
Zooplankton

TZMAJ(

55 . TZMAX i s t h e maxi mum ingest ion r ate for z oopl a nk­

t on (l/da y). The zo oplankton comp a r tment i ncludes the

groups Cladocera , Copepoda , and Rotatoria wh i ch are c lassi­

fi ed as e i ther he rbi vo r e s or as c a r nivores.

56. Two types o f feed i ng behavior e x ist: f i l ter

feed ing and grasping feed ing . Daphn ia and s ome copepods

a re filter f e e de r s . They collect particulate matter, in­

c luding a lgae and detritus, by sieving lake water through

t h e f i n e me s hes o f their fil ter i ng appara tus (Jorgensen

1 97 5 ) . Algae a re swept i nto t he f e eding appendages to the

mouth reg i o n where the y are ingeste d as bolu ses conta i n i ng

many cells. F i l ter - feed i ng zooplank ton make up t he g reater

proportio n of t he zooplankton communi ty a nd have been

studied i n g reater detail .

57 . The filter ing rate per animal decreases as food

c o nc entratio n increases : above a cri tical concentration of

food, the f e e d i ng rate is i ndependent of food concen tration .

58 . Factors that inf l uence f o od consumption by fi lte r ­

feeding zoop lan kton i nclud e (a) ani ma l d ens i t y , size , s e x,

reproduct ive state , nutr i t i o nal o r phys iolog i c a l s t a te as

we ll as (b) the t y p e , quality, concen tra t ion , and par tic le

s ize of food. Other f a c t ors include wa t er quali ty and

t emp e r a ture.

59. A s e c o nd type o f feeding behavior, r a pto r i a l o r

grasping feeding , is e xhibited by most copepods and some

c lado c era n s. They pursue prey and grasp large particles ,

i nclud i ng a lgae and detritus. Apparently, some c opepods

can switch feed i ng mod e s.
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60 . Severa l e xperimen ts have be en able t o d e mon s t r ate

a ma x imum gra z ing r a t e a l l owi ng f or long-term a ccl i mation

to food c oncentration above the incipient limiting l evel.

Values fo r TZMAX r ange f rom 0 . 045 t o 3 . 44 l / da y .

61 . Dissolved o rgan i c ma t t e r (DOM) i s anoth e r po t en ­

tial sour ce o f f ood f or zo o plankters, a l though th i s f e e d ing

t rans fer i s no t mod e l e d in CE-QUAL-Rl . v a l ues f o r maxi mum

i nges t i o n ra t es f o r zoopla n kton a re given in Ta ble 1 2.

Ta b l e 1 2

Max imum inges t i on r a t e s for zo o pl a n k t o n ( l / d a y )

PREDATOR VALUE FOOD SOURCE REFERENCE

Bo s mi na 0 . 01 d e t r i t u s Bogd an and McNaught 19 7 5
Brachion u s rube n s 3 . 438 Ch lo r e lla

v u l g a ri s Pilarska 1 9 77
Cladocerans 0.15 detritus Bo gda n and McNaugh t 1 975
Copepods 0. 10 d e t r i t u s Bo gdan and McNa ught 1975
Daphnia 0.01 detri tus Bogdan and McNaught 1 9 7 5
Daphnia magna 0 .251 Saccharomyces

cervisiae McMahon and Rigler 196 5
Dapnnia magna 0 . 4 52 Te t r ahyme n a

pyri f o rmis Mcf1ahon and Rigl e r 196 5
Daphnia magna 0 . 301 Ch Iarella

vulgaris McMaho n and Rigler 19 6 5
Daphnia magna 0 . 0 45 E s cherichia

coli McMaho n a n d Rigl e r 1965
Da p hn ia magn a 0. 7 60 ChIarella

VUlgaris Kerstin g a nd Va n De
Le euw-Leegwater 1 97 6

Daph n i a magna 0 . 35 0 Sacchar o myces
c eriv i s i a e Rigler 1961

Daphnia magna 1. 9 ChIarella
vu l garis Ry t her 1 9 5 4

Da p hn i a mag na 2.2 Navic u la
pel1icul osa Ryther 1954

l.>aphnia magna 2 .3 Scenedesmus
quadricauda Ryther 1954

Daphn ia p u l ex 0 .120 Chl o rococc wn
sp. Monokov and Sorok i n 1 9 61

Daphn i a r osea 0 . 9 0 0 Rhodotorula
glutin i s Burns and Ri gler 1967

Di ap t omus 0 .47 detritus Bogdan and Mc Na ught 1 9 75

1N SITU EXPERIMENTS
He a r t Lak e , Ca n a d a 0. 801 Vario u s Haney 19 7 3
Lake Vechten, The

Ne the r lan d s 0 . 2 4 Various Gulati 1978
La ke Krasnoy e , USSR 1.20 Various Andronikova 1 978

45



TZMORT

62. TZMORT is the ma x imum nonpredatory mor ta l i t y rate

f or zooplankton (l / day). Nonpredatory mortality rate may

be ob tai n e d by me a s ur i ng tot a l mor t a l i t y and predatory mor­

t ality and s ubtracting t o obtain the d i f f e r e nc e (a direct

approach is to measure mortality rate and eliminate preda­

t ors a ltogether). Nonpredatory mortal ity may be influenced

by oxygen concentration , temperature, d iet, a ge, a n d popu­

lation density. Nonpredatory mortality rates a re norma l ly

l ess than 1 percent per day. Values for maximum nonpreda­

tory mortality rate are given in Table 1 3 .

Tabl e 1 3

Zooplankton mortality r ates (l /day)

SPECIES

Ca l a nu s helgoland icus
Ca lanu s nel go l a nd i c u s
Car n i vorou s zoopl ankton
Ce rioaaphnia r eticulata
Co pe pod nauplii
Daphn i a galeata
Da phn i a pulex
Da phn i a pulex
Da phnia retrocurva
Daphnia rosea
Daphnia r osea
Daphnia spp.
Diaptomus c lavipe s
Di a ph a no s oma

leuchtenbergiana
Omnivorou s zooplankton
Paracalanus s p .
Rhincalanus nasutu s
Sirnocepha1us s e r r ul atu s

TZMORT

0 .003-0 . 04 8
0 . 02 4
0 .00 2-0.01 3
0 . 0016
0 .006-0 .017
0. 017
0 . 0 1 2
0 .018- 0. 0 2 7
0. 001
0.001-0.007
0.001
0.002
0.004 -0. 15 5

0.0 01
0.01 0- 0.013
0 . 003- 0 . 00 6
0.006 -0.015
0 . 00 3

4 6

REFERENCE

Paffenhof f er 1 97 6
Mullin and Brooks 19 70
Petipa e t al . 1970
Clark and Carter 1974
Petipa e t a l . 1 9 70
Hall 1964
Cr a d doc k 1976
Frank e t a1. 1957
Clark and Car t e r 1974
Dodson 197 2
Clark and Ca r t e r 1974
Wright 1965
Gehrs and Robertson 1 975

Clark and Carter 19 74
Petipa et a1. 1970
Petipa et al. 1970
Mul lin and Brooks 1970
Hal l et al. 19 70



ZEFF IC

63 . ZEFF IC , t he zooplankton a ss i mi lat ion effic i ency

(A/G) (d imen s ionle s s) , i s the pro portion o f f o o d c o nsumed

(G) t o f o o d assimi l a ted (A) , i .e ., f ood actually absor be d

f rom an individual's digestiv e system. The as s i milation

e f f i c i e n c y is u s ed t o modify c onsumption and t o de t e rm i ne

t h e q uan ti t y o f e n e r g y en t ering an individua l o r popu l ation .

64. Of t h e factors affe ctin g ass imilatio n efficiency ,

the most significant i s f ood type. Fo r herbivores-detri ­

vores , the r ange in ZEFF IC is wide b e c a u s e the se anima l s

often con sume f oods of v a rying e n e r g y c onte n t a nd diges ti ­

b i l i t y. Among the c arnivores, f or wh ich food type varies

little, A/ G r anges between 0.8 0 and 0. 95. Values for zoo­

plankton assimilation effic iency are given i n Tabl e 14 .
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Table 14

Zooplankton assimilatio n efficiency coefficients (dimensionless )

SPECI ES

Acartia c l a us i
Bosmi na co r e goni
Bosmina longirostris
calan u s f irmarchicus
Calamo e c ia lucase
Ceri odaphnia reticulata
c e r iod a phn ia reticulata
Cy c lops strennus
Cyclops v i cimus
Daph n ia l ongispina
Da phnia long i s pina
Daphnia magna
Daph n i a p u l e x
Da ph n i a s c ho d l e ri
Daphnia s p .
Diaptomus g r a c i lo i d es
Diaptomus g r ac i loide s
Dia ptomus sic iloides
Diaptomus o r egon ensis
Eurycercus l a mel l a t i c
Holopedium gibberrum
Leptodora kindtii
:.eptodora kindtii
Macrocyc1ops albidus
Meso cyclops albidus
Poly phemus pediculus
Sida c rystal lima
Simocephalus e spinosus
Sirnocephalu s vetulus
Simocephalus vetulus
10 herbivores

ZEFFIC

0. 66-0.13
0.09-0. 17
0 .32-0 . 31
0 . 49-0 .9 6
0 . 63-0 .67
0.106
0 . 47-0 .73
0. 50
0 . 80
0 . 10-0 . 2 5
0. 42
0 .60-0.84
0.14-0.31
0.60-0 .90
0 . 08-0.25
0 . 81
0 . 45- 0 . 50
0 . 40- 0 . 83
0. 17
0 . 07-0.32
0.10-0 .47
0 .40
0 .87
0.4 5-0.50
0 .20-0 .15
0.42
0 . 1 7-0.99
0.4 6
0. 31-0 .72
0.31-0.72
0.416

REFERENCE

Penchen ' - Finenko 1 977
Semenova 1914
Gutel t mackher 1917
Marshall and Or r 1956
Green 1915
Cze c z ug a , Bobiatynska-Ks ok 1910
Czeczuga , Bobiatynska-Ksok 1970
Schindler 1971
Monakov 1972
Mo n akov , Sorokin 1961
Monakov 1972
Schi n d l e r 1968
Richman 1958
Hayward & Gallup 1976
Cohn 1 958
Penchen'-Finenko 1977
K1ekows k i , Sh u s hk i na 1966
Comi t a 1972
Ri c hma n 1964
Smirnov 19 62
Gute1'mackher 197 7
Cummi n s et al. 1969
Hi11bricht-Ilkowska & Ka rab i n 19 70
Klekowsk i , Shushkina 196 6
Kl e ko ws ki , Shushkina 1966
Mon oko v 1972
Mon akov 1912
Sorokin 1969
K1ekowski 1910
lvanova • Kl ekowski 1912
Comita 1972
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PREPl , PREF2 , PREF ]

65. Al l zoopl ankters a re selective feeders resul t i ng

f rom a combinati o n of (a) an o rganism' s me c ha ni c a l limi ta ­

tions i n c a pturing a nd p roc e ss i ng f o od ite ms o f varying

s i ze and c o n figuation , (b) the c he mi c a l compo s ition o f the

food i t e ms , a nd (c ) f eeding behavior . Fo od prefe r enc e is

demons t rated i f a n o rgan ism c onsume s a f o od i t e m i n a pro­

por t ion d iffere n t from the f ood i tem 's r ela t i ve con trib u ­

tion t o the tota l o f a l l ava ilable f oods i n t he env i ronme nt .

