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INTRODUCTION

I
Installations of the United States Air Force exist

in vastly different environmental settings throughout

the world. Many of these installations are located

close to large bodies of water and have small lakes or

ponds on and streams traversing their grounds. Numer-

ous operations and missions at these installations

directly or indirectly impact these surface waters.

Impacts result from point and non-point effluents

generated from technical/industrial operations (e.g.,

aircraft/AGE wash racks , vehicle wash racks, plating

and metal finishing, photoprocessing , paint shops,

NDI shops, degreasing heating/cooling/power generating

plants) ; general “domestic” wastewater ; runoff from

runways (e.g., fuel , fire protection chemicals , foam

for emergency landings), streets, and landscaping and

construction projects;  precipitation of airborne

materials (e . g . ,  exhaust from a i r c ra f t ) ; l andf i l l s ;

and from .znodifications of vegetation surrounding and

overhanging the waters. Some of the effluents contain

substances having known or suspected toxicity to

aquatic life (see, Lefebvre 1969, 1970; Doudoroff

1976; Cardwell et al. 1976). Other substances or their

1
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j derivatives may bioaccumulate in food webs/chains

leading to man where they may be harmful. Often

I e f f ects of e f f l u e nts, landscape modification, etc.,

i 
are subtle and not detectable with standard bioassay/

I toxicological techni ques (e.g., LD50
1 s). Minute, but

I chronic , levels of contaminants , increases in turb idity ,

alterations in stream flow , changes in substrate particle

I siz es, changes in thermal reg imes, removal of vege-

i tation cover , etc., can produce behavorial changes,

reduction in fecundity or fertility , changes in

sequencing of life history phenomena and changes

in the energy-nutrient drives of the system. These

I may reduce a species ’ or several species ’ fitness ,

producing changes in community composition; overall

1 consequence of which is difficult to predict.

L The Air Force realizes its obligation to the letter

I and spir it of local , state and federal legislation
£

m acted to mitigate impacts on natural systems. To

f u l f i ll this commitmen t, the Environics ’ Water and

Solids Resource Division of the U.S. Air Force is developingr
a water quality assessment model (WQAM) . This model

L should be able to predict~~nd assess impacts and offer

mitigative strategies for sound environmental planning

J of Air Force operations that could impact aquatic eco-

systems. Development of an effective instrument requires

much more than systems analysis and computer modeling

[
i
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technology . It requires working knowledge of structure

and dynamics of aquatic ecosystems and their watersheds ,~

and adequate data bases for specific systems . Biological

subsystems within ecosystems are considerably more com-

plex and difficult to model than physical dynamics (e.g.,

hydrological. A ir, Force personnel involved in WOAM ,~

development should have an understanding of the struc-

ture and dynamics of aquatic ecosystems and their

watersheds. Because aquatic systems vary considerably

among eco-geographical regions , they should be cognizant

of specific baseline data required to develop models

of lentic and lotic dynamics. These baseline data

m i n i mal l y incl ude:

1. Speqies and trophic ( foodweb connect ivi t ies)

s t ruc ture  throughout a year ( i . e . ,  aspectional

succession )

2.  Spat ial  a r ray  of species.

3. Life histories of species and factors that

sequence them .

4. Relationship between physical structure

(e.g., substrate particle size) and species.

5. Susceptability ~ f various life history stages

- 
(i.e., egg , larval , immature and adult) of

species to compounds in effluents (both LD5O -

type data and data On subtle behavior ,.fertility ,

fecundity, developmental , etc., effects of com-

pounds singly and combined as in the effluents

are required).
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4 .  Similar effects of physical factors (e.g.,

tempera ture , turbidity, f low rates, sed imen-

tation) on life history stages.

S. Standard water quality characterization in-

elud ing thermal and hydroloqical regimes

E throughout the year .

6. Qualitative and quantitative characterization

of point and non-point effluents throughout

the year.

This report presents the continuation of work

ptesented earlier during my USAF/ASEE Summer Faculty

Associateship at Tyndall AFB (Fitzpatrick 1976). The

specific purpose of that work was to introduce Air Force

personnel involved in WQAM development to:

1. Nature and complexities of biotic communities.

2. Current primitive status of ecoloqical knowl—

edqe and paucity of falsifiable theories at

the biotic community-ecosystem levels.

3. Inherent difficulties of applying mathematical

modeling techniques , so well-developed in

:~. engineering , to biological systems.

4. Local and regional variability and uniqueness

‘1 of biotic communities.

5. Types of time—series studies required for r
L development, interpretations , implementation,

• and verification of WQAM.
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My approach was to review and summarize some of

the contemporary literature on ecosystem structure and

I dynamics (specifically biotic communities in stream

ecosystems), provide a reasonably comprehensive bibli-

I ography and construct a preliminary conceptual model

i for the biotic community in Clover Creek at McChord AFB,

Washington. The report was to contain four sections ,

I each with a bibliography :

I. Genera l Contemporary Concepts and Theories

1 in Community Ecology

1 lI. Structure and Dynamics of Biotic Communities

in Stream Ecosystems

I III. General Comments on Modeling Biotic Communities

IV. General Conceptual Model of the Biotic Community

in Clover Creek.

Because of time limitations only sections I and II , and

part of the bibliography for III were completed . Sec-

tions III and IV were to be completed later if a Mini-

Grant was received . -

• The specific objectives for the Mini-Grant study

were to:

1. Complete the reaview of literature on ecological

- studies of streams and small lakes in the Pacific

Northwest specifically relevant to the Clover

Creek project.

a.
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2. Complete the review of techniques used to

model aquatic ecosystems specifically relevant

I to the Clover Creek project.

3. Review literature on biotic effects of specific

pollutants produced on USAF bases (particularl y

McChord) 
•that are discharged into streams.

4. Conduct a preliminary qualitative and quanti—

j tative investigation of biota in Clover Creek.

This will require 1-2 weeks of sampling Clover

Creek to determine general biotic and trophic

- structure above , on and below McChord AFB.

5. Develop a general input—output compartmental

model of the biotic community in Clover Creek .

- 
The results of the proposed study were to help CEC/EVW

( to establish an on-site monitoring and time-series

biotic sampling p’~~grarn, and laboratory study to deter-

!, mine the follow ing:

1 1. Specific trophic connectivities (i.e., foodweb)

of biota essential to WQAM .

L 2. Quantification of intertrophic fluxes of mass

(e.g., biomass, and organic and inorganic corn—

L. pounds). a

I 3. - Rate (transfer) coefficients and factors that

time-vary them. 
•

I. • 

4. Quantification of bioaccumulation of 9~ajor

- pollutants produced at McChord AFB .

I-

L _ _ _ _ _ _ _ _ _ __ _ _ _ _
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5. Toxicology (both LD50 and more subtle effects)

of pollutants , singly and in the combination .

Because of the necessity for setting up an extensive

integrated physico-chemical and ecological sampling!

I moni toring regime , I have elected to emphasize objec-

r tives 4 and 5. yritil good times-series data are ob-

ta ined for Clover Creek for at least one annual  cycle,

I detailed treatment of modeling techniques and toxicology

is premature .

a
—
’
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I .  GENERA L CONTEMPORARY CONCEPTS AND THEORIES IN

ECOLOGY
‘3

j In this section I wish to emphasize the relations

between biotic community structure (e.g., spatial ,

species , trophic , niche) and dynamics (e.g., energy

flow , material cycling , population fluctuations) , and

the growing controversy surrounding the diversity—

stability hypothesis; particularly in reference to

using species diversity indices as unbiased estimators

of ecosystems “health ” or to assess impacts of Air

Force projects. I also wish to argue for the need

for development of falsifiable theories at the community-

ecosystem level and that studies designed to test them

should be supported .

The concept of the biotic community (= living

components of ecosystems) and ecosystem is not new to

ecologists. However , there are divergent views among

ecologists as to whether or not they represent the

highest levels of functio~~ l biotic integration . Odum

(1971) addressed this idea and pointed out the importance

of the principle of functional integration . Essen-

tially life is arrayed in a hierarchy of levels of

organization , and “ . . . no one level is any more or
less important or any more or less deserving of scientific
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J study than any other level . . . furthermore , the

findings at any one level aid in the study of another

level , but never completely explain the phenomena

occurring at that level.” Oduxn emphasized this as

an important point because persons sometimes

contend that it i~ 
‘useless to try to work on complex

populations and communities when the smaller units

are not yet fully understood.” The principle infers

that new properties develop or emerge (emergent prop-

erties) at each level of organization as a consequence

of subsystems or sublevel coupling . Thus, the whole

J is greater than the sum of its parts. In attempting

to understand one level, we must be cognizant of what

‘7 knowledge of lower levels is trivial and what is per-

tinent. Often work at one level directs meaningful

research at lower levels. Thus, ecologists working

at different levels should maintain communication.

Such advice applies to all disciplines involved in

environmental studies. 
-

• Smith (1975) articulately summarized , and I be-

lievé put to rest, the often semantic dichotomous views

on ecosystems .

“Two extreme views ~f ecosystems can be- 

recognized . In one view, an ecosystem emerges
as the sum of its parts. Any understanding

4of
the whole must derive from studies of the species.
An evolutionary understanding of ecosystems follows
from studies of the ecology of each species as
a product of natural selection. Such studies

-— ~~~~~~~ ~~~~~~
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are the heart of Evolutionary Ecology. based on
intimate observations and experimentation in
natural history , population dynamics , population
genetics , behavior , physiology, etc. This
approach includes studies of co-evolut ion among
strongly associated species. Studies on enough
species in an ecosystem will , collectively, pro-
vide an evolutionary understanding of the form
and function of the system . In this view t he
s p e ’cj t ’~ are unique . Any u n i que ness of t he  eco—

J j system dor i ves~ t tom the un i qt~~~ ’~ s of I t i ~‘s

in t h e  01)1)05 i tt ’  V i ew , ( ‘( ‘O~~ y St  ems a t  e pt ’ !

sis t  t ’ nt  organi zat  ions , cons t r .t m e d  to workabl e
con f i gu r a t i o n s  and t h er e f or e  t hemselves s tr o n g l y
const  : a i ni nq  the  evo lu t  ion of it s ~;pecie s . Much
of the ev o lu t i o n  t h a t  does occur is I i  t e l  ev . tnt

J j in the sense that  i t  has l i t t l e  i f  any e f f e c t
( on the performance of t h e  system . Indeed , one

species or set of species may be subst i t  ut ed  for
anothe r wi th  little disruption of the whole.
This implies that the un i queness  of pe’cie~ may
contribute little or nothing to the uni queness
of the ecosystem. In this opposite view , t’(’osyst(’IflS
have uniqueness of their own that quldes the
evol u t ion of species , ra t he r t han  emt ’rqinq from
the evolut ion  of species. ”

