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Environmental Stressors: Effects
on Aquatic Ecosystems  
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Outline

Concepts of environmental stressors and stress

Assessing effects of stress using multiple response measures

Examples of Stress effects in aquatic systems
- stream polluted by multiple contaminants
- coastal estuary experiencing eutrophication
- ponds on Air Force Base affected by military activities

Relevance and Application

Definitions of Environmental Stress and Stressor

Stressor - Any environmental condition, situation, or factor that causes
a biological system to mobilize its resources and increase its energy 
expenditure

Stress - A state produced by an environmental stressor which extends
the adaptive responses of an organism beyond its normal range, or
which disturbs normal functioning to such an extent that the chances
of survival are significantly reduced 
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Hypoxic zone

Hypothesis: Fish sampled from areas in Pamlico Sound
with low dissolved oxygen are sublethally stressed
compared to fish from non-affected reference areas

Southern Flounder (ambush predator, carnivore)

Spot (omnivore, benthic forager) 



12

A B

C D

Reference Pamlico Sound
0

10

20

30

40

50

60

0

1

2

3

4

5

6

*

*

*

Le
uk

oc
rit

, B
un

, P
ro

te
in

H
em

at
oc

rit

Hematology-Organ Dysfunction Indicators

Reference Pamlico Sound
0

10

20

30

40

50

60

0

1

2

3

4

5

6

7

Hematocrit
leukocrit

BUN
Serum protein

*

Le
uk

oc
rit

, B
u n

,  P
ro

te
in

H
em

at
oc

rit

*

Spot

Flounder

Reference Pamlico Sound
0

100

200

300

400

500

600

700

0

0.5

1

1.5

2

*

*

*

Se
ru

m
 tr

ig
ly

ce
rid

es
 (m

g/
dl

)

S
om

at
ic

 in
di

ce
s

Condition indicators

Reference Pamlico Sound
0

200

400

600

800

0

0.5

1

1.5

2

2.5

3

Serum lipid
Liver-somatic index

Spleno-somatic index
Condition factor

S
er

um
 tr

ig
ly

ce
rid

es
 (m

g/
dl

)

S
om

at
ic

 in
di

ce
s

Spot

Flounder



13

Reference Pamlico Sound
0

200

400

600

800

1000

1200

0

10

20

30

40

50

60

70

*

* *

*

Pe
rc

en
t

P
la

sm
a 

st
er

oi
d 

ho
rm

on
es

 (p
g/

m
l)

Reference Pamlico Sound
0

200

400

600

800

1000

0

20

40

60

80

testosterone (F)
estradiol (F)

% ovaries developed
 % female estradiol non-detects

*
*

P
er

ce
n t

P
la

sm
a 

st
er

oi
d 

ho
rm

on
es

 (p
g/

m
l)

*

Spot

Flounder

Reproductive Indicators

  Spot
Reference

  Spot
Pamlico

Flounder
Reference

Flounder
 Pamlico

First canonical variate

Se
co

nd
 c

an
on

ic
al

 v
ar

ia
te

0-1-2-3 +1

0

-1

-2

-3

+1

+2

+3

+2 +3

Integrated Health Responses

8.5

6.0

Indicators used in analysis

Immunological - 7
Hematology -  2
Physiological - 4
Reproductive - 6
Condition - 5

Total= 24

(discriminant analysis)

Gopher frog range

Gopher tortoise range

Gopher frog Gopher tortoise



14

A

B

C

B-70 ra
nge

Ref
Ref

C74 range

C-52 range

High disturbance
Medium-low disturbance

Reference

Sampling design & site selection
gopher frogs-Eglin AFB

Sample site Explosive     Ordinance/      Cratering/     Soil           Burning/     Composite       Miitary
residuals unit area unit area disturb. scorching score  impact

