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s - The benthos of the Ottcmo Rtver oS sampled near Oftowa-
: L
Hull, Cancda, throughout 19?3 as purt of the Ottowa River Project

: Ntneteen stattons encOmpasstng‘o vartety of‘envtronmentol types,

- v ' b
’ . . .

were chosen in the s tudy area. [f"ff ' |- K

]

Six species of sphaeriid clams (Ptstdtum casertanum,

P. punctctum, P, ferrugtge%m, P,supinum, P, nittdum;-P 1111 jeborgi)

-gcnd one amphipod crustacean (Gommcrus fasctotus) were chosen for

detailed analysis of population dynamics, standtng crop, productton,

ond turnover ratio. For iwo spectes; P.cosertanum ond G, fasciaius, -

-

]

relations between productton ond envtronmental parameters were

determtned g SR ’ - . Lo
Productton of P, casertanum wcs affecied by current velocity
- Lol : Ce
and sediment grotn stze whtle thot of G rasciatus could be related .

\;;Ey to the presence of aquottc plonts. Productton of both specmes
was reduced tn thot.orec polluted by the Ccnodton Internattonul
Paper Company mill in Gattnecu, Quebec. , |

~ The turnover ratio (the ratto ofmannual productton to mean ‘ %3’
annucl standtng crop btomass) was “tfound to be G constant for o
specles, even under the dtffertng environmental condtttoA§ found

/j ': Spectes dtuerstty of sphoerttds was colculated for each statton

and was found to be closely related[to sedtment organtc motter content,
Data are reported on dru wemght ash-free 4ary wetght and.

mercury ond pesticide content for vcrtous groups of benthtc
. il . ,
organtsms.. , ‘ | - ‘

-
.
@
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RESUME A
. ) A v \ ' /
' 4 - f
Le benthos de la rivtere des Outaouats fut échanttllonne :
.prés de Ottawa-Hull, Canada, tout au long de 1 année 19?3 dans
;e cadre du "Ottawa_Rtuer Project", Dix-neuf statmons, représentant o

.’

différents types d'environnements furent choisies dons lo zone %

tudiée." .
Six especes de moules sphaerttdees (g%ftdtum coser tanum, ’ !
Tty R
“P, punc ta tum, P, ferruqineum, P.supinum, P nitidum, P, ltlligborg_) *,

et un crustace amphtpode (Gammarus fasciutus) furent por Lcultere-

ment etudtees par rapport c la dynamtque des populations, au
nstanding crop", ¢ lo production, et au "turnover ratio", Les
relations entre lo production et les focteurs environmnents furent

déterminées pour les deux espéces, P.casertonum et G/fasciatus.

Lo production de P,cosertanum fut affectée par [la vitesse
du courant et lo grosseur des groins du sédiment, to dis que lo

production de G.fasciotus ne put 8tre.relibe qu'd lo présence

des. plantes aquotidues.'La production'des deux espgces fut troubée.
}‘ réduité dons lo zone polluée por le moulin de lo C mpagnie de .
" Papier Conadienne Internationale situé & Gatineay, Québec,

$ : ' 3
fe. " turhover ratio” (le rapport de la produc ion onnuelle G ‘

e lo biomasse annuelle du'"standing rop") demeura

our chdque especeﬁ et ne fut pas affec & par les

1& moyénne
" constant
différéntes conditions dmbiantes rencontrées, .-
Lo diversité des espéces de spﬁuertideesAI t caiculée a

‘chaque station et fut ‘trouvée étroitement liée o contenu en

- ) b
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S , %i

) mutieres organtques du sedtment .
q. Les donnees sont également reportees pour le poids sec, le .
n‘pqzds sec de Ia matiére organtque,'et le contenu en mercure et .

en pesttctde de dtfférents groupes d'organismes benthtques.
. X4

) | / . -
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1.
INTRODUCTION

The Ottows River Project is o filve-year research task initicted
in September 1972 under the auspices of the National Research
Council of Canacda and the Uﬁtvqrsitu of Ottawoa, Its purpose is
to examine tﬁe distribution aond %runsport of certain trace coniaminonis
in o four-kilometer section of the Ottawo River nesr Ottowa-Hull,
Canada.ﬁy‘ _ . | |

Repqrﬁ Number 2 (1974) of the Ottowa River Project lisis }he 
following ways in which this reséarch effort differs from most
stﬁdtes.of.rtver polluttonﬁ

1, This is a total system studg. We seek to describe how
pdllutuntsAGfe tronsferred betﬁeen and among all the biological
and phystcu{ éompd}tments of the river, as well as geogruphica;- )
distribution and transport.

2. The study is closely linked to a large-scale mathematical
model of a small section of the river which is destgned to repreéent
the overall behavtopr of the system and to ollow such behaviour
to be simuloted or predicted under o variety of environmental
conditions.

3, The study ts,destgned to develop methodoiogy whereby thé
dynomics of transport may be elucidated for pollutants in other
locations, rother than being conéernéd solely with the particular
system under study. | X

The study described in tht; thesis, as part of the overall

Ottawa River Project, was initlcted for the following reasons:

<
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1, -- to gother information on the,penth;s_of the Ottaﬁa
River study orea, including standing c%&S,nﬁroduqttoﬁ, and mercury’
and pesticide content, These datc will be used in the mathemutiqai
model depaloped by the Ottowa River Project. |

2, -- to investigaote the produftivtty of two specific groups
of benthos, sphoeriids ond amphipods,

3. -- to investigote the turnover ratio theory bb-calculating
turnover ratios for various speétes in dif}erent habitats,

. 4, --to determine the effecis of envtronmeﬁtal conditions
on production, ' ‘

-5, == to test and thprovc research methods and meértols;
parttcularly those used in benthos work,

The bénthos of the Otiowa River near Ottawa-Hull was extensively
studled by  Mockle (1971) during the period 1967 - 1969, He'
described specles composttton, horizontal, depth, and seasonal
distribution pottérns, standing crop biomass and numﬁers, ond
lulso phystcalzond chemical water parometers. In o secbh¢ study
he investtgatéd the biology ond productiviiy of one séectftc
"orgonism, Musculium securis (Pelecypogda: Sphaeriidae) (Mackie 1973).

Secondary production, as defined by the Intcrnational_BtolZétcbl
Programme (Edmondson ond Winberg :19?1), is the net production
.of consumers above respirotion and excrettoﬁ.'lt is this amount
of motter which tétaﬁhila;?e to be passed on t?‘ofher organisms,
either pra%?tprs such os fish, or decomposers. The theory of
production fas discussed by Clarke (1946) and Ivlev (1966) aond
the mathematdcal formulation provided by Clorke et al.(1946),

f



3.

The estimation of benthi; ﬁfoducttvttu is o necessity in any .
total-sys tem study, as_demonstfated by the works of Juday (1940),
Lindemaﬁ9(1941, 19#2), odum (195?), Teal (195?), Tilly (1968),
and Berrte (19?2) Because benthic’ invertebrates<are used os food
by ftsh, an investigation into benthtc producttvttu is also o
requirement for fish production studies (Surber 1936 Ricker 1946,

Allen 1951 Gerking 1962). Finally, benthic producttvity is an
important charactertsttc of that community, Recent studtes of thzs
noture have been done by Crisp (1962), Negus (1966), Yaters (1966),
Kimerle and Anderson (1971), Sameoto (1971), and Burké and Mann
‘(19%4)2 No estimates of praductyon are available.ror the species
iﬂuestigated in the praseﬁt study,'&lthough work has been done on
sphaeriids in general (Johnson and Brtnkhurst 1971b ) and on other
species of amphipods (Green 1971, Mathias 1971, Nilsson 1974),

It hos been suggested that the ratio of annuol production to
mean onnual standing crop piomass (tnq turnover ratio) is a constant .
for each speciés, éven under vdrying environmentol conditions
(aters 1969,»Winb?rg 1970). Iflthts ts-so, then the proce;s of
estimating onnual production would be greatly simplified, Allen
(19?1) examined in detoil the nature of this ratto and expressed
it mothematically for several models of mortalwy -and growth, . ‘

Mercury and pesticides were choggn for study because of their
effects on the environment. Mercﬁry has been known for some time to
be a toxic material and has coused birth defects and deaths in
humans, It is token up-and concentrated by benthic organisms QHaﬁnerz

- 1968, Huckabee_gj_g}.19?2, Hamilton 1973) and con be pessed up
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4
through the food chctn causing b1010gtca1 mcgnifzcctton (Yoshide
. et al, 1967, Jernelov and LanJ 1971), It was used in the past as
o sltmictde in paper mtlls,but this use hcsfbeen dtscontinued
(thrette 1970). Nuortevc (1969) discussed the problem of mercury

-

in food chotns

Contaminants chosen for the present study were DDI, ang PCB

.

DDT can be taken up and accumulated by benthic organ sms (Johnson

et ol 1971, Veojokorpi and Salonen 1973) and passed thr gh the

food chain (Macek ond Korn 19?0) The action'of FCB and the frects .

of both of these substances on orgcnisms are not yet well understood,
. : £§

Description of Study Area

The Ottawo River is oﬁe of the largest rivers in Cenada,
extending 1113 km-from Loke Timiskaming to the St.derence River
and draining some 128,000 square km, It flows through'sedzmentary
deposzts of Itmestone, sandstene, ond shale, all of which are.
superzmposed on ancient Precambrtan rock,

The study area is located on the. Ottowo RLUGT downstream
from Ottawa—Hull, as shown in Figure ; This four-km section was T
chosen for the Ottawa River Project ﬁecause of the diversity of
nabitat it presents (Fig.2). It contdins mainlond shores and 'isla.nd) ‘
shores, deep channels and shallow chcnnels, open river ond .protected ‘
bays, po}lufed woter and relativelyfc]edn water.-The main indusiry
‘tn the immediote vicinity is the lCdnactannIrrterﬁctional Paper

f

Company mill in Gattneau, Quebec,,whtch is located within the

s tudy area. Logs are moved to thts mill by floattng them down the
S

>%._

river.
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Figure 1, The bttawa River through Ottquwa-Hull showing location

.,

of the study area.



¥

—
tat
- £
Lad
-
(= 4

' ’,"I.
\

Jeuoj}euULI} ‘UE)

YINILYD




[

Figure 2., The Ottawa River study aorea showﬁng depth contours.

r . (depth in metres).
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"Table Ai‘ﬁtves some'phystcoéﬁemidhl characters of the Ottawa
. ' .
River -in the study orea os determined by Mackie in 1968_and'1969
oo Cy ‘
(Mackie 1971, Machie and Qodri 1971b).Additional data were collected

during the present study but few differeﬁces were noted either

with Mackie's 1971 results or aomong stations, One areo where conditions

were different was on the Quebec shore below the paper mill where

" there wos ﬁtgher BOD, hardness, phenols, sulfate, .and turbidity-

and lower condyctivity than in other areas (Mackte 19?1, Mackte '

_ond Qadri 1973) None of the physicochemical values listed tn

Table A! exceeds the pollution criteriac recommended for fish and .
wzldlife by the Ontarto vater Resources Commission (19?0)

Other characteristics of each statzon are given in Table 1.
The main flow of water in the study areo is through the deep channel
6n tpe south si%e of Kettle Island and the worth side of Upper
Duck Island, It can be seen from Table 1 that in these channels
the bottom sediments are coarse sand with no detritus, Lower current
flows in the shallower channels and along the shores .permit the
settling out of finer sediments and detritus. Kettle Island Bay
is arbackwatqr in which the substrate is silt overlain by very

fine detritus paorticles., The river bottom below the‘pqper mill

is covered with wood chips aﬁd wood fFiber., Particle size of sediments

is expressed on o Phi scale which is explained in Table A2, .

* see Appendix, page 82

«
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. 9
METHODS AND MA_TERIALS
"Fteld and Laboratory .; R

- Three transects of+ the study aree were chosen for the Ottawa .
RLUBT Project ~e— one ot each end and one in the middle. thure 3
shows the locations of these ttansects and the stations along them.‘.
In sddition to the ‘eighteen stations on the trdnsecfs, one was 114-:
'chosen.in Kettle IsIand Bay. This distridbution of stdttdqg, using
a stratified random éamp;}ng mqthod, covers a wide range of
contrasttﬁg types of habitcf(

‘ Tﬁe sampling equipment to be u§e& hod to'meet the following
requirements: easy to opercte, useable from o small boat, efficient,
reliable; end operable ot o variety of depths, éediﬁent types;' - '
and.teﬁperatﬁres. Several studiqs have been done recently comparing
the effigienqieé of bottom Sampliég devices (Flannagan-gj al.1969, .