Smith argued “ . . . ~~~~tt both views have v a l i d i t y ,

and that  they are in less c o n f l i c t  t han may at f i rst

appe ar. ” U s i n g  concepts of the  hyp ervo lurne  n iche ,

interspecific competition and natural selection , Smith

concluded “ . . . that c’cosyst ems emvrqe as products

of the evolut ion . . . L andi  . . . These ~;ame select  ive

fo rces operating through connected sys tems  of species ,

exer t  con~ 1stent and predici~able e f f e c t s  upon the

evolution of assemblaqes. These a t t ’  . . . sys t ems

constraints. Learning about them wi ll be a basic

contribution to ecosystem science .” Smith arqued that

although the species is the unit for study , each species

in a community affects other species . “Not only tloes

-~ • ‘ -  —--- ~~~~~~- ----~~~- -~~~~~~~~~~~ ‘- -~~ -• -
~~~~~
---~~-~~~~-- —-- —--~~ j



10

each spi’c It ’s .-it ’h I i’ve’ ha I a l%t ’e’ , but t hey .i~ so at t hi’

n .tine t I me I i~ t he name s y st  emsa . Tb t onq h t he’ t ‘t ~tt wi ’h • 
‘

and t hi ~~t t i i h  conipe t I t ton  I t ’ !  ot bet  i e n o t i t  ci’s , ones np I’ t ’ l en

t~.-iI n s oft en a t i ot  bet  spe c Ic ’s ’ lor is .  “ “The basi c  i t ’  -

q u i t  ~‘m~’nt of e~ 1st t ’ i t c t ’  t o t  each spec ~~~ j 
~ ~ ~~~~~~

j h a l  ,lnct ’ of I npu I n 5tnd ‘ut put s . . . — The at t ay of

adap t  at b its .1 t I oct 1 nq I t i p t i t  n and out  p u t s  I s  pet eti t ta lly

vet  y l a t  qci . . . a n d y  . . . w I  1 1 c i sna  1 1 y I t i v t ~ l ye

t t adi ’ e t  I , i t t ipi  ~~~~~ I nq noun’ t o  1 at loitsit I ps at  t Iii’ , ‘x j ’ i ’t t s t ’

t~~! et h e ’t n  . Thus , the t’quat tenet of i uput s at i t i  out Puts

~

t t  t’ I l i t  I’! t ’i ’ t i t i t ’ t ’t  ~~tt . . . “ ‘l’ltt i t o  1 i ’ V . % t i c i ’ of I lit ’ spu d o t t ’

conned t I V I t  y t 0 tin n I t ’  i i  in~ and  s y t ‘tim anal y s S I s t he

pot c ’nt 1.11 pi oh l ent of no 1 v I n’i many n I mu i t  a m i t ’~ n le i  t ilt —

ci cii  t I a 1 cii u~ t i ons • Not on 1 y di’ 0! 0! s in  one p 1 t t ’i’

qu ’t t t ’i  a t , ’  c i  t o t  ri I h i  out ihout  t hi ’ inott e l  , hut  heca imsi ’

rat ’ t t 
~1’’ ’’’~ ’’~ 

is at I t’t ’t r’d by a I I of h o t  ci . model I nq t htt ’I t

t oe’ilhack t i  I ri i t t  a nt  I ca 1 1 y t’omp II dii t •‘ tt

* It t o t  I c  comniun It I en at  r composed of popu 1 at  I ens

ot spot ’ I cia a t  i’ayeii in  spai’e’ . F~ac ’h commun I t  y t VI”

( is . q • , cit  earn , ponti • I •il~i’ , I on I , a n s i  anti , t n t  ci

t Ida 11 hart tin I que vet  I I cal and h ot  I s t ’t t t  a I st t uct  i i i

~ t i tic I a I so vat los wi t~~ it a in inu t t i t t i  I t  y t y~ n ’ over

q.’tn~ t aph I t ’a I ai t i t  t ’t ’o 1 oq I c ’a I r ip act ’ (e’ . q • , I ~ *t mount a In

st tratits vs • s low n t t t’ arns I n 1 owl and i i )  . Spot ’ I es are

ii”neial ly not a im ayed i •-tntlomly , (it t andem It Is

l i ke’  ly t o  be i’o I s imon) but  a ii ’  ~t I ripe m sed In ~

_ _  _ _ _
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cont i q uoua (ci timped) f as hi  on . Sm i tb (1 ~) 7 ‘i) st ~~t t n t  t hat

the s t i uqq le to occupy space Is a ma ~oi em q at i  i :1 nt~

I t et cc In  ittany ecosys t ems •

I Popti I a t  I Oflri  .1 t i ’  Co i t i t t ’c  t ed t l i t  ouq h t he I ood web.

T h i s  t t op hl c st i t t c t  i i i  e 1 ri t h u  quo •m i n e t i t i  t ’otmtmuui t  I t  y t y~n’s

a iid ~tl so VSI r let ; w i t  hi in  conunun i t  y I y pori ~vci  t i mitt ’ and

I s~~’•tt
’t’ . Alt houqh spec i t’s of  t en  i ut cc .it ’t ou t  ~ idc the

i’ot i web , t i op h I c I i t t  t ’i act  I ot is  • m i e ’  I tupe m t a n t  t o t

I mode I t  tug ; they  . t i  e’ t h e  i tiput -- ou t  put  t unt ’t I otis • I t  Is

I
t h i ou gh  ( hi’ t t ’od web that m at  t o t  t -y t ’ Ion (I . • , httn it ’o --

cht’rnl t’a 1 cyt’ it ’ ) • t i t i l  one i qy  I lows • Sni i t  h (19  / “ ) a i i i

I t hat t I op h I c I i tt  e t a~’ t ion Is  a I no a ma 01 ot  i l • m I i  I ~ I nq

lot  ce’ w i t h  I n ecosy st ems

Each spec I on w i t  b i t t  a conununi I y oi’cup l t ’s a cii chti

I There I ri coiis I t i t ’ i  abl e ’  l i t  e ’ia  I tn t’ on i i i  ch i t ’ I ht ’oi y a rid

iii clue dynamic’s • For t his ie’pert I i’i~~h ts f  t t’ i i i  chi’ wit hi

1 the t t-opht  c i ole of a species I n  i t ri i ’otnmun I t  y . That

is , the qua lit at i vi ’ and quant  I t  at I ye ways I t  Pt Oi ’t ’rt$t ’8

mat I ci• and omit ’ ti t y . Ni t’ht ’c; have L~ t ’t ’ t t  ne~ t c q a t  oil and

— 
i of I nod t hr ouq h I i t t  et spec i t  it ’  (be t we eri spot’ It’s) contpe~ I i t  i t ~ii .

NIche’s are ~lyn a rn ic  on tht j~ t b utt’ scale’s. Fl tn t , t h ey

— change’ acco t ii i tug to I it c It I nt ei-y t’hanq i’s of a spec I tin

• (e. g • , l a rva l  and a d ult  rit ages of butt 01 t l b e’S have

• di I f e t o nt  n I c h es)  . Second • th ey change nt’asona I l~’

Tb I rd • they  ch .tnqo OVI ’ t - i’ve 1 itt I o na ly  t I tmii ’
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Thu s, the biotic community can be envisioned as

a dynamic three-dimensional matrix of niches that

captures and processes matter and energy . Unlike

physical systems that process matter or energy or both ,

the coitununity ’s integrity is dependent upon continuous

iniput of matter and energy. In fact , the concept of

energy flow as an organizing force in 0~~Cfl system

thermodynamics has directly and indirectly produced

several “unifying concepts” in community-ecosystem

ecology. Ecolog ists have searched for a unified theory

to account for geographic variations in community

structure (principally species diversity) and biotic

succession (i.e., the apparent orderly replacement of

one biotic community by another) . According to Prigog ine ’s

theorem , open systems have maxima l structural order

and efficient material cycles when energy input equals

output (i.e., they are in steady state).

Thus , ecological systems should evolve structure

that comes closest to equalizing energy input and

output (i.e., the climax community). Since physico-

chemical constraints differ across space, community

structur~ should also differ. Succession is the local

process by which the climax assemblage develops over

ecological time. One stage outcompetes another until

there is a persistent community. This terminal association

should have the most complex and stable structure ,

and most efficient bioqeochemical cycles because it
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is closest to the steady state. Extend ing Smith ’s

(1975) arguments, the internal development of this

organization is through competitive trophic and

spatial interactions (i.e., reciprocal or co-

evolution) among species . That is, neo—Darwiniãn pro-

cesses of adaptation and natural selection function

in ecosystem evolution . The process is Markovian ,

each change constrains the set of next possible

changes.

Observations that climax communities persist

through time with apparently greater stability than

earlier successional stages and that some forms of

diversity (usually species) increase with succession

have led to the diversity-stability hypothesis. This

states that diverse systems are more stable than

less diverse ones. This idea has persisted in

ecology for some time arid is a basis for laypersons

to conceive of diverse systems as being more desirable

than less diverse systems. Most guidelines for environ—

mental impact statements, assessments and analyses

require evaluation of ecoSystems in terms of species

diversity. However , the relations between diversity

and attributes of persistence , stability , predictability,

steady state energy flow, ecological efficiences;

biogeochemical cycles , productivity, etc. are unclear.
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Consider stability . May (1973) developed mathe-

matical models of systems that suggest increased diversity

4 is accomplished by increased dynamic f ragility. Odum

(1975) hypothesized

that too much diversity can be destabilizing
as well as too little . • . [and] . • . that
optimum diversity is a function of the quality
and quantity of energy flow. Low diversity may
be optimum in ecosystems strongly subsidized by
high quality auxiliary energy flows and/or by
large nutrient inputs, while a higher diversity
may be optimum in ecosystems limited by the quality
of energy input and/or dependent on internal
nutrient recycling . Any positive correlation
between diversity and stability is , therefore,
a secondary rather than a primary relationship.
Which is to say that quite stable systems in terms
either of persistence in time or in terms of re—
sistence to perturbation can have either a low
or a high diversity , depending on the energy
forcing function .”

He based the above hypothesis on 150 censuses of

j major trophic and taxonomic components which have

important roles in ecosystems representing a wide

variety of natural, seminatural , managed and cultivated

types. He used species diversity as measured by the

reciprocal Simpson Index where Pi is the probability

1 - E (Pi)2 (1)
~~5~~

for each species in terms of the ratio of its importance

to the total of importance values. He used numbers

as the basis for importance where individual sizes

were comparable, but biomass or productivity where

sizes varied widely . The index scales diversity from 