C52N-1                     3                    3                   3 3                      2                14    High
C52N-2                     3                    3                   3 3                      1                13    High
C52N-3                     3                    3                   3 2                      2                12    High
C52C-1                     1                    1                   2 2                      1                  7   Moderate
C52C-2                     1                    2                   2 2                      1                  8   Moderate
C52C-3                     1                    1                   2 2                      2                  8   Moderate
Reference-1              0                    0                   0       1                      2                  3          Low  
Reference-2              0                    0                   0       1                      1                  2          Low
Reference-3              0                    0                   0       0                      2                  2          Low  

Criteria for assessing military disturbance
3= moderate to high
2= low to moderate
1= none to low

Assessment of Military Impact

Sampling design-Gopher frogs

Breeding Site

9 “Treatment” areas 
3 High disturbance (C52N, C74, C52CE)
3 low disturbance (C52C, C52A, B70)
3 Reference

2-6 Ponds per treatment

Habitat
Each Pond

Morphology, water quality, 
general substrate, vegetation, and 
military disturbance 

Edge/Terrestrial
2-3 transects per pond
random plots within each 

community type
% cover plant layers; disturbance 

metrics, no of burrows, etc.
Remote sensing 300 m home range

Transect 1

Tr 2

Tr 3

X
XX

X
X

X

X

X

X

Plots Pond

Edge

Terrestrial

C52A range

C52A range
low disturbance

C52N range
High disturbance
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Sampling devices deployed at Eglin

• Total sites with drift fences and traps - 40
• Total number of 30m drift fences with cages- 162
• Total feet of drift fencing- 5700
• Total number of traps at 40 sites- 940
• Number of traps at each site standardized

based on pond surface area

High disturbance site- C52 bombing range

Low disturbance site-C52A range Undisturbed site-reference ponds

300m home range
radii from pond

High activity sites-Eglin AFB

Drift fence with cages

B70 range

C52N range

C74 Range

fences + traps

fences + traps
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Low activity and reference sites-Eglin AFB
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Construction and installation of sampling devices

Drift fence with traps

New bomb crater

Old bomb crater
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Population

- Relative abundance
- Age class distribution
- Size-freq distribution
- Sex ratio

- Clutch size
- Egg size
- Steroid hormones
- Hatching success
- Vitellogenin

- PHA test (cell mediated)
- bacterial  killing (innate)
- Corticosterone

- transaminase enzy.
- creatinine
- serum electrolytes
- LDH
- bilirubin
- glucose
- BUN
- AGAP
- 24 total analysis

- DNA damage
- glutathione
- malondialdehyde
- oxidative DNA damage
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NUCLEUS

Linking indicators to health and fitness 

• Canonical correlation analysis in conjunction with canonical variate
analysis used to predict and assess reproduction and population fitness 
based on sets of measured bioindicator variables

Molecular
Biochemical
Physiological

Immunological
Histopathological
Condition indices

Reproductive variables 

Population variables

Bioindicator variables Steroid hormones
Fecundity

Egg-oocyte quality
Oocyte atresia
Vitellogenin

Relative abundance
Age class distribution

Sex ratio
Size at age

correlate &

predict

correlate &

predict

correlate and predict

Hypothesis: Physiological indicators (bioindicators) can be used to assess
or predict the health and fitness of TES populations at military sites

R E S P O N S E   T IM E
D aysM in s /ho u rs W eek s/M o n th s Y e ars B io lo g ic a l

g en era tio n s

R E S P O N S E
S E N S IT IV IT Y E C O L O G IC A L  

R E L E V A N C E

S u b ce llu la r/
   C e llu la r

T iss ue /
O rg an
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F o cu s  o f F ie ld  S tu d ies

B iom arkers B io ind icators

Organism-level responses provide a pivotal point through
which mechanistic understanding and the ecological
consequences of stress can be linked
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Ecological significance 
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Summary

Multiple indicators of stressare useful for:

• Early warning indicators of environmental problems

• Providing insights into causal mechanisms  
 linking stressors and biological effects

• Assessing cumulative and/or synergistic effects
 of stress on organisms

• Identifying sources & causes of environmental
damage related to specific stressors

• Evaluating the effectiveness of environmental
 cleanup (remedial) actions
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