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‘ Abstract

. . A study of the Chironomidae (Insecta:Diptera) larvae
..nwas ca:ried out.in.a 4.d kiiometer section‘of the Ottawa
R;nerlnear Ottawa-Gatineau dpréng 1973 and 1974 to deter--
'//,-' mine their distfinution, abundance and produbtivity Nine- ¥
- | téen stat;ons were sampled at monthly lntervals'along three )
\transects in 1973. In 1974, two statlons which represented
major habitat types Eé determined through the previous
Xfar‘s_sanpling,;;ere etudied at six-day intervals, | -
The 1973-aampling showed low biomasses of larvae in the
large channels and the éuebec shore which‘wasninfluenced by
a pulp mill. The areas Qith‘the highest biomasses were the
island shores and parts of the Ontario'shote.

- Intensive sampling in 1974 showed that two species of

the genus' Polypedilum dominated, one at each site. Production

of -Chironowmids at the Ontario shore site was 539.9 mg./m2 N\

and at the Kettle Island smte, 1t was 178.2 mg /m . Productlon-

///to blomass ratlos (P/B)rwere 9,7 at the ﬁormer site and 8. 3 f‘-.
: //’“' at the latter. The number of generatlons oﬁ,these spe01es
at each. 51te was 4 and 3 respectlvely. -
‘ E
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'Abrégé L .

L'dtude des larves de la famille Chironomidae - (Insectes:
Dipééres} fuﬁ poursuite en '1973-1974 dans une sécsion de
la f%;iére Outaou;istrEs d'Ottawa—Hﬁll. Le but dtait de
constater leur distribution, abondance et productivite. En
1973, dix-neuf sites-f;pprtés'sur.une distance de 4.8 km,
furent échantillon€s mensgellément.‘ L'ébhantillonage de' 1974
se fit aux deux endroits repreésentant les types d'habitats
les plus'impofhants. Cgux-ci a§ant'été détermin€s par -

1 echantlllonage de l‘annee precedente.

Les resultats de- 1973 ‘démontrent de faibles populatlons
de la¥ves dans les endroits larges du lit de la rivieére ainsi
quté la rivg québecoise en aval d'une usine de papier.. Les
'ena?oiﬁs avec les hautes populations étaient situés sur les
rives dés'iles.Kettle et nger.Duck et a certain; en@ro £§

‘de la rive ontarienne.

’ . - .
» L' echantillonage intensif de 1974 laissa voir deux especes.

« du genre Polypedilum ¢omme ‘étant dominantes. La production R
biologique au iaqgté situe a la rive ontarienne fut 539,9 ' ‘

mg/m2 et 178, 2 mg/m2 au poste de l'ile Kettle. Les-pro~ - —

portlons Productlon/Blomasse furent 9,7 au'pdste anterleur

[ ‘J

et 8,9 au dernler des deux. Les nombres de generatlons d l'}f

o larves s elevalent a guatre et. trois respectlvement

-
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Introduction r

! The objectlve of this study was to calculate the second-
- ary b1010g1ca1 productlon of the Chironomidae’ {Dlptera.

Insecta) in a 4.8 kilometer section -of the Ottawa River qeaf

.v ~

Ottawa-Gatineau, Canada. This was done ih‘two'parte: 1) the
area was described in as great a detail ae possible in terms
of biomass of the larvae as well as in tefms'of_ﬁypee of
habitats; 2} specific areas-were sempled intensively in order .
to give some estiﬁationhof'production, productivity and life
cycles of the larvae. The ;eseltg;of the productivity work’
were then applied to the.deseriptive data to give an estimate
of overall chironomid'breduction cf.the study area.

The larvae are a major component of the benthic inverte- .
brates of the Ottawa River, at some sites being the only
invertebretes found (Mackie, l971;rHamil, 197§). They are a

majbr source of.food for brown bullheads .(Ictalurus nebulosﬁs)-

(3. Gunn, pers. comm.) and yellow perch (Perca flavescens) ﬁ-f;‘ '

(Stobo, 1971) and are thus involved in a mejor part of the -

energy transfer in the ecosystem. ‘ . ‘ '
The larvae of the Chiron m./d%/spec:.es (midges) are all ‘

holometabolous, with the eég,zlarval and pupal stages being

aquatic, the adult stage being terrest;}al (Oliver, 1971):

The only feeding, thus prodﬁctive stage, is the larval stage.