~~~~~~~~~~~~~~~~~~ 
—

~~~ 
— —— -—- —
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0-1, where 0 is the lowest and 1 is the maximum .

The frequency distribution of the diversity index

values was bimodal, low (0.05-0.2) in one group and

1 
higher (0.7-0.85) in another. There were relatively

I few ecosystems with intermediate diversities (Ca . 0.5)

I and no case where there were large numbers of species

with similar importance (i.e., producing index close

I to unity). Low diversity systems were stressed (i.e.,

degraded) by external factors such as inputs to pol-

luted aquatic systems, or were agriculturally managed

1 croplands and forests. Systems receiving large high

quality and predictable energy subsidies and nutrients

1 (e.g., tidal marshes) also showed low diversity . High

diversity was observed in ecosystems powered principally

by sunlight (a low quality energy source relative
* to its utilization efficiency), such as grasslands,

upland forests , lakes in stable or nutrient-poor

watersheds.

j Oduni stated that

I “The strategy of nature is to diversity
.but not to the extent of reducing energetic
e f f i c iency . . . the~quality of energy in terms

I of utility and low en~ropy is as important
as the quantity . . . the optimum diversity is
determined by both the kind and the level of energy

I 
input. When one or a few sources of high utility
energy coupled with pumped-in growth-promoting
substances are available - in excess of maintenance
needs , low diversity has its advantages ; a con-

I centrated and specialized structure is more efficient
in exploiting the bonanza than is a dispersed
structure. It is perhaps under such conditions
that high diversity is destabilizing (i.e.,

I
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I undesirable) as May ’s (1973) theoretical models
I show. High energy , low diversity systems can

be quite stable both time-wise and in terms of
1 resistance to perturbation if the input subsidies
I are regular or continual at the same level over

long periods of time . . . . Under such conditions
a low diversity of the order of 0.1-0.2 is optimum .

I But . . . such systems w ill tend to ‘boom or bust’
when the subsidies fluctuate irregularly where
energy is limiting or of low . . . then a higher

I diversity of order of 0.7-0.8 appears to be optimum
I for the performance of the steady state.”

1 Odum also pointed out that high diversity

i 
characterizes ecosystems in very stable physical environ-

ments (e.g., some ocean bottoms , wet tropics). This

I I supports the stability—time hypothesis which states

that diversity should he highest in regions that have

4 been stable for the longest time. The stability-time

hypothesis essentially articulates the other view of

diversity-stability relations. That is, diversity does

not precede or cause stability first; stable environments

permit development of diverse communities . They , in

turn, may become more stable internally, resisting

invasion by exotic species, disease epidemics , violent

population f luctuations , etc.

On the base of his data , Odum urged caution in
4

r using div~ rsity as an inde~ to pollu tion or other human

effects on ecosystems; and stated “If the impacted system

has high diversity , then most stresses will certainly

lower the diversity . But if the system has a low

diversity to begin with , then a man-made perturbation

may actually increase diversity ratios.”

Ii
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j Odum ’s data essentially accord with Smith ’s (1975)

contention that trophic interaction is a major organizing

L force in ecosystems. The matrix of niches appears to

r develop as a function of energy and matter forcing

functions. Thus, ecosystem structure as increased

[ by diversity must be considered in the context of the

set of forcing functions.

I
I have used diversity and stability without clearly

I defining them or discussing how to measure them .

E 
However ,  before doing so , I wish to conclude the

diversity-stability argument with excerpts from Goodman ’s

1 (1975) fine treatment of the subject

“About twenty years ago , the belief , traditional
among ecologists, that complex natural communities
are more stable than simple ones was given formal
expression in a way that seemed to offer promise

[ of both precise empirical tests and further theoret-
ical development. The elaboration of theoretical
models at first yielded gratifying results sug-

I gesting reasons why complex ecological systems
should indeed be more stable , but these models
suffered from questionable analogies and the use

I of peculiar and unrealistic matheinatical repre-
sentations. The broad scope of the diversity-
stability hypothesis, and its par ticular impl ications ,
elevated it to a position of importance in

I practical debates concerning resource management ,
pest control , and preservation of natural areas .
Observational confiri~~tion of the diversity-

I stability hypothesis never materialized . .
The social implications of the failure of
diversity-stability theory involve both straight-
forward practical concerns and more subtle
problems of cqnservationist ideology .

The diversity-stability hypothesis has been
I trotted out time and time again as an argument
I for various preservationist and environmentalist

policies. It has seemed to offer an easy way
to refute the charge that these policies

I 

-. --~~~~~~~ -~~~~~~~
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represent nothing more than the subjec tive
preferences of some minority constituencies .
The burden of evidence subsumed in this review
indicates that this particular defense will not

• be possible much longer , since continued scien-
tific support for an untenable theory would be-

• come an embarrassment to that spirit of detached
empirical sobriety which so of ten is held up as
an ideal of scientific comportment. From a

1 practical standpoint, the diversity-stability

I hypothesis is riot really necessary ; even if the
hypothesis is completely false it remains
logically possible - and, on the best available

I evidence , very likely - that disruption of the
I patterns of evolved interaction in natural com-

munities will have untoward, and occasionally
I catastrophic , consequences . In other words ,
I al though the hypothesis may be false, the poli-

cies it promotes are prudent. The troubling
questions for the moment are how effec tively
these policies will be defended with scientifically
more acceptable arguments, and how smoothly
this transition can occur.

I The diversity-stability hypothesis may have
caught the lay conservationists ’ fancy , not for
the allure of its scientific embellishments , but
for the more basic appeal of its underlying
metaphor. It is the sort of thing that people
like, and want, to believe. Thus, though better
theories supplan t it in scientific usage, we may
be certain that the “hypothesis ” will persist for
a while as an element of folk—science . Eventually ,

I that remnant, too, may vanish in li ght of discor-
I dant facts, and the essential imagery of this

once-scientific hypothesis will recede to a re-
t vered position in the popul~r environmental ethic,
I where it doubtless will do much good.”

I Diversity can take two ma jor forms in ecosystems :

spatial heterogeneity (e.~~~, horizontal and vertical

I complexity of the physical environment, biotic structure

i as in foliage heights of plants) and species (niche)

I diversity . Although the former has direct and irrdirect

I stabilizing effects on population dynamics (e.g., predator-

prey , herbivore-plant, parasite—host relations) and

1
I
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may influence species diversity (e.g., more bird species

are found in woodlots with high foliage-height diversity

than in those with less), species diversity is the more

frequently used to measure community-ecosystem complexity.

Because species represent niches (recall that one species ’

niche may change seasonally and according to the life

history stage so that one species actually represents

a “niche spectrum ”), species diversity is a first approxi-

mation of , say , trophic diversity (i.e., d iversity of

matter and energy channels).

Species diversity has two major components , variety

or richness and evenness or equitability . Richness

has to do with the number of different species (S)

that exist in a community , and evenness is a function

of how the total number of individuals (N) is dis-

tributed among S species. Thus , maximum diversity

for a 10 S community wi th  1000 N would be when each S

has 100 N. Number of individuals per species essentially

represents a numerical importance value (Ni/N) for

the 1th species (S1). Use of numbers may be suitable

for a set of species that are of similar sizes and
S
.’

physiologies. Other variables such as biomass, bio-

content (caloric equivalent of biomass), productivity

(grams or calories produced by species per unit time) ,

energy flow (production + respiration per unit time),

etc. can be used.

I- 
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Extreme care must be used in selecting the variable

and set of species for diversity measurements and in

deciding what the diversity index measures beyond the

obvious “importance” of each species relative to numbers,

biomass or some process . If it is to reflect the

I possible number and relative importance of , say , energy

flow channels or intertrophic connectivities , then

I species must be grouped according to their trophic

level(s). Since many species feed in more than one

level on a daily or seasonal basis or both , this be-

comes complicated. This difficulty faces the modeler

when attempting to construct equivalence input-output

classes for compartmental models of ecosystems.

Before discussing diversity in terms of trophic

connectivities , I wish to list the most frequently

used indices . I will not comment on their relative

merits beyond saying that the optimal index should

be reasonably independent of sample size and measure

J both components of diversity . Shannon-Weaver and

Simpson ’s indices are the most frequently used and

satisfy the requirements as well as any others. It

J should b~ kept in mind th~~ the biological relevance ,

if any , of the index depends upon what ecosystem

attribute is being used. - -

I

I

I
L - - 

_ _ _ _
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Simpson ’s Index is

D = 1 — 

=1 

Nj(Nj—1 ) (2)

where Nj - number (or biomass, etc.) of individuals

in the ~th species and N = total number of individuals

in the collection of S species .

Index of dominance (variation of number 2) is

I S
C = Z (n j /N)  (3 )

j =l

where nj importance value (e.g., numbers , biomass)

of the ~th species and N = total of importance values.

Index of Similarity between two communities

— 
2 C  (4)

- A + B

j where A = number of species in community or a sample

one , B = number in two and C = number common to both .

I
Index of Dissimilarity

D = 1 — S  (5)
- 

4—.’

1 Varietal or richness indices

D = S = number of species only (6)

1 D = S / b O O N (7)

1~
I
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D = (S - 1) / log N (8)

D = S:/ V~I (9)

- I where N = total number of individuals in S species.

Indices based on the Information Theory

I = bog~ S ( l f l~

1~ 
I =~ log2 (N 

( N- ! 
(11)

I = log~ N! (12)

I = ~ log~ N !N ! ..  . N ! (13)
1 2  s

I = log~ (NN ) ( 14)

I = N (log2 N 
— 1) (15)

S
H = — E Pi ].og2 Pi (16)

I
where I = information (diversity) in bits. Number

10 ~ives I~j~~ based simp~~ on the number of species.

Number ir gives information content (diversity) of

knowing how N is distributed among S. Number 12 is

Brillouin ’s index and gives total ‘max ’ based on ..knowing

where each individual is located in space . Number

13 gives ‘max per individual. Numbers 14 and 15 use

I 

-~~~~~~~— - -~~~~ ~~~~~~~~~~ —- -~~~~ ---~~~ -,-~~~ -.- . ,.
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Stirling ’s approxima tion (bog2NI — N(log2 N — 1) of

Brilbouin ’s Index . Number 16 is the most frequently

used index based on the Information Theory . It was

- recently discussed by Mulholland (1975) and Goodman

(1975), who presented constras ting views as to its

usefulness. The relative importance of each species

is Pi.

I
Evenness Index

‘ I  - -3 — H / H  (17)max

• 
where Hmax = bog2S (i.e., when each S has an equal

number (or biomass , etc.) of individuals.

Redundancy Index

I b = 11/11 (18)max
-4

I Mulholland (1975) stated that “Diversity and

the complexity of food web structure , or connectivity ,

I are central to the discussion of ecological stabili ty

and choice.” Instead of simply using species diversity

I measured by number s, biomass, biocontent, etc., he

I suggested that we “consider a definition of diversity

as the effect!ve number of choices between equally

I likely alternatives for the flow of energy through

the ecosystem.” Mulholland demonstrated that

1 “the complexity of the food web structure, and hence

I the ecological stability , can be altered by changing

I 
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the initial flow vector .” I f ind the basic concept,

which predates Mulholland ’s paper (e.g., Odum 1953;

MacArthur 1955; Margalef 1963), intuitively pleasing

and compatible with Odum’s (1975) hypothesis and

Smith ’s (1975) contention that energy-nutrient drives

and trophic interaotion organize communities. However,

Mulholland pointed out that “In order to be of practical

use as a tool for ecosystem analys is, the stability

index . . . must be tested in real world situations.

It must also be evaluated relative to other proposed

measures of ecological stability . And , with respect

to theoretical studies , it must be investigated as a

possible connection between the concept of ecological

stability and - the formal mathematical stability definition .”

Such an evaluation will be difficult, requiring con-

siderable effort. Orians (1975) stated that

“Unfortunately it will be difficult to establish
• causal relationships between stability and diversity

because wr must measure one or more concepts of
stability in ecological systems diff ering
only in some measure of diversity. The easiest
ecosystems to compare cannot provide adequate

• proof because differences in diversity are usually
associated with differences in the physical
environment and other complicating factors. Rather
than demonstrating ~çeater stability in species-
ricb system s we may only be showing that species

• are more vulnerable to disturbances in marginal
environments , or that environmental constancy
f acili tates diversity while reducing perturbations
that might affect stability . In fact, we are con-
fronted with the apparent -paradox that stability
in natural ecosystems seems to be associated with
diversity whereas increasing the diversity of a
variety of model ecosys tems tends to reduce
rather than enhance their stability (May, 1973). 

— .~~~~~- -- •--~~~~~-------- ~~~~~--~~~—-.---—- --- . -
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Another attractive option , the perturbation
experiment, also confronts serious interpretational
problems because the species in ecosystems are
coevolved and removal or addition of one or more
of the species not only changes the diversity
of the system but many of the interaction parameters
as well. Which of the changes should be attributed
to di f f erences in diversities and which should
be attributed to changed interactive patterns
is difficult to determine . If the species are
allowed to adj~ist evolutionarily to the new
association patterns , the fina l stabilities may
be very different from the ones observed immediately
after the perturbation .

Theoretical developments face similar problems .
Most formal analyses of concepts of stability are
based on non-linear population equations. Given
a system of these equations , equilibrium populations
are determined by setting all growth rates equal
to zero and then analyzing the effects of perturbations
around the equilibrium . A common bond is the use
of an m x m matrix , referred to as the interaction
matrix , each element of which describes the effect
of species j on species i near equilibrium.
Analysis of an interaction matrix reveals whether
or not the- system is stable , i.e., if it returns
to its original state after a perturbation , and the
speed of return which can be estimated from the
values of the elements. Most theoretical studies
have focussed on local stability under deterministic
environments and small perturbations . It is ,
however , also possible to construct matrices whose
elements are random variables and to analyze
responses to stronger perturbations (May 1973) ,
or to considerable qualitative matrices in which
only the signs of the interactions are known
and not these values .”

Mulholland used “ . . . a piecewise linear , donor-

controlled compartment typw,~ system [model]” developed

for an International Biological Program (grassland

biome study , Patten 1972) for a stability analysis.

Although only a f irst approximation of this approach,

I believe it demonstrated enough value for workers to

pursue it. However , I suggest that simultaneous

_ _ _ _ _  J
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examination of other , more ea si ly  measured , diversity

parameters (e.g., species diversity ) be taken. Thus ,

if there is high corre lation between Mulholland ’s

pathway choice index and a more easily obtained attribute ,

the latter could be used .

Also , as pointed out by Mulholland

“The diversity of throughput 1= compartment
content , say in calories x turnover] does not
completely characterize the choice of pathways
for energy flow and , as has been demonstrated
experimentally . . . it cannot be used exclusively
as a measure of stability . The choice of pathways
for energy flow , and hence the ecological stability ,
depends not only on the diversity of throughput
but also on the complexity of the food web structure .
Complexity of the food web structure , or connectivity ,
refers to the degree and patterns of component
interdepenciermce in an ecosystem . Maximum complexity
occurs when every compartment derives energy f r om
every other compartment in equal amounts . A
[linear) food chain represents minimum complexity
or connectivity .”

I believe that the maximum complexity is as Mulholland

stated , but do not believe that there is any reason

to believe a priori that this evenness should evolve

in all climax communities. The number of throughput

channels and their relative importance should be a

function , as Odum (1975) a~~ued , of the quality and

quantity of the forcing functions . Considerable basic

research is needed on the dynamics of food web complexity

and their relations to inputs (i.e., their quantity ,

quality , and predictability) . This research is essential

to developing stream models (e.g., WQAM). However ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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because Mulholland ’s approach has merit, can be used

to describe ecosystem diversity in another way and

enables discussion of the Shannon-Weaver equation ,

I will present his model before going into what is

meant by stability .

Mulholland used a compartment model (shown

below ; his Fig. 1) connected by energy flow channe ls

to demonstrate his idea .
t i ‘2

1 f 11 I -l
X 1 ~~~~ ~ X 1 

~~~I\~
--.t~ J

~~~~~~~~~~~~ /
Q2 X~ ~~~~ T~~~

\ / ~ X~
_ _ _ _  /1

• ~~ \ /  /
‘2N

• •

/
~NI 
/

‘
~N2

_________ • _________

X N ~N
__________ ~NN ___________

The compartments (i.e., populations of species
S

in differçnt trophic level ’; again recall that

occupancy of trophic positions by a species is time

varying , something not considered by Mu iholland, but

mus t be in fu ture work ), x1, x2, . . . ~~~ are

shown at two times t1, and t2. The percentage of

total energy flow through the system at
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passing through x
1 

= and P~ = percentage of total

energy throughput at t2 passing through x~~. The per-

centage of total energy flow through x1 tha t passes

to x~ between t1 and t2 = f~~~. The relations among

these variables are described by

- N
Pj  = E fij Qi (19)

I
At t1

, without any structural food web information ,

‘
~~ the energy throughput diversity is

D = - E Q. log 0. (20 )
— i=l 1 1

4--

This is the uncertainty of how energy from given sources

is apportioned among n compartments . If log2 is used

- the uncertainty can be thought of as the number of bits

of information (i.e., number of yes-no questions that

must be asked) necessary to determine with unit

probability where the next unit of energy passing into

I x1 came from. Clearly , the maximum information is

I required where there is equal probability that the unit

of energy came from each ssurce. Mathematically this

I is, for n sources, log2 n. The minimum , zero , is when

there is only one source possible.

If the food web structure is known (i.e., increased

I inf ormation base), a quantity known in information

theory as the average mutual information, I, can be

I 

- ~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~ -- 
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used to measure the uncertainty resolved by that

knowledge.

N N N
I = E E 

~k ~k 
log t

~k
- / E f~~. 0.] (21)

k=l j = l  ~ i=l ~

The measure of the average remaining uncertainty abou t
4 -

energy sources at t2 is called conditional entropy ,

j S, and is calculated as

S = D — I  (22)

L Mulhol larm ar gued tha t S “ . . . is equivalent to the

effec tive choice of pathways for energy flow. Thus ,

a measure of the remaining uncertainty . . . [and)

• a measure- of effective choice, and hence a use-

ful index of stability . It is also clear that the

complexity of the food web reflects the opportunities

for choice of path.”

Orians (1975) listed seven meanings for stability .

~ 
j He pointed out that the terms were not intended as

a classification system . These terms are:

F . ~. 1. .Constancy - a la~k~ of change in some parameter

of a system . . .

2. Persistence - the survival time of a system

or some component of it.

3. Inertia — the ability of a system to resist

L external perturbations.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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4. Elasticity - the speed with which the system

returns to its former state following a

perturbation .

5. Ainplititude - the area over which a system

is stable (also known as global stability ;

• the distance- it can be displaced and still

return) .

6. Cyclic stability - the property of a system

• to cycle or oscillate around some central

point or zone.

7. Trajectory stability - the property of a

system to move towards some final end point

or zone despite differences in starting

points.

Stability of a system must be considered in terms

of its environment. Ecosystems have evolved various

mechanisms of stability relative— to the sresses their

species have encountered over evolutionary time. Thus,

we should not expect stability when new forces are applied —

to our ecosystem (e.g., p~~ lution).

I will conclude the comments on stability (Table

1; Orians 1975) of environmental factors and species

characteristics that appear to increase stability .

I 
~~~~~-• - ---- -— - --~~~-- --
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A. Persistence

1. Environmental heterogeneity in space and

time

• 2. Large patch sizes

3. Constant physical environment

4. High resource utilization thresholds of

predators

B. Inertia

1. Environmental heterogeneity in space and

time

2. Greater phenotypic diversity of prey

3. Multiplicity of energy pathways

4. Intraspecific variability of prey

5. High mean longevity of individuals of

component species (Frank , 1968)

C. Elasticity

1. High density-dependence in birth rates

2. Short life cycles of component species

3. Capacity for high dispersal

4. Strong migratory tendencies

5. Generalized ~~raqinq patterns

D. Amplitude

1 Weak density-dependence in birth rates

2. Intraspecific variability of component

species

3. Capacity for long-distance dispersal

[
- - - -
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4. Broad physical tolerances

5. Generalized harvesting capabilities

6. Defense against predators not dependent

on a narrow range of hiding places
S

E. Cyclic Stability

1. High resource—utilization thresholds

2. Long lag times in response of species to
5 

changes in resource availability

3. Heterogeneity of environment in space and

time

- F. Trajectory Stability

1. Strong organism-induced modifications of

the physical environment

2. All factors increasing elasticity .

Even the simplest communities and ecosystems are

extremely complex in structure and behavior. Structural

and behavioral attributes are also time varying. Thus,

complexity has both spatial and chronological corn-

ponents. Modern ecology is actively addressing

• functional attributes of ecosystems, but in most instances ,

our knowi~dge of structure~Is inadequate to support

development of testable theories relating to function

and structure. There are num~rous concepts, but

relatively few falsifiable theories at the community-

ecosystem levels . Development of these theories and

testing them are essential prerequisites for development

4.-
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‘ S

of appropriate land planning and resource management

strategies , and construction of predictive computer

models (e.g., WQAM).