I f a l l f oods oc c ur at t he s a me conc ent r a t ion , then the p r e ­

f e r ence f a c tors equa l t he fractions o f inges t i on contr i b u t ed

by eac h f o od compa r t ment . Seasona l abundanc e o f ph y top lan k ­

ton , ba c ter ia , a nd detritus ma y be t he main f actor de t e r ­

mi n i ng the pe rcen t c ompos iti on of the se c ompone n t s i n the

d ie t s of ma ny zoo plankters .

66 . F i l amen t o u s b l ue g ree n a lga e are ge nerally not

con s i dered t o be a s a s s i mila b l e as are o t her a l gal spec ies .

They a re seldom found in the gu t s o f zoo plankto n, because

t hey e ithe r are not eate n or a re ac t ive l y r e j e c t ed. Mos t

species of g r een a lgae a nd diatoms are fi l tered a t about

the s ame r a t e a nd di geste d . However, i t i s no t ne c e s s arily

the t axonomic pos iti o n o f the a lga that ma k es it sui t a ble

o r unsuitab l e a s f ood, bu t rather t h e attributes o f each

a lgal specie s s uch as size, s ha pe , a nd toxici ty .

67 . Although amp l e evidence exists to show t hat detri ­

t us is consumed by zooplankton, no e videnc e e x is ts t o s h ow

that it i s consumed prefe rentially; ra t he r , de t ritus i s

inges ted i n propor t ion t o its c ompositio n i n t he envi ron ­

ment. Wh en det ri tus is i n c l uded a s a food source i n a

g ra z i ng fo rmulation , i t should be g ive n equa l r ank i n g with

o the r sui table food s . I t s hould be noted tha t bacteria

that colo nize de tritus cons t itu te an i mporta n t sour ce o f

protein in the d i e t .
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68 . Filter f eeders d iscr iminate among par ticles on

the basis o f size , shape , and t e x t u r e. There a r e u ppe r

and l ower limits t o the s ize s of parti c les that can be

mana g e d by zoop lankton feed i ng appendages. Par tic les o f

0. 8 ~ and larger can b e r etained; a n upper limit is r e l a t ed

t o the s i ze of the a nimal . Al gae that c log the f i lte r i ng

appenda ge s a re rejec ted from the m by a c law o n t he l ower

abdomen .

69. Raptorial feeders can sieze lar ge prey and t e ar

it apa rt be f ore eating (Ambler and Frost 1974 , Br andl a nd

Fernando 1 97 5 ), but there a re limits t o t h e si ze o f prey

t hey capture .

70 . PREFl is the p re f erence fac t or o f zoopla nk t on fo r

the ALGAEl c ompartment, PREF 2 is the prefe r e nce f a cto r o f

zooplankton f or t he ALGAE2 compartme n t , a nd PREF 3 i s t h e

p refe rence f a c t or of zooplankton f o r t he detr itus compa r t ­

ment . The f o od p r efe rence factors are d imensionless ; t h e

t o t al o f the three facto r s must equal 1. Va lues f o r these

preference f a c t or s a r e g i v e n in Table 15 .

Tab le 1 5

Food preferenc e fac t ors o f zoopla nkton (d ime n s i on less)

PREDATOR PREF PRE Y REFERENCE

Bosmina 0 .33 nannoplank t o n Bogdan and HcNaught 1975
Bosmina 0 .33 netplank t on Bogdan a nd McNaugh t 1 9 75
Cladocerans 0 .30 nan noplankto n Bogdan a n d McNaugh t 19 75
Cladocerans 0 .30 ne t p l ank t o n Bogdan a nd McNaught 1 9 75
Cladocerans 0 . 20 b 1uegreen algae Bogdan and Mc Na u gh t 1 975
Copepods 0. 45 nannoplankt on Bogda n and McNaught 1975
Copepod s 0 .15 ne t p lankt on Bogdan and McNaught 1 9 75
Co pepod s 0 . 20 bluegreen algae Bogdan and McNaught 1975
Daphnia 0 .33 nannoplankt on Bodgan and McNaught 1 9 75
Da phnia 0.17 netpl ankton Bogdan a nd McNaught 19 75
Diaptomus 0. 40 nannoplank t on Bogd a n and McNaught 1 9 75
Diaptomus 0 . 17 netplank ton Bogdan and McNaught 1 975
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TZRESP

71 . T ZRESP is t h e max imum zooplankton r e s p i r a t i o n

r ate (l/day). Respiration is t h e sum of a l l physical and

chemical processes by which o rgan isms oxidize o rganic matte r

to produce energy . Respiration r ate s of aquatic i n v e r t e­

brates usually are est imated directly b y moni tori ng o xygen

con sumption. By mU l t i p lying o xygen con sumed t i me s a n

o xyca loric coefficient {i .e ., 4 .83 cal/ml 0 2 (Wi n berg

et ale 1934» and the energy-to-carbon relation f or aquatic

i n v e r t e bra t e s (i. e. , 10 . 9 8 cal/mg C (Salone n e t a l e 1 9 76 » I

the amount of carbon metabol i z e d can be de termined and c o n­

verted to biomass .

72 . Conover (1960) has i ndic a t e d that carnivores have

higher respiration rates t h a n herbivores. Values for maxi­

mum zooplankton respiration rates are given in Tab le 16 .
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Table 1 6

Zoopl ankton maximum respiratio n r ate s ( l /day)

SPECI ES

80smi n a c oregoni
Bosmina l ongirostris
Ce r iod a p hn i a reticulata
Copepoda
Copepod adults
Copepod c opepodites
Cope pod nauplii
Cop epod tota l
Daphnia ashlandii
Daphnia clavipes
Dap hnia c ucu l a t a
Daphn i a g a l e a t a
Daphn ia hyal ina
Daphni a longispina
Daphnia l ongispi na
Daphnia l ongispina
Daphnia magna

Daphnia magna
Daphnia o r e gon e s i s
Daphnia pulex
Daphnia pulex
Daphnia septopu s
Daphnia sicilo ides
Diaphanosoma brachyurum
Diaptomus kenai
Leptodora kindtii
Lept odora k i nd t ii

Simocephalus vetulus
Simocephalus vetulus
Simocepha 1us vetu1us
Total zooplankton

TZRESP

0 . 1 70
0. 1 85
0 . 18-.50
0 . 075-. 2 04
0 .043- . 131
0 . 054- . 1 71
0 .165- .695
0 .056-.183
0 .44 7-.74
0 .117-. 165
0 .161
0 .13-.772
0. 1 79
0 . 1 2 1- . 1 35
0 .16
0. 146
0. 08 5- . 1 7 5

0. 014
0 .194
0 . 582
0 . 18-.19
0 . 008- . 1 8
0 .006-.52
0.272
0. 272- . 448
0. 471
0 . 1 25

0. 1 31
0 . 1 54
0.096-.201
0. 063- . 2 1 0
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ZS2P

73 . ZS2 P is the zooplankton h a l f - s aturat i on coeff i ­

cient for g r a z i ng on alg a e and detritus (mg/L) . It has

been f o u nd that zooplankton e xhib i t reduce d f e e d ing r a tes

at high food concen t ration s ; the relatio nshi p b etwe en

feeding r ate a nd f ood concentration h a s been repo rted to

be curvil i near bya numbe r of inv e stigator s (Bu r n s a nd

Rigler 1967, Pa rsons et a 1 . 1967, Mc Que en 1 970, Frost 1972,

Mona k ov 1 9 72, Ga udy 1 9 74 , and Ch isholm e t a 1 . 1 97 5 ).

74. The most rea listic calculatio n o f zooplankton

g r a z i ng rate is based o n their rate o f r emo v a l of biomass

of fo od (Mu l l i n 19 6 3 ); there f o r e, it is i mpo r t ant that

i n vest igators r e port results in t erms o f b i ovolume o r b i o­

ma s s i nstead o f cel l number. The me thod most used t o de ter­

mi n e ingesti o n rate i s t o count prey in cont r ols and exper ­

imental chambers afte r feeding zo oplankto n. Values f or

zooplankton HSC a re g i ven i n Tab l e 1 7.

Table 1 7

Zoopl a nkton hal f - sat ura tio n coef f icien t s (mg/ L)

SPEC IES ZS2P REFERENCE

Bosrnina coregon i 4 .0 Sc avia a nd Ead ie 1976
Daphnia ma gna 9 .6 - 1 5 .0 Scavia a nd Eadie 19 7 6
Da phni a r o sea 0.16 Scav ia and Ea die 19 7 6
Diapt omu s o regonens is 1. 6 Scavia a nd Eadie 19 7 6

ZOOT1 , ZOOT2, ZOOT) , ZOOT4

75 . Va l ues for z oopl a nk t on tempe r ature coe f f i c ien t s

a re g i ven i n Tab le 1 8 .

a . ZOOTl i s the l ower t e mperature
metabolism con t inues t o occur .
ally DOC.
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h . ZOOT2 i s t he lowest tempe rature at which pro­
cesses are o c c ur r i ng nea r the max imum rate
( 0C ) •

c. ZOOT3 i s the upper temperature bound i ng t he
range of max i mum rates (OC).

d . ZOOT4 is the upper le thal t empe r atur e (O C) .

Table 1 8

Zoo pla nkto n temperat ure c oefficients (-c:

SPECIES Z00T1 ZOOT2 ZOOT 3 ZOOT4 REFERENCE

Calamoec ia l us asi NA' 20 2 ' NA Green 1975
Ceriodaph nia ret iculata NA 2' 27 NA Gophen 19 76
Daphnia galeata NA 20 2 ' NA Burns 196 9
Daph ni a l ongis pina NA ,. 18 NA Nauwe rck 1959
Daph nia ma gna NA 2' 2. 35 McMahon 1965
Daphn i a mag na NA 25 NA NA Bur ns 196 9
Daph n ia mi dde ndorffiana NA 2 ' 25 NA Kry utc hkova and

Kondra t y uk 196 6
Daphn i a pul ex NA 20 2' NA Burns 1969
Daphni a pu l e x NA 20 2' NA Ge lle r 1975
Daphni a pu l ex NA NA 25 NA Gel l e r 1 975
Daphn i a rosea NA 20 2' NA Burns & Rigl e r 1 96 7
Daphn ia ros e a NA 14 15 NA Kibby 1971
Daphnia s c he d l e r i NA 20 22 NA Burns 1969
Daphnia s c he dl e r i NA 20 2' NA Ha ywa rd & Gallup 1976
Diaptomus sp . NA 1 . 18 NA Nauwe r ck 1 95 9

-. !'1A not ava ilab l e .
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76. As with the phytoplank t on, zooplankton are abl e

t o adapt to t he ambi ent temperatu re with time . Th i s is

demonst rable t hro ughout the different reg i ons o f the United

States and at dif fer e nt times of t he year . Zooplankton

f ound in temperate regi ons o f the United States are e xpos e d

t o l ower average temperatures thr o ughout the year and con­

s e quent l y have l ower t e mperat u re factors (i .e . , ZOOTl ,

ZOOT2 , ZOOT3, and ZOOT4 ) than those f ound in more souther n

reg i o ns . Again , these v a l ues are unavailable f r om the

li terature but have been estimated by Le idy and Pl oskey

( 1 980 ) bas e d upon ac c l i mation temperatures (Table 19) .