_ Flannagan 1970, Hudsoﬁ 1970, Howmtller 1971 Paterson and Fernando

"~ 1571a, Kilbrink ond Wiederholm 19?3) and evaluattng new instruments

. (Menzies ond Rowe 1968, Mattland_1969, Homilton et gi.1970, Kilbrink
1971, Burton and Flannagan 1973). The consensus of opinion apﬁears .
to be that efficiéncies of particularﬁdevtces depend.on the sedtmentﬁﬁ
type. Cofers,'although regucing the amount of mqterial‘coliected o
.qnd the amoun£ of time requiggd Jor sorttng; are:not_well sulted
for deep, foast-flowing waterélas found in the Ottawa River mid-
chonnels. The Ponar, Shipek, and Petersen grabs are heavy and
awkword, if not imbossiﬁie to use from a small boat. To meet the
requiremenfé{kt%fed above, o 15 x 15 cm standord Ekman grob with

o .screen on top.was chosen,

.\‘
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Figure j.. The Ottowa River study area|.showing the locations of

& transects and sampling statfohé.
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Because of variation in spattal d“strtbutton of benthic,
invertebrates, the sample sf‘e must be large enough to reduce
sampling error'to'an acceptable level. Paterson ond Fernando
(1971b) «found thdf four Ekman grabs were usually required fo
obtain o population estimate of the total fauna within $30% of
.the mean obtazned with a larger number ‘of samples. Wtederholm

“ﬁ?972) showed thot.to achteve o precision of 10% stonderd error
~\bﬁen dealing wttﬁ tptal'fuuna, a minimum of three Ekman grab
" samples must fe ‘taken per station, 4 greater number of samples
increases the accuracy‘but at tii;;fme time increases the sorting

time, it ﬁasrdecided that for the present study three grabs would

AR

be taken and combined at eaeh.station. <

The grab was emptied directly into a 30cm x JOcm sieve of

LT

the design described by kackie and Qodri (1971a)., Jonasson (1955,

-
e

1958) geve an.cralysis of the effects of using diffenrent sieve

P

mesh sizes. He compared mesh sizes of 0.20, 0.26, 0,51, cnd 0,62

]
S

mm and found that the smaller sizes increase the take but also
tncrease the sorttngltime..According to him, the most cpmmonly
used mesh guage is 0.6 mm, For the present study o mesh size of
0.37 mm was chosen, ‘ |

The samples were returned to the leboratory in 16-ounce’

_Jjars and kept in o cold room at-5°C until sorted (for periods
of up to two weehs). The material was hand-sorted in o clear,
continuous=-flow tray (Fig.#) on o 1ight table as desc#ieed
by Hamill (in preparation). The sediment is pleced at the
inflow end of the tray. With a'sweeptﬁg motion of the hond

. pa .
using forceps, the material is spread out over the tray,



Iz

i

Figure 4. Diagram of the éleaf; continuous~flow sorting tray

designed by the author,

1



1.5 cm hose connector

0.5cm plexiglass -

1.5 cm rubber hose
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ﬁaktng individual particles readily visible. After removal of the
organisms, the mptertal ts swept on d%wn thg tray with aﬁother'- (
sweeping moftoﬁ,and the‘water flow carries it out the outlet hole.
The flow of water can be adjusted to maintain the.proper omount

of. water in the tray ond the desﬂrad outflow rate, This .invention
'greatly increased the efficiency of sorétng and decreased sﬁ;ttng
time by ot least 50%. It works bes? with sand, but was used success-
fully with silt, clay, ond even woo? chgﬁs, if the larger chips
-aTe pulled to one side of the tray. .

Various methods have been devised for sorttng Rottom faunc
samples. flotation has been described by Andersson (1959), Hhtte— v
house ond Lewis (1966), and Flannagan (1973); Mason and Yevich (1967),
Hamilton (1969a), ond ¥illiems ond ¥illiams (1974) used staining
techniques; Luuff.éj.gg.(1968) and Worswick and Barbour (1974) preferred
elutriation, o process of suspeﬁdtng the organisms with bubbled oir
'and separafion throuéh dirferential settltng rates ond sieving.” All
of these me thods reduce the amount of time. required for sorting but
are selective for parttcular groups, Flotation and staining involve
the cddition of o chemical subst%Pce to the organtsms rHowmilder (1972)
showed thot orgonisms kept in preservative tend to lose weight,

Because tn&.tvtdual dry welghts were required in the pJ_'esen? study, no . ‘
preservottves‘wgre used.dIf was thought that the addition of che@tcals

for flotation or sthining mtght'also affect the weights of organisms

aond consequently the hand-sorting method was chosen.

Organisms ere separated into major toxonomic groups wtth the

.
aid of Pennak A1953). rhey were counted, weighed wet, dried for ot
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Ieast twelve hours ot 80 C and weighed dry. Sdmples of various
groups were ashed ot 600 C for two hours in o muffle furnace and
ash-free dry weights were_detqr@tned. The remainder of the speci-
mens were stored dry in vials for future use. Equipment used in the
above procédures included o Mettler HicTo_Gram—atic balance with
six dectmul place accuracy, '@ Thelco Model 27 drying oven, and
% Temco Type 1500 muffle furnace.

Organisms chosen for Lntenstve study in this p}oject were
thaerttd clams and amphipod crustaceans These antmals are easy
to work with in a* drted condition, abundant in the study arec,
and important food for fish, porticularly. brown bullﬁead .

3
. A S
(Ictalurus nebulosus), yellow perch (Perca flavescens), ond

pumpkinseed sunfish (Lepomis gibbosus), in this section of the

Ottawa River (J.M. Gunn, pers. comm.,19?4) The sphaeriids were
'tdentified by Dr. G.L.Mackie while the author zdenttfted the
amphipods following Bousfield (1958) and Holsinger (1972).
Six speciles of sphaeriids and one of amphtpods were present
in sufficient numbers to be studied, Indtvidual measurements of
length and weight of all specimens of these spectes were made

usmng g Wild ¥5 dissecttng microscope with on eyepiece micrometer

ond the balance described above. Total Ienoth of spheeriids was
measured but for amphtpods, because of curling of the body, head
lenth was used. This practice of tuhing head lgngth of amphipods
as an indication of total size was also used by m@thias (1971).

"In order to determine whut proportion of the totul weight l ;

-
I te

of an individucl con be attrmbuted to its shell, o sample of

A
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sphaeriids taken once during the year was shelled, To determine
whether dried spectmens changed in weight while in storage a test
was TUn oOn O rapdom‘sample of éphaeritds stored for-various lengths
of time. After periods in st9rage of up to-oﬁe year, aphderiids
goined .1% of their weight (N=k1, correlation 1,00). This variation
fwas‘constdered to be negltgible'dnd_was subsequently ignored;

Samples must be taken at sufffZiently frequent intervals
that reproductive peaks of different orgonisms arve not missed,
but not' so often that the moterial collected cannot be sorted
in time 4for the next sompling. -In consmderatton of the large
number of s;attons sampled (19), the method of sortitg chosen
(by hand), ond the nature of tﬁe organisms of greotest importance
to this study (non—emergtng sphoeriids and omphipods), 1t was
dectded that samples would be taken monthly throughout the year
1973, Due to problems associated with winter sampltng (uncertain
ice conditions, cold temperatures, large amo nts of time requmred
at each station and in travell?ng between stations), o reduced
complement of stations was visited during the period January to

April. After August, several stations at which sphae?iids and

g
amphipods occurred in very low numbers were 4TO

L

sampling progrom. No somples could be & ke . in Deckmber because
of poor ice conditions end equipment breaﬁfdwn. Takle A3 indicotes
'the date, location, aond number of each sample. A to 1 of 147
somples were token in 1973. ' |

During the summeT samples were token from o I6—foot‘odtboard

motorboat while in the winter, holes were cut through the ice.

»
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A choin saw wosS initiclly used to cut these holes, however, G
motorized ice aquger eventuallu proved to be more practical ond
efficient, Four holes were drtlled with the cuger ond the remaining
‘ice brbken out with an ice chisel. This creéoted o hole large enough

to allow the sieve to be immersed in the wateT.

Calculations gnd Statistics 7//”\thh_f

_ As o test of sampling error, several duplicate somples were
fakén et vorious times duriﬁg the yea;. These doto were used to
amine the relationship between humber of Ekman grabs per sample
and per cent stondard error (Fig. 5) From this diagram, each
sample of sphaeriids, mode up of three Ehman grabs, has o standard
error of 27%. Using this volue as a starting point, and with the
atid of Ellzo%t (1971), the error was corried through the method(AIj,A16),
and errors were calculated for other estimotes (Table A%). Similorly,
errors were calculated foT umphtpod estimotes. Because of the |
grouping together of several species, the errTor for estimates
of ®other sphoeriids” is low._Howéver, because dmphypods seem tO
ocour in clumps, the error for these onimals is quite high,
The vorious methods for the calculatioﬁ'of benthic productivity
have been summarmzed by Edmondson ond Winberg (1971) and liinberg
(1971). There ove two approaches fo this subject. The physiological ‘
approach involves measuring rates of metaboliq processes within T
organisms. This method was used by Juday (19%0), Lindeman (1941},
odum (1957), Konstantinov ond Nechvelenko (1968), and Johnson ond
Brinkhurst (1971b). The second approach involves population dynemics

and concerns such properties as rates of reproduction and death,

"
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1?‘

Figure 5. Relationship between number of Ekmgn grabs per sampie
(n) and per cent standord error (%SE) of that sample

for sphaeriids and omphipods (fitted 8y eye). .

stendard deviation (s) = 2.35 (sphaeriids), 2.67 (ampﬁipods),‘

. Standard error of the mean for semple of size "ﬁ": S

yn

P _ s ' 100
i standard error = {—'?1 x’ best estimate 0]‘ mean »

best estimate of mean StheTLLdS .5.08,. amphtpods 1. ?5

./
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and‘the structure.of populations in terms of age and size,
For studies using the second dpproach, several spéc}fic me thods
are availabie: Neess-ond Dugdale (1959) described o method bu.rsed ‘
“ on the relotiqnshtp'between mean lerval weight ond size -of théll-
larval popul&fﬁon, which is essentially the same as the Allen
cuTve uséd_by Alle?/71951J in his study of the Horokiwi Stream;

Waters (19620) suggested a method involving stream drift measurements;
Hynés and Coleman (1968) pfoposed a method, which was subsequently -
modified by Fager (1969) and Hamilton (I§S9b)# based on summing the

losses between successive size classes; Speir ond Anderson (1974) )
" used emergence dato for estimagting production of aqﬁatic insects,
'Some of these methods have been compared by igters and Crawford (1973).
For the present study, the'ﬁethod of Hyﬁes and Coleman (1968)
as modified by Homilton (1969b) was chosen (Table A15), This method was
further modified for this siudy in thot eacp dried specimen was
& medf red and weighed individually ond o mean dry weight for each
Size class colculated, rather than o mean dry weight calculoted

from a Enown length and estimated density of organism. The Hynes-

Coleman-Hamil ton method was used by Green (1971) to calculate

broduction of the amphipod Pontoporeia affinis.
Analyses of total numbefs ond size class sessonal abundande,
and length-weight relationships, and calculations of mean annual
- standing crop, annual production, ond turnover ratio were made
for six species of sphaeriids and one species of amphipod, Two

species, Pisidium casertonum and Gammarus fasciotus, were sﬁfficiently

abundant that these calculations could be made ot several individucl



. calculatmon was mode for the total areg

) Ny . ..
- 19 \ b’ -
: ", T - _

statzons. A correlotion of mean annucl stagévng cTop bzomass . f' N

r -

.and annucl production was made to determine i \fhe turnover ratio

Dota and informotion on phystcal end chemicol Qé{?r conditions,
bottom type, mean sediment grain size, organiq matter éontent ofv
substrate, water depth, and current strength were col;eéted at
each station. ithere possible, valudS: for annual production were
related 10 enviroﬁﬁental anditions torexplatn differences in
produc%ion. | - ' |
épecies diversity of sphoeriids wos calculated ot all nineteen

stgtions using the following formulae:

| | __ Mo ni ni

Shannon-/iener | . D = §:( ¥ 19g2 ¥

Simpson - D=1-"8( %l )
m -

7ilhm=Dorris (1966) D =% ( ni log :%l )

wvhere m = number of species, i

N = total number of individuals,
ni = number 03’ Lndwwduals per species, : ‘

The value FoT each sﬁatton was calculated by averaging, monthly

species diversities at that station, ' .
The results of these three methods were compared Speczes

diversity was correlated to various environmental paremeters to

de termine if there were any relationghips,

Tables I&Delleq "A"-can be found in the Appendix, page 82,
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RESULTS AND DISCUSSION

Total Benthos

-

Standing Crop L

Mean onnual stonding ¢rop 6r total benthos for 1973 in the
B .

study area is given in Table 2. Very large values are coused by

the inclusion of shell weights of large clams (Elliptio complaonotus

ond Lampsilis radtata) and large snoils (Campeloma dectsum)

Because of this effect, these large molluscs were separated from
the remain&er of the benthos. Their skanding crop also @ppedrs
in Table 2. o |
Benthic orgﬁntsmé are obundant throughout thé study areﬁ
except in the deep channeis (Transect 1 mid-south, 2 mtd—south,
3 mid-north) vhere there is high current velocity, coarse sond -
sediment, and no vegetatton. Reduced numbers are also apparent
in polluted areas (Tronsect 2 Quebec shore, 3 mid-south), The
large molluscs occur only in certoin areds and reach relattvely
~high densities where conditions are favourable (Transect ! Is,
south, Is, north, mid-north),
_ .}ollufion. .
Figure 6 shows the effe¢ts of the Caﬁaéi@qignternattonal
lPup r Company mill on the benthos of the Ottﬁwa-R?ve}. Above fhe
mill ‘there is a relattvely'iarge diversity of benthic groups,
'wtth no'groﬁp dominating in mean annual stﬁndtng crop biomass.