We must have time-varying baseline data on structure

and dynamics of ecosystems collected under the time-

varying regime of their forcing functions . The quantity,

quality, and predictabili ty of the inputs under which

the sys tems have evolved must be studied s imultaneously

with the structure and behavior. Such studies should

- 
be conducted by personnel representing biological and

1. physical sciences (e.g., chemistry , physics , hydrology ,

1~ 
meteorology, geology), and engineering .

S

1. 
. -

1.

1. 
-
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- II. STRUCTURE AND DYNAMICS OF BIOTIC COMMUNITIES IN

STRE AM ECOSYSTEMS

In this section I wish to discuss some of the
• known relations between structure and dynamics of lotic

(f lowing water) communities , and emphasize types of

data and future stream research that are relevant to

WQAM development. I will specifically focus on the

energy/matter drives (i.e., forcing functions) on stream

communities, because they appear to be principle

organizers of letic ecosystems. Recall from Section I

that Odum (1975) argued that the quality , quantity ,

and predictability of energy inputs govern species

diversity (= major component of biological organization) ,

and Smith (1975) suggested that trophic interaction

(internal energy transfer) is a major ecosystem organizer.

If the nature of stream biotic communities derives

principally from energy/matter inputs , we should expect

that alterations of these inputs (e.g., changing their

- 

- time dimenàion, adding new eliergy sources or increasing

or decreasing existing ones, adding physical or

chemical pollutants that affect internal energy processing)

should produce basic changes in that nature. Some of

these changes will be temporary , others permanent. We

should expect that stream communities will adjust 
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more easily to changes in their inputs that have occurred

naturally over evolutionary or ecological time (i.e.,

those “stresses ” that the stream biota have “learned to

live with”). Thus, we should expect that most activities

associated with Air Force bases that alter the quality,

quantity and predictabili ty of energy/matter drives

on streams traversing the bases will produce deliterious

eff ects on stream , biotic organization . The nature of

these effec ts or how harmful they are is relative to

the type of stream, its history and state prior to the

impact(s). Prediction of these effects minimally re-

quires the baseline data listed on pages 3 and 4 in the

Introduction.

Much of our knowledge about stream ecology has

come from taxonomic and l i f e  history studies. These

have focused on the species. According to Cummins (1974)

“Frequently , traditional ecological studies have been

taxonomic inventories of biological communities -

information of limi ted use in answering certain function

- and process - oriented questions.” Cummins argued

that stream ecologists must’4ocus beyond the species-

recognition/taxonomic inventory level “ . . . in order

to address important process-oriented ecological questions.”

Of course basic taxonomic descriptive information i~s

beneficial to stream ecology ,  but it is only a means

(i.e., tool) and should not be considered as an end
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product in ecological reseaich. Cummins essentially

suggested that ecologists should focus on functional

roles of organisms. Generally , functional roles are

equated with trophic positions. However, these trophic - •

assignments are frequently based on inadequate litera-

ture reports , seldom on sound empirical data. Also,

exchange rates (i.e., energy/matter fluxes among

species) are almost always approximated crudely , if

at all. According to Cuxnmins (1974) trophic cate-

gorization has generally failed to deal adequately

with the functional roles concerning community

metabolism of particulate (detritus) and dissolved

organic matter ” in stream ecosystems.

Because particulate organic matter (POM) and dis-

solved organic matter (DOM) represent significant

energy drives in stream ecosystems , they have recently

received considerable attention (see numerous citations

in bibliography) . The POM and DOM may be principally

generated internally (autochthonous) or derived from

the surrounding watershed(s) as inputs (allochthonous).

Essentially , streams can bo~divided into two classes

based on -wfiether a majority of their energy is pro-

duced internally or in the terrestrial systems through

which they flow. Generally , allochthonous-driven

streams are those which flow through forested water-

sheds and are covered with canopies of vegetation

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  —
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which significantly reduce solar energy input .

According to Cummins ( 1974) “the present status of

our knowledge of stream ecosystem structure and function

is based on a number of genera l i za t ions  that  have

been tested to some degree - primarily in woodland

streams of the temperate zone. ” Thus , our extant

data base of stream biotic structure and dynamics is

quite restricted. We must expand this data base to

include temperate streams that do not flow in forested

watersheds and streams in other climatic zones (e.g.,

subtropical, tropical, tundra) which flow through

both forested and non—forested watersheds. The streams

must also be representative of the various stream orders

(i.e., first, second , third , . . . order). Such a

broader data base should enable ecologists to test

the applicability of Odum ’s (1975) theory that biotic

diversity is a function of energy input to stream

ecosystems. However , it is imperative to these studies

and testing of theories similar to Odum ’s that the

“proper ” diversity parameter(s) is (are) used. I

believe that diversity in terms of the number ,

connectiveness and relative importance (i.e., dimension

and rates) of stream energy/matter processing channels

should be used as principal parameters.

Because most of the process-oriented information

available is for woodland streams, and much of it
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has been well—treated and summarized (e.g., Cummins

1974 , Boling et al. 1975), I will focus on them in

this section.

Cummins ( 1974) pointed out two major features

of woodland streams:.

“ . . . f i r s t ,  a dependence for the majority of
their energy supply on the import of organic

• matter elaborated in the terrestrial system
• through which the stream flows (the watershed) ,

and second, the util ization of a great deal of
this organic input during the fall-winter period
of lowest annual temperatures. That is to say ,
stream communities are heterotrophic (dependent
upon food produced outside the stream) and
temperature compensated (having organisms that
can process organic matter at reasonable rates
below “normal” temperature optima).”

Fisher and Likens (1973) reported Bear Brook (a first

order New Hampshire stream) received 99% of its energy

as allochthonous input , and mosses produced the re-

maining 1% by photosynthesis. The allochthonous drive

was composed of 47 % DOM and 53% POM. Of this, 34%

was metabolized to C02, principally by microorganisms,

and the rest exported downstream. Thus , a s igni f icant

proportion of the input to Bear Brook was not

assimilated and respired , I~ it passed on to other por-

tions of the lotic (and perhaps eventually to lentic • 
-

systems) system. If this is the normal assimilative

capacity, then increased organic inputs through

human actions would probably be exported downstream •

and not metabolized. Sedell et al. (1973) reported • 1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - -
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that two small streams in the Oregon Cascades received

99% of their organic matter from the surrounding

terrestrial ecosystems , but that about 67% was directly

processed in situ with 33% apparently being exported.

Apparently the biotic structure and process capabilities

for DOM and POM have evolved under the high organic-

energy inputs . Even though , an ~rray of constraints

apparently precludes the system from evolving a greater

total assimilative capacity . What these constraints

are ( i . e . ,  what limits energy processing) is an important

question facing stream ecologists today . According

to Cunimins (1974) ,  “Determination of the rates and

eff ic iencies at which organic matter is processed

(converted to CO2 and nutrients) in running water

systems and the factors regulating such rates and

efficiencies probably constitutes the primary goal

of the present stream research effort.”

Fisher and Likens (1973) suggested “ . . . that

small streams , being among the most open ecosystems,

have relatively low efficiency and high flow-through

energy. -Watershed managent~pt programs should take

cognizance of stream ecosystem efficiency, especially

where watersheds are situated above recreational waters

of marginal quality. ” -

With regard to processing organic matter , streams

can be classified as heterotrophic (i.e., production/
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respiration < 1) or autotrophic (i.e., P/R > 1) or

in steady state (i.e., P/R = 1), and conduit (i.e.,

organic import/export < 1) or process (i.e., l/E > 1)

or in inport/export steady state (i.e., l/E 1).

Production is generally measured by CO
2 consumption

and 02 production using a variety of methods (e.g.,

light-dark bottles, ‘4C, diurnal curves). A discussion

of these methods is beyond the scope of this section .

The l i terature is repleat with papers discussing each

method. The P/R and l/E ratios are time varying ,

changing with season , ‘ and spatially varying , changing

with stream order (C ummins 1974) and undoubtably with

climate and watershed vegetation (see Odum 1950,

Fisher and Likens 1973) . Detailed assessments of the

relative importance of heterotrophic vs. autotrophic

mode or inport vs. export mode requires “periodic

assessment of the average detritus standing crop in

a section of stream, primary production (in-stream

photosynthesis) , and community respiration . . . “

(Cununins 1974).  Cummins (1974) pointed out that

. , . the ratio of hqerotrophy to autotrophy
is controlled by light, temperature, organic and
inorganic inputs , and f low , with lesser localized
effects by invertebrate grazers (scrapers).
Shif ts  from heterotrophy to autotrophy in streams
usually involve conversion from the typical dia-
tommoss (e .g . ,  Fontinalis) community and , in
some streams, also watercress (Nasturtium) beds
around the springs, to filamentous green algae
(e.g., Cladophora, Stigeoclonium, Ulothrix, etc.)
and/or beds of rooted aquatic plants.”

~ 

---- -- -
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Thus , for comparative purposes among streams and

within streams among seasons , “primary production should

be measured against a back ground of light, temperature ,

and nutrient (especially P and N) . . . {an d~ cuni-

mulative measures of light and temperature , e.g.,

foot— or meter- candle—hour s or days (1 in - cand. =

1 lumen/rn2 ) and degree days , should prove more useful

than calendar time intervals” (Cun-imins 1974) . Generally,

low order (f i r s t - t h i rd)  streams are more heterotrophic

than higher order slower moving streams with less

vegetational cover. However , human activities such

as deforestation and landscaping practices that alter

watershed runoff , construction of dams and pollution can

alter this pattern .

Regard less whether a stream is principally auto-

trophic or heterotrophic it contains three major

functional biotic categories. These are autrotrophs

(e.g., algae or micro producers and vascular plants

or macro producers), consumers (i.e., principally

animals , both micro- and macroconsumers) and trans—

formers (i.e., decomposers .~~uch as bacteria and fungi).

The relative importance of these three groups in

processing energy obviously varies within and among

streams, both spatially and temporally. Because most

published information on functional groups in stream

ecosystems is for heterotrophic systems, I will limi t 

~-=~~~~~~~~~
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my review to consumer organisms . These are general ly

divided into microconsuiners (e.g., microbial organisms

such as fungi  and bacteria , also known as decomposers

or transformers, and protozoa , diatoms and ro t i fers)

and macroconsumers (e . g . ,  microcrustaceans, nematodes ,

water mites , mollusks , insect larvae and crus taceans) .

Microconsuxners are rarely , if ever , separated

from the non-living organic mat ter  in streams because

of the extreme d i f f i c u l t y. Thus , Cummins (1974) stated

that “ . . . consideration of these components [living

organisms and non-living organic mat te r]  as funct ional ly

separate compartments seems merely academic, ” and sug-

gested that “ a t ’ present , compartmentalization of

organic substrate and associated microbes by particle

size , which is clearly related to processing time ,

seems to be the most tractable approach .” Table 1 on

the following page gives a scheme for partitioning

strean~ organic detritus according ’to size. This is

taken from Table 2 in Cummins (1974).

Obviously , all organic matter forms a size
4—.”continuum .- However , the classif ication of organic

matter in the table is operationally funct ional .  In - 

-

f act , Hynes ( 1963) and Ross ( 1963) have pointed out H

that POM inputs , principally autumnal leaf l i t ter ,

have been major forces in the evolution of stream

biota . Thus , supporting Odurn ’s (1975) theory that

4
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quality and qu a ntit y of m’ssi ’,qy input is p r i n c i pa l In

O S  ~ianizinq divorsi t y i n  oco~ yi~toms .

In addition to diroc t l y mo t :aboli- :ing DOM (as do

i~ f t hi ’ au t  ot ropha)  , the  microbo~; , p r i n c i p a l l y

bact oria and t unq i “~‘ondi t  ion ” much of  t h i ’  l a s  qes- POM

m ak i n q  It Hut t a h i  c n u t  it I on.-s I I y f o r  i i c r~ ’ o i t m i or s

I n fact .  , some ma oconsumer~; may act-un ly  f o o d  dl s-oct 1 y

on t ho ml croh i .il osqani sms , I nqo~ s t I nq t ho non— liv I nq

POM I I tion t I . l~(’4.’~1t%~ C’ Sunny poi I utan ( ‘~ re Or’4aniC ,

hot ti DOM and POM , and many ot hos p01 ut  ant ~; adsorb

t o  I~OM , I t I s m~~st’nt 1.-s I t o  undc’r~ t and dynami c~; by wh i ch

:;t roams ps-ocos~; DOM and POM . This; i H an .1 s o n  of s osenrc’h

nC’cc’s;sary ~o r WOAM di’vo 1 opmt’n t . We must undo is t and

to what ox t ou t  sed insont  and wa t  (‘I c olu m n  s ;t s t ) s ;y s ; t  oms;

oporat  i’ i t t’ po n d o n t  ly os I ud C ’ ’n&IO I ;t  1 y in pso~’os;sinq IXIM

and POM . Cummins (1 ~ 74) ~~~s’n t I a I ly  point od out a

need t OS - (sit u ro  s o~ oarch in thi s as-on by s;t.nt i is i s

“As now t ochn I q uos; a s-o dovo 1 opod ~ ~~ flSOS0
dat  a qa t hos od , in (( ‘r ob a 1 and bi orhoin i ‘.ll  il l I I o
w h i c h  I r an.icond p~~~t I c l i ’ s I ~o cat  i’qorl i’s wi ll
(‘i’ t t  ~ tnt 

~‘ 
I)C’C(MU(’ ~I~~9) .1 ~ t ’ nt  . I n  add i t I on t o direct  - -

observat .  ion of IU I cr o o s q a n  I s;ms -~ (i ’npocl a] ly  O~’i (1
l 0$( ’C.’IlCO and scann I nq oCt i~Ofl tU I &‘ro~u’opy . . . )

ho I ~o 1 at  lo i s  and I don t  it (c at  I on of h i  ochomi ca 1
c.’n pnb i l it  I es of U) I c l ot )  t .5 1 0 1 (‘ISSOfl t s w i t  I ~ t oy  I di’
critical add It tossa 1 S m ’ ~~m )l sit Ion of fus i ct  I onal
I-O l ea.  F’or oxample  idont - i t  i t ’at I on and quant I I I cat ion
(probably th s-ou qh microcosm and t racer uptake
ntudio~s) of cot lulol yt Ic and/or I iminolytic
act ivity of dotrital b a c t e r i a  In  fu n q i in n a t u r a l
str oants under normal stream temperatus-c rc’qimes
should const Itute a prime objective for lotli’
rt’s;m’a rchora - I ract I onat  ion of DOM by inolecul ar
weight should pt’rmit rC’t’oqn i t  ion ot microbes

— -~~ - • - ~~-- - - ~~~-~~~~~
- ‘-~~~ ~ - - ---——-. - ~~~~- - - - - -  _ _ _ _ _  -- - -- -- - -•--~ — —- — - - —  — -—-—S ~~_~~~~~- - ----•_- -~
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associated wi th certain frac tions and concomitant
processing rates . . . Again , if stream studies
are process—oriented , new microbial data wil l  be

• most useful  if related to rates at which conversions
of coarse par ticu late to f i ne particulate to
dissolved organics to CO2 occur .”

