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RATIONALE & OBJECTIVES: Changes to terrestrial land use associated with increasing human populations, such as 

urbanization and agriculture, were recently identified by Czech et al. (2000) as the two greatest threats to biodiversity in 

the United States.  Urbanization and agriculture can negatively impact terrestrial biodiversity by consuming habitat, 
altering habitat properties and increasing the degree of landscape fragmentation (Czech et al. 2000).  Furthermore, recent 

research has demonstrated that alterations to terrestrial landscapes can exert pronounced negative impacts on adjacent 

aquatic ecosystems.  Urbanization, agriculture, and deforestation, for example, can negatively impact watershed 
hydrology (water depth and/or water flow), sediment type and/or suspended sediment load, dissolved oxygen 

concentrations, input of nutrients and woody structure, and water temperature regime in adjacent aquatic ecosystems 

(Meador and Goldstein 2003). 
 Land use planning attempts to limit the negative impacts of developing land and preserve natural ecosystems 

through evaluation and implementation of cost-effective management practices to mitigate the impacts of human activities 

on surrounding areas.  To accomplish this, community planners must first understand how changes in land use effect the 

organisms that live in the ecosystem that they are developing.  Many of these areas contain stream ecosystems and 
planners must consider the health of communities within these streams.  Traditional methods of assessing stream health 

include species richness and abundance estimates, water quality measurements, and habitat assessments.  Although these 

methods are effective at looking at the end result of changes in land use patterns, they are also inherently slow and do not 
provide a quick assessment of fish health in response to changes in land use.  Therefore, there is a critical need for a 

quicker, alternative method to assess the health of fish in streams affected by land use planning.  Without this alternative 

method to assess the health of fish in streams land use planners will have to evaluate their conservation practices with 
slow, coarse tools, thereby preventing rapid evaluation and adjustment of land use activities.   

 Physiological tools represent a novel, quick method of evaluating fish health and the impacts of anthropogenic 

disturbance.  Many studies have been conducted on the effects of stressors on physiological responses of fishes, but few 

have looked at connections between fish physiology and land use patterns.  The objective of this study is to determine if 
land use patterns and physiological traits are correlated in stream fish species.  Identifying this pattern is critical in the 

development of using physiological tools as a way to evaluate the effects of different land use planning strategies.  To 

address this objective, we will conduct a series of laboratory and field-based sampling experiments that involve both heat 



and hypoxia challenges, which will quantify the physiological characteristics of fish from two distinct land use types 

within multiple stream systems.  Streams with agricultural and forested riparian zones will be evaluated because riparian 
zones are an important habitat characteristic that influence fish communities.  For example, forested and agricultural 

riparian zones have been shown to influence stream nutrients, water temperatures, productivity, and other habitat 

characteristics, which have an impact on the species that live in these ecosystems.  Typically, the increased fluxes of 

nutrients and lack of shading in streams with agricultural riparian zones lead to frequent heat and hypoxia challenges for 
fish and alter their physiological properties and responses.  Results from this project will provide information on patterns 

that exist between fish of different riparian land use, and will provide the foundational information to develop 

physiological techniques that can assess aquatic ecosystem health. 
 

METHODOLOGY: 

Study Species: The model organism that will be examined as part of this study is the Creek Chub (Semolitus 
atromaculatus).  The creek chub is an ideal organism for this work because it is highly abundant in the Eastern U.S., 

persists in highly disturbed habitats as well as pristine aquatic ecosystems, and has been shown to move less than 700 

meters within streams in a given year making its physiological condition highly influenced by local stream habitat.   

 
Site Selection: Because the focus of this study is on the effects of riparian land use on stream fish physiology, potential 

sampling sites will be chosen by defining candidate streams that are contrasting according to riparian land use 

characteristics: forested streams vs. agricultural streams.  Forested streams are defined in this study as having greater than 
60% riparian forest in the watershed up to each study site.  Agricultural sites are defined as having greater than 60% 

riparian agriculture or cropland in the watershed up to each study site.  Land use proportions of 2
nd

 order streams will be 

calculated for the riparian zone (land use within 30 m of the stream) of several potential candidate streams using ArcView 
GIS.  Following identification of candidate forested and agricultural streams using GIS parameters, the actual sites that 

will be sampled for fish will be selected through collaboration with knowledgeable professionals from both the Illinois 

Natural History Survey (INHS) and the Illinois Department of Natural Resources (IDNR) who have conducted spatial 

analyses of land use parameters across the state.   