However, below the mtll the sttuation is drastically changed

Diverstty is greatly reduced with only o few groups, in particular

\_- S
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N X 1 y :
Pable 2. Standing crop of total bepthos, laorge molluscs“(Elliptio

complanatus, Lampsilis rddiata, and Compelomo decisum),
and spheeriids in the s;ﬁdy area in 1973,

1

I

Station Total benthos /Lorge molluscs Sphaeriids (SE=10%)

nd/mz g/mztota no/m2 'g/mztotal no/m2 g/mztotal
dry w dry wt cdry wi

Transect 1

Ont.shore 1437 0.5¢2 0 o 235  0.113
Mid-south 82 0.019 0. 0 0 0
Is.,south . = 1944 163,664 53 162,669 5% 0.040
Is,.north . 4285 112,003 28 111.029 681 0.179
Mid-north - 777 3k1.77% 37 341,463 - 155 0.103 '
Que.shore | 1640 36.897 .9 36.036 104  -0,068
Transect'é
o : - .
Ont.shore 2229 20,452 9 19,570 266 0.147
" Mid-south 50 0.p09 0 0 -0 0 %
Is,south 23k0 86.p81 9 85.203 . 400 0.2%
Is.north 964 15.p81 4 14,594 270 0,222
‘Hid-north - 1643 5,160 2 %, 566 331 - 0.135 |
Que.shore 535 0.941 0 0 2 0.005 v
Kettle Is.Boy 728  0.292 O o 38 0.026
.Transect 3
Ont.shore 892 47,767 & 6672 155 0.092
Mid-south 304 274,645 11 274,483 2 0.027
Is.south 2590 49.809 9 48,488 263  0.21%
Is.northy. 6872 5.073 . 5 3.425 365 0,290
 Mid-north . _ 9 0.003 © 0 o 0
“Que.shore 1357 .0.547 O 0 4 0.002
AN | A |

N

1 t;;bl benthos includes Lllibeﬁthic organisms collected
\‘?""
P
|

.
1
‘.
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Figure 6. Mean annual standing crops of the benthic groups at
the three Quebec shore stations above and below the

Canadian Internationagl Paper.Gompany mill in 1973,
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oltgochoete worms, being able to tolerate the severe conditions,
Clean water organtsms such as ephemeropterans (mayfly lervae),
plecopterans (stoﬁefly lar¥vae), trichopterans (caddisfly larvae),
* gnd snails are absept. his pattern of change from above fto oelow
the mill is a good indicgtion of bollufjon (Howmtller and Beeton
1971, Goodnight 1973,.Wiederholm 1973). \ ) |
The pollution is probably due to o combination of effluents
and the blanketing of -the river bottom with wood fibre, covering

food and habitat and cousing an increase in oxygen demon&. Visible

indicaetions of pollution are: turbid woter due to suspended fibres,

lumps of floating material, sltcksfon the river surface, aond o -
substrate composed entirely of wood fibre which gives off buboles
of gae when disturbed with the Ekmon grab, '
At other locations in the study area, particulorly Transect 3
mid—sFuth channel, the bottom is covered with wood chips aond bofk;
presumably having been carried down from upsfreom where logs are
floated in booms to the mill.
| The effects of these different pollutants ore all bosicolly

the some: reduction in the stonding crop of benthic organisms.

Sphaeriidae
The Fomtly Sphoeritdoe of the Order, Pelecypodo is represented
in North Amertca by 38 spectes belonging to # genera: Pisidium,

Musculium, Sphuerium, and Eupera, According to Burch (1972),

this is one of the truly cosmopolitan families of freshwater

molluscs: ot least one of its many species can be found in almost

N
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any body of fresh water, Under natural conditions their food ».
consists of detritus, -bacteria, algaé, and probably'protozoans;
(Monakov 1972), This material is filtered from wafer drawn thrqhgh
thé mantle cavity., Members of the.famtly are uniformly monoecious
and ovoﬁtviparous. Self-fertilization has been reported for one;
species (Thomas 1959). Heﬁrd (1965:381) describes reprodﬁction‘
among sphaeriids as folloéws: "Their fertilized eggs are retained
and incubated within the body o} the pﬁrent, and the subsequent
deveiopment of the embryos ..... tokes place in the marsupic or
brood sacs formed by the inner (antérior) gills. Although these
.tiny btvalves_are wtthouthéxternal sexual chardctertstics and lack
copulotory organs, the brdoq chambers in the gills ..... may 5e
considered to function as accessory sexual organs.”

Mackte (1971) collected twenty species of sphaeriids belonging

to three ge erg (Ptstdium, Musculium, and Sghaertum) in the COttawa

River, I the presentfstudy,.on a more -resiricted area, nine species

of t?e genera Pisidium and Musculium wer5 taken,
Standing Crop

ﬁean annual sfanding crop.values for sphaeriids at the various
stattons in the studg\?rea in 1973 .are given in Table 2, These
'organisms reach their htghest density in unpolluted shore areas
- with o maximum of 0.290 g/m total dry weight (365 indivtducls/m )
on Transect 3 at the north island shore station, For the three |

fstattons ot which Mackie (1971) also sampled, the values reported

here are similar to his.

1
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Sphaeriids wese Tarely found in the deeper channels, in
Kettle Island Bay, nor at the.pollufed Quebec shore stations,

Reasons for this will be discussed in the following section.

Pisidium casertanum (Polt)

Ptstdtﬁm casertagnum hﬁs succeeded in adapting tfself to o
wide variety oy hdbituts aqd ts by far the most common species of
Pisidium (Herrington 1962). Clarke (1973) gives o range map showing
this spheeriid distributed over almost the whole of Canada, Being
‘o member of the subgenus Rivulina, it lives only one year and

reproduces Jjust once (Heard 1965)., . a

Standing Crop
This species was found to be the most common sphaeriid in the
;/study area: over 1000 specimens were collected; weighed, and measured.

Mean annual standing crop values at the various stations in 1973

_ ; .
are given in-Table 3., P.casertanum is most abundant at the island

shore north station of Transect 2 (O.21?'g/m2total dry weight,

234 tndtvtduals/mz). It is common throughout'the study area exgept

in the deeper channels, along the polluted Quepec shores, and in ‘
Kettle Island Bay. | o -

Population Dynamics
Seasonal abundonce over the study arec is shown in Fig.7.
‘The largest monthly collection was made in March. Low velues Jor

January and Februory may be o function of the few samples taken

LY
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‘Table 3. Stonding crop, production, and turnoJer.ratio of
Pisidium casertanum in the study arec in 1973.

Station Mean annucl standing Production Turnover ratio
crop (SE=10%) (SE=30%) (SE=57%)
no/m? g/mztotal_ a/m? Jyr

dry wt total dry wt

Transect 1

Ont.shore 120 0.055 0.196 3.56

Mid-south 0 0 o* —_——

Is.south 36 0.033 0.086 2.61
Is.north 169 . 0,119 0.386 3.26
Mid-north 90 0.061 0,189 3.09
Que.shore 23 0.043 0.200 4,66

Transect 2

Ont.shore. - 141 0,103 0. 506 4 89 |

Mid-south 0 -0 - 0% ———
Is,south 231 0.196 0,712 3,64
Is.north 234 . 0,217 0.827 3.681
id-north 208 0,108 0.346 3.21
Que.shore 1 _ 0,004 - 0.015* -
Kettle Is.Bay 30 0.024 0.091* ——

Tronsect 3

Ont.shore 82 0,063 0.209 3.31
Mid-south is5 0,010 0.038* -
Is.south 187 0.163 - .0.635 3.90
Is,north 158 0.15% 0. 560 3.63
Yid-north 0 - 0 o* —_—
Que.shore 1 0,002 0.008* —_—
lean 92 0,071 0.263 U

* estimated using the turnover rotio 3.8 (see Fig.12)
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Figure '7. Seasonal cbundance of Pisidium casertanum in the study
area in 1973. Open circles: g/m2 total dry weight
monthly stonding crop; closed circles: no/m2 monthly

standing crop. Range given is ¥ per cent standard error

(10%).
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durtng those months. The populotton declined in numbers and total
"biomass from March unttl July, when newborns appeared The July
collection shows an increase in numbers but a continued decrease
in biomaés from that of June, indicating an introduction of very
small individusls to the population,

S

A more detailed look at growth and recruitment is given by

seasonal size class distribution in Fig.8. The mean size increases

from Morch until June, then in July there is an increase in the

numbeTs of smaller individuals., This also shows that birth of

kS

young occurred in late June or early July, Further evidence of time

of reproduction was noted while measurtng specimens: dried indivtduals

of P,casertanum are translucent, if young are present within the

adult they can be seen through the shell. The first adult bearing

young was noted in the May 31 collection, On June 26 eleven

individuals cerrying young were seen, one was found in the July 25

collection, two on August 23, and one on September 24. Most young,

then, are born in June-July.

Young inside adults wefg heasured at 2 mtdrometer.units (0.8 mm)

which is considerably largér than the sieve mesh size used (0.37 mm).

It is ndt known ot what size the average individuel is born, buf
the 2-~3 unit size class is well represented in the collections,
However, the fact that the 3-4 unit size clasg,waé consistenfly
collected in laiggr numbers than the 2-3 unit class indicates
thot more may be born at thé larger size.

Fig.7 seems to show that either the 1972 yecr class (those

collected from January to June) wes ‘a particularly strong one or

N
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hrs

Figure 8, Seasonal size class distribution of Pisidiuf cosertanum
_ in thelstudy areg in 1973. — )
L

Range given is * per cent standard error (10%),
y = no/mz, x = total length size class in micrometer

units and corresponding metric scale.
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_thot the 1973 year class (those collected after June) was o weak

one. Values for the latter part of 1973 (50~100 individuols/mz)

are more comparoble to those given for P.cdsertanum by Mackie
, (19?1), indicating that the estmatés for the 1973 year class may
be closer to normel, N '

" The typical length-weight reldttonshtp of P.casertonum is

shown in Fig.9. The equation of this relationship is:

log, oV = -1,66 + 0.,30x , N = 916 , correlation (Iogloy and x) 0.96,

where y = total dry weight in milligrams and x = total length

in micrometer ﬁnits (1 unit = 0.4 mm). "

Equations of this relaotionship ot the vorious stations are given
in Table 45. Tﬁese equattons were used to‘calculate mean 4dry

weights of size classes in the production calculotions, The range

.......
....

et
.t
.....
‘‘‘‘
et
v
....
aoert
vt

_Production

Productton volues for P casertanum at each station are sum-

morized in Table 3, Productton ranges from o high of 0.83 g/m /yr
total dry welght at Transect 2 island no;th shore to O g/m /yr
where the species is absent,.

The sphaeriid body is abouf 88% shell dry weight (N'=32){
the dry weight of a whole sphaeriid ?3'#2% of the live weight
(N = 56, correlation 0.99), and the energy content of the soft
parts of .the body is 4321 cal/g dry weight or 4759 cal/g ash-free
dry weight (Cummins end Wuychech 19?1). From these conversion

", . o -."‘:
factors the-production of P.casertanum canrbe expressed as total
27 '

1live weight, dry weight of soft parts, ond calories, as well as

—
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Figure 9. Iength-weight relationship bf Pisidium qasertanum in
the study arec in 1973,
log,y = -1.66 = 0.30x, N=916, correlation (logy oy
ond x) 0.96, y = total dry weight in mg,

x = total length in micrometer units (1 unit = O,4%mm),
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total dry weight (%Eble 46),

Few esttmafes o f- sphaerttd producttvity hove appeared tn the
ltterature. Gillespie (1969) reported average net production of

Pisidium compressum in the Madison River os 2,815 g/m fur soft .

parts dry weight or 11998 gcal/m /yr. This is much higher than ony

values calculuﬁbd here for P,casertanum. Mockie (in Qadri et al,1974)

~calguwlated the production of Musculium securis to be 300 mg/m Jur
in grttannta Bay (Ottowe River) and o maximum of 37.5 mg/m /yr

in the study area of the Ottawe River,

Erfecfs_of Some Environmentael Parameters on Production

Whtle'sampltng it was noted that sphaeriids were-more agbundant .
where the substrote was composed of fine sediments and détrttus.