Table 19

Acclimat ion temperat ure, upper and
l ower lethal t e mpe r a t ure, and t he t e mpe r at ur e range
f or a constant max imum grazing r at e for zoo plankt on

e xposed t o rapid t empe rature stres s ( OCJ
(from Le i dy and Pl oskey 1980 )

Ac e l.
Te mp . ZOOTl ZOOT2 ZOOT3 ZOOT4

5 0 5 6 25
10 0 10 12 30
15 2 15 18 33
20 5 20 24 33
25 7 25 30 34
29 1 0 29 34 34
30 1 0 30 34 34
31 12 31 34 34
34 1 5 34 34 34
35 l e t ha l
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Daily ration o f benthic

Table 20

o r gan i s ms (f rom Le idy and Ploskey 1980)
U /day )

SPECIES

NEMATODA
Aphelenchus

avenae
Plectus

palustris

JroKlLLUSCA
Dreissena

polymorpha
Goniobais

clavaeformis

ARTHROPODA
tlyalella

azteca
Pontogammarus

robustoides
Pontogammarus

robustoides

PODOCOPA
Chaoborus

f lavicans

Herpetocypris
reptans

Herpetocypris
reptans

Herpetocypris
reptans

I:ferpetocypris
reptans

Herpetocypris
reptans

Herpetocypris
reptans

Procladius
choreus

EPHEMEROPTERA
Stenonema

pulchellum

PLECOPTERA
Acroneuria

californica

FOOD RATI ON

fungal mycelia 0.26

Acinetobacter
sp , 6 .50

bacteria 0.01-.12

aufwucks 0. 01-.24

sediments 0.17-1 .03

Cladophora sp. 0 .007-.98

Tubifex sp. 0.187-1 .63

natural phyto­
p lankton
population 0.036-.114

Spiroqyra s p. 1.28

Zygnema sp. 0.93

Mougeotia s p. 0.93

Ch i r o no mus
plwnosus 0 . 66

Ase l l us aquaticus 0 .66

fish fry 1. 09

Chironomidae 0.007-.11

Nav i c u l a minima 0 . 234

Hydropsyche sp. 0 . 00 2- . 087
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Yakovleva 1969

Yakovleva 1969

Yakovleva 1 969

Yakovleva 19 69

Kajak and Dus oge 19 70

Trama 19 72

Heiman and Knight 1975



Ben t h o s

TBMAX

77 . TBMAX i s the maximum ingestio n rate f or ben tho s

(l /day) a nd i s mea s u red at f o od de n s i t ies a bo ve the i ncipi ­

en t l i mi t i ng f oo d c o n centrat ion . Th e food s ource f or th i s

c ompartment is o r ga n l c sed i me n t ; its dominan t me mbe rs f or

most reservoir benthic commun i t i es are the aquatic o l i go ­

chaetes and Ch ironomidae. Filter feeders , predators ,

deposit feeders , and surface g razers a r e a ll r epr esented

in most b e n thi c c ommunit i e s .

78. Daily r a tions (an approximation o f the d a ily

grazing r a t e) o f s o me benth i c spe cies comp i led b y Leidy

and Ploskey (19 80 ) are lis t e d i n Table 2 0 . Other v alues

f or ma x i mum ingesti on rate are g i ve n in Table 21.

Table 21

Benthos maximum i ngestion r a t e s ( l/d a y )

SPECIES

Acroneuria californica
As ellus a quaticus
Ca r n i vo r e s
Chaobor u s flavican s
Deposit feeder
Hyal ella azteca
Omn ivo res
Pontagammarus robustiodes
Proc l adius choreus
Selective depos it f e e d er
Stenonema pulche 1 1um

TBMAX

0.0 02 -.09
0.25
0. 0 282
0 .036- .114
0. 111
0. 17-1. 3
0 .0 4 3
0 . 074 - .98
0 .0 7- . 11
0 . 05
0 . 21- . 2 3
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REFERENCE

Heiman a nd Knight 1 97 5
Prus 1972
Bige low et a1 197 7
Ka jak and Dus o ge 1970
Gordon 1966
Hargrave 197 0
Bigelow e t al . 1977
Kit i t s yna 1 9 75
Kajak a nd Dusoge 1970
Bigelow e t a l . 19 7 7
Trama 19 7 2



TBMORT

79. TBMORT i s the no npre datory mo rtality r a t e f or

benthos (l / day ) . Leidy and Ploskey (1980 ) , i n t he i r re­

view of the l i t e r a t ure, show most benthos nonpreda t ory

morta lity rates t o b e between 0 . 00 1 and O.02/day .

BEFF I C

80. BEFFIC i s t he a s simil a t i o n e f f ic ien cy f o r bent hos

(d imens ionless ) . The a s similati on effic iency i s multipl i e d

b y the i ngest ion rat e t o obtain a n assi mi l at ion ra te .

Values for hen t hos as s imilation effic i e ncy are g i v e n i n

Table 2 2 .
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Table 22

Ben thos ass i milation e f f i ciencies (dimens ionless)

SPECIES

Anatopina dijari
Asellus aquaticus
Asellus aquaticus
Bandsiola crotchii
Calopsec tra dives
Carnivores
Gamrnarus pseudolirnnaeus
Gammarus pseudol irnnaeus
Gammarus pseudolirnnaeus
Gammarus pulex
Glossosoma nigrior
Hedriodiscus
Hyalella aze t eca
Hydrophilus t r i angul a r i s
Lepidostoma
Lestes sponsa
Lethocerus americanus
Lirnnodri lus ho f f meis t e r i
Most inver tebrates
Potamopyrgres jenkinsi
Potomophylax cingulatus
Pteronarcys scotti
Pyrrhosoma
Simulium
Stenonema
Tricorythodes minut us
Tubifex tubifex

VALUE

0 . 30
0.30
0 . 26-0 .44
0 .31-0 . 40
0.20
0.20-0 .9 7
0 . 10-0 .20
0 .42-0.75
0 . 1 0
0.30-0 . 40
0 . 1 7- 0 .32
0.59
0 .05- 0 . 80
0 .5 5
0.07 - 0. 12
0.36
0 . 07
0 .5
0 .5
0 .0 4
0. 10-0 .30
0 .11
0 .77-0. 91
0 . 57
0 .52
0 . 07-0.55
0 .5

59

REFERENCE
Te al 1957
Klekowsk i 1970
Prus 1971
Winterbourn 1974
Teal 195 7
Lawton 197 0
Barlocher and Ke ndrick 1975
Bar10cher and Kendrick 1975
Marchant and Hynes 198 1
Nilsson 197 4
Cummins 1973
Stockner 1971
Hargrave 19 70
Hallma rk and Ward 1972
Grafius 1973
Klekowski et a 1 . 1970
Gut hr ie a nd Brust 1969
Tea l 1957
Monakov 1972
Heywood and Edwa r ds 1962
Ot t o 1974
McDi ffet t 1970
Lawton 1970
McCullough 1 975
Trama 1957
McCullough 1975
I vle v 1939



BS2SED

81. BS2SED i s the half-sa t ura ti on c oefficient for

be n tho s feed i ng on orga n i c sed i men t (g/ m2
) . Leidy a nd

Ploskey (198 0) , af t er a t horough review of t he li t e r a-

t ur e, wrote t hat t he y we re unable t o fi nd a single r eference

that documented , in uni t s c onvertible t o carbo n , the change

in benthic graz ing as a function o f food concentration . I n

addi tion , t he va l ue of the coe f f i c ien t depends on the de pth

o f t he sediment be ing mod e led , which i s itse lf a variable.

The a ut hors o f t he p r ese n t r e po r t r e commend u sing values

s l i ghtly s mal ler than half the initial cond i tion for the

s e d i ment , whi ch is r e por t ed in g/m2 •

TBRESP

82. TBRESP i s t he maximum r e s p i r ation rate for ben­

t hos (l /day) . Respirat ion r ates are e st imated directly by

monitor i ng be nthic oxygen consumpt ion by manome t ri c , chemi­

cal , or po larographic me t ho ds. Va l ues f or t he respirat i on

r ate f or benthos are g i ve n in Table 23.
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Tab l e 23

Max imun respiration r ates f or b entho s II / d ay )

SPECI ES

Ac a r t ia
Ancy l u s f l uviatilis
Bae t es ep ,
Bithynia tentacu lata
Bi t hynia leachi
Ch i ronomu s a nthracin us
Ch i ronomu 5 s t renzkei
Ch loe o n dipterum
Coeni5 5 p .
Co re t h r a f lavicans
Co r ycaeus
Ec hyonurus venos us
Ephe mera s i~u lans

Ephemera vul g ata
Ephemera d arni c a
Ephe merel l a i gnita
Erpobde l la ocula ta
Erpobdel1a testacea
Gammarus pulex
Ga s t ropoda , Ve liger
Gl oss i phon i a c omp lanata
He1 0bde l la sta g nal is
I lyodri lus h ammoniensis
La r va c ean s
Lumbricil1us ri vali s
Lymnaea aricularia
Lymnaea palustris
Lymna ea per e g e r
Ma ny g r o u p s
Hyxas g l utinosa
Oligo t r i c h s
Phy sa f ont ina 1is
pisc i co1a ge omet ra
Proc ladiu$ sp.
Tintinnids
Tub i fex barba t u s
Tub i f ex tubifex
valva ta p isc i n a l i s

* NA = not available.