Therefore, all biomass and preduction effort was focused on the

four larval instars.
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4. . Midges have great differences amongst themselves in
E auration of Iife.cyc}es, in special adaptations, as well as
tolerances to variOUS-external factors. - This can be shown’
by the’ large numbers of habitats in whlch mldges are found
and also by the great complexlty of thelr taxonomy. Factors
which may affect llfe cycles qu life styles of the larvae
1nclude: 1). the effect of drlft ahd current on populations’
(Waters, 1962 Mﬂller, 1974)5 2) substrate preference
(Iyengar EE EL 1963; McLachlan, 1969); 3) the effects of macro-
'*5phytic vegetation on the larval populations (Egglishaw, 1964;
Barber . and Kevern, 1973); and 4) larval response to pollutlon
from a paper mill (Hynes, -1960; Curry, 1965). The above
factors were thus examined to determine their importance in
" the Ottawa River. |
) There has been little work done on large rivers in the
.past, but recent studies (Waters, 1966; Berrie, 197.2; Hynes,
1972; Mann et al, 1972; Thibeault, 1972) have begun to show
.the complexities of lotic,systems‘and have‘begun developing .
methods to dea} with the difficult conditions found in river
habitats. In_particular, Coffmen (1973) writes, "Lotic systemﬁ ‘
benthos studies are frequently hindesed by inadequate samp}ing.
programs, natural history information, and tanononicliiterature.
With respect to-all three factors, the family Chironomidae is
/;\ " . often the chief;sourceleﬁ difficulties. ' The high densities.of
immature stages}ygenerally small sizes, and highly irregular

distribution patterns ‘of members of the family have, too
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frequently, resulted in its superfiqial inélusiqn or total
exclusion in ecological studies." '
Secondary production is defined-as the ermation of
consumér organisms in a community {Edmondson and Winberg,
1971) or the net accumulation of biomass in consumers; above
-fespiration'and excretion (Allen, 1971). ' !
The computation of secondary péoduction has been the
subject of an increasing amount of work in recent years.
Allen (1951i, Neese and Dugdale (1959), Hynes and Coleman
(1968) ,-Hamilton (1969) and Mann‘(1972), have 1aiérthe gqound—
work for the guantitative study of populations of inverte-
brates in freshwater systems. Kim?rle and Andersoﬂ (1971),
_ Jonasson (1972), Maitland et al (1972) and Paterson and Walker
(1974) have variously modified the above methods to reflect
the needs of different types of insect.life ?ycles and
habitats. Such modifications are also done in the present
study to bring meore precision and manggeability to the pro-

duction estimates. .
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'Aﬁea
The Ottawa River is part of the St. Lawrence River
drainege system, sterting at Lac Temiscaming near the
Onterio-duebec border and ending near Montreal. It has a
- <

total Iength of app;oximately lll3'kmﬂ and has a watershed

area of ebout 145,000 square km. (O.W.R;C. Report,1971).

The Un1Ver51ty of Ottawa-National Research Counc11 of
Canada study area has a total lé//th of 4 8 km. and has an
approximate width of 1500 meters, and is situated between
the city of Ottawa, Ontario end the town of Gatineau, Quebec.
Included in this area are Kettle Island and the upper part -
of Upper Puck Island (Flg. l)

The depth profile of the study area {Fig. 2) shows a.
.deep mid-channel section and steep inclines from tte river
side. The substrates (Fig. 3) are predominently saﬁdy but
- have clay banks which are found on the Ontatio.shore. " Figure
4 shows the rates of watei flow in the main south channel.
Hydrologlcal stuq@ps (Welch 1952; Reid, 1961) leed to the
belief that similar patternsof flow can be expected in the
other channels. Water temperature in 1973-1974 ranged between
0 and 23 degrees Celcius add are shown in éig. 5. The pH
ranged between 6.5 and 7.0. "

Further descriptions of the study area can be found in
Ottawa River Program Interim Reports no. 1 (19?3) aﬁd no.

2 (1974).

"
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‘ Fiéure 1
' The Ottawa River stﬁ_dy area. The'x's show the sites
sampled in 1973 and the 'o's, the 1974 sites. i
X -
\
' v )
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R . 'Figure 2

" Depth profile of the Ottawa River study area.
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Figure 3

Substrate* types of the Dttawa River study area. (Fig.

modified from Townsend 1973).
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» - Figure 4 (/fﬁ\\

Rates of flow .in the main séuth channel at transect

1
3

two in July 1972. Similar types of flow patterns can
be expected from all the other channels. . Frop Warnock

(1974). .