The prbductioﬁ balculatioﬁs ggree.with these observations,

Murray and Harmon (1969) discussed the follobing factoré
affectiﬁg the productivity of Newfoundland streams: (1) morphométry
(size, shope, Tunofr), (2) climate (temperoture, precipitation),
(3)'edaphic‘factors (surfoce geblogy, water chemistry), and (%)
biotic factors (competition, predation,‘fecuﬁdity, disease, |
imygfatioﬁ). Pennak and Van Gerpen (1947) investigated the effect of
subst;'ate on benthic productivity qnd found decreasin§ production i

through the following substrate series: silt, rubble, bedrock,

clay, grovel, sand. Hayne ond Ball (1956) found that in the presence

of fish, staonding crops of benthos were lower but production was

higher than in the absence of these predators. Egglishaw (196%4)

reported thdt the distribution of bottom‘fauna.in a rtffie was B
significantly correlated with the digtribution of plant detritus,

¢ ) ) Co

~
LI

r

LI



AN
AN

A

33

Hall et al,(1970), experimenting with different nutrient and

predation levels, found that for Caenis.(Insecta:Ephemeroptera)

\ highest production occurred under conditions ofilow nutrients

“and high predat}on'while for Chironomus’(Insecta:Dipfera) thésé

factors had no effect, Johnson and Brinkhurst (1971a)concluded

that mocroinveftebrate productton decreased at very low and very
higﬁ.levels of energy import. Mackie (1971) noted that the stonding
crop of sphgeriids was inversely Telate& to fﬂ; sediﬁent erganic
matter content, Benthos brodubtibn, then, appears to be affected

’

by a variety of foctors.

Of these factors, climote is o Ia:ge-scale phenomenon and .
not: ltkely to cause changes in productmvtty within such a small
area os in this situdy. No Lnformatipn was collected for biotic
factors, Efford (pers.comm., 1975) found that competition among

sphaeryids became evident only ot densities above IOOO/mz; The

maoximum observed density for P.casertgnum in the present study :
o

was just over ZOO/m?; therefore it is unlikely that intraspecific

competition was heving o large influence on proﬁuctfou. Morphometiry
o ]
is of some importaonce in the study areo but i} is primarily

manifested in subsirate differences (for example, the deeper channels

[

have higher current velocities and coarser sediments) and therefore

was not considered per se..The othgr parometers which con affect
production are the edaphlc factors. The data collected show that
woter chemisiry is re;atively constant throughout tﬁe study area
except along. the polluted Quebeé shore. Low p}nductffan in this
orea may be the result of toxic chemicals, high BOD, end/or the
blanketing effect of paper fiber described gg Stobo (1971).
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From personal observattions i? was hypothesized-that substrate
orgaﬁic mattef qonteht and sedtmeﬁt mean grain sizé were %hé mos ¢
important factors affecting‘droductfon. However, regression analysis
Lndzcated that there was no relatzonshiu be tween substrate organic

- -

matter content and production of E, casertanum in the study area

(correlatzon_Q.OG). This. result does not agree with either Eggltshaw
(1964) or ﬁacﬁie (1971), There is o relationship between mean
sediment grain size ond productton (th.lo) Production appears to
be gréatesthin fine to ﬁery fine ‘sand substratgs and decreases in
coarser andfﬁinér sediments, reaching zero in coarse sand and o
const@ntllow value in silt end clay. This is'comparable to the
conclusions of Pennak aﬁd Van Gerpen (1947).

The effect of curfent velocity on production wos;investigated
and o relotionship with o correlation of -O.j6'was found (Fig.11).
Production appears to increase from zero exppnentially as current
velocity decreases from mid-channel values,

Current, velocitg and sediment graiﬁ size are closely correlated
(qu.12). Jultiple linear regression showed that production has a
_ sllghtly stronger relattonir b thh sedthent graLn SJZE (correlatton'
0.68) than wtfh current velocity (correlation -0.62) and that grain
size and velocitg are closely corrglated (correlation -0.7%). Fartial
cofrelatton between_production and velocity adjusting for grain size
gove o non-significant result, ie, there -is ne ddditional effect of
current velocity over and obove the effect of groin size. However,
theée two factors are so closely related that if would‘ée necessary
to fnvesttgate o situction where velocity and groin size were not
50 thnly correlated in order to de termine which is the more

1mportant controlling factor on production.
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Figure 10, Relqtionship'betweeﬁ mean sediment grain size ond

onnual production of Pisidium casertanum in the

study area in 1973. )

’

Ristnj straight line between closed circles:
y = =0.65 + 0,40x, N=9, standard error of
estimate 0,10, correlation 0,95;

remeinder fitted by eye,

¥ = annual production in g/m2/yr,

x = mean sediment grain size in Phi (f) units (see

Table 4A2),.
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Figure 11, Relationship between depth-averaged current velocity

and onnual production 0f Pisidium cosertonum in the
Studg érea in 19?3.. _

Iogloy = -0.08 ~ 3726x, Nél?, standerd error of

es timaote 0.2?;ﬁgotrelation‘(Iogloy end x) -0,57,

Yy

o

aennual production in g/m2/yry

X

dépth-avéraged_currént velocity in m/sec.
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Figure 12. Relationship between depth-averdaged current velocity

and mean sediment, groin size in the study oreec in
1973. . 0

S

15910U = 0.67 - 1.23x, N=17, sfandard error of
estimate 0.18, correlatton'(logloy and x) —0.71,

Y = mean sediment grain size in~Phi (4) units (see
Table A2),

X = depth-averaged current velbcitu in m/sec.
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“Turnover Ratioc (TR)

Turnover ratios were calculeted for P.casertanum at various

stations and fhese are eummarized in Table 3. The relationship

. between onnual production and mean annucl standtng crop, ehown

in Fig.13, indicates that the turnover ratio is o constant and

has the value 3.8 * 0.5 (95% conf;dence).‘This comperes favourably
with Waters'.(1969) TR of 3.5 for snivoltine species which spend
a negligible.portion of tﬁe year in the egg or adult stage, and
with ¥inberg!'s (1970) value of 3.07 for non-predacious benthos,
Johnson and Brinkhurst (1971b), however, reported.TH's be tween
1,2 and 1.5 for sphoeritds in the Bay of Quinte ond Lake Ontario.'
They also found that turnover ratios of macroinvertebrates were
‘closely related to annual mean ‘temperature due to the effect of .
temperature on respiration and growth, This could explein their
low TR, since the temperaiure of the water where they collected
sphoeriids, a constent 5-8%, is lover than that of the Ottawa .

‘River (range 0-25°C, annual mean 9%).

Other Sphaeriids

-
—

Eight other species of spheeriids, besides Pisidium

casertanum, were cellected in the study crea, Of these, three,'

Pisidium ezuilaterq;g Prime, Musculium securis (Prime), and

rusculium transversum (Say), occur in such low numbers as to moke

populotion analysis impossible, The other five ore not sufficiently
obundant to permit individual station analysis and so are

f .
described on o total area ‘basis. Of these, P.ferrugineum Prime,

P,supinum Schmidft, P,nitidum Jenyns, aond P,lilljeborgi Clessin

N o




Figure 13. Relationship between annual productiéﬁnand mean._ & ¥

"*.u
onnual stending crop (the turnover ratio) of '

) - Pisidium cesertonum in the study area in 1973.

y = -0.01 + 3,76%, k=15, correlation 0.99,
!

-turnover ratio = 3.8 ¥ 0,5 (95% confidence

interval),
y = annual production in g/mZ/yr,_
X =

mean annual standing crop in g/mz.-
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belong to the subgenus Rivulina, live one year, ond reproduce

only once. The remaining species, P,punctatum Sterki, is o member

of the subgenus Neopisidium and hms'two small litters per-year

L] aa

for several years (Heard 1965),
Standing Crop

Mean onnual standing crop esttmates for these species at the
various stations in the study orea in 1973. are giﬁén in Table 4.
Geographical dtstribution'of thes¢ species is sim?lar to that of.

P.casertonum: they are common oOr abundent in most littoral arecs,

but rare or absent in the deep channels, along the polluted Quebec
shore, and in Kettle Island Boy. These species, however, are less

widely distributed than 'P,casertanum, being absent from some shore

areas ond having o tendency to occur in isolated populations,
Each specles seems to .have o preferential habitatl where it

reaches 1ts greatest population density, as shown in Table 5.

The only overlop is that of P,ferrugineum and P,1illjeborgi and

the latter is at a very low density. P,casertdnum is dominant

in numbers ot all stations where sphaeriids occur except one

(Transect 3 mid-north channel), where P,punctotum was the only

species collected. P.pgggtatuﬁ“is second in abundancé'in mos t

aiqasAwtgh P, ferrugineum toking second place et a few stations,

. p,punciatum is second to P,casertonum in abundance over the total

. study area ond the other species are much less common.(Tab;e 5).

Population Dynamics

Seasonal abundance of four sphaeriid species is given in

by

A
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Table %, Mean annual staonding crop of sphaertids other than _ )
Pisidium caseritanum in the study area in 19?3 :
(standard error 10%).* .

-l
-

Station Pistq)um Pisidium 'Pisidiqﬂ/,Pisidium R%sidtum
' punctotum ferrugineum supinum nitidum . Iilljeborgl
Z 2 Z
o o/m® no/m® g/m no/m g/m® no/m? g/m no/m® g/me no/m2
Vil -
Transect 1
 Ont,shore 0.015 81 0,009 7 o0.015 11 0,003 2 0.002 7
> Yid-south 0 o 0 T 0 0 0 0 o 0. 0
Is.south , ©.002 13 0.005. 530 0 © 0 0 0
\Is.north 0.050 303 0,008 13" 0 0 0 0 O~
trid-north 0.007 %1 © 0 0,033 20 O 0 0,001 2
Que.shore 0,009 43 0,006 3 0.002 ! 0.,000% 1 0O 0
Transect 2 )
Ont.shore Y- 0.020 0.008 4 '0.006 1! © 0
id-south o] 0 0 .0 0 00 0
Is.south 0.03% & 0 o 0 0 0 o
Is.north 0.004 0 o 0" ‘0 0 o 0 - 0 -«
Mid-north 0.019 7% .0 0o 0.004 6 o.,00% 13 o0.001 2
Jue.shore 0 0O O 0 0 0O O 0 0O .0
Kettle Is.Bay O "0 0.003 3 © o 0 0 0 0
kA . '
: Transect 3
Ont.shore °  0.010 . 39 0 0 0.009 17 0,000 2 0,000 4
id-south 0,001 L 0,007 & 0. .6 0,006 6 0 0 '
Is,south othg=* 70,002 50 0,001 2 0 0 0 0 _
Is,north ' 59 0.053 .9% o0.00% 10 o0.001 8 0.015 16 il
vid-north o 007. Bo I 0 O 0 0 0 0 0 :
Que,shore . C G.001 20 o C ¢ 0 G
\ * r

?otal,preal 0.012  £8 0.010 13 0.005 & 0.001 2 0,002 2

* biomaoss values in g/m? total dry weight . =
1 from production cclculations (stendard error 2% L)

cLUTREWE D s it ——



Tablé‘5. Abundance of sﬁhaeriids i@-the study area in 19?3;

42

Max,.biomass Max.density Location

3pecies Total no.
collectéd (g/mztotal (no/mz) - of maximum
dry wt) N
Pisidium .
casertonum 1012 0.216 237 2 Is.,north
P. punctatum 575 0.050 303 1 Is,north
P, ferrugineum 126 oko53, 94 3 Is,north
P,supinum 4o 0.033 20 . 1 Mid-north
P,nitidum ) 24 0.006 , 11 2 Ont.shore
0.006 6 - 3 Mid=south.
P,lilljeboral 18 0.018 16 : 3 Is.north
P,equilaterale 2 —— ——— ———
Musculium
transversum 7 - - —— —~
M,securis 1 —— —— ——
. .
o
.\.____ -
o
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th.l#._P.]tleeborgi was found only. in three samples which was

not'sufficiently frequent to establish o pattern of seasonal abunddnce.

The trends of P,punctafum, P,ferrugineum, and P.supinum are similar

“to thaf of P,casertanum: high numhérs early'tn the yeor decreasing
to a low in mid-summer,then increfsising in late summer due to
recrultment., P,nitidum wes not abundent enough to show o pattern,
Seasonel size class dtstributi;ns of these species give
evidence as to times of reproduction. Recruiiment times for P.

punc tatum appear fto be March ond October, Increases in numbers

of P,ferrugineum were first noted in the September samples and
adults carrying young were noticed in the Juﬁe‘and July collections, -

Reproduction in this species may occur throughout the summer.

RS

‘No young-bearing adults pof the other specles discussed here were

seen because of small size und thick shells, P.suginum appears to

N
3
M
3
M
-
2
I
o
t
N
I
.
4
-

rgproduce in mid-summer with thé young being token first in August.
Reproduction'is‘probably earlier for P,nifidum: young were coliected
first in July, All of the findings hére ogree with Heard {1965)

in his discussion of number of breediﬁg times per yeaf. In summary,

the main reproduction times appear to be: P,punctatfum -- March

and October, P,ferrugineum -- mld-summer, P,supinum —- JUIy—August;

P.nitidum —- June-July,

13

Equations of the length-weight relationships and max imum

lengths observed for the five species of sphaeriids are summarized
in Table A7. These equections were used to calculate mean dry

wetngE of size classes in the production colculations. P, punctatunm,

whith reprpoduces twice per yeor, has the smallest totgl.length.

