaver: Town of Woodstock WTP
JMU JMU -- Chemistry DepartmentChemistry Department
VA State Climatology Office VA State Climatology Office –– Dr. Pat MichaelsDr. Pat Michaels
Steve Reeser:  VDGIFSteve Reeser:  VDGIF



ReferencesReferences
SurberSurber, E. W. 1970. , E. W. 1970. Smallmouth bass stream investigationsSmallmouth bass stream investigations. Virginia Commission of Game and . Virginia Commission of Game and 
Inland Fisheries Federal Aid in Sport Fish Restoration, Project Inland Fisheries Federal Aid in Sport Fish Restoration, Project FF--1414--R, Job 2R, Job 2--Shenandoah River Shenandoah River 
Study, January 1, 1964Study, January 1, 1964--June 30, 1969. Final report, Richmond, VA.June 30, 1969. Final report, Richmond, VA.
Jenkins, Robert E., and Noel M. Burkhead. Jenkins, Robert E., and Noel M. Burkhead. Freshwater Fishes of VirginiaFreshwater Fishes of Virginia. Bethesda, Maryland: . Bethesda, Maryland: 
American Fisheries Society, 1994. American Fisheries Society, 1994. 
Rohde, Fred C., Arndt, Rudolf G., Lindquist, David G., and ParneRohde, Fred C., Arndt, Rudolf G., Lindquist, David G., and Parnell, James F. ll, James F. Freshwater Fishes Freshwater Fishes 
of the Carolinas, Virginia, Maryland and Delaware.of the Carolinas, Virginia, Maryland and Delaware. Chapell Hill & London: The University of Chapell Hill & London: The University of 
North Carolina Press, 1994.North Carolina Press, 1994.
Manly, Bryan F.J. Manly, Bryan F.J. Statistics for Environmental Science and Management.Statistics for Environmental Science and Management. New York: Chapman & New York: Chapman & 
Hall/CRC, 2001.Hall/CRC, 2001.
U.S. Geological SurveyU.S. Geological Survey. “Real Time Water Data for Virginia” Accessed June and July 200. “Real Time Water Data for Virginia” Accessed June and July 2006. 6. 
<http://waterdata.usgs.gov/va/nwis/rt> <http://waterdata.usgs.gov/va/nwis/rt> 
Virginia State Climatology OfficeVirginia State Climatology Office. 20 January, 2000. Climate Advisories, Online Climate Data. . 20 January, 2000. Climate Advisories, Online Climate Data. 
<<http://climate/virginia.edu/index/htmhttp://climate/virginia.edu/index/htm>>
U.S. Historical Climatology NetworkU.S. Historical Climatology Network. 27 February, 1996. U.S. HCN Precipitation Data.. 27 February, 1996. U.S. HCN Precipitation Data.
<<http://cdiac.esd.ornl.gov/ndps/ushcn/ushcn_r3.htmlhttp://cdiac.esd.ornl.gov/ndps/ushcn/ushcn_r3.html>>
National Oceanic and Atmospheric AdministrationNational Oceanic and Atmospheric Administration. “National Climate Data Center” . “National Climate Data Center” 
<<http://ncdc.noaa.gov/oa/ncdc/htmlhttp://ncdc.noaa.gov/oa/ncdc/html>  >  
University of Florida, Institute of Food and Agricultural SciencUniversity of Florida, Institute of Food and Agricultural Scienceses. December, 1990.. December, 1990.
“Stress “Stress –– It’s Role In Fish Disease” <It’s Role In Fish Disease” <http://edis.ifas.ufl.edu/FA#5FOOTNOTE_1http://edis.ifas.ufl.edu/FA#5FOOTNOTE_1>>
Virginia Tech, Virginia Cooperative Extension. Virginia Tech, Virginia Cooperative Extension. September 2000.September 2000. ““Fish Kills: Their Causes and Fish Kills: Their Causes and 
Prevention” <http:www.ext.vt.edu/pubs/fisheries/420Prevention” <http:www.ext.vt.edu/pubs/fisheries/420--252/420252/420--252.html>  252.html>  
American Rivers. American Rivers. 19 April, 2006. 19 April, 2006. ““America’s Most Endangered Rivers of 2006America’s Most Endangered Rivers of 2006” ” 
<<http://www.emerican rivers.org/site/DocServer/Shenandoah_MER2006http://www.emerican rivers.org/site/DocServer/Shenandoah_MER2006.pdf?docID=3885>.pdf?docID=3885>



Any Questions ??









Winchester M&I:  Daily Water Temperature

0.0
5.0

10.0
15.0
20.0
25.0
30.0
35.0

1/1
/20

00
5/2

0/2
000

10
/7/

20
00

2/2
4/2

001
7/1

4/2
001

12
/1/

20
01

4/2
0/2

002
9/7

/20
02

1/2
5/2

003
6/1

4/2
003

11
/1/

20
03

3/2
0/2

004
8/7

/20
04

12
/25

/200
4

5/1
4/2

005
10

/1/
20

05
2/1

8/2
006

7/8
/20

06

Date

Te
m

pe
ra

tu
re

(C
)



Moorefield, WV WTP: Average Annual, 20 Week and Moorefield, WV WTP: Average Annual, 20 Week and 
Calculated Spawning TemperaturesCalculated Spawning Temperatures





Shenandoah River Fish Kill Task Force Shenandoah River Fish Kill Task Force 

Formed by VDEQ and VDGIF in July of 2005:Formed by VDEQ and VDGIF in July of 2005:
–– Includes representatives of state and federal agencies, riparianIncludes representatives of state and federal agencies, riparian

landowners, anglers, academia and other stakeholderslandowners, anglers, academia and other stakeholders
–– To evaluate potential factors resulting in fish lesions and mortTo evaluate potential factors resulting in fish lesions and mortality to ality to 

identify the cause(s) of the fish kills and recommend correctiveidentify the cause(s) of the fish kills and recommend corrective
actionsactions

Specific studies include:Specific studies include:
––Water quality sampling by DEQ during storm eventsWater quality sampling by DEQ during storm events
––Comprehensive fish health evaluation by USGSComprehensive fish health evaluation by USGS
––USGS “around the clock” monitoringUSGS “around the clock” monitoring
––Genomic DNA pathogen evaluation by VCUGenomic DNA pathogen evaluation by VCU
––Benthic invertebrate study by VA TechBenthic invertebrate study by VA Tech
––ClimatologicalClimatological and hydrologic data assessment by JMUand hydrologic data assessment by JMU





= Dead Fish (generally with lesions)

= Fish with lesions

2004: Reported Fish Death and Distress in the 
Shenandoah River Watershed

AprilMayJuneJulyJan – March 

Source: http//www.purewaterforum.org/fishkill/images/Fish%20Kill%20Reports_none.jpg



= Dead Fish (generally with lesions)

= Fish with lesions

2005: Reported Fish Death and Distress in the 
Shenandoah River Watershed

AprilMayJuneJuly
Source: http//www.purewaterforum.org/fishkill/images/Fish%20Kill%20Reports_none.jpg



2006: Reported Fish Death and Distress in the 

Shenandoah River Watershed

MarchAprilMayJune

= Dead Fish (generally with lesions)

= Fish with lesions

Source: http//www.purewaterforum.org/fishkill/images/Fish%20Kill%20Reports_none.jpg



There are three types of lies: “Lies - damned lies - and statistics.”

Aphorism attributed to Benjamin Disraeli by Leonard Henry Courtney 1895