 

Sampling in the wild: Following the identification of sampling sites within both forested and agricultural streams, creek 

chubs will be collected for physiological analyses using standard backpack electroshocking equipment.  One group of 
creek chubs (N = 6-9 individuals) from each of the sites with different land-use regimes will be sampled for blood and 

muscle to generate baseline physiological parameters from free-swimming wild fish.  For this, fish will first be stunned by 

electroshocking gear in the stream, and stunned fish will immediately be transferred to a vessel containing an overdose of 

anesthetic.  Following cessation of ventilation, blood and muscle samples will be collected from fish and frozen in liquid 
nitrogen until they can be stored in a -80°C freezer for analysis.  The blood and muscle samples that are collected in this 

study will allow for the determination of differences in baseline physiological characteristics between agricultural and 

forested stream sites.  A second group of creek chubs from the same two candidate sites will be collected using 
electroshocking gear and returned to the aquatic holding facility at the University of Illinois for controlled laboratory 

experiments involving heat and hypoxia challenges.  Creek chubs will be held in outdoor poly tanks supplied with water 

from natural, earthen ponds at ambient temperature conditions.  The importance of collecting this data is to compare 
differences between baseline physiological parameters of fish from agricultural and forested sites 

 

Hypoxia experiment: To quantify physiological differences that may exist across the two sites due to land-use regime, 

creek chubs will be exposed to a hypoxia challenge that will consist of a 3.5 mg/L ± 0.1 mg/L treatment for 4 hours.  For 
this, one group of creek chubs from both candidate streams ( N = 6-8 individuals) will be moved from the poly tanks to 

individual, aerated, darkened holding chambers continuously supplied with recirculating pond water.  Fish will be left in 

these chambers for approximately 24 hours to allow them to acclimate to the individual chambers.  Following this 24 hour 
acclimation period, the flow of water to the each chamber will be terminated, and fish will be lethally sampled for blood 

and muscle as described above; this will generate control (resting) physiological values for laboratory-confined creek 

chubs.  Following this treatment, a second group of creek chubs will be moved from the poly tanks to individual, aerated, 
darkened holding chambers continuously supplied with recirculating pond water as described above.  After a 24 hour 

acclimation, hypoxic conditions within each chamber will be created by pumping nitrogen gas into chambers to displace 

oxygen (Suski et al., 2006).  A portable oxygen meter will be used to verify that dissolved oxygen concentration during 



the hypoxia exposure will remain at 3.5 mg/L ± 0.1, and temperature will likely remain constant at approximately 20.0 °C 

± 0.1 °C thereby preventing confounding effects of temperature change.  After a 4 hour exposure to this hypoxia 
treatment, the flow of water to the individual chambers will be terminated, and fish will be sampled for blood and muscle 

as described above.  This experiment will look at patterns in the stress response of fish from agricultural and forested sites 

to hypoxia challenges.  If these patterns exist, then land use planners may be able to use these techniques as a tool to test 

for hypoxic stress in streams adjacent to development areas.  
 

Heat Shock Experiment:  In addition to the hypoxia challenge, a complementary heat challenge will be given to creek 

chubs using techniques similar to those described above.  Following 24 hours acclimation to the chambers, creek chub 

will be subjected to a heat challenge of 30° C ± 0.1⁰C for a four hour exposure period.  Water temperatures inside the 

chambers will take less than 5 min to change and, due to aeration in each individual chamber, water will likely remained 

fully oxygenated throughout the experiment minimizing the impact of reduced oxygen concentration during the thermal 
challenge.  Following this 4 hour exposure period, creek chubs will be sampled for blood and muscle as described above.  

This experiment will help determine differences in the stress response of fish from agricultural and forested sites to 

thermal challenges which can occur due to disturbances in the riparian zone due to development.  These results will help 

develop tools for land use planners to assess thermal stress in aquatic ecosystems due to changes in riparian land use.  

 

Metabolic Rates: In addition to responses of blood and muscle parameters, the resting metabolic rate (RMR) while facing 

heat and hypoxia challenges will also be quantified using computerized, intermittent-flow respirometry (LoligoSystems, 
Hobro, Denmark) (Steffensen 1989) for creek chubs from candidate streams.  Metabolic rate is a commonly studied stress 

responses in which organisms that are stressed have increased oxygen demands.  To quantify the impact of hypoxia and 

thermal challenges on the resting metabolic rate of creek chub, fish will be randomly selected (equal numbers from each 

site) to be inserted into one of four respirometry chambers.  Fish mass (mg) will be held constant between each site to 
prevent the confounding results of weight-based oxygen consumption rates.  Four replicates of two creek chubs from each 

site will be held in chambers and undergo three treatments.  Eight creek chubs will be evaluated for each site and 

treatment combination using the same temperature and oxygen settings from above.  Fish will be exposed to treatments 
for a 12 hour period (8:00 p.m. – 8 a.m.) and allowed 24 hours to recover following each treatment.  Between replicates 

all equipment will be cleaned with iodine to prevent excess bacterial build-up that can influence dissolved oxygen 

readings.  Oxygen consumption values will be compared between treatments to determine the effects of heat and hypoxia 
on metabolic rates of creek chub.  Background oxygen consumption rates, will also be measured in each of the chambers.  