P,casertanum and P,supinum, the two largest, have slower weilght=-
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: 4
Figure 14, Seasonal abundance 0f four sphaerild species in the
study arec in 1923, Solid line: g/mz total dry weight

monthly standing crop; broken line: no/m2 monthly

standing crop. Ronge given is * per cent stendord

a error (10%).

.
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length growth rotes than the other smaller species, cll of which

have simildr rates,.

Production and Turnover Rotio (TR) s

? -

Annual production ualues and turnover-ratios for all sphaertids

are summarized in Table 6 The ™ of P, punctatum is more than twice

that of any of the other sphaeriids because it reproduces twice

per year. P,ferrﬂdineym, P.supinum, P.nitidum, ond P,1illjeborgl

have TR's similar to each other pit slightly lower than that of

P.casertanum,

Sohnson and Brinkhurst (1971b) postulated that the turnover
ratio is closely related to anﬁuol mean temperature and can be

predicted by the equation .
N -T2 o
| ®="10

§IINMTIT M TORI A

where T is gnnuol mean temperature in degrees Celsius. This formula
appears te be rather simplistic and applicable only in o generdl
wey totigrge groups of benthos. In Johnson and Brinkhurst's study
(their Fig.ll) the TR’S predtcted by the * equatton are conszderably

higher than the obserued values., In the present study, P.caser tonum

and P,punctatum, living ot the saome temperature, had TR's of 3.8

.and 8.3 respectively, Using Johnson and Brinkhurst's formula the
predicted TR's would be the same for both, 8,1 (Ottaws River annuael

mean temperature 9%). It ig possible that the turnover ratio is

closely related to ornual mean temperature, however, when calcu-
lating the TR for _an individual species, some factor related to

the number of reproduciive cycles per year of the species
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Table 6., Stonding crop, production, and turnover rotio of
sphaeriids over the entire study ares in 1973.

‘Species . Mean annucal Production Turnover
. standing crop (SE=2%)  (SE=5%) rotio
no/m2 g/mztotal (Q/mz/yr (SE=7%)
dry wt total dry
weight)
Pisidium '
casertanum 92 0.071 0.263 3.8
P.puncicium 58,2 ' 0.012 0.099 8.3
P.ferrugineum. 12,8 0,010 0.027 2.8
P.supinum 4,0 0.005 0.013 2.5
P,nitidum _ 2.4 , 0.001 7 0.003 2.2
P.1illjeborgt 1.8 0.002 0.00k 2.3
Total - )
sphaeriids 171.2 0.101 0.409 ———
—_—
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'should be added. For example, in this study the TR'S 0 species
which have one cycle per year are more closelly predicted by the

formula

=3
™

‘TH= 1 x—:,:,--.

o

However, the original equation is accurate for the spé&ies which
have two cycles per year.

In the presenf s tudy five species of sphaeriids were not
sufficiently abundant to permit individuol station aonclysis, though
sampling éffort for each was the same. For these species the ?R
was calculated on the basis of f@gﬁtotal cdllectton over the entire
study area. The calculated TR was then used to estimate production
ot the individucl stotions from the mean cnnual étandtng cTop
biomass figures, These values are presented in Table A8, The same

conversion factors as used for P,casertonum may be used here to

TIIUDIEII T IFTININCA

convert values from ‘total dry weight to total live weight, soft
parts dry weight, or soft parts energy content,

The productioh'estimmtes reflect the imporﬁance of each

spheeriid species in the community. P.ferrugineum, P.supinum,

P.nitidum, ond P,lilljeborgi comprise o small fraction (12,3%) of the

sphaerliid founa and , olthough°annual production for each differs,

&, :
the similor turnovgr.ratios (2.3-2.8) show that thqy are producing

equally in proportion to their standing crovn, P,casertonum, at 53.7% the‘

dominant species and probably the best adapied to the Ot tawo L
River ehvifonment, appears t0 be more efftcient at production |

as indicated by tts higher turnover ratio (3.8). P.punctatum,

although second in importance in the sphaertid fauna?tj#.l%) and
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in production to P.casgrtanum, produces much more in relation to

Bgs_standtng crop (TR 8.3). This high effi#iencg can probably be
attributed to its smoller size and more frequent reproduction.

. ¥ ' +
It apporently devdtes less energy to growth and more to reproduction

' v
than does P.casertanum. ')f

.
g

L

Effects of Some Environmental Porameters on Production
The ftve less abundant sphaermtds show relatzonshtps between
annual productzon and sediment. gratn size, current velocity, and

'v

sadtment_organtc matter content similar fo those of P.casertanum,

“ie, production is reloted to grain size and to current velocity
_but not to organic matier content. However, since production of these
‘species is at a lower level.and occurrence is less consistent

- than for P.casertanum, the relattonships are less easy to onolyze.

Species biversitg of Sphaeriids .

The Shannon-ﬂtener and Simpson methods produced similar results;
the thhm—DorrLs calculations were less comparable ito these (Table A9)
The Shannon—Wtener values for specties diversity ot each station
were used in the lineor regresszons with environmental parometers,
Current velocity ond sediment grain size- uppear to have no effect

on specles diversity; however, there is o relationshtp be tween

sediment organicfmatter content and diveistfy_of sphaeriids (N=10,
correlatiogxocjj) as shown in Fig.15,

The speciles diversity index is o combination of\ number of
species dnd number of individuals. There is a low corwelation be tween

number of sphoeriid‘indtuiduals and organic matter content (N=10,



Figufe 15, Relationship between‘sediment—organic matter content

49

o

and specieé”diversity of sphaeriids in' the study

erea in 1973,

b = 0.73 + 0.35%, ¥=10, stondard error of

estimate 0.19, correlation 0;53,

2

X

1
species diversity,

sediment organic matter content in'% dry weight.
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corfelatton 0.09)but o stronger rei&tionship be tween number of
sphaeriid species ond organic matter COnéent (N=10, correlation 0.17).
It would appea% then that the relafionship pefween speciés diversity
and organic ﬁ&ttér content is o result of the increasing number

of specles of sphaeriids to be found &s sediment organic matter
content increases. This indicates that o SphaeTLLd species requires

a cqrtatn level of orgonic matter in sediments in ovder to exist,
Different species probebly have different requirements; as organic
matter content increases more species have thelr requirements mef,
However, as previously shown, organic matter content of sediment

is not importaﬁt in dete;mtning\production of a sphaeriid species

in o habitat.

Amphipoda
Ahphipod crus taceans are one of the largest ond most prominent
groups of freshwatef invertebrates (Holsinger 1972), Five fomilies
(Corophiidae, Haustoritdqe,anlellidae, Pontogeneiidae, and
Gammaridae) belonging to the suborder’Gummaridea are represented
in the freshwoter environment of North Amertca: 0f these, the

family Gemmaridae, with nine generc ond numerous species, is

the most prominent, \
Amphipods, being peracaridan crustcéeans, have only one true
thoracic segment fused to the head,. have eggs borne in o thorucic‘
brood pouéh, and hatch into a juvenilé-rather than ¢ true lorval
stage. They occur in virtually oll mdrtng habitats aond hany

freshwater habitats. In the freshwater environment the majoriiy

of species are found in smaller bodies -0f water, such as streams,

b
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swamps, ponds, ditches, spfiﬁgs,’bnd cave streams and pools), Féw
spebies inhabit large rivers or the open woter of larger lakes
and most species are.assoctatedcwtth the substrate;

Amphipods con swim, walk, jump, and burrow and may- be carnivores
or detritovores. Additibnal in;ormdtion on amphipods con he Jfound -
in Bouspield(1958, 1973) and Holsinger (1972).

Two species of amphipods were collected in thé Ottewa River

in 1973: Gammarus fascialus Say of the foﬁtly Gammaridae’and

Fualella azteca (aaussure) of. the famtly Hyalelltdae. The latter

was not Dresent in suff1c1ent numbers to allow detalled analysis.

~, .. Gammarus foscictus Say

-

According to Bousfield (1958), G,fasciatus occurs mainly

in lakes ond large rivers that are slow-flowing, relatively
turbid, aond warm in summer, It ranges from thé upper hLississippi
River droinage eastward throughout the Gredf Lokes area end south
along the Atlentic coastal plein to southern North Caroling
(Holsinger 1972), 7

.Sexes are separuté and'the male is larger, than the'female.

Ovigerous females have been observed from February to September,

there are two generations per year, and the life cycle is of Iéss
than one year's duration, Fertilization is achieved by copulation i
cnd the eggs are carried in o brood pouch or marsupium by the

female, Young are released from the pouch'shorfly after hatching

and they reach adulthood after about seven moults.

Clemens (1950) cites G,fasciatus as being omniverous, having

‘observed it feeding on both living and dead plant and animel motter.
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Standing Crop ) . . .

G, faggtatus is the most abundart omphipod in the study areal

over 550 specimens were collected during the study. Mean annual
standing crop values for the vartous stations in the study arec ;
in 1973 are given in Table 7. This ampthod is most abundant in
lit?oral areas,.particularly at Transect l‘tsland south shore;

but rare or absent in the deeper channels, iﬁ polluted areas,

an& in Kettle Island Bay. G,fasciatus appears to be more.sensitivq'

td pollution than sphaeriids, as tndicafeq by the low standing

crop in the norih éhannel on Trdnsect 2 below the paper mill;

but less restricted by the sediment typei as shown by the number

present in the silt at Transect 3 Ontario, shore,

Population Dynamics -

Seasoncl abundance in the'studyAarea in 1973 is given in
F;g.16. The Iargqst monthly collection ibas made in Harch; howeve_r,L
loﬁ values for Jonucry and February may be a function of the few
samples‘%ﬁﬁen during those montﬁs. The population declined in
numbers until May ond in biomass until July, after which.tf.began

to increase again to a maximum in October, Subsequently it began

'
i

to decrease again, Clemens (1950)found that the G. fasczatus

\
populatton he was studying tncreased. J'rom g low winter level in ‘
February ond Karch to o maximum in September and October, after

" which it declined. Machie (1971:79) shows fwo pecks in numbers

for his G.fascictus population: o low peak in June and o higher ‘ -
one tn September, The present study agrees with these two reporis

except for the high values in the spring of 1973. This appears ]
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AL

, production, and turnover ratio.of.

iatus in the study area in 1973,

Station Méan annualfgtanding Producfion 5&$nover
' crop (SE=30%) (SE=70%) raﬂ\? »
o/m? g/mzﬁotal g/mz/yr (SE=1437%)
adry - wt total dry wt .
6
Transect 1 ’7\\\\_ -
™~ ‘ :
" . Ont.shore 34 0.018 0.108 6,18
Mid-south 9 0.015 . 0:108* ———
Is.south 215 0.211 1,489 ¢ 7.06
Is,north 173 - 0.107 r,o013 © 9,43
Mid-north ig .0,020 0.123 . 2.18
Que.Sﬁg;ﬁ/ 1 0.155 . 1,019 6. 58
: ’ 3
Transect 2 - ‘ :
™ ont.shore 33 0.053 "0.287 5.40 i
Mid-south 0 0 o - P
Is,south 32 0,025 . 0.146 5.81 ;
Is.,north. 2 -~ 0,003 0,022%_ -
- Mid-north. 7 0.6+ 0.079* -—
Que.shore 2 0.001 0.007* -—=
Kettle Is.Bay o 0 SO -
”{ Tronsect 3 to
) dnt.shore 48 0.096 0,478 4,97 \ .
. iid-south . 4D 0.023 0.120 5.22
Is.south 69 0.074% 0.673 9.15
Is.north . 79 \ 0.041 0.247 - 6,10
Mid-north .0 70 0% —-—
_Que.shore 0 , 0 0* Y e ,
. lean 48 ¢, 0.0%5 -- ‘

W+
L)

o

\2.312 TR

“

1

- ‘\ . 1 M . N
. * gstimated using. the turnover retio 7.2 (from Fig.18)
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Figure 16. Seasonal acbundance 0f Gommarus fasciatus in ‘the -study

aTea in 1973, Solid line: 'g/m? total dry weight
. monthly standing crop} broken line: no/m2 monthly

Standing crop. Range given is * per cent stondard

-

error (20-33%).
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»

‘to indicote that elther the 1972 year classes of G,fosciatus

were particularly strong or that the 1973 year classes were weak,

A compartsoﬂ with the data of Mackie (1971), as with P.casertanum;

shows that the 1973 crop is probably closer to normal than that
0f 1972. iackie's work (1971:73) indicates o doubling of the
population from 1968 to 198@ ot his Station 5 (Tronsect 1 north
half). Pérhups due to the mobtlzty of this spectes high variaotion
in populatton numbers zs a common occurrence,