Aquatic microbiology appears to be an area for f r u i t f u l

research and should be -encouraged by the Air Force.

Macroconsumers in streams are general ly dominated

by insect larvae. They are extremely important in

energy transfer and matter conversions because of

their high densities and turnover rates. Studies of

l i fe  history energetics and trophic relations are

central to understanding roles of these macroconsumers

• in stream ecosystems . Because niches change with an

organism ’s age , evolution of its function must be

assessed over its l i fe  cycle (e.g., M c D i f f i t  1970;

Brown and Fitzpatrick 1978 ). Essentially , an insect

macroconsumer ’s l i fe  history energy budget can be

summarized as follows : -

Brown , A. V. and L. C. F i tzpatr ick.  Li fe  history

and population energetics of the dobson f ly  Corydallus

cornutus. Ecology . In Press.

[
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Life History Time processa

Stage Duration C F U A R Pg Pr

OVUM
Larval
Instars

1
2 -

N
Pupa
Adult -

ET EC EF EU EA ZR EPg EPr

a. C = consumption , F = egesta, U = excreta, A =

F assimilation, R = respiration, Pg = production as

gametes or offspring in mass (g dry or wet weight)

or calories per unit time; C - (F + U ) = A ,

A - R = P .

If demographic data and population densities are

known, the da ta in the table can be extrapolated to the

stream . Details on techniques of gathering life—

history energetics data ar ’beyond the scope of this

section.

Cummins ( 1973) outlined a functional classification

system for trophic relations of aquatic insects . The

following (Table 2) is taken from his Table 1.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ -— - -- - -~ 
_
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TABLE 2--Trophic Relations

General
General category particle size SUbdiviSion based

based on feeding range of food on dominant
mechanism (microns) food

Chewers and miners

Shredders ~~~~
Chewers and miners

Filter or suspension
feeders

Collectors <lOs

Sediment or deposit
(surface) feeders

Mineral scrapers

Scrapers ~~~~
Organic scrapers

Swallowers

j
Predatora >lO~

Piercers

-

~

-- -- - - --  -
~~~~~~~~~~
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of Aquatic Insects 6Th

Subdivision based North Junerican aquatic insect
on dominant taxa containing predominant

food examples

Herbivores, living Trichoptera (Phryganeidae , Leptoceridae)
vascular plant Lepidoptera - -

tissue Coleoptera (Chrysoznelidae)
Diptera (Chironomidae , Ephydridae)

Detritivores (large Plecoptera (Filipa].pai)
particle detriti- - Trichopter (Linsnephilidae , Lepidostoma-
vores): decom— tidae)
posing vascular Diptera (Tipulidae , Chironomidae)
plant tissue —

Herbivore-detriti- - 
Ephemeropter (Siphlonuridae)

vores: living Trichoptera (Philopotamidae , Psycho—
algal cells, de- myiidae, Hydropsychh~ac , Brachy—
composing organic centridae)
matter Lepidoptera

Diptera (Simuliidae , rmomidae ,
Culicidae)

Detritivores (fine Ephermeroptera (Caenid • - Aemeridae ,
particle detriti— Leptophlebiidae, Baet ~~ie , Ephenserel-
vores) : decom- 

- 
).idae Heptageniidae)

posing organic mat- Hemiptera (Gerridae)
ter Co].eoptera (Hydrophilidae)

Diptera (Chironomidae Ceratopogonidae)

Herbivores: algae Ephemeroptera (Heptageniidae Baetidae,
and associated Ephemerellidae)
material (pen — Trichoptera (Glossosomatidae, Helico—
phyton) psychidae, Molannidae, Odontoceridae,

Goreridae)
Lepidoptera-
Coleoptera (Elmidae , Psephenidae)
Diptera (Chironomidae , Tabanidae)

Herbivores: algae Ephemeroptera (Caenidae, Leptophlebiidae,
( and associated Heptageniidae, Baetidae)

material (pen - Hes~j tera (Corixidae )
phyton) TricYsoptera ( Leptoceridae)

- 

Diptera (Chironomidae)

Carnivores : whole Odonata
animals (or parts) Plecoptera (Setipalpia)

Megaloptére
Trichoptera (Rhyacophilidae, Polycen-

tropidae , Hydropsychidae)
Coleoptera (Dytiscidae , Gyrinnidae )
Diptera (Chironomidae)

Carnivores: cell Hemiptera (Belastomatidae, Nepidae ,
and tissue fluids Notonectidae, Naucoridae)

Diptera (Rhagionidae)
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Cununins ’ (1973) sum marized the knowledge con-

cernirig trophic relations of aquatic insects as

follows :

“Freshwater ecosystems of the temperate
zone might be generalized as having a reasonably
constant biomass of macrobenthic animals, domi-
nated by aquatic insects (plus mollusks, annelids,
and crustaceans), which is turning over at a
rate controlled primarily by temperature , seasonal
temperature adjustments being much less pronounced
in running waters in which a very significant
amount of feeding and growth occurs in the fall
and winter. The temperature control of biomass
turnover is mediated primarily through the
positive correlation between temperature and
feeding rate and temperature and respiation;
thus , the ratio of feeding , or respiration, to
growth is fa i r ly  constant. The aquatic insects
are supplied with consistent and abundant food
supplies of similar ca loric and protein content.
Their assimilative efficiency is independent
of temperature over wide ranges and fairly
constant over the broad range of food quality
normally ingested (predators may have a higher
efficiency than herbivore-detritivores , 70) -

Food resources are partitioned on the basis
of particle size and whether active (prey),
stationary (periphyton , vascular plants, deposited
detritus) , or in suspension (plankton and fine
particle detritus in standing waters , particulate
drift in streams and rivers). Within any general
food compartment, specific ut i l izat ion is
determined by temporal and microspatial isolation
of potential competitors - size (age) groups of
a large number of species that are all trophic
generalists within the particle size ranges
that they are capable of ingesting . Although
the data on aquatic in~~ cts are not extensive
enough to determine the validity of all aspects
of these generalizations , the information at
hand supports the contention that most aquatic
insects are best termed polyphagous or generalists~and that availabili ty, most frequently delineated
by food particle size and texture , is the key~
to trophic relationships among aquatic insects.”

_ _ _ _  ___________
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The data in Cuznmins ’ (1973) Table 1 and his preceding

statemen t represen t only a beginnning in trophic

analyses of stream ecosystems necessary to establish

a data base for bioaccunsmulation studies , for pollution-

effect studies and development of WQAM-type models.

In regard to management strategies of stream

ecosystems , Cununins (1973) has well-articulated several :

“The fundamental problem in stream manage-
ment is clearly ‘water quality ,’ in the broad
sense meaning system quali ty. Regardless of
definition , here lies the challenge-interfacing ,
in compatible fashion , the self-perpetuating
structure and function of running water ecosystems
with selfish , ‘natureless ’ human goals. Water
quality is , in fact, always defined in reference
to these goals. For example: Will the system
support a particular sport fishery? Will it
be a habitat where noxious and pathogenic
organisms will  f lour ish? Will it decompose
organic wastes or serve merely as an export
conduit?

From the data at hand , two points seem
clear. First, the maintenance of water quality
necessitates the continuance of certain relation-
ships between CPOM, FPOM, and DOM together
with the involvement of critical functional
ecological groups of both micro— and macro-
organisms. Second , unless about one third of
the total organic matter input (about one half
of the POM) is processed , i.e., converted to - •

C02, annually by the stream system and unless
in—stream plant growth remains subservient
to terrestrial organic matter as the ‘fuel’
to drive the system , the stream in question
probably has impared water quality .

In general , the differences between relatively
undisturbed woodland streams, characterized
by high processing efficiency , and ‘organically
enriched ’ or ‘polluted’ running water systems
of similar dimensions are the size distribution
of the organic particles that enter the stream ,

La . 
- - :~~j- -- ~~~~~ ——_ - - 
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timing of the inputs , POM retention characteristics
of the system, temperature and nutrient regimes , - -

and the presence of key functional groups of
organisms. Where appropriate options exist,
management strategies should be developed and
implemented based on available stream ecosystem
theory . . . ‘Water quality’ status should be
monitored through recognition of the continued
appropriate relationships between CPOM, FPOM, DOM,
and micro— and m (croorganisms. 

-

It is not presently known whether the
efficiency with which organic matter is
processed in streams can be increased above
reported levels (Fisher and Likens 1973, Sedell
et al. 1973). Since so few systems have been
studied in -a fashion permitting comparison,
the range of natural efficiencies has yet to
be established — clearly, comparison of streams
at opposite ends of such a spectrum would be
most instructive .”

Cummins then suggested three management strategies

that singly or in combination offer promise. These

are:

1. changes in the physical nature of the

running water system - light (e.g. artifical

shading), temperature, aeration , POM reten-

tion characteristics , etc.,

2. changes in organic inputs, particularly

particle size distribution ; and

3. changes in the biota,’ for example shredder

population densities.

Streams with a history of processing a particular

regime of organic matter should not be expected to

process a new regime and still maintain its present

~

-- - - -~~~~~~~~~~~~ —~~~ —- ~~ -~~~~ —--- —
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water quality in terms of “ . . . natural organic

matter processing rates” (Cummins 1974).

It is obvious to ecologists that stream ecosystems

must be studied in terms of their physico-chemica).

characteristics , biotic diversity in spatial and

species terms and nature of their organic inputs

simultaneously. Such studies will give a data base

of extant “natura]~” conditions of various order streams.

These “natural” conditions represent extant stream

quality and can be used to compare similar streams

traversing Air Force bases to assess their quality .

Also, such baseline data relating stream dynamics

to inputs can be. used in development of WQAM.

Essentially , defining stream quali ty is a

problem facing ecologists, environmental engineers,

various local, state and federal agencies, etc.,

involved in maintaining overall water quality. Rather

strict standards exist for drinking water quality,

water used for contact sports, etc., but “ecological

water quality ” standards are not yet set. Numerous

workers have suggested usin~’ stream biota as indicators

of pollution/water quality . The rationale for this

was summarized by Goodnight (1973):

“The determination of water quality by use
of chemical and physical tests is widely used
and has certain values. Such tests can give ,

- - - -- -~~~ - —-~~~~~~~~ - -
-
— - ---

-~~~~~~~~~ ~~~~~
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among other facts, an immediate picture of whether
or not oxygen is being dep leted or if the pH
of the water has been radically changed . Such
data are of immediate value, but have their
drawbacks , chief of which is the fact that they H
do not detect occasional pollution . Intermittent
pollution , though not readily discernible by
chemical and physical tests , does have its effect

- 1 upon the aquatic biota. -

In general ,’animals and plants are much 
H

more sensitive to changes within their environ-
ment than are such tests; thus they may respond
strongly to even very small amounts of pollutants .

A single series of samples of the biota
may give a summation of the water conditions
over a past period of time (Hynes, 1963) . A

j  chemist, on the other hand must make a series
of tests over several days , weeks, or even
months to obtain average values. Even such
average values are not as important as the( extreme conditions which may occur and may be
missed by periodic sampling . A toxic substance ,
impossible to find in a chemical analysis , w ill
show its effects upon the animal community long
after it has been carried downstream by the current.

Like any type of tests, biolog ical tests
do have their limitations . The chief one is
that often only a trained biologist can inter—
pret the data with assurance . Such data , when
obtained , also can not identify the specific
chemica l involved , though often the difference
between organic and inorganic poisonous materials
can be distinguished.

Once it is decided that biologica l tc’sts
of water quality are superior to chemical or
physical tests , the problem is one of deciding
what members of the biota are most significant.”

Wilhmn (1967) and Goodnight (1973) and others

have suggested that macroinvertebrates should be

good indicators of stream pollution/water quality .

Most benthic macro inver tebrates are less motile than ,

say,  fish and “ . . . their habitat preference . .
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cause them to be a f f ected directly by substances which

enter the environment. Chemical surveys indicate

stream conditions only at the time of sampling, but

benthic macroinvertebrate populations can be indicative - . -]

both of present and past environmental conditions”

(Wilhm 1967) - Will-mi (1967; 1970) summarized species

diversity indices used with macroinvertebrates to

assess stream pollution/water quality. He discussed

many of the indices I have listed on pages 21-23,

and concluded in his 1967 paper that

“Populations of benthic macroinvertebrates
can be used to assess pollution in a stream
receiving organic enrichment. Sampling stations
should be established at various distances below
the pollutiqn outfall. For comparative purposes
samples should be collected in clean areas
either above the outfall or at a sufficient
distance downstream . Sampling methods should
be the same at each station. Also, it should
be remembered that environmental conditions
other than pollution influence the distribution
or organisms.

Data can be summarized clearly and br ie f ly
with a diversity index. The index selected
should be independent of sample size and associated

- closely with the wealth of species. In the
present study the index which had the highest
coefficient of correlation with numbers of species
and which most effect ively distinguished between
the stations was (s - k,Vln N. This equation
is comparatively easy to use. If computer
equipment is available , indices derived from
information theory can be used. These models
include numbers of individuals representing
each species. Expression~ of the wealth ofspec ies and of the abundance ~ f one or more
species are both available. Values obtained
at the various stations can be compared for sta-
tistical differences with a multiple comparisons
test such as Duncan ’s multiple range test . .
If a functional expression is desired, organic 

- - - - - - - ~~~~~~~~~~~~~~~~~~~~~~~~ 
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weights or calories of the various organisms can
be related to numbers of species in a dimension-
less diversity equation such as 6. Considerable
information about longitudinal change in com-
munity structure also can be obtained from a
coefficients of similarity table ; however , more
effort is required in computing coefficients
than in calculating indices with (s — 1)/in N.”

Goodnight ( 1973) summarized and compared several

of the biotic systems used to assess stream pollution !

water quality (Saprobien System , American-Modified

Saprobien System , Patrick ’s Biodynamic Histograms ,

Wurtz ’ “Mode of Life,” Beck ’s Biotic Index , Will-un’s

Species Diversity Index , The Sequential Comparison -
;

Index , Relative Percentage of Oligochaetes to Total

Biota). This paper should be consulted for a brief ,

but informative treatment of extant (as of 1973)

biotic methods. The actual “ecological meaning”

of these systems , especially the diversity indices

used by Wilhzn (1967; 1970) and Wilhmns and Dorris

(1968) returns us to the discussion in Section I; thus

— directing the way to future research in stream ecology

and urging us to develop falsifiable theories in

stream ecology .

The only reasonably comprehensive approach to

stream modeling that is pertinent to the discussion

presented here was by Boling et al. (1975). I will

discuss it in Section III. 