By looking at metabolic rate this study will be able to determine differences in agricultural and forested site fish metabolic 

rates in response to thermal and hypoxic challenges providing another tool for land use planners to test for environmental 

stress in aquatic ecosystems. 

 

RELEVANCE TO SEA GRANT PROGRAMS: 

Illinois-Indiana sea grant collaborates with land use planners to accommodate population growth while protecting natural 
ecosystems.  The proposed project is relevant to this program because it will provide a foundation for the use of 

physiology as a tool to look at aquatic ecosystem health in a way land use planners can assess the effectiveness of their 

management programs in protecting natural ecosystems.  With this knowledge land use planners will be able to determine 
which practices are effective at preventing damage to aquatic ecosystems leading to better and more cost-effective 

methods.  This study will provide a foundation of developing physiological tools to evaluate ecosystem health which will 

be of benefit to Sea Grant because it aligns with the organizations ideas of collaborating with regional planners to promote 

cost effective management strategies and aquatic ecosystem sustainability. 
 

PRELIMINARY RESULTS: 

During the summer of 2008, creek chubs from a single forested site and a single agricultural site were collected.  Hypoxia 
and heat experiments from this single site were conducted and preliminary analysis of blood parameters has been 

completed.  Measurements of whole animal metabolic rates using intermittent flow respirometry revealed differences in 

sites and treatments (p<0.05).  The metabolic rate of creek chubs from the forested site (Brushy Creek) was significantly 

higher than that of chubs from agricultural site (Cottonwood Creek) when challenged with a temperature of 30° C (Fig 1).  
Creek chubs from the disturbed site had lower metabolic rates than fish from the forested site when exposed to hypoxic 

conditions; however, the differences were not statistically significant (Fig 1).  Similarly, creek chubs from the forested site 



exhibited significantly higher cortisol concentrations in plasma in response to high temperature challenges than fish from 

the agricultural site (p<0.05) (Fig 2).  The below results suggest that there are connections between land use and the stress 
physiology of fish.  These connections are an important in developing physiological tools as a way to evaluate land use 

planning practices on stream ecosystems.  By looking at a number of physiological methods this study provides a holistic 

view of the stress physiology of stream fish as it relates to different land use practices and will build a foundation for 

future studies using physiological techniques for ecological assessment.   

 

 
 
Figure 1 (Left).  Oxygen consumption of creek chubs (n=8) for a forested site (Brushy) and an agricultural site 

(Cottonwood).  Control, heat treatment (30⁰ C), and hypoxia treatments (3.5 mg O₂/L) contain letters that represent 

significant differences between sites.  Results demonstrate that fish from the forested site have significantly higher 
metabolic rates following a prolonged heat challenge, demonstrating a link between land use type and physiological 

response(s) to stressors. 

 
Figure 2 (Right). Concentrations of cortisol in plasma for creek chubs (n=6) for each treatment and site except field sites 

where (n=10).  Control (20° C, 7.5 mg/L dissolved oxygen), heat (30° C), and hypoxia (3.5 mg/L dissolved oxygen) 

contain letters that represent significant differences between sites.  Brushy Creek (open bars) is a highly forested, 
relatively undisturbed stream site and Cottonwood Creek (grey bars) is the highly agricultural, disturbed site.  Sample 

sizes are 8 fish for each bar. Error bars represent standard error. 
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BUDGET NARRATIVE 

Wages: 

No funds from this scholarship will be used for wages. 

 

Fringe Benefits: 

No funds from this scholarship will be used as fringe benefits. 

 

Permanent Equipment: 

All permanent equipment has been purchased for this study. 

 

Expendable Supplies and Equipment: 

From previous studies performed in the Suski lab, the cost of supplies and equipment to perform similar blood/muscle 

studies are $20 dollars per fish.  In order to conduct analysis on 100 fish expenditures would total $2,000 dollars on lab 

supplies such as gloves, falcon tubes, enzymes, and other reagents used for physiological analysis.  
 

Travel: 

Travel expenditures are estimated to be around $490 dollars. An average trip to sampling sites is around 100 miles at 
$0.49 per mile. This means that each trip costs approximately $49. There will be 10 sampling trips throughout this project 

which will cost an additional $490. 

 

Publication and Document Cost: 
No funds from this scholarship would go to publication or document costs. 

 

Other Costs: 
No funds from this scholarship would go to any of the items under other costs. 

 

Indirect costs: 
The University of Illinois’ preferred indirect cost rate is 58.5% meaning that $3,510 dollars of this scholarship fund would 

go directly to the University.  
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Familiar with running small horsepower boats. 

Worked with programs such as access, excel, and word. 

Familiar with the use of PDA equipment. 
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Familiar with water quality parameters and measurements 
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Responsible for acquiring length, weight, species information on fish in the possession of anglers. 
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Field work included larval fish sampling, benthic core sampling, and artificial reef evaluation 
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