Recruitment can best be demonstrated by seasonal size claés
distribution‘?Fig.17). This ind?cates that there were itwo major
increases in numbers of sma;l (youngd)umphipods:. in June and
in September. Thus the two broods in 1973 appear to have been
produced mainly'at thesa,two times of the yecr, Seosonal abundance
(Fig,16) shows .the same pattern increase 1in numbers in June
and again in August,

. The typical head length-weight relationship of G.fascietus

Y

is gilven in Fig.18. The equation of this relationship is:

log; oy = =1.73 + O.hkx , ¥ = 518, correlation (log, sy ond x) 0.86,

" where y = total dry welght in milligroms aend x = head length in
microme ter units (1 unit = 0.2mm). Equations of this relationship
-at the various st&t}oné are given in Table AlO, Thesé formulae
were used to calcﬁfﬁte.mean dry welghts of size classes in the

produétion calculations, The range of head lengths observed for
' L

G, fascictus was 0,30mm to 1.20mm,

Production

* . L] B {

~ Production values for_p.faéctatus at ecch station are




]

Figure 17, Seoasonel size cl@ss dis tributton: of Ganunarus‘//f&sciatus
+ in the study area in 1973, T
Range given i:s * per cent[standard "error (20-—33.96),
y = nq/m‘g, x = head lengfh size class in micrometer

~units and cow;ﬂéﬁﬁ.ng metric ccole,

-

o

p }g&
ﬁﬁ? -
’ .““

T
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o

Figure 18, Head len@—wetght relationship of Gammarus fesciatus

in the study area in 19713, o

1000V = ~1.73 + 0.4k, N=518, correlation (log,u-

) ' end x) 0,88, y = total dry weight in mg,
' . .‘.’-‘ e
' ' X = head length in micrometer units (I unit = 0.2mm},
- ;
, ‘
N
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summarized in Table 7. Production ranges from o high of 1.49
,‘g/mz/yr total dry weight at Transect ! island south shore to

0 g/m /yr where the species is absent

4

The dry wetghiépf an individual G, fosciatus is about 20%
of the live weight (N=18) and the energﬁ.contenéfof the body 1is
4,34 keal/g dry weight or 5.63 heal/g ash-free dry weight (D.J.
Rodgers pefs.comm.1§74). Cummins and Juycheck (1971) reported !
the energy content of-gammarids to be 4050 cal/g dry weight and

5362 cal/g aéh—free dry weight, From these conversion factors

the‘production of G,fasciatus can be expressed as total live weight

: : E ' .
and as calories, as well_as total dry weight (Table A1l), The value
.of 4#.3% keal/g dry weight was used in the energy calculation,

Few estimates of amphipod production habe oppecred in the

"

literature, and none could be found for G,.fasciatus. The following

valq}s have been reported:

Hyalella aztecg 0.3 kg/ha/day ' (Gerking 1962)

H,'azfeca - 0.129 kg/ha/day " (Cooper 1.965) | S
Gammorus pseudolimnaeus 183 kc/mzfyr fTilly 1968)

Pontoporeia offinis J537504 mﬁj/mz/yr (Green 1971)

H.oz teca 4,535 keal/m? /yr (Kathias 1971)

Crangonyx Tichmondensis 1,363 kcal/hz/yr (Mathias 19?1)1

Gammarus pulex . 75 cal/g/day * - (Nilsson 1974) Ql.

Comparisons are difficult because of differences Pn species,
‘units, ond environments.

) .

Effects of Some Environmental Porameters onJProddbtion

Factors affecting tﬁe distrtbuttoﬁ and abundance of amphipods

| *\\ Ve Co .0
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have been investigoted by ééver01 researchers, . Titcomb (1927)

found the distribution of G.fasciatus and G.,limnoeus in New

' England to be dependent upon the degree of hardness of the water,
Pentland (1930) reported that in Ontario it was not the chemical
compos-ition of the water but temperature, vegetation, and presence
of predatdrs whiéh controlled distrébution and obdndance of these
amphipods. He found that they preferred cool waters where either
living o} dead vegetation was readily aveilaeble and that thelr

numbers could be reduced by trout predation. Creaser (1935) noted

that G.fasclotus seemed to prefer cooler water temperatures (48°F).
The distribution of G.duebeni in Ireland appears to be restricfé&
to fresh waters of‘thﬁ:iEif\?éntent‘(Sutqliffe 1967). Sguéral.
researchers have foﬁnd ;ﬁdt.ambhtpods, particularly Hyalellag
azteca, -ore attracted to_submerged aquatic macrophytes (Krecker -
1939, Rosine 1955, Gerkiné 1957, Mackie 1971). The preferred p}an?é

appear to be fhose with highly dissected leaves,lsuch as Myriophyllum

spp., while Vallisnérie gmericana, with non-dissected leaves,

\ .
harbours few amphipods. Mackie (1971) reported that in the Ottawo
River,H.ozteca was the numerically domiﬁant amphipod on Myriophyllum

spp, and Elodea canadensis,while G,fosciatus was dominant on

Potamogeton sp. and in the sedti

i 'He also concluded that sediment
type has little influence on the)distribution of amphippds., #ilder
(1940) attributed the higher abundance of H,azteca in shallower
waters of Morion Loke, B.C., to the presence of eplbenthic bacteria
" and algie'whtcﬁ'the amphipod feeds upon. He found thot tncreaéed
'growtn of Hyazteca was tndeﬁen nt of temperature but dlosely

correldféd with'tncreasedlrates of epibenthic-primary.production,

rd
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\ e : g ,
In lgooggﬁory experiments Nilsson (1974) calculated that production

increased with anreasing temperature.
In the present study temperature was relatively constont'
throughout the study oreac and does not explain different levels

of production of G. fasctatus. No information was collected on

sediment microfloro, competttton, nor fLSh predation, Water chemistry
may have significant effecﬁs on productlon, but-in this study-

it 1s importent only~in those oreqﬁ‘ielow the paper miL@. low
produetioﬁ here moy be due to. toxic ehemtcals, high BOD, . the
_blonketing effect of, paper. fibre, and/or the absence of submerced
aqﬁotic plants, There appears to be no relation be tween level of
production and mean sediment gfotn size, substrate organic matter

content, nor current velocity, Table 8 lists the various stations

in order of decreasing production of C,fascictus along with cquatic

vegetation present dt each sitation, It is obvious that in order to.
achieve a high level of proouctton vegetation must be preser™,
However, it is not cledr whether productton is higher becquse
vegetation is present or productlon-is higher and vegetatton is”
_pnesent‘beoause of some other factor(s). _
Mackie (1971) postulated that amphip%ds might inhabit aqudttc
vegetation to obtain photosynthettc oxygen, but this would be

necessary only in woters of low oxygen content Hyolella ‘azteca /f;“

has been reported to browse on eptphytes or aquatic plonts "ﬁ<f>

(Ltndeman,1941), however, G,fasciatus appears to be more associated
with the sediment thon with the plants (Mackie 1971).
seperal researchers have noted that drift is on importqent

characteristic of amphipod populations, particulorly those of

a"g S | g
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.

Table 8. Stations in order of decreasing production of Gammﬁrus
- fasclatus, along with aquatic vegetation present,

[}

Truhsect and : Producttbn

atetton (afn’ fur
total dry wt)

Vegetation

*
present

(from Table 1

)

* 1 Is,south 1,489
1 Que,shore f.OIR
1 Is,north 1,013 -
3 Is.south _ 0.673
3 Ont.shore . 0.478
'2 Ont.shore . 0.287
3 Is.north T 0,247
2 Is.south : 0,146
.- .1 Mid-north ) 0.123
3 Mid-south T 0.120
\\\\j,fnt.shore 0,108
J_tid-south © 0.108
2 Kid-north 0,079
2 Is.north - 0.022
2 Que.shore ' 0.007
2 Nid-south . 0

Kettle Is.Bay
3 Mid-north
3 Que.shore .

o O O

E3V
ESV
ESV T
ESV
EPSV
EPSV
ESV
ESY

none
EPSY
none . .
none
Pr .
none
none
none

none

PT ’

.
y )
.

« F: Elodeo conadengis,+S: Sparganium angustifod tum,

. - A ) .
V#.Vallisneric agmericana, FP: Potamoge ton sp.,

Pr: Potomogeton richardsonii
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macro%hytes and pollu#ion;
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W

Sammarus limnaeue, G,pseudo;imnaeus, and G,pulex (JWaters 1961,

1965, Miller 1963) Amphipods also tend to move upsiream against
the current flow (!1ncmley 1964, rughes 1970). Factors which
have been found to affect drift are light intensity, current

eIOCLty, water depth, populatzon density, and temperature }huller

1963, Holt and.Waters 1967, linshall ond Winger 1968, Pearson and

Franklin 1968, Hughes 1970). All of these factors suggest that
drift should be greater in littoral ‘arées with shallow, slow water

shaded by vegetation, There is no clear indication as to how this.

would affect production., The solution moy simply be that G, fasclotus
requires physical structures (the plants) in its environment to'
provide hiding places, food traps, and/or holdfasts.

P .
These results show that variation in productton of G, fasczatus

con be explained,bgftwo factors: the preserce or absence of aquatic

»

&

R
.

Turnover Ratio (TR )

Turnover ratios were calculated for G, fasctatus at the various

stations and these are summarized in Table 7. The relationshtp

between annual production and mean annugl standmng crop g®mass,

%pown in Fig.19, indicates thot the . turnover ratio for this specmes

is o constant and has the value of 7.2 z 2 6 (95% confidence).

Green (1971) reports o TR of 4. 23 for Pontoporeia affintsu _

an . amphtpod with o one-year life cycle. G, fasciatus reproduces

[

twtce per yeor anddwould be expected to have o higher turnover

ratjo. ‘ nj ' DN
’ s

'

[T S
(e

<

<
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»

§

A N

- Figure 19, Relationship be tween annual production and mean

) annual/standing crop (the turnover ratio) of

Gammarus ﬁasciatus'in‘%he study area in }973.

I.!’ o Yy = -0.01 + 7,15%, NJ: 11, correlation 0.98,
'turnéver rotio = 7,2

1+

2,6 (95% confidence
interval), '

annual production in g/m2/yr,

yo=
. R 2
* = mean annual standing crop in g/m”,
-
.‘ 4
LI -
-
o
— lh
. - »
q ,
- .
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Kettle Island Bay
The Kettle Island Bey station is obviously -very dmfferent
from any of the others., It wos included becauseé of its contrasting
. conditions:low flow, warmer temperature, very ftne sedtments. N
Few benthic oroantsms were found in. thzs env ironment ond nroductton

<

was low. The cause of this moy be the light, almost flufsfy organic
\-—r\

material particles which make up the substrate. This mug not

provide o solid footing for the existence of benthos,

Dry .'.‘.;etght ond Ash-free Dry Yeight of Benthes
Dry welights and ash-free dry weights of various groups of .
benthos @re given in Toble AlZ2, Most shell-less benthic organisms
~are tbout 90 to 95% combustible organic matter, Howevef,\thé isopods
CCrustaceq:Isquda), containing a greater amount of hard matérial
afe only 76% &ombustible. The shelled mollusc; are made up of o

much lower proportion of combustible matter (20-30%) beéause of

tﬁe shell.

Kercury and Pesttcid; Content of Benthos,

Mercury ond pesticide confenfs of all samples of bénthos
analyzed during r9?2=1973-afe:gtpen‘iﬁ Table Al3, There are no
apparent trends showing that mercury or pesticide concentrations
are higher in specific locations in the study area.

Mean values for some benthic groups are given in Table ALy,
Mercury levels are simllar among the var%oﬁ% groups except for

molluscs, especzally Campelomg~fecisum. This large snoil contains

considerobly more mercury than any oipex_arganism anclyzed and has

A

™
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“the only level over 0 5 ppm, the value often dbcepted-as being -
‘sare for human consumptton.
-
_Johnels et al, (196?) analyzed, the mercury, content of benthic
organtsms above and below a paper mill in Sweden. Their vclues

ranged from 0. 05 to 0,07 ppm above “the mill and from 1 9 to 17.0

ppm below the mill, From o study of the Fraser river mudrlats,

Parsonngi gl,(i973) reported mergury content values of 0.12 and

0.33 ppm for molluscs. Levels of merqury contamtnatton-in ‘the

Ottawo Rtver are generally higher than |the Swedish above—mtll -

elow th mtll, indicating o
Z:agg;;ez in the present

River mudflats.

_ values but much lower than those f

moderate pollution, The concentratt;

study are similar to those of the Frase
No trends ore apparent in the lévels of DDT and PCB contamtnatton

‘of Ottaws River benthos (Table AI#) | .
Woodwell et ol .(1967) reported levels of DDT _in benthic

organtsms from o salt marsh in New York of from 0.16 to 0. 42 ppm.