~~~~ --~~~~~ --.- ~~~~~~~~~~~-
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III.  GENERAL COMflENTS ON MODELING BIOTIC COMMUNITIES

Systems analysis and modeling have become well- •

developed in both theory and practice in ecology during

1. the two decades sit ce Odum (1957) constructed a general

- trophic model for Silver Springs. Ecologists have

drawn extensively from engineers in developing modeling

technologies for ecosystem dynamics. The large theo-

retical and technical base evolved by the engineers

has greatly accelerated the success of modeling and

systems analysis in ecology. Not only has technical

information flowed between the engineering and ecolog-

ical communities , but new “breeds ” of environmental

scientists and “ecological engineers” have emerged from

I this productive interface. Ecologists with appreciation

for mathematics and modeling , and engineers with appre—

1. ciation for the holism of ecological systems are now

working in concert to produce sensitive analytical and

predictive models for ecosystems that go far beyond the

I 

f i rs t  generation comoartmental , donor-controlled linear

models. - New generation mb~els are available for simu-

L lation experiments , prediction of environmental impacts ,

r 

resource management, etc.,  using highly sophisticated

programming, both linear and non-linear mathemat�cs,

[ and deterministic and stochastic functions. The liter-

ature is repleat with articles and reports on ecological
1’

— -
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modeling and systems analysis. An excellent review of

systems analysis and modeling of biotic components of

ecosystems is the four-volume series edited by B.C. Patten

(1971 , 1972, 1975, 1976,. The articles contained in the

series cover a diversity of techniques and ecological

systems, and collectively represent a “primer ” which

should be consulted by personnel involved in WOAM develop-

ment . Two other publications (Canale 1976; Hall 1977) • 
-

containing numerous articles on ecosystem modeling pro-

vide a wealth of information pertinent to WQAM develop-

ment. The bibliography at the end of this section (by

no means complete) attests to the proliferation of pub-

lications during this decade.

Prime movers in development of systems analysis

and modeling of ecosystems have been the International

Biological Program (specif ically its biome studies) and

the National Environmental Policy Act. Although ecolo-

gists have long appreciated the holistic approach (see

Lindeman 1941 for example), the ISP and NEPA provided

the political and economic leverage. Unfortunately ,

the emphasis and scientific merit of ISP research and

NEPA-spawned studies ha’v~ not always been exemplary .

Politics and economics too frequently have played roles

more important than scientific considerations.

As result of the original charges and/or objectives

inherent in IBP, and NEPA and related acts , a dichotomy

exists in ecological modeling and systems analysis. ISP-

L i
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related studies have been oriented toward basic ecology ,

involving university scientists , the training of graduate

students, etc. Comprehensive in nature, ISP biome studies

focused on understanding nature as it exists on many

levels of integration . However , what portended to be

highly successful has been somewhat disappointing in

the result—per—unit effort (see Watt 1975 for critique

of IBP Biome Modeling). Despite exceptions , numerous

NEPA—related modeling efforts have been relatively more

successful in results—~~ L-uni t—effor t.  Patten et al.

( 1975) point out part of the reason for this when dis-

cussing the Lake Texoma Cove model : “What most distin-

guishes the model, perhaps , is the fact that it is a

biologists ’ model , an ecosystem description drawn in a

relatively short time from the minds and collective

efforts of a relatively large number of scientists under

conditions of prolonged , intensive interaction . As a

result, there is more basic biology and ecology incor-

porated in the model than perhaps any other ecosystem

model of comparative scope of the present time.” Many

IBP studies involved personnel separated by space and

time , whereas those mor~~ successful modeling efforts

(in terms of payoff per-unit-effort) have involved highly

integrated and coordinated groups working intensively over

shorter periods of time.

Having participated in the Texoma Cove project with

Patten et al. and directed a smaller-scale project at

1..

~

—
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NTSU involving seven scientists, I strongly urge that

all modeling efforts involve a team that literally “lives

together .” Successful holistic studies depend signifi-

cantly on the esprit de corps of the personnel and whether

or not they view the project as a “labor of love.” A

heterogeneous or multidisciplinary group with diverse

technical skills, but a common holistic philosophy is

a most effective instrument for doing ecosystem-level

modeling . Group dynamics and psychology play important

roles in the successful achievement of a model. Patten

et al. (1975) perceptively stated about the Mayfield

Cove project: “the group dynamics in this orocess would

• itself be of interest to social psychologists, and in

a real sense the model structure which emerged repre-

sented the collective knowledge of the institute members

as shaped by social forces.”

It is very important that the modelers and system

scientists recognize what experimental ecologists have

long known about laboratory—abstractions of nature;

there is a fundamental distortion of reality when a

biolngical process/system is extracted from its environ-

ment. Again , Patten et ai~. (1975) addressed this rela-

tive to the Texoma project:

“Despite the theoretical and technical
achievements of the cove • model , no illu sions
should be allowed to persist about what it
represents in relation to the actualities of
Mayfield Cove. The model reduces the intricate
beauty and awesome complexity of a piece of
living nature to what is by comparison a flat,

I
- -
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pallid image of the reality . It is in the
homomorphic character of models to do this,
and ecologists would make a grave error ever
to begin confusing image with reality. An
ecosystem model, no matter how sophisticated
or difficult to produce , is but a shadow of
its prototype , and modeling , simulation, and
systems analysis are means to understanding
the latter , not ends.”

After a multidisciplinary team blessed with tech-

nical comoetence, common philosophy and eff ective group

behavioral dynamics is selected , the next major hurdle

is establishing concrete goals/objectives. All personnel

• should contribute from the beginning in establishing the

priorities, goals and objectives of the project. I have

had a problem in contributing to WQAM in more than gener-

alities because the goals and objectives have never been

made clear. .
~~ 

am still unsure of why Clover Creek was

selected for the project. Is it a typical stream tra-

versing USAF bases? Is McChord AFB a typical base?

Clearly , the interest and competence of the environmen-

tal group at McChord will contribute to the project ’s

success. But, site selection needs to follow develop-

ment of the team and goals/objectives , not precede them.

Thus , my previous and subsequent comments will be of a

general nature only.

“The ultimate objective of all mathematical models

is to increase knowledge of systems and thereby advance

the techniques for solving practical problems .

[such as]. . .to design field monitoring programs that

include identification of the parameters to be measured

i 1.
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as well as the spatial and temporal structuring for the

sampling . . . fand~~. . .f or purpose of addressing an

aquatic management or engineering problem (Canale l976).~

The figure below was presented by Canale to illustrate

the interactions among various steps necessary for the

application of biochemical models to aquatic ecosystems.

Internal changes due Internal changes due to

J to chemical , physical fluid transport and

[~
nd biological reaction dispersion

External forcing

( due to nutrient

and energy flux

continuity 
_ _ _ _

f

erau sYste

j

4 Laboratory Experimentation 1
Field 

_ _ _ _  

and
Ft Validation Submodel Development

APPLICATION TO WATER1

RESOURCE PROBLEM J
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The Boise River model developed by Chen and Wel ls

(1976) , though for a much larger system , contains many

elements relevant to WQAM development at Clover Creek.

Their model considered 24 water quality and biolog ical

parameters which compar tmentally are similar to those

in Clover Creek. , •(Obviously components peculiar to

Clover Creek must be considered for WQAM) . The param-

eters in the Boise Model are : temperature , toxicity,

total suspended solids , coliform bacteria , ROD, dis-

A solved 02, NH 3, NO2, NO3, P04, alkalinity , pH, two

floating algae, two benthic algae , zooplankton, insects,

detritus, organic sediment, benthos and three fish.

The river was divided into a series of interconnected

segments of variable lengths. Mass balance equations

based on the Law of Conservation of ‘lass and the Kinetic

Principle were developed around each hydraulic segment.

Chen and Wells identified the following physical , chem-

ical and biological processes that can alter water qual-

ity parameters (their Table 7.4):

• 1. Physical Processes
a. Advection between segments
b. Diffusion
c. Sedimentation from the segment
d. External in~~t to the segmente. Output to external from the segment
f . Reaeration
g. Solar insolation

2. Biochemical transformation , uptake, and release
associated with the following:
Bacteria 0

NH3 NO2 NO3
BOD CO2

I. Detritus NH 3, P04, CO2 Algae 700. Fish

4 Benthic Insect
Bacteria Detritus Benthic Algae

________ •:_~.
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(1976), though for a much larger system , contains many
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based on the Law of Conservation of Mass and the Kinetic

j Principle were developed around each hydraulic seqment.

Chen and Wells identified the followinq physical , chem-

ical and biological processes that can alter water qual-

ity parameters (their Table 7 .4):
L . 1. Physical Processes
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Chen and Well s divided mass balance equat ions into

those for abiotic constituents and those for organic bio-

mass. Abiotic components of the river exhibit a total

change equal to the sum of processes that are considered

to operate independently and simultaneously:

Total change ~ • advec t ion ~ diffusion + input -

output ~ sedimentation ~ reaeration 
-

decay • chemical transforma tion
biological uptake + respiration release

The mass balance di fferential equation for the ab iotic

components in each river segment is:

d(VC
1
) 

n dC1

dt 
Q1C11 

- Q0C1 + E E
1
A~— + EQinCin

_
~~
QOUCl

_ 
~~~~~~~

Where : f

V — segment volume (m3)

01 advective flow from upstream segment (m3/sec)

advective flow to downstream segment (m 3
/sec)

01n - local environmental input to segment (m3/sec)

local environmental output from segment (m3/sec)

C
1 

= concentration of the quality constituent (mg/i)

C11 concentration of the quality constituent in
upstream segment (mq/l)

N number of adjacent segments

E diffusion coefçicients (m2/day)

Aj 
-
~~ cross-sectional area of segment (m )

dC1/dxj — concentration gradient of C
1 

(mg/l/m )

C. = concentration of C in inflow (mq/l)in 1
S1 — settling rate of C1 (rn/day)

D = mean depth (m)

Xr ~. 
— reaerat ion coef ficient for C1 (day )

C1* — saturation concentration of C1 (mg/i)
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decay coeffi’ient of C
1 

(day~~~)

C2 — constituent concentration that may t :anstorm
to C

1 
(mg/i)

- decay coefficient of C (day~~ )

— organism concentration that consumer C~ (mq 1)
M3 — growth rati’ of biota  C 3 (day 1)
F — ~~~~~~~~~~~~~ ~~~ ~ ~~~~~ bt ’t W~~ ’fl C and C
R — res~~i id t  io n i-a te  of biota L

3 
(day 1)

The mass balance difterent ial e’quat ion t o :  o~ t ) A f l i C  b io—

mass is:

d(VC1) II

— 

~~~~~~~ 
— 4 Y F ~~A~ 

~~~~~ 
G 

~~in~
’
in 

— ‘
~~oti~

’
i 

—

+ (
~
i
~~ 

- H
1 ~~~~~~~~ 

- 
~~~~~~~~~~~~~~ i

The two equations must bc m o d i f i e d  according t o  component

examined ; ~le.~ t ’t t’  terms not av~vdicahie , Fish hiomass t’~lua—

tion will not have the t i r s t  four  t’:ms in the~ equa t ion

(i.e., fish are’ not aftected by advoct ion , dit fusion,

intlow or outt low ~tc&’otdinq to (‘hen ~nd Wells ).

Chen and Wells used the following equat ion similar

to tne mass balance equatIon to calculate heat budgets:

d (Vt) Q.T. - 0 T + ) F~ A -
~~

-
~ -- + Y~~ ‘1’, - YQ T +dt 1 i o 

~~ 
in in ou

Aq
(H + H + H — H - 

— U )
s a bi e

• Whore:

T — water temperature (
0
(1

T. — water temperature of upstream segment

— water t emperature  associated with local
• ~ i n f l o w s  to segment (Q~,~;°C)

H5 — short wave radi ation — r et  l ect  Ion (k cal/rn st’c)
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Ha — lonq wav~ atmospheric rad iation - reflection
CR cal/m1/sec)

H = heat conductance between water and air
C CR cal/m2/sec)
Hbr back radiation CR cal/m2/sec)
H = evaporation loss (k cal/m2/sec)

Rate coefficients for temperature ef fec ts , reaeration,

settling , mortality , hydraulic properties , and self—shading

are detailed by Chen and Wells. In general , these are set

as constants. However , many rate coefficients are time-

varying functions of one or more factors, and specific algo-

rithms must be constructed for each to capture the reality

of the system ’s dynamics; and to enable simulation .