TBRESP

0. 1 29- . 21 5
0 . 035- . 049
0 . 4 7-.72
0 .020
0. 0 31
0 .0 05
0. 12- . 14
0 . 1 6- . 46
0. 075
0.002
0. 0 51 - .2 70
0.17-.34
0.0 63
0 .072-.19
0. 09 5-.21
0 .24
0.034
0. 0 52
0 .10-.12
0. 107
0.044
0.052
0. 0 009
0. 014-. 04 3
0 .006
0.016
0.027
0.023
0. 0001-.0 4
0.026
0 . 257
0 .041
0 . 08 8
0 . 00 2
0 . 2 45
0. 005
0 . 00 1
0 . 0 41
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TEMP ·C

NA "
1 6
1 0
13
1 3
11
30

1 0 - 16
10
11
NA
1 0
20
10
1 0
10
20
20
NA
NA
20
20
11
NA
11
13
13
13
NA
13
NA
13
20
11
NA
11
11
13

REFERENCE

Will i ams 1 9 8 2
Be rg 1952
Fo x e t a 1. 1 9 37
Berg & Ocke l ma nn 1 9 59
Be r g & Ocke1ma nn 1 9 59
Be rg et a l . 1 9 62
PI patzer-Schultz 1 9 70
Fox and Simmond s 1 9 33
Fox et a 1. 1 9 35
Berg e t a l. 1962
\'1illiams 1 9 82
Fox e t al. 1 93 5
Olson a nd Ruege r 1 96 8
Fox e t a1 . 1 935
Fox e t al. 1 9 35
Fox et a1. 1935
Hann 1956
Ha nn 19 56
Fox a nd Simmonds 1 9 33
Wi lliams 1982
Hann 1 9 56
Mann 1 95 6
Be rg et a 1 . 196 2
Wi lliams 1 9 8 2
Berg et a 1. 1962
Be rg & Ockelmann 1 95 9
Be rg & Oc ke l mann 1959
Berg & Ocke lmann 1 959
Olson and Rue ger 196 8
Be r g & Oc k e lma nn 1959
Williams 198 2
Be rg & Ockelmann 1 9 59
Hann 1956
Berg e t a1. 1962
Will iams 1 982
Be rg e t a 1 . 1962
Berg e t a l. 196 2
Be rg & Oc ke lman n 1 9 59



BENTI , BENT2 , BENT3 , BENT4

8 3 . Va lues f o r be n t hos t empe r a tu r e c o e f f i c ients a re

given in Ta ble 24.

a. BENT1 i s the l owe r t e mpe r a t u r e bound at wh ich
metabol ism cont i nues to oc c u r ; i t is us ua l l y
o °c .

h . BENT2 i s the l owe s t t e mpera t ure a t wh ich pro­
cesses a re occurring near the max i mum r ate.

c . BENT3 i s t he upper t emperature b ounding the
r a n ge o f nax imum r ates .

d. BENT4 i s t h e upper l e t h a l tempe ra t ure .

Table 2 4

Temperatur e c o e f fi c i e n ts f or ben t hos metabolism (OC)

SPEC IES BENT1 BENT2 BZNT3 BENT4 REFERENCE

Asellus aquaticus 0 15 NA* NA Moore 1 975
Gammarus pulex 0 1 8 NA NA Moore 19 75
Gammar us

pseudol i mnaeu s 0 20 NA NA March a n t &
Hyn es 1 9 81

* NA = no t a vai lab l e.

Fi sh

8 4 . CE- QUAL-Rl h a s thre e f i sh c ompartme nts for simu ­

l a ting pisc i vorous , p lankt i vo r ous , a nd ben t h i c -feed i ng

ass emb lages i n a r e s e rvoir. S i nc e many f i sh s pecie s a r e

o mni vorous, howe v e r, t he we i ghting pr oc edu r e f o r compu t i ng

compos i t e compa rtmen t ra t e s i s d i ff e ren t f r o m o ther c o mpart ­

me n ts . A report by Le idy a nd Jenk i n s (197 7) p rovides a l l

t he in f o rmat ion nec e s s ary t o compu te t he r e qui r e d composite

r ate coe f f i c i e n t s .

85. I n the model , t he p i scivorous f ish (compartmen t

1 ) feed only o n the othe r two f ish c ompartments . Fish in

the second c ompar tment f e e d on detritus , zooplankton , a nd

the two a lgal g r o u p s ; fish i n the thi rd c ompartment feed o n

62



s ediment and benth o s .

TFMAX

86 . TF~ffiX,l is the maximum ingestion rat e (l/day)

for the piscivorous fish compar tment. The compos i te rate

for the compartment should be c o mput e d based o n the mean

annua l standi ng crop estimate . I n ge stion rates vary as a

function no t only of s p e c i e s , but a lso of o ther fac tors

such as condit ion o r age c lass ; the i n ge sti on rate shoul d

reflect these facto r s b y u s ing, fo r e xample, average age

class estimates.

87 . TFMAX , 2 i s t he maximum ingestion rate f or p lank­

t i vorous fis h (l/day) . Th e p lanktivorous f i s h consume zoo­

plankton , a lgae, and detritus.

88. TFMAX,3 is the maximum inge stion r ate fo r benthic

fish (lj'day ). Ben t hic - f e e ding fi s h i ngest both benthos

and o rganic sediment.

89. In general , a TFMAX coeff icient of 0. 0 1 repre­

sent s maintenance wi t hout growth; 0.04 to 0.05 represe nts

opt imum growth e ff iciency (Le i dy a nd Jenki n s 19 77 ) .

FS2BEN, FS2 Z00, FS 2FSH

90. To ad jus t the ingestion r ate of f ish due to t he

available food s upply, the fishe ry mode l uses ha l f - s a t u r a­

tion cons tant s; these r e pre s ent t he a mount of f o od p resen t

that results i n f i sh inge s tion a t ha l f t he max imum growt h

rate. I t has been suggested t hat the hal f- s atura t i on c on­

stant be cons ide red t o be 5 per cen t of fish wet b od y we ight

consumed per d ay at 20 °c (Le idy a nd J e nk ins 19 77 ) . Five

percent of t he body we igh t consumed per d a y c o r r e s po nd s

c losely wi t h the f ood intake rate for optimum efficiency

in growth (4 t o 5 percen t for many s pec i e s) . User's of

CE-QUAL-Rl s hould re f e r to Le i dy a nd J enkins (1977) beca use
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o f the d i ff i cul t y i n e s timating half-saturat i on coeffic ients.

Estimat es o f fi s h half- s aturation c oefficien t s are g i ve n in

Tab l e 25.

a . FS2BEN is t he benthic - f eed ing f ishes I (F I SH3 ) half­
s aturation c oefficient for benthos and sediment
g r a z i ng (mg/LJ .

b. FS 2Z00 is the planktivorous fishe s' (FI SHZ) half­
saturati on coefficient f or zooplankton, detr i t us ,
a nd algae (mg/L).

c . FS2FSH is the pi s c i v orous fishes' (FISHl) half ­
s a t ur ation coeff icient f o r f eed i ng o n FISH 3 and
FISH2 (mg/L).

Ta ble 2 5

Estimated half-satura tion coe f f i c i e n t s f or fi sh g rowt h (mg/L)
(from Leidy and J enkins 19771

SPECIES

Larg emo uth bass
Smal lmouth bas s
Muskel l unge
Reticu l a te sculpin
Sockeye salmon
Channel catf i sh

FOOD TYPE

minnows
minnows
mi nno ws
midge larvae
mixed diet
mi x e d diet

VALUE

' .6
7 . 2
5. 6

•••3 . 9 - 7 . 9
3 .1

REFERENCE

Thompson 194 1
Williams 1959
Gammon 1 9 63
Davis and Warr e n 1 9 65
Br e t t et al . 1969
Andrews and Stickney 1972

F2ALG, F2DET, F2ZQO, F3 BEN, F3SED

9l. Pre ference factors for fi s h compartments 2 a nd 3

a r e as f o llows:

a . F2 ALG is t he preference o f FISH2 f or a lgae
(di me ns i onl e s s ) .

b. F2DET is the pre f e r e nc e of FISH2 for detritus
(d i me ns i onl e s s ) .

c. F2Z0 0 is the prefer ence of FISH2 f or zooplank-
t o n (dimensionless) .

d. F3BEN i s the preference of F ISH3 f or benthos
(d i me n s i onl e s s ) .

e . F3SED i s t he preference of FISH3 for sediment
(d imensionless) .
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Information relat ing to f i sh preferenc e factors is suppl ied

in Leidy and Jenki ns (19 77) and is reprin ted here i n Tab l e 26

be low. Unfortuna t e ly, the d i f fere n t fish f o o ds are e xpressed

as fract ions of the t o t al die t rathe r t ha n a s quant ities

(i. e. grams ) consumed, making pre ference factors di f f icult

t o estimate from t his in fo rmat i on.

Table 26

Fish food e xpressed as a f r a c t i o n of t he diet
( from Le idy a nd J enk i ns 1 977)

SPECI ES

Gi z zard s had
Threadf i n shad

(young)
Thre adf i n shad

(o l d)
Rainbow tro ut
Brook trout
Carp
Minnows
Carpsucke r s
Suckers
Ho g sucke r s
Buffa lof ish
Redho rse
Bullhead
Catf ish
Madtoms
Silverside s
Tempera te b a s s
Sunfish
Black ba s s
Crappie
Perc h
Freshwater dr um

PLANT

0. 1 0

0. 30

0.3 0
0 .05

0.30
0 .20
0. 15
0 .15

0.05

0. 1 0
0. 2 7

0 .10

0 . 0 5

DETRI TUS

0. 8 0

0 .50

0.05

0 .4 0

0. 65
0 . 65
0 .80
0 .40

0 .25
0.10

0.0 5

0. 05

0 .0 8

65

ZOOPL

0 .05

0 . 10

0 .15
0 .6 0
0 .90
0 . 2 0
0 . 2 0
0 . 05
0 . 05
0.0 5
0 .05
1. 00
0 .5 0

0 .55
0. 2 0
0 . 2 0
0. 65
0 . 0 8
0 . 2 0
0. 20
0 .58

BENTHOS

0. 05

0 . 1 0

0.55
0 . 1 5
0.05
0 . 1 0
0. 6 0
0. 1 5
0 .15
0 .1 5
0 . 1 5

0 . 8 0
0. 1 0

0 .1 5
0 . 20

FISH

0 . 1 0

0. 1 5
0.8 0
0 .18

0 . 70
0.05
0 . 86
0 .55
0. 6 0
0.3 4



92 . An example i s g i ve n f or c alcul ating preference

fac tor s f or the t h ird f ish comp a r tmen t when a c t ua l quanti­

t ies consumed a re k nown . Suppose a particular species o f

f ish c on s ume s 2 g o ut of an avai lable 1 6 . 0 9 o f benthos and

0 .26 9 out of an available 120.0 g of sediment. The pre­

f e rence factor (P) f or the ith food c ategory e qu a l s

Pi = (Ei/Ai) /SUMi( Ei/ Ai » (22)

where

Ei = t he amount of the ith food consumed

Ai = the amount o f t he i th f oo d ava i lable

For the a bove e xample s the preference f actors wou ld be

P(bentho s) = (2 . 0/ 16.0) /0. 127166 = 0 .983

P (s ediment ) = (0.26/120 .0) /0.1 27166 ~ 0.017

FSHTl, FSHT2, FSHT3 , FSHT4

93 . Upper and l owe r temperature tolerances f or fi sh

ingestion a re pr e sente d as fo l l ows:

a. FSHTI is t h e lower temperature boundary,
u s ua lly 0 ° C, a t which metabolism conti nues.

b. FSHT2 is the l owe s t temperature a t which pro­
cesses a re o c c u r r i ng at the maximum rates.

c. FSHT3 is the upper temperature bounding the
range o f maximum rates .

d . FSHT4 is the upper l ethal temperature .