Jensen et al (1969}, working with morine invertebrates from Swedtsn ;?’/

wa ters, recorde

Sodeng+en et ol ( : 2),fET§%—wnrkfng in Sweden, faund levels of
‘DDT .up tb 0.045 ppand PCB up to 0,017 ppm in stream benthos,
In Tokyo Bay, himmﬁ et al, (1973) megsured o concentration™of
0,01 ppm FCB in @ marine clam. In uptake expertments benthic ‘
organisms have been known to accumulate up to 2 ppm DDT (Johnson
et al, 1971) and 3 ppm DDT (Vaajukorpt and Salonen 1973).

The levels of DDT measured in benthos of the Ottawa River
t;%ihe present study ore much lower than most of those others

mentioned here, but the values for PCB are similar,
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SUMMARY -AND CONCLUSIONS

As'part'of the Ottaowa River Project, bent@os &as sempled
at ﬁtneteen stations in @ fourLkilome»er study section of the
,Oétawa River near Ottawa-Hull, Conada,Three iransects, each having
six stations, were chosen such't@et each trdnsect contatned-tﬁo
mainland shore stdttons, two island shore statiens, a.deep chaeﬁei
_sta?io;? and a shallow channel station, In addifion, one sitation
‘in the sheltered Kettle Island Boy was sampled. Samples were taken
monthly throughout 19?3'wtth o standard 15x15 cm Ekman grab with
a screen on top. The matericl was sieved and hand sorted in g
sorting tray designed by .the author, Information was collected
and gathered from othér sources on environmental paerometers qt
each station. ‘ -

Pollution from the Cdnadtan International Poper Compony mill
in Gatineau, Quebec,was evident in the study area, DLverszty of
~ benthic groups was ‘greatly reduced bglow the mill ond pollutants
were clearly visible in the form of turbidity, lumps and slicks
on the surface, and woodftbre in the sediment.

Wwater chemistry dtd not differ greatly among stations,except

for some less favourable conditions below the mill, None of the
: \

average chemical characters of the water in the study areac exceeded

the values recommended by the Ontario Wate:;iz;eurces Commfssion,'
Differences among stations were noted for-current veloclty, sediment
grotn size, and sediment orgonic matter content, '

Six species of sphaeriid clams and one amphipod crus tacean

were chosen for intensive study. The following analyses were corried
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< out on these species: tofal numbers and size closs sedsonal abundance, '
length-weight relattbnship, mean annual standing erop, annual

productton, and turnover ratto

One spectes of sphaeriid,_Piszdzum casertanum, and the amphipod-

Gammarus Yasciotus, were sufficiently obundant thot thesg analyses

could be made at individual stations. For these two species a

cortelation *0f mean annual standing crop bzomass ond annual

production was mgde to determine if the %urnover ratio is constant,
Annyol production of the;e two specles was related_to environmqntal
cgnditions at individual stations to ‘explain differences in

production,

Species diversity.of sphaeriidslwas calcul&ted gt all nineteen
staffons using three different metheds and the results bere cdmpared.
Samples of benthic organisms were ashed to provide ash- free

.dry weights and other samples weTE(E;alyzed for mercury, DD®®

/"/
DDD, DDE, Gnd PCB_ contént,

-

‘ ewa/; organisms were abundant throughout the siudy area !
—”“";;;;pt in ‘the deep channels where there is high current velocity,
coarse sand sedtmen%, and no rooted vegetation. Reduced numbers were
~also opﬁarent in oreas polluted by the paper mill and in Ketfle Vi

Island pr. | ) ' ‘

Pisidium caosertanum reproduced in late June or early July.

Production varied from o high of 0.83 g/mzfyr o 0 g/mZ/yr total
dry weighf; &ariattons in production were attributed to differences
in sediment grain size and in current velocity. Producti?n\\
increased asAgratn size and current velocity decreased.\Howgver;

5ecause sediment grain size and current velocity are closely-
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corre{ated,it‘couid not be determined which of these was the
. more important cdﬁtrolltng factor;'No.ielationship was found between

production of P.casertanym and sedtment.orgaaic matter content,

The turnover ratio of Pecasertonum was 3,8 and was constanl even

LS A - Y

under varying environmental condmtions.

Geographical dtstributton of other sphaerttds Tn the s tudy

area wos similar toe that of_P.casertanum.‘commonvor abundant in

mos t Eittccal areas but rare or absent inktheldeep channels, along
the polluted Quebec shore, and in Kettle Island Bay. Each species
seemed to have o preferential habitat where it reached its greatest
aopulaticn density. . - ’ .

Piatdium punc tatum was second to P.casertanum in abundance’

tn the study orea. It reproduces twice a yeoar, in the present

study in March and October. Three lesser abundant sphaeriids, -

P.ferrﬁaineum,.P.suptnum, and P,nitidum, were found to rcprcdace

-

once .o year, in mid-summer, July-dugust, and June-July, respectively.

P, punctaotum, the only sphaeriid in this study reproducing

twice a-year, was the smallest in total length, The two largest

species, P, casertanum and P,sugtnum, had slower weLght length
Y +

growth rates than the other sphaerttdc,

The turnover ratio of P.punciatum, af 8.3,.wes more than

-twmce that of ony of the other sphaerttds because it*reproduces e
o
twice o year, B, terrugineum, P, supinum, P, nifthm, and P.l1illjeborgi

had turnover ratios of 2. 8, 2.5, 2.2, and 2. 3 respecttvely.
Species diversity of sphaerttds was calculated using the
°bcnnon-ﬁiener, Simpson, ond wilhm-Dorris methods. The ‘Shannon-

erner and Simpson values were similar but the Wilhm-Dorris
¢ o

o
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cdlculoations were less comparable to these, Current veloctity
and sediment grain size were not related to species diversity, but

diverslty increosed os sediment organic maotter content increased,

' Gammorus fascietus was the most obundarnt amphipod in thef

study area. It was most commonly found in littoral oreas, but was
rare or obsent ir the deeper channels, in polluted areas along

the Quebec shore, and in Kettle Island Bay., This speciles reproduced

in June ond in September.

Production of G,fasciatus ranged from I. 49 o/m?lyr to 0 g/m Jyr
total dry weight. No relattonsth was found between level of produc:ion
and sediment grain size, sedtment,organtc matter content, nor
. current velocity, Hogever, it was note& that production was higher

where aquatic vegetation was present, The turnover ratio of G,fasclotus

wes a cons#qnt.?.z.

Nost shell-less benthic organisms were about 90-95% combustible
organic matter, However, the isopods, contatning o greater dmount
of hard material, were only 76% combusttble. The shelled molluscs
weTe mode up of a much lower proportion of combustible materzal‘
(20-30%) because of the shell,

There were no appaerent trends showing thaE mercury or pesticide

* ‘
concentrations are higher in specijic locations of the study area, '_QI

L]

Mercury levels were similar among the various groups of benthos

except ror molluscs, especially Campeloma decisum. This large snatl

contained considerably more mercury than any other organiSm analyzed
and had the only level over 0.5 ppm. No trends were cpporent in the
t‘levels of DDT and PCB contamination of Ottawo River benthos. Benthic
orgenisms in té@'oftawa River were found to carrTy o moderate level

AS

of mercury and PCB contamination and low concentrations of DDT.
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SUGGESTIONS FOR FUTURE RESEARCE

Durtng the course of this study questions have arisen whmch
would require more detazled research to be answered The research
" in this study was restricted to accomplishing‘the objectives laid
down ot the outset, However, if }uture research in this field were
contemploted, ‘the follo;ing lines appear promising:

(1) Pisidium casertunum and P,punctatum are very similar

_organisms. However, PLpunctatum breeds twice o year ond has o

much hzgher turnover ratio than Elcasertanum, which breeds only

once a year. Does P, punctutum's smaller size allow tt to devote

moTe energy to reproductton and less to growth? Or is it more

efficienf in some other way? Similarly, P casertanum has o higher

turnover ra\jo than the other sphaerttds, which also breed once

per year. Because P casertanum is very adaptive (Herrington 1962)

is 1t smore efficientlthun the other sphueriids? Or is it Jjus't

better suited to this, porticular environment? cLT

IR
- Pt

- (2) Production of P,casertanum is closely reloted to both

sediment gratn size and current velocity., Because no arec of high
current velocity and small grain size exists in the study area it
was impossible in thi y to Metermine which¥s. more important
in afrecting prodgetejzfizi\ﬁgfch(pers.comm.19?j) postulated

that sphaeriids choose sediment groins of the size which are
corried in a current at the same rate at which they themselues are
CGfried. However, Gale (1973) found that the sphaeriid Sphoerium

striattnuﬁ:had ne preference among ¢ choice of subs trates, Which

does control distribution and production of sphaeriids, sediment

o

grain size or cufrent velocity?
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(3) Johnson and Brinkhurst (1971b)postulated that the turnbdver
ratio is clqgely-related,to onnual mean tempe?atﬁre and can,be

predicted by the equation- -
; . 5

T
10

where T is annual meon temperature in degrees Celsius, However,

TR =

in ihe present study.this formulae wos not consistently applifable.
o . o / _ .
Because temperatures were constant throughout the. study dved

he
‘relationship between temperature and turnomer ratio could no;\be

rd

investigated in this study. Is the -turnover ratio closely related
to annual mean temperature and con tt’be-prédtcted from. this .
parameter?

(4#) Production of Gommarus fascigtus eppears to.bg closely

reiatéd to the distrtbutibn of equatic plaenis, Isithis because“
~ the amphipods are ‘attrocted to the plants or becauSe both are

a

reacting to some other }actbr? hat is the cttravtant or other °

factor? . A g '& =R

P
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Table Al. Average values of some physicochemical characters of
- . the Ottawa River study area.
All velues are in ppm unless otherwtse indicoted, 4An
average of eleven samples was used in each determination -
(frOm Mackie and Qadri 1971),

s

’ MS Pollution criteria

Alkalinity ;. 24,1 > 20
Bop | 1.6 P
Calcium 9.8 —_
Carbpn dloxide . 10.2 < 25
Conductivity (micromhos/cm) 4.3 - no increase 2 —%— normal
Chlorides : 2.8 <250
Dissolved oxygen . 8.4 Y 5
ﬁardness ':i . s ‘ 27.7 ' _ should:not
Irol ) %? 0.28 / cause "
Maﬁganese L 0.006 - nuisance :
Nitrate | 0.09 , plont ~
Nitrite . ’6.013 . gfowths
. . 6.9 | 6.5°8.5 @
Phenols . | . 5.6 should not tatnt fish .-
Phosphate | -' ) 014 shquld not cause- nuisance

' o plant growths
Secchi disc (m) o 1.6 -
Sulfate - - 151 should not couse “nuisance

. ' .- plant growths

Temperature (°C) - - 0-25 .. Lo N
Turbidity (JTU) - 18,6 - —
Veloctty (m/sec) - 0-2,9 - e

" as recommended by the Ontario Water Resources Commission (1970)

'

<
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Table AZ2. Termtnologu of partzcle sizes and the Phi (ﬁ) scale
classzftcation (rfrom Mackie 1971).

Substrate type Particle size ' Phi scale

' . {(mm diometer) .

Gravel ‘ | 2.0-16,0 : +3,_é,_1

Very coarse sand 11,0=2.0 | . I.o

Coorse sand 0.5-1.0 1 . Y
Mediu% sand 0.25-0.50 _ 2 i} ;{
‘Fine sond 0.125-0.250 3" -
Very fine sand 0.0625-0,1250 4

Silt 0.0039-0.0625 7 5,6,7,8

Clay less than 0.0039 ’ 9




*0a(q

- : ity [ T ehl £z aoy.
~ #ET IET . : ger - £2*3190

. . fer . 911 . . 8IT g2*3dag

201 or1 90T Ior . R6 gz bny

97 - 06 £g 94 16§ . 99 gz Arnp

VA9 "9 09 £9 [ 29 9g sunp

ity iy 2% I £4 : 95 1€ Aojy

£c L€ 92 ¥4 - H2tady

ze €4 2 £ LOH

£1 . : Ig'qayq

Z 9 rg*uop

T ) 2 31095UDL]

B . oo . ’ *oa(q

9€1 LET LT 66T o1 £z aoy

. YA el ler 9zr - . : 0T . £2°100

. Irr 2ri #I1 £rr . 511 g 31dag

o : . - . S6 66 46 . 96 : £or1 gz ‘6ny
- - 09 #Q 59 24 £6 64 e fArnp

- 69 02 PR AN gé £ 89 52 aunp

0% zs. 9% 84 ss 4% £z Aoy
# I€ . o€ #E 9€ 2€ " hztudy
. L1 _ ‘ 91 : £z 0z *uDjy

¢ - . g 6 gl 61°qayd

. ) £ T .2 : Lituop

I 3102supag

fiog*s a1339% aloys*and yziou-piy yjLfou-sr ysnos—sy YINOS~PL)Y a40Ys *jup

rl

- . "£467 up usywy
sardums [TD L0f u013D00T pud ‘a30p .gmnsaz ordung *gy mﬂaa&

[
\
1
~

A



S

—~

ol

z2el
ezl
901
cg
65
g€

gr
01

001

46
99
IS

61
I7

-Q\Nﬁﬂx
1£24 g€z ‘aoy
gZr - £2°190
LIT §z*3dag
[4e) § .7 ge'bny
gg . o¢ Arnp
49 9z eunp
6% 1€ Aoy
pe o€ “udy

62 4o}
2z°qad
gz uop

€ 3109s5UDL]

(ponuizuod) £y 21901

A



-
- 86

Table A4, Sampling error and error of estimates,

4 standard error

Sphaeriidde

Each somple (3 grabs) for each speciesl .27

Mean aonnual standing crop eéstimates 2 .