Because the WQAM probably will consider mass balance of

various nutrient organic and inorganic substances and cer tain

toxic compounds which enter and leave Clover Creek advectively

and from point/non-point inflows, Chen and Wells ’ report to

the Corps of Engineers (Boise River Water Quali ty - Ecologic

Model for Urban Planning Study 1975 Tetra Tech, Inc. LaFay-

ette, Ca ..) should be consulted . Thoman ’s (1978) EPA report

should be consulted for information on mass balance transport!

accumulation of hazardous substances in aquatic food chains.

• That report does not consider~~oxicity threshold/effec ts which

must be studied for specific biota and toxins in Clover Creek.

Combined with a model of mass transfer/ accumulation must be

algorithms that capture the sensitivity of various life-

history stages to toxins. Relevant toxic threshold levels

for various l i fe-history stages beyond LD-50 ’ s , etc. must be



assessed for numerous synergistic environmental factors (e.g.,

• temperature , salinity, pH, stream flow).

Pertinent information concerning modeling the biotic and

organic—processing components of streams is given by Fisher

(1977) in an excellent article on organic matter processing

by a fourth-order river.. Fisher considers the annual organic

matter budget for a 1700 m segment of Fort River in Massa-

chusetts. Though a much heavier riparian vegetation exists

• along the river than Clover Creek, the conceptual model is

pertinent to WQAM development. Fisher considers meteorologic

inputs, hydrological fluxes, biological fluxes and storage

of organic matter fractions (CPOM, FPOM, DOM). Basically ,

Fisher ’s model is a mass transfer input—output compartment

type. Following is a modification of the model:

IMPORT——— —EXPORT

~4
CP0M

_ _ _ _ _

_ _ _  

~~~FPOM1~~ 
_ _ _  

1

• L 
GROSS PROD. Øp[ i~s~~j

I I
— — STREAM ECOSYSTEM BOUNDARY — — — — —I

INPUT TOTAL OUTPUT

[
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j Each f l ux  (kg/ rn2) has a ra te coe f f i c ient and each compar tment

a “standing crop ” mass.

Doling et al. (1975) presented an excellent description

of steps toward modeling a small woodland stream that is

relevant to WQAM. They present the developmental log ic essen-

tial to dev eloping a s tream model , and di scuss modeling in

l i ght of r ecent advanc es in the unders tand ing of s tream ecolo-

gy. The value of their work is the information concerning

dc tri tal processing interactions between invertebrates (prin-

cipally insects) and microbial organisms. Essentially the

model considers a stream segment coupled to the abiotic en-

vironment and contiguous terrestrial ecosystem , and is ba sed

on functional (trophic) groups. They consider both alioctho-

nous inputs and in situ production of organic matter (auto-

cthonous) and how it is processed biot ically .  The fol lowing

f i gur e i s tak en from Bol ing et a l.  and r epresen ts a conceptua l

compartmental model of the stream :

R. H. UOLINC, JR.~ K. C PE1TR~EN, ANU K. W. CL~~I~ !1NS

~9~” 
~::A ~~~~~~~ ~~

- -—•
~

S..-. ’. ~=~\~— 
_~~r’— ~

• — • — 4 ~—.-—--j-~c.!&~ )—..
~• .... . k~~~

_.
~

O 

~~~~~ ~~~~~~~~~ ‘\ ,‘

“
11’ ~~~ 

-

._..( S ~‘I

Fso. 4 k.~ised in c.m mod.I svs,~m
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Another h ighly  successful lotic model ing and systems
e f fo r t which should be consul ted was conduc ted on the W i lla-
mette River Basin , Oregon (see citations under Rickert et al.,

Hines et al., Shearman , and Jennings). 
•

I .

LI I. 
~~~~~~~~~~~~~~ _ _ _ _ _  _ _ _ _ _ _ _ _ _
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IV. ECOLOGICAL SURVEY AND ASSESSMENT OF CLOVER

CREEK , McCHORD AFB

During July 1977 an on-site ecological survey of

Clover Creek on McChord AFB , Tacoma, Washington and its

watershed upstream and downstream from the base was made

by the principal investigator and Mr. John L. Hughes.

The objectives of the survey were to:

1. Locate and evaluate sites for a future time—

series biotic sampling regime.

2. Collect and identify principal biota from

representative segments of the creek for

development of ah initial qualitative trophic/

taxonomic model.

3. Assess the general ecological quality of Clover

Creek .

4. Obtain adequate data and insight for the creek

in order to provide the USAF with guidelines

for devethpment of the ecological portion of

the WQAM.

Qualitative Ecological Description of Clover Creek 
-

•

— Though both quantitative and qualitative samples

• were intended , low water flow and extremely dense aquatic

vegetation which choked much of the channel precluded the

former. Thus, data and descriptions herein are only

• qualitative and not presentable numerically on areal or
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volume basis.

Sampling methodology was relatively simple, but

successful for the prevailing vegetative conditions of

Clover Creek . Aquat ic  plants were collected by hand ,

L dip nets and seines. Macroinvertebrates , pr in c i p a l ly

• benthos, were collected using kick nets. Additional

macro inver tebrat es  were collected with dip nets and

seines. Fish were collected with 10 and 20-foot ~eines.

Dense vegetation made seining quite difficult and corn-

pletely precluded using quantitative techniques ( e . g . ,

DeLury or catch-per-unit-effort) which were originally

intended . The only areas favorable for sampling were

the “riffles” close to and under the bridges. These

areas yielded few fish , but were rich in certain macro—

invertebrates.

Figure 1 is map of Clover Creek on Mechorcl AFB

showing the stream segments (1B-9R) where samples were

collected . These sites correspond to sample sites

referenced in Tables 2 and 3, and are shown in photo-

graphs (Plates 1—25) in the Appendix. Segment 2 was

subdivided into four sampling sites (2B 1 4 ) because

of its length and variability (Plates 3-9,11).

Results and data from the survey are presented in

Tables 1—4.  Table 1 lists the eight species of f i sh

seined from Clover Creek according to site. Total length

and weight are g iven for reference in f u t u r e  studies .

We collected three game fish , rainbow trout, largemouth

bass and sunfish . Rainbow trout (6-9” with some 12”)
4.

I
_ _ _ _  

.
~ 

:.:.~ 
~~~~~-
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Ii
Ii
I.
1. / H
I.

Figure 1--Map of Clover Creek on McChord AFB

1. Showing Nine Sample Segments (18-95) .

I.

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _
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TABLE l--Species List for Fish Collected in Clover
I. Creek , McChord AFB during July 1977.

I.
Scienti f ic Name Common Name

[ Gasterosteus aculeatus Three spine Stickleback

Cottus beldingi Piute sculpin[ Richardsonius balteatus Redside shiner

r Salmo gairdneri Rainbow trout
L Micropterus salmoides Largemouth bass

— Lepomis sp. Sunfish •

Lasnpetra ayresi River lamprey

Catostomus commersoni White sucker



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE 2--Qualitative Collections of Fish Collected in
Site*. First Number in parenthesis N , fol-
Respectively. Second Number in Parenthesis =
lowed by their Total Weight (g) .

COLLECTION

Species lB 2Bi 2B2 2B 3

Stickleback (23) (39) —— (5)
5.3± 5.3± 5.7±
.44 .38 .59

2.1± 1.9± 2 .6±
.55 .47 .67

• (117) (24) (12) ——
25 .2  6.6 4 .0

Sculpin (3) (5) —— (6)
8.4± 8.3± 8.7±
2.6  1.7 3.04

10.2± 8.9± 15.6±
8.5 4.22 13.1

Shiner -— —— —— (15)
7.9±
.88

5.3±
2.0

Trout -- -- -- (1)
13.1

23.2

Bass (2) —— —— ——
3.6±
.35
.75k

.21
Sunfish -- -- -- --

Lamprey (1) -- -- —-
8.5

Sucker -- -- -- --

*See Figure 1 and Plates 1—25 in Appendix .

t ___________
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Clover Creek During July 1977 Listed by Collection
lowed by x ± S~ Total Length (cm) and Body Weight (g)

• N for three-spine Sticklebacks with TLZ3.8 cm , fol-

SITE

- 2B4 4B 7B 8B

• (3) (5) (3) (•7)
5.1± 5 . 0 ±  5 . 6 ±  4 . 1 ±
1.39 .1.1. .50 .28
2.5k 1.5± - 2.2± 1.3±
1.64 1.64—— (23) (31) ——

9.5 16.0

(5) (2) (9) (4)
7.9± 5.1± 5.4± 6±
.88 3.3 1.5 1.0

7. P 2.9± 2.8± 3.2±
2.4 3.2 2.0 1.3

• (16) —— (1) ——
10.3± 11.7

2 . 4  ——
13.1± 16.4
8.3 ——

( 1 )  ( 1 )  ( 1 )  ——

1.7 42.2 2.8

(1) —— —— ——7.0

7.8

(1)  —— —— (1)

10.7 19.7

12.5 81.3

Subscripts refer to subdivision of segment 2.

I .
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TABLE 4--List of Predominant Plants Growing in and

Along Clover Creek , McChord AFB.

Scientific Name Common Name

Robinia pseudo-acacia Black Locust

Populus del toi des Cot tonwood
Salix rigida Willow

Rubus spectabil is Salmonberry
Tseudotsuga menziesii Doug las f ir -

• Myosotis laxa Forget-me-not

Callitriche stagnalis Water starwort

Iris pseudoacarus Iris
Sparganium eurycarpum Broad-fruited Burreed

Elodea nuttal-ii Nuttall’s Elodea

~pirodela polyrhiza Greater Duckweed

Typha latifolia Cattail

L 
_ _ _ _ _ _ _
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are regular ly stocked in Clover Creek . The table below

shows the stocking regime* for 1977. Apparently these

DATE NUMBER

13 April 1977 3500

21 April 1977 
- 

3000

25 May 1977 3500

6 June 1977 2000

12,000

* Data supplied by Mr. Tom Bowie, local USAF environ-
mental coordinator .

are heavily exploited by USAF personnel , making Clover

Creek a significant sports fishery. Two of the trout

we collected were close to the lower range (6”) stocked.

The others were Ca. 2” total length. Either the trout

in Clover Creek are reproducing or trout smaller than 6”

are stocked or both. It is doubtful that rainbow trout

have become successfu lly established in Clover Creek

and can be maintained without stocking .

Table 2 shows that the greatest number of fish

(N = 146) were taken from the deep pool at the entrance

of Clover Creek to McChord (lB; Plates 1 and 2). Of

the four species 140 were stickleback . The only game

species seined was largemouth bass. However , two boys

had taken two rainbow trout from the pool immediately

prior to our arrival. These were 17.9 and 19.8 cm total

— --—----

~

—-

~

—- _
~~~~

_ 
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-
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length , and 68.7 and 86.5 g respectively.  The boys

had also caught a whi te sucker (TL = 32.1 cm; weight  =
425g ) . The second most productive station (2Bl); Plates

3 and 4) yielded 68 f i sh , of which 63 were stickleback.

The most diverse site (6 species, N = 27) was the pool

in front of the pipe under the runways (2B4; Plate 11).

Stickleback was the most numerous fish in our collections

(N = 292) followed by sculpin (34), shiner (32), rainbow

trout (4), largemouth bass (2), white sucker (2) and

lamprey (1) for a total of 367 fish and six species.

Because of the mobility of fish and the relatively

few fi;h collected , f u r ther comparison among sampling

statior s is difficult. Stickleback , the most numerous

species, showed no consistent trend in total length

and weight with station (i.e., it is not meaningfu l  to

correlate or regress TL and BW with station at this

time). The major difficulty in collecting fish was

the dense vegetation in the creek . Only the pool at

site 254 was relat ively easy to seine. Perhaps the

fish diversity and abundance would have increased were

we able to sample more efficiently. With more data a

clearer trend in diversity, abundance , condition factor ,

etc. may emerge along the length of Clover Creek tra-

versing McChord. All that can be stated with confidence

regarding fish is that segments 8B and 9B appear to be

relatively poorer habi tat  for  f i sh  than those segments

upstream.

~ 

~~~~~~~~~~~~~~~ —~~~~~~~~~~ - _~~~~~~—
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Table 3 lists macroinvertebrates by taxa , sampling

size , and presents their numbers and relative abundance

in the samples. In general , the invertebrate community

in Clover Creek is dominated by Crustacea . Ascellus and

Hyalel la are common “ scavengers” in lentic and sluggish 
- -

lotic environments that contain large amounts of detr i tus. 1~The greatest taxonomic diversity and abundance of organ-

isms were in samples from 2B1 and 2B3 (Pla tes 3, 4, 7, 8

and 9 ) ,  21 and 15 taxa respectively. This suggests either

more favorable habitat (e.g., food , substrate, tempera-

ture) availability or less pollution or both than at

the other collection sites , especially 8B and 9B. Pres-

cence of the trichopteran Dicosmoicus sp. and the plecop-

teran Zapada sp. in the first five segments suggests

that pollution is not severe because they are fairly

intolerant of poor water quality . Their absence in seg-

ments 8B and 9B may indicate pollution due to organic!

sediment loading or toxic pollutants or both.

In general,  the macroinvertebrate community is

f a i r l y  diverse for a weed-choked and channelized stream

with open canopy and some point and non-point pollution .

Addition of sampling should y ield more species , especially

from the orders Odonata, Diptera and Hemiptera.

Table 4 lists the predominant vegetation w ithin

and along Clover Creek . Cottonwood , willow and Douglas

fir are the major tree species along the channel (Plates

1, 2, 6, 12—19). However , their foliage rarely shades
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the channel.  The channel is exposed to direct sunl ight

in most segments and consequently at low flow suppor ts

dense aquatic submergent, emergent and floating vegeta-

tion. Douglas fir partially shades the pools in seg- 
- -

ment 253 (Plates 8-9) and consequently they are relatively

free of aquatic ‘~/e~etation. Salmonberry and blackberry

are the predominate shrubs along the channel (Plates

13—19) . The aquatic flora is represented by cattails,

duckweed, elodea , burreed , water starwort and iris (Plates

1—7 , 11—17 , 18-23). The exposed channel , clarity of the

water and low flow permit the dense growth of aquatic

vegetation which virtually choked portions of the channel

(Plates 3—6 , 11—14) and precluded quantitative efficient

seining. The aquatic vegetation , as seen with fish

and macroinver tebrates, declined markedly in segments

85 and 9B.