94 . Fo r mos t wa rrnwate r species, upper and l owe r tem­

pe rat ure t oleranc e s a re similar, t he l owe r limit being

r eached a t O°C and the upp e r limi t between 33 a nd 37 ° Ci

the optimum temperature i s about 27 °C. Co l dwa t e r s pecies

such as s a l monids reach a l ower temperature limit a t O°C,

but the upper l i mi t is nea r 25°C i the optimum tempe r ature

is about l4°C . Temperature tolerance values a nd the va r i ­

o u s acclimation temperatures (ACCL), where available, are

given in Table 27 .

66



Table 27

Tempe r a tur e coe f f i c i e nt s f or fish i n, es t ion r-c:
(from Lei dy and Jenkins 19 7)

SPECIES ACCL FSHTI FSHT2 FSHT3 FSnT4 REFERENCE

Picke ral s 0 24 34 .4 Leidy and Jenkins 1977
Minnows 0 27 33.4 Le idy and Jenkins 1977
Cat fi s h. 0 30 37. 1 Le idy and Jenkins 1977
Sunfish. 2. 5 27 .5 35 . 7 Leidy a nd Jenkins 1977
Bl a ck bas s 1. 6 27 36.5 Le i dy and Jenkins 1977
Cr appi e 23 32 .5 Leidy and Jenkins 1977
Yel l ow perch 0 24 .2 30 .9 Leidy and J enkins 1977
Yel low perch 29 Schneider 1973
Finger ling sa lmon 15 Br e tt et al . 1969
Bl untnose minnow 5 26 .0 Har t 1947
Bl untnose minnow 10 28 .3 Hart 1947
Bluntnose minnow 15 1.0 30 .6 Hart 1947
Blun tnose minnow 20 ' .2 31. 7 Hart 1947
Blun tnose minnow 25 7 .5 33.3 Hart 1947
Flathead minnow 10 28 .2 Hart 1947
Flathead minnow 20 1.5 31. 7 Har t 195 2
Flathead minnow 30 10 .5 33 .2 Ha r t 195 2
Cr ee k chub 5 24.7 Ha r t 195 2
Cr ee k chub 10 27.3 Har t 1952
Creek chub 15 29 . 3 Hart 19 52
Cr ee k chub 20 0 .7 30 .3 Ha rt 19 52
Cr eek ch.ub 25 ' .5 30 .3 Hart 1952
Chub " 27 .1 Black 1953
Finescaled s uc ke r " 26 .9 Black 1953
White s uc ke r 25 31.2 Bret t 1944
White s uc ke r 5 26 .3 Hart 1947
White s uc ke r 10 27 .7 Hart 1947
White sucker 15 29.3 Hart 1947
White sucker 20 2.5 29.3 Hart 1947
White sucker 25 6 . 0 29 .3 Hart 1947
White sucker 27 McCormick and Mischuk 1973
Brown bu llhead 5 27 .8 Hart 1952
Brown bullhead 10 29 . 0 Hart 19 52
Brown bul lhead 1 5 31. 0 Hart 1952
Brown bullhead 20 32 .5 Hart 195 2
Brown bu l lhead 25 33 .8 Hart 1952
Brown bul lhead 30 34.8 Hart 1952
Brown bu llhead 34 34 .8 Hart 1952
Black bul lhead 23 35 Bl ack 1953
Channel catfish 25 35 . 5 Al len a nd Strawn 1968
Channel ca tfish 35 38 Al len and Strawn 1968
Channe l catfish 18 Andrews and Stickney 197 2
Channel catfish 15 0 .0 30 .3 Hart 1952
Channel catfish 20 2 .5 32 .8 Har t 19 52
Channel catfish 25 6 . 0 33 .5 Hart 195 2
Bluegill 15 2 .5 30.7 Hart 1952
Bluegill 20 5. 0 31. 5 Hart 1952
Bluegill 25 7 .5 Hart 19 52
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Table 27 (concl uded )

SPECI ES ACCL FSHTI FSH'1'2 FSHTJ FSHT4 REFERENCE
Bluegill 30 11.1 3J .8 Hart 1952
Bl ue gill 22 33 .8 McComish 1971
Longear sun f ish 25 35. 6 Nei l l et a l . 1966
Longear sunfi s h 30 36.8 Neill e t a l. 1966
Longe a r sunfis h 35 37.5 Neill e t al. 196 6
PUlIlkins e ed 25 24.5 Brett 1944
Smalbouth bass 35 1.. 26 .3 35 . 0 Horning and Pearson 1973
SmalImouth bass 28. 3 Peck 1965
Largemouth bass 27.5 30 St rawn 196 1
Largemouth ba s s 25 Ni imi and Beamish 1974
Largemouth bas s 20 5 . 5 32.5 Hart 195 2
Largemouth bass 25 34 . 5 Hart 1952
Largemouth ba s s 30 11. 8 36.4 Hart 1952
Yellow perch 5 21. 3 Ha r t 1947
Yellow perch 10 1.1 25.0 Hart 1947
Yellow perch 1 5 27 .7 Ha r t 1947
Yellow perch 25 3.7 29.7 Ha r t 19 47
Yellow perch-

j uve n ile 24 20 23.3 McCau ley and Read 19 73
Yellow perch-

adult 24 17 .6 20.1 MCC auley and Read 1973
Yellow perch 8 18.6 Ferguson 1958
Yellow perch 10 19.3 Ferguson 1958
Yel l ow perch 15 23. 0 Fe rguson 1959
Yellow perch 20 23.1 Ferguson 1958
Yellow perch 25 24.5 Ferquson 1958
Yellow perch 30 26.7 Ferquson 19 58
Socke ye salmon-fry 5 0 22.2 Brett 1952
Socke ye salmon-fry 10 3. 1 23.4 Brett 1952
Soc keye salmon-fry 15 4 . 1 24.4 Brett 1952
Sockeye salmon-fry 20 4.7 24 .8 Brett 19 52
Sockeye salmon-

j uvenile 15 15 17 Brett e t al. 1969
Coho sa lmon 5 0.2 20. 9 Brett 1952
Coho salmon 10 1.7 23.7 Brett 1952
Coho salmo n 1 5 3.5 24.3 Brett U52
Coho salmo n 20 4.5 25. 0 Brett 1952
Chi nook salmon 18.4 Olson and Foster 1955
Nor the rn pike 25 32 Scott 1964
Lake trout 11.7 McCauley and Tait 19 70
Lake trout 8 10 . 9 Rawson 1961
Rainbow t r out 18 17 20 Mccauley and Pond 1971
Brook trout 5 23 .7 Fry et a l . 1946
Brook trout 1 0 24. 4 Fry et ar • 194 6
Brook t rout 15 25 .0 Fry et a1 . 194 6
Brook trout 20 25 . 3 Fry et al . 1946
Brook t r o ut 25 0. 5 25.3 Fry et a1 . 1946
Brook t r o ut 14 19 Graham 194 9
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FEFF IC

95. FEFFle , t he ass imi lat ion efficiency for fish

{dimensionless } , r a nge s from 0 .66 t o 0 .98 ; a value o f 0.80

is r e ali s tic f or mos t fis h (Leidy a n d Jenk ins 1977) . Th e

assimi lation efficiency is mUl t iplied by t he inges t ion rate

t o obta in an assimi lat ion r ate. Val ues for f ish assimi la ­

tion effic iency a re g i ven in Tab le 28 .

Ta b l e 2 8

As simi lation e f f ic iencies of fish (d imensionle s s)

SPECIES

Bleak
Blueback her ring
Blueg i l l
Bluegill
Carnivorous fish
Carp
Ca rp
Cichlasama bimaculatum
Cutthroat trout
Ctenopha ryngodon
Dace
Goldf ish
Green s un f i s h
Longear s un fi sh
Nor t hern p ike
Perea fluvatili s
Pe r ch
Reticul a t e s c ul p i n
Roach
Whi te b a s s

FEFFIC

0 .80
0 .80
0 .80
0 .9 7
0 .80
0 .74
0.95
0 .69-0 .89
0 .84-0 .86
0 . 14
0 .79
0.71-0 .86
0. 94
0. 9 4- 0 .9 7
0 . 72
0 . 3 5
0.7 9
0 . 7 4- 0 . 84
0 . 78
0. 6 6-0. 6 9

REFERENCE

Mann 196 5
Bur b r idge 1 97 4
Pierce and Wissing 197 4
Gerki ng 195 5
Wingerg 1956
Ivlev 19 39a
Kobashi a nd Deguchi 1971
War ren and Davis 19 67
Krokhin 1959
Fishe r 197 0
Mann 19 65
Davi e s 1964
Gerk ing 1952a
Ger k i ng 1952a
Johnson 196 6
Kl ekowski e t a l. 1970
Mann 19 65
Dav i s and War ren 1965
Mann 19 65
Wissing 1974

TFMORT

96 . TFMORT is t he non p r edato r y mortality r a t e for

fish (l/day). Morta lity r ate is that f r action of fish b io­

mass t ha t is converted t o det r i tus b y deat h . Nonpredatory

mortality r ates can be highly variable depending o n s pec ies ,

age , exploitatio n r a te, a nd nume r ous environmen t a l variables.
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The average rate ca lculated by Leidy and Jenkins (1977) is

0.001 for exploited populations.
97. Ricker (1945) ha s r e v i ewe d techniques fo r calcu­

l a t i ng various morta lity r ates (total, inst antaneous, condi­

tional, natural, and fishing). Values for nonpredatory

mor t a l ity a re g iven in Table 29.

Table 29

Fish nonpredatory mor tal ity rates (l/day)

SPECIES

American shad
Bluegi l l
Bluegill
Bluegill
Brook trout
Brook trout
Brook t rout
Brown bullhead
Brown bullhead
Channel catfish
Cutthroat t rout
Cutthroat t r out
Freshwater drum
Largemouth bass
Longnose sucker
Northern pike
No r t hern p ike
Rock bas s
Walleye
White catfish

TFMORT

0.002
0 . 00 2
0.0 002
0 . 001
0.001
0 . 00 3- . 0 0 4
0.56-1. 34
0.001
0.001
0.001
0.001-.002
0 .00 1
0.001
0 .0 0037
0 . 002
0 .002
0. 002
0 . 00 2
0 .001
0 .00 1

REFERENCE

Walbur g 1 961
Patriarche 1968
Gerking 1 9 52 b
Ricker 19 45
Latta 1 96 2
Alexander and Shetter 1961
Hatc h and Webs ter 1 961
McCammon and See ley 196 1
Rawstron 1 967
Ricker 195 8
Hansen 1971
Bal l and Cope 1961
But ler 1965
Mraz and Threinen 195 5
Geen et a1 . 19 66
Groebner 1960
Johnson and Peterson 1955
Ricker 19 47
Olson 19 57
McCammon and See ley 1961

TFRESP

98 . TFRESP i s t he f i s h respiration rate (l/day).