Jor each species at individual stotions 10 hﬁ\\\\\

Pisidium casertanum production estimat333 oo )

ot individual stations 30

Other sphaeriids standing crop estimatesz >

for total area /<j>

Other sphaeritds production estimat333 5

for total area

. , ‘.
-Amphipoda
' 1
Each sample (3 .grabs) _ 88

‘Mean annuol standing crop esttmates4 30
at individual stations o -

- Gammerus fasciagtus production esftmatesj 20
at indivtdual stations

o N
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Table A5. Length-weight relationships for Pisidium casertanum

in the study crea in 1973,

Equation of the N Correlation
relationship - coefficientl
Tronsect 1 ~
e
Ont.shore log y = -1.81 + 0, 32x 64 0.93 \
Is.south logy = ~-1.79 + 0.32x% 21 0.98
- Is.north log y = -1.85 + 0.34x 101 0.97
¥id-north logy = -1.83 + 0.3%x 43 0.96
Que,shore logy = -1.52 + 0.28% 30 0.95
Transect 2
Ont.shore log y = -1.5% + 0.27x 76 , 0.97 -
Is.south logy = -1.58 + 0,29x 122 0.96
.Is.north log y = -1.65 + 0,28x 117 0.98 o
Mid-north log y = -1.86 + 0,34x 111 0.97 '
Transect 3
Ont.shore logy = -1.36 + 0.23x 42
Is.south - log y = -1.47 + 0.26x 99
Is.north'Y/ logy = -1.595 + 0.28x 90 °
Total area - log y = ~1.66 + 0.30x 916

tota? dry weight in mg

y =
x = total length in micrometer units
log = 10910 ] .
1 correlation of log,qy and x r

(1 untt = 0.kmn)

)
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Table A6, Production of Pisidium casérfonum in the study orea '
1973 (stendard error 30%).

in.

* .
N

oy

Station

.Total dry Total live Soff paris Soft parts
wetggt weight dry getght energy content
- 2 ‘ .
(o/m”fyr) (o/m"Jyr) (gf/w fyr) (kcal/m®[yr)
Transect I
f -
Ont,shore 0.196 0.47. 10,02 0.09
Mid-south 0* : o - 0 o .
Is.south 0.086 0.21 0.01 0.04
Is.north 0.386 0.92 0.05 - 0.22
Mid-north 0.189 0.45 0.02 0.09 .
Que.shore - 0.200 0.48 0.02 0.09 A
Aransect 2 ,
"Ont,shore 0.506 1.21 0.0 0.26 :
Hid-south - 0* : 0 o - 0
Is.south 0.712 1.70 0.09 0.39
Is.north 0.827 1.97 0.10° 0.43
Mid-north 0.346 0.82 0.0% - 0.17
Que.shore 0.015* 0,04 0.002 0.01
Kettle Is.Bay 0.091* 0.22 0.01 0.04
L] N . - .
Transect 3
Ont.shore 0.209 0.50 0.03 0.13
Mid-south 0.038* 0.09 0.01 0.0% -
Is.south 0.635 1.51. 0.08 0.35
Is.north 0.560 1,33 0.07 0.30
Hid-north 0* .. 0 0 0
Que,shore 0.008* - 0.02 0.001. 0,004 s
Hean " 0.263 ' 0.63 0.03  0.14

* estimated using the 'turnover ratio 3.8 (from Fig,12)
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Table A7 Length -weight relationshtps Ior =nhaeritds in the
study.area in 1573,

Equation of the

L S

Speciesy N anrrelatton Max, total
relationship™ * ..coefficient length
' (Iog y & x) observed
10 (mm) -
Pisidium o ’ ' ,
cosertonum  log y = ~1,66+0.30% 916 0,96 3.9
P.punctatum  log y = -2,38+0.52% 568  0.91 2.1 °
P, ferrugineum 1log y = -1,67+0.32x 112 -0.96 2,5
= B . .
P.supinum log y = -1548+O.24x 36 0.92 3.5
P.nitidum - log y = -2.14+0.41x 20  0.97 2,k
P.lilljeborgi log y = -1.90+0.36x 15 .- 0.99 2.5
- * y = total dry weight in mg T
x = total length in micrometer unLts (Iunit = 0.%mm)
log = 1001O L
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Table A8, Production of sphaeriids other than Pisidium caserionum
in the study areoc in 19?3, esttmated using turnover
ratios (standard error 18%),

»

. Station Production (g/mz/yr total dry weight) ‘
. : , Pisidium Pisidium Pisidium Pisidium Pisidium
- . /‘punctatum ferrugineum supinum nitidum 1illjeborgi
_ A o )
. Tronsect I \\\-_ ‘
: . 1 .
Ont.shore 0.123 0.026 0.037 0.007 0,004
Mid-south o o 0 0 0
. Is,south 0.013,- 0.015 0 0 0
Is.north . 0.418 - 0,022 0 0 0
Yidenotth .0.465 0 0.082 0 0,002
Que,shore 0.07% 0.015 0.005 0,001 0
Transect 2 S 1
L
.Ont,shore .. -0.169 0 0.021 0.012 0
- Mid-south ” 0 0 0 0 ke,

-+ Is.south 0.278 0.04%0 0 o} 0
Is.north 0.032 0 0] 0 0
Mid-north 0.157 C 0.009 ' 0.009 0.002
Que,shore 0 o ¢ 0 0 0
"Kettle Is.Bay O 0,008 0 0 0
Transect 3 N
Ont.shore . 0.081 0 © 0,023 0,001 . 0,002 i
Mid-south . 0,007 0.020 0 0,013 0 '
Is.south 0.076 0.117 ' 0.003 0 0
Is.north 0.094 0.149 ' . 0.009 0,001 0. 046
Mid-north 0.056 o] 0 O . 0 ‘

. Que,shore 0 0.003 0 0 0
Total orea* 0,099 0.027 . 0.013 0.003 0.00%

. ' i
« from production calculations (standard error 5%)
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Table A9, Species dtuerstty Tf sphagrt;as in the study'area-
’ in 1973.

I

Station . Shannon- Simpson ¥ilhm-Dorris
' ’ Wiener

" Transect 1

 Ont.shore 1.11 0.43 —14,16
Mid-south fm— -— -—
Is,south - 0.56° 0,31 o - 1.16
Is.north 0.87 . 0.38 . ~11,43
Mid~north 0.85 , 0.38 o - 4,59
Que.shore . 0.22 0.11 - 4,31

. (‘

. Transect 2 | “
Ont.shore 0.51 "0,22 : - 4,97
Mid-south —— -~ ——
Is,south 1,16 0.50 - 9,32
Is. north 0.22 0.09 - 2,56 ~
_Mid-north 0.73 0.40 - 7,60
Que.shore 0 0 0

- 0.75

" Kettle is.Boy 0.21 0.08

Transect 3

Ont.shoxe 0.93 0.38 - 3.16
Is.south 0.86 0.31 - 3,25 §
Is.north 1, 66 0,67 - =10,01 y
Mid=north —-——— —— - {

Que.shore 1,00 - 0.50 - 0,60
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Table Al10, Length-weight relationships for Gammarus fasciatus
in the siudy area in 1973,

Station Equation of the N Correlation

relationship * coefftctentl
Pransect 1 - Lo .
Ont.shore log y = -2.11 + 0.57x 16 - 0,94
Is.south log y = -1.49 + 0.36x 127 0.84
Is.north logy = -1,93 + 0.48x 112 0.86
Mid-north log y = ~1.43 4 0.35x 6 0.75
.= =1.75 + 0.47x 97 0.92

Que.shore log

Transect 2

Ont,shore ldg y = -1.62 +-O.42£ 18 0.91

Is.south log y = -2.06 + 0.55x - .17 0.93

Transect 3

Ont.shore log y = -1.28 + 0.36x 19 0.9%

1id-south log y = -1.64 + 0.38x 23 0,54

Is.south logy = ~1.70 + C.43x 37 0.53

Is.north log y = -1.96 + 0.51x 46 0.88

Total area  log y = ~1.73 + O.%44x 518 0.88 ' /ﬁkp
* y total dry weight in mg

head length Ln mlcrometer untts (1 unit = 0,2mm)
log = 10910

1 correlatton of logloy and x

k ' . [

A



Table All. Production of Gammorus fascia
in 1973 (standard error 70%).

tus in the study arec

~
Station Total dry Total live Energy content
weight weight -
~ (g/m/yr) (o/m?/yr) (kcal /m?/yr)
.
Transect 1
Ont.shore 0.108 0. 54 2,34
Mid-south ‘0,108* 0.54 - 2.34%4
Is.south 1,489 745 32.33
Is,north 1,013 5.07 22,00
Mid-north 0.123 0.62 2.69
Que.shore 1,019 5.10 22.13
Transegé 2
Ont.,shore 0.287 1.44 6.25
south o* 0 o -
.30uth 0.146 0.73 3.17

s.north 0.022* 0.11 0.48
.'n.'id—north 00079* 0040 / 1'?4
Que.shore 0.007* 0.04 0.17
Kettle Is.Bay or 0 0

Transect 3

Ont.shore 0.478 2:39 10,37
Mid-south 0.12 0.60 2.60
Is.south 0.673 3.37 14,63
Is.north 0.247 1,34 5.38
Mid-north o* 0 ' 0
Que,shore o* C 0

* estimated using the turnover ratio 7.2 (from Fig,18)



Table A12, Dry weight and ash—free dr

94

the study area in 1973, '

Y weight of benthos in

Group No of .Drﬁ wt as Ash-free Ash-f;ee
—_— ‘organisms % wet wt dry-wt as dry wt gs
~ in sample G owet wt % dry wt
\f
Oligochaeta { 1028 - 18,3 16.7 91.3
Hirudinea / 17 15.9 15.7 98.5
Isopods /s 19.7 © 15,0 76.3
Amphtpoqa
" Hyelello azteco 24 16.9 16.2 97.4
' Hydracaring 53 25,7 23,3 90.5
Plecoptero : 3 11.8 10.8 91.3
Ephemeropiera . ‘ )
Hexagenio sp 6 14,9 13.6 . 91,0
Coenis sp 17 17.9 15.4 86. 1
Trichoptera 71 19.9 18.9 94,9
Diptera _ | o
Chironomidaoe 1284 18,9 17.6 93.1
Ceratopogonidae 71 19.4 18,2 93.8
Gastropoda*
Ferrissia ‘ ,
paralelln 7 23.8 4.8 20,3
Physa gyrina 7 24 & 20,3 83.0 {/
Gyraulus sp 18 26,2 8.% 32.9
Amnicola sp 7 49,2 - 8.4 17.0
Campeloma decisum 15 41,1 11.9 28.9
C,decisum
(soft parts) 9 21,3 14,9 69.7
C,decisum (shell) 9 83.0 0.1 0.1
Peleéypoda* '
%tus 14 41,7 7.2 17.3

* shell included unless otherwise indicated

A

voos
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Table Al%, Mean mercury and pesticide content o
’ in the study orea in 1972 gnd 1973.*

f benthic groubs

Group No of Total Organic
samples mercury mercury
(ppm) (ppm)

DDT PCB

(ppd) . (pDb)

remainder were collected from sediments.)

Y,
R L

Oligochaetas - . 2 - 0.15¢,03 15.3%1.5 164*108
Isopoda 1 0.09 o i —
Amphipoda .2 . o.ﬁg:.oé . ’_ —— e
amphipodal 7 . 2 = | 0.18%.16 "1.8%0.7  15%11,1
0donata’ 1 . 0.03 . o0.02 3.5 12 )
rrichopters! - 2 0.14%,08%0.02%£,01  9.3#2,1 193143
Coleopteral , 1 0,07 - 0,02 113 28
Diptera | ' . ,

Chironomidae 2 o.18t.b3 0.04+,01 1h,0%4,7 175%32 -
Gastropgda o
Campqlomd éectsum 10 0.68%.09 0.24*,08 5.5%t1,9 193*t88"

. : (¥=8) . (N=6) (N=6)
Pelecypoda
' iiiilﬁigtus 7 0.31*.09 0.09%.03 0,6%0,2 28%h
S . : (N=5) (N=5) (N=5)
Pisidium spp 1 9.0 -—- 14.8 162
*» error given 1s standard error of the mean
1 collected by L.Leung from submerged aquotic plants (The
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