In general , flow was most noticeable under the

bridges where water was shallow. The flow and pres-

ence of riffles made suitable habitats for macroinverte-

brates, especially caddisflies (trichopterans). The

highest quality habitat for fish appeared to be the

pools below the riprap in segment 253. Water was cool

(11-120C) and shaded with minimal veqetation and abun-

dant invertebrate food sources. It was also aesthetically

the most pleasing . The lowest quality segments were

8B and 9B. Their substrates were somewhat varied , but

often deep foul-smelling muck prevailed (Plate 23). 

~~-~~~~~~~~~- -— - - -— 
_ -~~~~~~~~-
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a

The heavy sediment, higher temperature (ca. 17°C) and

summation of point/non-point runoff from the base may

contribute synergis t ical ly  to lower the general wa ter

quality of the creek in these segments . Clearly ,  the

water qua l i ty  deteriorates as it passes along segment

• 7B and reaches its lowest in 8B and 9B.

The water quali ty data below are from weekly sam-

ples collected and analysed by personnel in Captain

Osborn ’s environmental group. The 8 July 1977 values

- coincide w ith the beginning of our ecological survey

of Clover Creek . Time of day, wea ther condit ions , etc.

at sampling were unavailable.

Date/
Parameter Inlet Confluence Culvert Bridge Outlet

1 June 1977

pH 7.2 7.2 6.8 6.8 7.0
T°C 14 14 13 13 14
DO 10—11 11—12 9—10 9—10 10—11

6 June 1977
pH 7.0 7.2 7.0 7.0 7.0
T°C 16.0 18.0 16.0 16.0 16.0
DO 8 9 7 8 8
% Sat. 67 77 57 67 67

— 

13 June 1977
pH 7 .0  7 .0  7 .0  7 .0  6 .8
T°C 13 16 13 14 14
DO 8 9 5 8 8
% Sat. 75 .4  90 .4  50.2 77.1 77.1

8 July 1977
pH 6 .8  7 .0  6 .8  6 .8  7 .2
T0C 12 13 10 11 12
DO 10 6 8 11 13

_ _ _ _ _
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Water level was reported as very low for the four-

week sampling period prior to our survey . The data do

not suggest any s ign i f i can t  water qual i ty  change asso-

ciated with station and the three parameters. Similar

data , though lower water temperatures and high percent

saturation of DO were reported for March and April.

The only pollution event was reported for 24 March 1977

at approximately l000h when foam from a fire truck was

accidently discharged into Clover Creek near the west

end of the North runway culvert. Whether this event

produced a change in the biota downstream is unknown.

Considerably more data on the water quality and

sed iment/substrate quality are necessary before rela-

tions between biotic composition and stream quality can

be drawn . However , as noted , there is a qualitative

deterioration in the overall ecological quality of

Clover Creek as it traverses McChord AFB . The dete-

rioration is most dramatic in segments 8B and 9B (Plates

21-25), although changes are noticeable in segment 75

(Plate 20). Deterioration may result from several syn-

ergistic factors. Point and non—point inflows from

streets, runways and several pipes. Evidence of oil

being dumped along segment SB near C-street was noted .

Oil films were observed in several locations below

the runway . A “milky ” eff luent from a pipe was noted

between the runway culvert and 6-street bridge in seg—

ment 35. Streamside shrubs and trees which shade the

_ _ _  ~~~~~~~~~~~~~~~ - ~~~~- - •~~~~~~~~ _~~~~~~~- -~~~~~~~~~~~~- -- ~~~~~~•
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creek in other segments are absent from the last seg-

- 
ment of 7B (Plate 20) and from 85 and 9B (Plates 21-

24). Though not evident in the weekly water quality

• data , we observed an increased water temperature in

segments 8B and 9B. During higher flow rates temper-

ature differentia’th should be minimal. Turbidity was

very low throughout the creek.

In general , we found Clover Creek to be a rela-

tively productive and diverse aquatic system with fairly

high water quality . The clarity of the water is due

in part to the inlet pool (Plates 1 and 2) acting as a

sediment trap . The sediments and muck are quite deep

in the pool and combined with dense submergent vegeta-

tion precluded effective seining . The clarity of the

water in the pool is much lower than below the Perimeter

Road bridge. Runoff from the gravel parking lot prob—

ably contributes significant turbidity to the pool

(Plates 1 and 2).

The water clarity and exposed channel permitted

sunl ight to penetrate the water column. The inlet

pool acting as a sed iment trap and the unobstructed

solar input are conducive to a high autocthonous pro-

ductivity , principally by submergent, emergent and

floating plants. We believe that Clover Creek is

driven principally by solar energy , especially be-

tween Perimeter Road and the Runway culvert. Pro-

duction in the inlet pool is probably driven princi—

I
-

~~~~ 
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pally by allocthonous organic and inorganic nutrients

from the upstream watershed. Nutrient runoff from

McChord is probably trivial. However , runoff carrying

turbidity is expected in segments 8B and 95 and the

last part of lB because of the reduced streamside vege- 
• -

tation. 
-

Input from deciduous leaf fall should occur during

fall. However, in situ utilization of the input cannot

be predicted at this time for several reasons: (1) Water

depth and flow rates are not known for the fall-winter

period; (2) Quantity and quality of nutrient/energy

derived from input depend upon residence time which

depends on number 1; (3) the suite of leaf-processor

organisms available for the processing sequence (see

Section II) is not known for fall-winter.

Nutrient input f r om canopy throughfall may occur

in segments with significant borders of shrubs and trees.

This input occurs dur ing rains and is in the forms of

dissolved organic matter (DOM).

Figure 2 is a preliminary trophic/ taxonomic con-

nectivity model for the macro-invertebrate benthic corn—

munity. Fish are connected to the invertebrates at several

points through predation activities and to one another ,

also by predation. Since many of the benthic macro-

invertebrates feed on detritus or detritus-processing

microbiota and fish feed and many of the benthic forms,

trophic or food chain accumulation of toxic materials

that may exist in the substrate/detrital pool is possible.
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I ’  

-

Figure 2--Preliminary Trophic/Taxonomic Connectivity

Model for Benthic Macro—Invertebrates in

Clover Creek , McChord AFB .
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A trophic/taxonomic connectivity model identif ying and

- 
depicting mass transfers with appropriate rate functions ,

I and wi th high enough resolution for WQAM wi l l  require

I 
a sampling/analytical program lasting at least one year . - -

Sampling sites for biota should correspond to those —

L used in this study: •(l) lB at the inlet pool; (2) 2B

midw~y between Perimeter Road and the rip rap; (3) the

I pools below the rip rap in 2B; (4) the pool in 25 in

front of the culvert passing under the landing field;

(5 - 11) midpoints in segments 3B - 9B; and (12) 9B

f at the outlet. These should reflect the heterogeniety

of Clover Creek and biotic changes as it passes various

1 facilities on McChord AFB. Frequency of sampling will

vary according to season , but sampling should always

be made to reflect potential effects of both environ-

mental and man-induced events in Clover Creek (e.g.,

after a heavy rain , after an accidental pollution event)

I Table 3 presents a tentative sampling regime recom—

mended for consideration . Once regular time—series

samples are taken and analyzed , the sampling/analysis

regime will of course be subject to revision . Con-

- tinual up-dating is essential.

I The objectives of the sampling/analytical program

are to: (1) ident i fy  exist ing biota , their spatial

dispersion and food web connectivities; (2) determine

1 seasonal changes in biota ( i . e . ,  aspectional succession) ;

(3)  determine f luxes  and rate coefficients for mass

I
- I ____________________________________________
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I
transfer along food chains or web links; (4) measure

effects of various pollutants on biota; (5) determine

rates of trophic or bioaccummula t ion of various pol-

lutants; (6) determine and measure external drives on

the creek (e.g., solar inpu t , allocthonoua input) ;

(7) determine detrital processing and decomposition

rates; (8) measure e f fects of different environmental

temperatures on rates and processes; (9) determine

and measure exports from the creek; and (10) develop

a compartmental input—outpu t model which can be used

for simulation , prediction and sensitivity analysis,

and management purposes.

The biotic program must couple with the physico-

chemical monitoring program and the hydrolog ical anal-

yses, in addition to monitoring for specific pollutants

likely to enter the creek from McChord , the following

parameters must be determined in frequency qreater than

the biotic measurements (recall from Section II that

biota integrate physico—chemical events and are the

“historical” result of them) (1) temperature ; (2) dis—

solved and particulate organic matter; (3) total dis-

solved and total suspended solids; (4) pH; (5) dissolved

02; (6) redox potential; (7) water depth and flow rate.

Leaf liter trays should be located where shrubs and

trees overhang the creek during periods of 1e~if fa11.

Screens should be placed at the outlet to collect leaves,

etc. that do not remain in the creek . Sediment samples 

~~~~~~ I
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( from the inlet pool should be taken regular ly  and af ter

spate events to determine retention/accumulation of

organic matter . The sediments in all oools should be

measured and monitored relative to residence time, and

effects of changing hydrological conditions.

In summary , DbM, CPOM and FPOM pools or compart-

inents must be monitored together with nutrients, toxins

and other inorganics , and biotic compartments in a

coordinated fashion so as to reflect regular aspectional

variation and chance events (e.g., spates). A strong

data base is essential and possible for Clover Creek

because of its relatively short length across ‘icChord

AFB. Identification of principal biolog ical components

arid their various life history stages is essential. Each

input-output group should represent an equivalence class

whose dynamics can be modeled with a differential mass-

balance equation with appropriate rate coefficients.

The rate coefficients must be classified as constants or

variables ; the latter will require algorithms that allow

for individual and synergistic effects (e.q , temperature,

stream f low , pH, turbidity) . All compartments must be

connected to other compartments via mass transfers as

fluxes of inorganic and organic matter , and external

inputs from (i.e., forcing functions) and exoorts to

the terrestrial environment established .

The creek should be divided into hydrologicall~’

functional segments that are connected advectively to

_ _  
_ _ _ _ _ _ _ _  

_ _ _ _  
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I each other and uniquely to their terrestrial environ-

ment so as to reflect the effects of various base ac-

tivities/operations and events peculiar to them. The

segments will probably correspond to 1B-9B on Figure 1

with possible subd ivision of 2B and 7B; these should

I. reflect spatial h~terogeneity of the creek as well as

the variation in input/forcing functions along it.

Mass balance/ transfer of organic and inorganic

[ matter advectively from above, within and below base ,

point and non-point input/output from/to the terrestri-

I. al (non—creek) environment must be coupled to toxic

and stimulatory effects of chemical constituents. These

- will necessitate bio-toxicity and stimulatory studies

I under laboratory conditions , and bioaccumulation/bio—

assay studies on organism taken from Clover Creek regu—

L larly and after accidental pollution events. Such

studies should go beyond LC—50’s and assess threshold

I effects (positive and negative) on various life-history

stages (e.g., effects on growth rates, fecundity,

developmental rates , behavior).

- . 
Once the above is completed , a model can be devel-

- oped to simulate chronic or acute effects of pollution

- events and base activities. A model could also be

developed to maximize various aspects of the creek (e.g.,

trout fisheries). Obviously , if the right kind of data

- 
are collected, several models could be developed .. Sim—

- ply to assess the e f fec ts  of various base activities on

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the ecology/water qual i ty  of Clover Creek is not enough.

Hopefully , the e f fo rt will  result in a water qual ity

• assessmen t model which can be used for both prediction/

simulation and management. Ideally, the intent should

be to optimize the quality of Clover Creek. Since qual-

ity is relative, a decision must be made “up—front” as

to the meaning of quality . Because Clover Creek con-

nects advectively downstream , the possible definitions

of quality are constrained by state, local and federal

regulations. Compliance with these is minimal, The

intent of NEPA-based legislation is to do sore than the

minimal. With the time and talent available to the

USAF , a sound management tool can be developed through

the WQAM program.

I recommend selecting a team of stream ecologists,

hydrologists, water chemists, engineers and modelers/

systems scientists that can work well together , has

enought time to spend on site together , etc. and let

them set specific goals/objectives for the project.

The team shou ld have a common hol istic phi losophy based

on sound ecological principles and knowledge of stream

ecology in general and Clover Creek in specific . A

clear charge from the USAF also is necessary . Thus,

a statement of work with the general goals/objectives

must be made by USAF and then responded to with pro-

posals from the academic/scientific community .

_________________ --
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APPENDIX

Plates 1 - 26 are photographs taken during the Ecolog icalI Survey of Clover Creek , McChord AFB in July 1977. The

sample site numbers correspond to Figure 1.
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PLATE 2--Sample Site lB from Inlet to McChord
f to Perimeter Road.
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I PLATE 3--Sample Site 2B1 from Perimeter Road
Bridge toward Runway culvert.
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I PLATE 5--Sample Site 2B2 Downstream view of Riprap.

PLATE 6--Sample Site 2B2 Upstream view of Ri prap.
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I PLATE 7—-Samp le Site 2B 3. First Pool area Down-
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I PLATE 9--Sample Site 2B3. Second Pool area Down-
stream from Riprap.
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I PLATE 11--Sample Site 2B4 . Pool between screen

and Runway Culvert from Runway Culvert
to Spiliway/wier for pond at More-Clover

I confluence.
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I PLATE 13--Sample Site 3B from Runway Culvert
to G—Street Bridge.
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I PLATE 17--Sample Site 6B from C-Street Bridge
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1. PLATE 19-—Sample Site 7B, upstream view.
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PLATE 20-—Sample Site 7B near B—Street Bridge
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- I PLATE 21-—Sample Site 7B from previous Location
(Plate 20) toward B—Street Bridge.
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1 PLATE 22--Sample Site 8B from B-Street Bridge to
A—Street.
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PL1~TE 25-—Samp le Site 9B from A-Street to OutletI I from McChord AFB.
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PLATE 26--Sample Site 98 at Outlet from McChord AFB .
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