There are three types of respirat ion that can be defined:

(a) standard r e s pirat i on--oxyg e n consumed i n the absence

of measurable movemen t (i.e ., nonact ive res pi ration, basal

of r e s t i ng metabolism), (b) routine r e s pi r ation--r a t e of
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oxygen consumption of fish showing normal activity, and (c)

active respiration- -max imum rate of o x y g e n consumption

under continuous forced active respiration . It would

appear that the best estimates of t he r a t e of respiration

for norma l active fi sh are values for rout i ne metabolism

(i.e ., type 2 a bo v e ) (Winberg 1956). Va lues for fish re­

spiration rate are given i n Ta b l e 30.

Table 30

Fish max i mum respiration r ates (l/day)

SPECI ES TF RESP TYPE REFERENCE

Brown bullhead 0.001 routine Be a mi sh 1 964
Brook trout 0 .003 routine Beamish 1 964
Ca r p 0. 00 1 routine Beamish 19 64
Lake trout 0 . 001 s tandard Gi bson and Fry 19 5 4
Ra inbow trout 0. 002 standard Florke e t a l. 19 54
Salvelinus

fontinal is 0 . 006 - . 02 4 standa rd Madsen et a l. 1 9 77
Salvelinus

font inalis 0. 019 -.101 active Madsen e t a l . 1977
Sockeye salmon 0 .002 standard Brett 1 944
White sucker 0 .00 2 rout ine Beami sh 196 4

Other Coeffic ien ts

TDSETL

99 . TDSETL i s t he detrita l settl i ng velocity (m/day ).

De t r i tal settl ing velocities var y from 0 .001 t o over 2 0 0

m/ d a y depending on the detrital c harac teris t ics and reser­

voir hydrodynamics. Settling rat es s hou ld b e o b tained f r om

quiesce nt settling c hamber s tudies becau s e advective a nd

turbulent forces in t h e mi xed layer t h a t c an r e duc e s e t tl ing

in a r eservoir are mode led separate ly . For most s tudies,

settling velocities are in the range of 0. 0 5 to 1 . 0 m/day.
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Much higher values are often repo r t e d for fec a l pe llets, as

shown in Ta b le 20; however, such h igh settling coeff i cients

may be que s t i ona b le because they produce unrea l i s t i c a l l y

low detritus va l ue s in the modeling studies . Va l ue s for

de t r i tus settl ing ve l o c i t ies are g i ve n in Table 31 .

Tabl e 31

Detritus s e t t l i ng velociti es (m/day )

SOURCE

Ceratium balticum
Chae t oceros bor ealis
Chaetoceros didymus
Cr i co s phaer a c arterae
Ditylum brightwellii
Fe c al pellets:

Acartia c laus i i
Fecal pellets:

Euphaus i a krohn i i
Fecal pellets:

Euphausia pacifica
Fec a l pellets:

Pontella me adii
Phaeo dacty l um tricornuturn
Rhi zo s o l e n ia herbetata
Stephanopyxi s tunis
Tabellaria flocculosa
Thalassiosira ps uedonana

TDSETL

9.0
5.0
0.85
1. 70
2.0

116.0

24 0. 0

43.0

5 4 . 0 - 8 8 .0
0.0 2-.04
0.22
2.1
0 .4 6-1. 5
0 . 85

REFERENCE

Apstein 1910
Apstein 1910
Eppley e t a l. 1 967b
Eppley e t a l . 1 967b
Apstein 19 10

Smayda 1 971

Fowler and Smal l 1 97 2

Os t e rberg e t a le 196 3

Turner 1 97 7
Riley 1 9 4 3
Eppley e t a l. 1 9 67b
Ep p ley e t a l . 196 7b
Smayda 1971
Hecky and Ki lham 1974

DETTl, DETT2

1 00 . DETTI i s the l ower tempe rat ur e boundary a t wh i ch

decompositi on continues t o oc c u r . It is usuall y 0 °C .

101. DETT2 i s the tempe rature at which decomposit ion

occ urs near the ma x imum rate. Temper a t ure coef f ic ients

for de composit ion a r e g i v e n in Table 3 2 .
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Ta b l e 32

Temperature coe f fic ients f or d ecompos ition (Oe)

SUBSTRATE OR SITE DETTl DETT2 REFERENCE

Pseudo mona s flu o r e s c e n s :
na t u r a l subs trate 0 25-30 Tison and Po pe 1 98 0

E. coli : natur al
s ubstra te 0 3 7 Tison and Po pe 19 8 0

Glucose : Lake George,
New Yor k 0 25 Tison et a l. 1 9 80

Gl ucose 0 20-30 Bott 1 9 75
Gl ucose: La ke Wi ngra , 25 - 3 0 Boylen and Brock 197 3

Wi s.

TDOMDK

1 02 . TDOMDK is the disso lved o rgan i c matter (DOM) de­

cay r a t e ( l/day ). DOM in n a t ural wate r s i s the o r ganic

s ubstr a te for heter otrophic metaboli s m. The compos i t ion o f

natur al DOM i s h ighly vari a ble and li t t l e understood , but

its sour c e s a re ge nera lly grouped into (a) e xcre t ion f rom

phytoplank ton and ma cro phy tes, (b) d e c ompositi o n of phyto­

plank ton a nd mac rophytes, (c) e xcret ion by a nima l s, a nd

(d) a l lochtho nous d ra i nage (e.g., h umic compounds fro m up­

strea m s o urces) .

1 03 . Aquat i c bacte r ia appear t o be ch i e f ly r e s ponsible

fo r t he removal o f DOM compounds from the water ; t he y a re

th e major agen ts for ba c t e r i al mi ner al iza t ion of o rganic

so lutes in f r e sh wa t e r (Wright 1 9 75 ) , us i ng o rganic ma t t er

as a n e nergy sou rce. Va r ious methods have b e en t e s t ed t o

determine the de c ay rate of DOM i n wate r . Modif icat ion of

the bas ic Parson a nd Strickland (1963) tec hnique have been

developed to quantify the k i n e tic s .

1 04. DOM decomposition r a t e s h ave a lso bee n r epr e ­

sented by f il tered carbonaceous b iochemical oxygen demand

(BOD) decay rates . I f s ufficient o xygen i s availab le, the
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a e rob ic b iol ogical decomposition of o r ga n i cs will con tinu e

until a l l the DOM is consumed. In the standard t e st fo r

BOD, a s amp l e is diluted wi t h wa t e r containing a known

a moun t o f o xyge n . The l o s s o f oxygen a f ter the s a mp l e has

bee n i ncubated for 5 day s a t 20 ° C i s kn own as the 5-day

BOD . The value of the f i rst-or der decay r ate i s general ly

about 0 .05 to 0 .20 per day.

1 05 . The BOD t e s t s u ffer s f rom several ser i o u s de f i ­

c ien c i e s. The t e st h as n o stoichio me tric valid i ty , fo r

example : the a rbitrary 5-day period usua l ly doe s n' t cor res ­

pond t o the point where a l l the o rganic mat ter is consumed.

1 06 . Con t r ibu ting t o the e r r o r s invo lved i n measu r i n g

decay r ates o f DOM i s t he ext ens ive var iabi l ity in t h e c om­

pos i t ion and sta g e of de c o mposition of DOM. Al l ochthonous

inpu t s of DOM a re likely t o be more refra ctory than autoch­

t honous i n puts, a nd as a resu l t , decomposi t ion r ate s will

b e s lower and decay may be incomplete ; the re fore , t he l e ng t h

o f time the o rga n i c ma t ter is a vailabl e for dec o mposition

i s impor tant. I n addit i on, a s par t ic l e s s i nk out o f t he

e upho t ic zone , both d i s solved and detri t al o rganic s ub­

strat e s may be limited t o more r e s i stant f ractions thereby

a r r e s ting a tta c hed microbial growt h . Th ere f ore, t he rate

o f DOM decomposition may be l ower in t he h ypol imnion o f a

stra t ified reservoir .

107. Oxyge n con sumpt ion rate (mg 02 / L/hr ) can b e

trans fo rmed i n to a mi nera lization rate o f o rganic carbon

(mg C/L/hr) by a pp l i cati on of a conversion f a c t or o f 0.29

(Seep e rs 1981). Va l ue s for DOM decay rate are given in

Table 33.
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Tab le 33

DOM decay rates (l/day)

COMPOUND TDOMD K REFERENCE

Acetate 0. 2 Wright 1 975
Ami no acids 0 .64 Williams e t a l. 1 976
Gl ucose 0 .24 Williams et a l. 1 976
Glucose 0 .32- . 50 Toerien an d Cav ari 1982
Gl ucose 0 .111 Wr i ght 19 75
Gl u t amate 0 .11- .625 Carney and Co l we l l 1 976
Gl ycine 0.312-. 4 5 Vaccaro 1 96 9
Glycine 0 . 04 8 Vacc a r o 1969
Glyco late 0. 024- . 4 32 Wrig h t 1975
Glycolat e 0 .012- .2 5 Wr i g h t 1 975
Glycolic ac id 0 .004 Tanaka et al e 1974

TNH3DK

1 0 8 . TNH3DK is t he ammoni a de c ay r ate (i.e., the rate

a t which ammonia i s oxidized t o ni t rit e) (l/day ) . Ammonia

is generated by heterotrophic bacteria as the prima r y e nd

product of deco mposi t ion o f o rgan i c mat ter, e i ther directly

f rom pro t e i ns o r from other n i t rogenous o r g a n i c compounds .

Al though ammonia i s a maj or e xcret ion product, t his nitr o g en

source is minor i n c ompa r i son t o decomposition .

1 09 . Nitrificat ion i s the biological c onv e rsion o f

o r g a n i c and i norgani c N compo unds from a r educed s tate to a

more oxidized s t a te (Alexa nde r 1965 ) . The nitri f ying bac­

ter ia capable of oxidation o f NH 4+ t o N0 2- are l a r ge l y con­

fined to the spec ies Ni t rosomonas, bacter ia wh ich a re meso­

phil ic (1-37 °C) .

11 0 . Nitr ification r ate can b e determined by a number

o f different techniques. Cour chaine (1968) has p l o t ted ni­

t rogenous BOD on a l o g arit hmic scale and de t e rmined the

decay rate from t h e s lope o f t he l ine . Thomann e t al .

(1 9 7 1 ) used a f inite-difference a ppro x i ma t i o n t o so lve a
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set o f s imu l taneous linear equ a t i o n s .

Ill. Laboratory measurements f or t he ammo nia decay

r ate c an produce res u l t s that differ from what might be

measured i n si t u . Several envir onmental factors influence

t he r a te of nitrificat ion, includi ng pH, temperature , s u s ­

pended par t iculate c oncentrat ion, hydraulic pa r a me t ers a nd

benthos.

112. Ni t r if i c a t i on can be measured a s a o ne - o r two-

step p roces s .

o f the e n t i re

In the one- s t e p me t hod , o n ly the end p rod uc t

reaction, nitrate , i s measured. In the two -

s tep met ho d , (a ) nitrite accumulation is me a s u red a s a mmo n i a

is o x i d i ze d t o nitrite a nd (b ) nitrate accumulation is

measured as nitri t e i s o x i d i z e d to nitr a t e . oxidat i on o f

ammonia t o nitri te is t he r a t e-limi t i ng step i n the t o t al

reac tion; t heref ore , e xper i men ts tha t measure t he rate o f

the total r eaction (i .e ., t h e one-step met hod ) c a n be use d

to e stimate t h i s pa rame t e r . Ammonia oxidation rate s are

g i ven in Table 34.

Ta b l e 34

Ammonia o x i dation rates (l/day )

SI TE

Wastewater t r e atme n t p lant
Gr a nd River, I l l.
Grasrnere Lake , U.K.
Truckee River, Nev.
Upper Moha wk River, N. Y.
Middle Moha wk River
Lower Moha wk River
Oh io River
Big Blue River, Neb .
Flint River, Mich.

TNH3DK

0. 05 - 0.30
0.80
0.00 1-.013
0. 09 - 1.30
0.23-0.40
0 . 30
0 .30
0.25
0.17-0 . 25
0.76-0. 95
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REFERENCE

Wild e t a l. 1 9 71
Bansa l 197 6
Hall 1 9 82
Bansal 1 9 76
Bansal 1 9 76
Bansal 1976
Ba n s al 19 76
Bansal 1 976
Ba n sal 1 9 76
Bans al 1976



TN02DK

113. TN02DK is the decay rate o f nitrite t o nitrate

(l/day) .

TDETDK

11 4. TDETDK is the de t r i tus decay rate (l / day). Detri ­

tus as defined by Wetzel et al . (19 72) c onsists of o rganic

carbon lost f rom an o rganism by nonpredatory means (including

eges tion , excret ion , secretion , e t c.) fro m a ny trophic l e vel

component, or i npu t f rom sources externa l to t he ecosys tem

t ha t enter a nd cycle in the system (i.e ., a l lochthonous

organic carbon). For CE-QUAL-Rl, t h i s shoul d be cons idered

to be particu late material o n ly .

115. The r ate of detr i tus decay can be d e t e rm i ne d by

measuring the use of o x yge n during decomposition , with re­

sults expre ssed a s a first- order decay coefficient (k base

e = mg o xy g e n used/mg/day) . Many wo r ke r s h ave measured

rates o f oxygen uptake by detritus , suggesting that o x ygen

uptake is relate d t o t he organic matter available f or decom­

position. Odum a nd d e l a Cruz (1967) and Fenchal (1970) ,

for e xa mp l e, demonst rated a n inverse re lation between detri ­

tus part icle size a nd o xygen con s ump t i o n . Oxyg e n uptake is

an int e gra t i ve measure o f a l l o x i d a tive p roces ses occur ring

i n the sample, both chemic al a nd b io logica l : r e d ucing s ub­

stances a re usual ly r ap i d ly o x idized; r e s pirat i on o f the

o r g a n i s ms associated with detr i tus is pri ma ri l y bacterial,

al t ho ugh a lgae, protozoa , and f u n g i ma y also c ontribute .

Mea suremen t o f the oxygen u p take r efl e c t s t he metabo lism

o f c o mmunities o f microorganisms involved in the decomposi­

t i o n o f natural substances .

116. As a detrital particle decompose s with time,

there i s a decl ine in oxygen uptake accompanied by succes­

s ion of communit ies o f microorganisms; this decline o c c u r s
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as t h e ma t ter changes f r om l abile t o refracto r y; re f ract o ry

ma t t e r o f ten a c cumulates i n t h e sedime n t . Ra tes of d e cay

a r e g e nera l l y high i n iti a lly a nd s low d own a s the mat e r ial

be c o mes r e f r a cto r y; the r a t e i s i nfluenced by t e mpera t u r e,

detri t a l c ompos i tio n , a n d age of the det ri tus. Macr o phyte

c o mmuni t ies a r e the p r imary sou r c e o f detri t u s in mos t

sys t ems . Subme r s ed and floating ma c roph y t e s gene r a l l y

d e cay mor e rap i d ly than t he h i ghl y lignifi e d emer gen t

s pecies. Pa r t icu l a t e o rga n ic ma t t er of dea d b l uegr een

a lga e d e c o mpose s much fa s ter than t hat derived fro m g r e e n

a lgae d iatoms and d esmids. Particulate o rga n i c ma t t e r (POM)

is e spe c ially res is tant (Gunniso n a nd Al e xa nde r 1 9 7 5 ). As

d e t r i t u s deca y s , there is a dec r ease in the C: N r at i o a s

a resul t o f a bui ldu p of micro b i al p r o t ein (Mann 1 97 2 ). A

I - g s a mple o f d e tr i t u s a t 20 °C c onsumes abo u t 1 mg o xyg e n /

hr (Ha rgr a ve 1 97 2 ).

117 . Pl a n t litter con s i s ts o f a var i e t y of c o mpound s

(i . e . , sugars , hemicellul o se , lign in, waxes ) wh i c h dec ay a t

d if f e ren t ra t e s . Th e decay c u r v e s i nitially tend t o fo l low

t he e xponential decay f unctio n s o f t he more read i ly degrad ­

able f ractions , part icu larly a q u at i c macr ophytes, whi c h

a cco u n t f o r a l arg e p rop ort i o n o f the we i ght o f p l a n t litt er;

t herefore, the majority o f the litter 1s weight l o s s occu rs

i n the f irst ye ar . Over the l ong t erm, t he decay rate s

c ha nge , espec i a l l y f or d e c i d uo us l e a f l i t t e r wh i c h h a s a

larger p r oport i o n o f decay- resistan t ma t e ri a l than do

aquat ic macro phyte s a nd t here f ore dec a y s at a much s l owe r

rate .

1 1 8 . De cay rates c an a l so be me a s u r e d by s u s pending

a nylon mesh ba g o f de t r ital ma t e r i al in situ o r under c on­

tro l l e d condi tion s and determi n i ng we igh t l o s s with time.

This a c t u a l l y measures we i ght l o s s d ue t o e n zymatic deco m­

posi t i o n b y b a c t eria and fung i , sol u t ion o f solub l e s u b -
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stances , and 1055 of fragments t h r o ugh the container pores.

119 . Decay rates have also b e e n determined b y measuring

the mineraliza t ion rates o f carbon , nitrogen , and phosphorus

(Otuski and Hanya 1 9 72) . Decomposit ion of detritus ge n e ra t e d

f rom planktonic communi t ies of s u r f a c e l a ke wa t e r occurs a t

rates on t he o rder of 1 0 p erc ent per d a y (Saunde rs 1 97 2 ) ,

based upon radioac tive carbon t r a c er stud ies.

120 . Consideration s hould be g iven to t h e primary or

expected sources of detritus. De c ompo s i t i o n r a tes for

a l l o ch t ho no u s detr ital sources a re g e neral ly l owe r t han fo r

autochthonous sources t o r e flect the more r e f r a cto r y n a ture

o f alloch thonous materia l after its t ransport t hrough t he

uppe r portions of the r e s e r voir . While a one-d imensiona l

model like CE-QUAL-Rl a ssumes i ns tan taneous dispersa l o f

in flow c onstituents , much o f the d e c omposi t i o n i n the proto ­

type reservoir s y s t e m o ccur s in the headwater a rea . The

labile f r a c t i o n of autoch thonous detritus p roduc ed i n the

pelagic zones o f the l owe r rese rvoir wil l decompose more

rapidly in the water column and should have a highe r decom­

posi tion rate t h a n al lochthonous detritus. However , in a

stratified reservo i r the POM in t he h y pol imnion may not be

e xchanged with the epilimnetic wa t e r s . The POM bec omes mo r e

re f ractory wi t h t i me , a nd rates o f decompos iti on decrease.

12 1 . Mic robial decomposition of de t r itus can be repre­

sented by t h r e e stages: a very quick s olution o f so l uble

organic componen ts, a r elat i ve l y r apid decomposition of

labi le organ ic constituents, a nd s low decompos i t i on of re ­

fractory o r g a n i c constituents. Detritus decay r a t e s a re

g i v e n in Tab le 35.
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Table 35

Detri tus decay rates ( l / d a y )

DETRI TUS SOURCE

Beech
Cla dophera glornerata
Dea d g r een a l ga e
Dead mixed al ga e
De ad mi xed al g a e
Glo eotr i chia

e c hinul ata
Iso ete s lancustr is
Le a f pa c ks
Os ier
Potamogeton c r ispus
Potomogeton

perfolia t us

TDETDK

0 .001- .004
0 .00 7
0 . 016-.0 7 6
0 . 007-.111
0.007-.06

0.001 -.007
0.003-.015
0 . 005- . 017
0 .001 - .005
0.002-.004

0 .002-.007

REFERENCE

Han lon 1 9 82
Pie c znska 197 2
Otsuk i a n d Ha nya 19 72
J e well a nd Mc Cart y 1 9 71
Fit z gerald 1 9 64

Piec znsk a 1 9 72
Ha n l on 1982
Sedell et a1 . 19 7 5
Hanlon 1982
Ro g e r s and Breen 19 8 2

Han l o n 19 82

TCOLDK

122. TCOLDK i s the col i form de c a y rate (l /day). Es ­

tima t e s o f coliform d i e - o f f rates may be o b t a i n e d in the

l a b orato r y o r i n sit u. ~ s i tu, where t h e r e a re no flow

r e gime data, o r where flo ws a r e o f a tra n s i e nt nature , a

c o mmon l y u sed method is to add a s l u g of a conse rvativ e

tracer sub s tance (a dye , rare element, o r rad ioisotope) t o

s tead y -s tate d ischa rge . Th e d ischa rge p l ume i s sampled,

dilution is es timated from t h e concen t ration of tra c er, a n d

the decay r a t e is est imated f rom the dilu tion-co r rected

colifo rm cou n ts . Th is t e c h n i q ue g ives mis leading resul ts

in cas es where the tracer i s d i luted by water heavily con ­

taminated with t h e same d ischarge. Since the t r a c e r was

introduced as a slug , t h e r e is n o way t o know how many o f

t h e survivi ng col iforms o r iginat e d in t h e tracer- dosed

eff luent and how ma ny came from p re- o r post-dosing e f f l u ­

ent. This p roblem i s reduced wh e re the f l ow r e g i me i s

suff iciently s tab le (Zi s o n e t a l. 1 9 78 ) .
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12 3. Th ere a r e two approaches t o estimating d i e -of f

r a tes . Frost a nd St r e e ter (1 92 4 ) were a b le t o estimat e t h e

d i e -o f f r ate using seasonal a verages o f c oli f o rm c ounts

f rom a downstream s t a tion , by assuming p lug f l ow in the

r iver. Er ror s in the rates de t e rm i n e d by th is a ppr oach are

a t t r ibut a b le t o (a ) d i l u t ion a nd t o long i t udi na l mix i ng

t hat produc e d o vere s t ima t e s and (b) unconsidere d sour c e s of

c o li f o r ms that produced underes timates .

124 . In a s econd appro a ch, a ma thema t i c al mode l of

the flow and mi x ing i n the s y s tem i s us e d t o co r r e c t the

measuremen t s f o r the effects of di lution. I n t his manner

Mara is (19 74 ) analyzed coliform d i e -of f in was tewa ter matu­

ration ponds a s a first -order d e c a y reaction in a s eries o f

c ompletely mi xed s t e a dy - s tate r eactors . Errors i n t he

decay rate s de ter mi n e d in thi s way a r e pr i marily attr i b u t ­

a b l e t o the rel i a b i l i t y of the system model .

12 5. Tab le 36 g i ves d ecay r ate s f or c oliform a nd

fec a l streptococcus . In Ta ble 37 from Mitchel l a nd Cham­

berlai n {l 978 } , the median d ie-o f f v a l ue was O. 040 / hr f or

fr eshwater coliform. In gene r a l , t he d i e - off fo l lows first ­

o r d e r decay kinetics , a lthough a s i gn i f ica nt increase in

c o liform leve ls is commonly ob s erved in t h e f irst s evera l

miles downstream f rom the o u t f a l l .

126 . Facto rs affecting co l ifo r m decay rate i nc l ud e

s e dimen t a tion , s o lar radiation , nutr Le n t; def icie ncies ,

pr e da t ion , a lgae , bacteria l t oxins , a nd physiochemica l

factors.
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Ta b l e 3 6

Co l i f o rm and fecal strepto c occus dec ay rates (l/day)

SPECIES

Fe c al co lifor m
Feca l streptoco c ci
Fe c a l str e pt oco c ci
Total col iform
Total co l i form
Total coli f orm
To t al c o li fo rm
Total coliform
Total coliform
To t al c oliform
Total coliform
To t a l coli f o rm

TCOLDK

0. 048 -.096
0 . 063
0 .004-. 01 3
4. 48 -5.52
0. 199-.696
1.99
0.16 8-1. 56
0. 009 -.028
0 .0 21- .0 38
0 .04 5-.04 9
0 . 0 24- . 10 5
0.48-2.04
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REFERENCE

Evans e t a l. 1 9 6 8
Evans et a l . 1 9 6 8
Geldreich et a l . 1 9 6 8
Kittrell and Furfari 196 3
Klo c k 1971
Marais 1 9 7 4
Ge l dreich et al. 1968
Klock 1971
Evans et a l . 1 9 6 8
Frost and Streete r 1924
Hoskins e t a l. 1 927
Mitchel l a nd Chamberlain 1 9 7 8



Table 37

Fr e s hwat er die- o f f r a tes o f coliform bacter ia measur ed i n s i t u (l/da )
f rom M1t c e an Chambe r a n 97

SITE

Ohio Rive r
Ohio River
Uppe r Illinois Ri ve r
Uppe r I l l i nois Ri ve r
Upper I l l i nois River
Upper Il l inois Rive r
Lower Illino i s Rive r
Lowe r Illino i s Rive r
Lower I l l inois Ri ve r
Lower Illinoi s Rive r
Sha l low t urbulent

s t r eam

Mis souri Ri ver
Tennes see River

(Knoxvi lle)
Tennessee Ri ver

(Cha t t anooga)
Sacr ame nt o River , Cal i f.
Cumberland Ri ve r , Md.
Groundwate r s t ream
Leaf Ri ve r , Miss.
Wast ewater l agoon
Matura t ion pond s
Maturation pond s
Oxi da t i on ponds

TEMP/SEASON

Sununer 20°C
Winter 5°C
J une-Se pt .
OCt . - May
Dec. Ma r .
Apr. - Nov .
June-Sept.
Oct .-M ay
Dec . - Mar.
Apr. -Nov.

Summe r

Winte r

Summe r

Summer
Sununer
Sununer
10°C
NA
7.9-25 . 5°C
NA
19· C
20° C
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RATE

1. 175
1. 08
2 .04
2.52
0 . 576
1. 032
2 . 04
0.888
0 .624
0 . 696

15.12

0.4 e
1. 03

1. 32
1. 75 2
5 .52
0.504
0 .408
0 .199- . 696
1.99
1.68
2 . 59

REFERENCE
Fros t and St r eete r 1924
Fro s t and St reete r 1924
Hos ki ns e t a1 . 1927
Hoskins et al . 1927
Hoskins et a l . 1927
Hoskins et al. 19 27
Hoskins e t a 1 . 1927
Hoski ns e t a l. 1927
Hoski ns et a l . 1927
Hos ki ns et aI, 192 7

Kit t rell and
Koschtitzky 1947

Kitt re l l and Furfari 1963

Ki ttrell and Furfari 1963

Kittr ell and Furfari 1963
Kittre l l and Furfari 1963
Kittrell a nd Furfari 1963
Wuhrmann 1972
Mahl och 1974
Klock 1971
Marais 197 4
Marais 19 74
Marai s 19 74



TSEDDK

12 7 . TSEDDK is the o rgani c sediment deco mposit i on

rate (l /day) . Whi l e sed iment con s i s ts pr i marily of set t l e d

orga n ic detritus, t he decompos i t i o n r a t e s hould r efle ct t h e

changing nature o f the det r i t us as i t r eaches t he s e d i me n t ;

i. e., it become s more refractory since the labile portion

of the o r ga n ic de t r i t u s decomposes a s it s ettles throug h

the water column. In a dd i t i o n , sinc e t he initial val ue f or

s e d i ment is i n g/m2 , the thickness o f the s ediment l aye r,

a long wi th TSEDDK, wi l l af fec t the amount of predicted de­

c o mposit i o n . Thus, i f h igh initial val ues a re use d f or

sedime nt, TSEDDK may have t o be l owe r e d sinc e on ly t he t op

few centimete r s of s e d iment a r e us ually involved i n aerobic

d ecomposition. Harg rave (19 69) found t he fol l owing r ela­

tionship betwe en the rate o f o xyge n coms ump t i o n by sed i me n t s

(rnl 0 2/m2/h r ) an d the temperature (T , °C ):

In (02 c ons umptio n rate) = 1.74*ln (T)-1 . 30 (23 )

At 6° C t his would be 214.3 mg 02/ m
2

/ day, a s s umi ng a constan t

rate f o r t h e day a nd the conversion f o rmula found in the

CE-QUAL-Rl User 's Man ual (Environmental La borato r y 1982 ,

p . 188 ). At 25· C t he r ate would be 2567 mg/m2/ da y . The

a mount of s ediment (i n mg/m2 ) t ime s t he va l ue f or TSEDDK

times 1.4 (i. e ., the stoich i ometric equ i valen t o f o xygen

uptake t o sediment de cay ) s hou ld b e ne a r the 6- 25 °e

range.

DOMT1, DOMT2

128. DOMT 1 , t h e c r i t i c al low t empe r ature for DOM

decay , is usually 0 aC .

129 . DOMT2 i s t h e optimum tempe r atur e f or DOM dec ay

( Oe ) . Tempe rat u r e coeffic i ents for DOM decay a r e give n i n

Table 38.
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Table 38

Tempe rat ur e coeffic ients f or DOM decay ( Oe)

SUBSTRATE DOMTI DOHT2 REFERENCE

Glucose 5 .0 35 .5 Toeri e n and Cavari 1982
Glucose: Lake

George, N.Y . 0 25 Tison et al. 1 98 0
Glucose 0 2 0 - 30 Batt 1 9 7 5
Gl ucose: Lak e

Wingra, Wis . 0 25 - 30 Boylen and Br ock 197 3

NH3Tl , NH3T2

1 30 . Researchers have general ly f ound temperature t o

a ffect n i t r ification r ate s, e spe c ial ly in the r ang e o f 1 0

t o 35 °e.
a . NH3Tl i s the l ower temperature boundary a t

wh i c h ammoni um nitrif i c ation con tinues . I t
is general ly 0 °e .

£ . NH3T2 is the o p t i mum temperatu r e f o r oxid a ­
tion o f NH3-N . Th e optimum t empe r atu r e for
nitrif ication i s generally accepted t o be
between 2 5 an d 30 °e .

Tempe rature factors for ammonia o x i da t ion a re given in

Table 39 .

Table 3 9

Temperature c oeffi c ients fo r ammonia o x i da t ion ( Oe)

SPEC IES OR SITE NH3Tl NH3T2 REFERENCE

Nitrosorno nas 5 30 Knowles et a l . 1 9 6 5
Wastewater tre atment

p l an t 5 25 Wild et al. 1 971
Ann Arbor , Mi chig an 2 2 0 Borchardt 19 6 6
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N02T1, N02T2

1 31 . N02Tl is the lower temperature boundary at which

nitrate nitrification occurs (OC) .

132 . N02 T2 is the lowes t t e mpera t u r e (OC) at whi ch

the oxidation of nitrite to nitrate occurs near t he ma x i mum

rate.

TSSETL

133. TSS ETL is t he suspended so l ids settling ve locity

(m/day). The settling rate is d ependent on t he type of

particle , grain size, density, temperature, viscosity, and

turbulence. Mos t of the l a r ge r par t icles enter i ng a

r e s e r voir settle v ery quickly a nd should no t be included

in the inflow. Lane (1 9 38 ) gives f i gures o f 0. 86 to 860. 0

m/day fo r particle diameters of 0 .002 t o 0. 1 rom . Part ic les

found in t he main body of a reservoir are u s u a l l y at the

l owe r end of t h i s scale .

Q1OCOL

1 34 . CE-QUAL-Rl uses a QlO formulation to modify t h e

coliform d ie-off r a t e as a funct ion of tempe rature. Al l

oth e r rates are modified by temperature through the RHULT

func tion i n CE-QUAL-Rl . The QIO coeff icien t is usually

1 . 04 .
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PART I I I : RECOMMENDATIONS

1 35 . Thi s r e p or t p rov i des i n f o r ma t i o n abou t , and

va lue s fo r , many o f the coe f f i c i e n ts needed f or use o f the

ve rsion o f the model CE- QUAL-Rl de scribed i n the User 's

Manua l (En v i r o nme n t a l La bo r atory 19 8 2).

1 36 . Re s ea r ch on processes de s cribe d i n th~s r eport

is l i k e l y t o prov ide more in f o r matio n needed to re fine

t he equati ons u sed in t he mode l . Future versions o f t he

mod e l may there f o re requi r e additional coef f ic1ents .

137 . Th i s r e po rt may be upd a ted t o p r ovide

i n f o r ma t i o n about , a nd value s for , any a dditiona l

c oeffic1ents needed fo r use o f future versions o f t he

mod e l.

138 . App l ication , cal i b rat ion , a nd verification o f

the mode l t o a vari e ty o f s i t es i s l 1ke ly t o i de ntify

c o e f fi c i ent value s t hat a re be s t s ui t e d to the mode l .

These values may be included ~n update s to th is r e p o r t.
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