-
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. 'Figu{é.S
Temperature ranges in the studyh area during the 1973
and 1974 sampling seasons. Temperatures did not vary

. " .
between stations on the same sampling days..
) N .
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- - ot Methods

v ) .
' I

Sampling in 1973 was designed to cescrihe as complete-
ly as possible ‘the Study area in terms of the'distribution
of the Chironomidae larvae. To do this, saﬁpling.sites
were located on three transects(which were chosen to cover

the ma]or types of habitat in the study area. The transects

‘were numbered startlng at the upper tlp of Kettle Island,

transect one, transect two, and transect three (Flg 1). On

N -.-,_‘

each of these transects, six sampllng statlons were estab-
-lished: 1) close to the Ontarlo shore, 2) the mld—south
channel, 3) near the south shore of the 1sland 4) near the

4

north shore of the island, P) the mld‘hQEth channel, and 6)
—close to the Quebec shore. Another.site‘chosen was.Kettle_
Island Bay.'. K

For this deneral sampling, the method of Mackie (1971)
was used, where three standard "15 x 15 x 23-cm3 Ekman grabs
were taken at each of the 19 sampling stations at monthly
1ntervals, lumped and then sieved through a 370 mlcron mesh.
The sieved samples were then sorted by hand w1thout mag-
Iniflcatlon. Further work has shown that the standard error
of this technlque at transect one, Kettle Island shore,'-
ranged from 33 to 80 percent (%)} of the mean.

"On the basis of the 1973 data, the study area was

divided 1nto zones demarcated on the basis of sampling results

N
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at the 19 stations, substrates, Végetation types, biomasses
b . v :

of larvae, geographical location and in the case of the

C.I}B}'channelfmghe presence of a major pollution source.

’

,".Usidg Qhe, or a cbmbination of these.conditioné, the
éta;ieds were then combined'witﬁ each other. This done,'thé
s;a£i6ns were extrapolated to encompass the are€as between
each 5%her to form large zones. The total biomass of their
constituent stationé’were combined and averaged. In this
fﬁshion; an estimate for average values of biomass per unit

area was produced for large zones. This biomass figure was
multiplied. by the total area of that particular: zohe to give -
total biomasses éor the whole stu@y areé fof 1973. *

1974

The 1974 sampling was d gigneé td'give accurgte quan-
titaﬁive estimates of produc ion,-productivitQ, and life
cycles of various species gf C ironomidée, Therefore, in'

L

\\\\; 1974, oniy'two stations were -studied, these being the south

shore of Kettle Island at transect one, and the Ontario shore

. at transect two. They were chosen because the. 1973 sampling

. showed that these twg stations were representativé of the

- | Sk
major productifve zones-:of the river. Also, they were sampled
at six-day intervals in order to discover all the changes in

o~

biomass that occurred.

A general rule in establishing precise samﬁling programs

is that the larger the number of samples taken, the better,

3 N
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regardless of the sample size (Elliot, 1971); Therefore,
Ekman‘grab samples were replaced by 4.8 cm. diameter core

samples. The corer was.a plexigldss tube which was hand
driven into the sediments. The sed}menés were then
.extruded and processed. =, |

Tﬁe numbe£ of core samples to b; taken was determined
usiﬁg'thé method of'céssie (1971), where the number of
samples to be taken ;ncréases in an exponential fashion as
" the precisign needed increases. An arbitrafy number of ten
core sampleé were taken at each of the«1974 stations, éieved

and sorted separately. The numbers of larvae found were then

used in the formula:
N = ko/ L) .

where N is the number of samples,'t is the Student's t at the
Q.OS probability level, L is the permissible error of the
méaﬂ, and ¢ is the standard deviation of the population
samples.

Figure 6 shows the ensuing curves‘when exxors of 10, 15,
25, 40 and 50 percent are allowed at both stationé. The Kettle
Island site seemed to demand a gréat number of samples for a
precision: greater than 45% at the 95% confidence level. The
Ontario shore station, on téansect two, needed fewer samples

and 32 core samples were requlred there for 25% precision.

The precision at the Kettle Island site, according to the test




Figure 6 :
Number of core sipples to be taken at the 1974
sampling sites for various levels of precision.

The percent allowable error is at the 95% con-

fidence level.
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samples was not going to be very high, due to the iow‘
numbers of midge larvae found during the test period.
5 Duging the following sampling dates, however, éreater
numberé of larvae were found at thé site which would
decrease the standard deViation,of the samples, and thus
decrease the number of samples needed for‘gdequate pre-
cision. -

Sorting was done by hand, without magnification for
two reasons. First, preliminary work using flotation methods
gave unsgtisfactory'results, ai sorting'oﬁ the sediments

afterwards revealed a large number of larvae still 'clinging

to detritus. In Kettle Island sediments, the larvae of

A

Polypedilum wére very visible against the white sand énd
.sorting preseﬁgggm¥éw ﬁroblems. Sorting through the more
difficult‘Ontarié shore sediﬁents.ﬁas done very carefully to
minimize the chaﬁces of missing larvae. |
For*all the sémp}iﬂﬁ dates after the test sampling, except
fér November, the 32 core samples taken at each station were
combined' for manageable h-andling and s.orted by hand. ‘In
quember, the 32 core samplés were taken from each station,
sieved‘and sorted separately and the mean, standard error,
and confidence limits calculated. Results showed precisions
of 27% at the Ontario shore and 25% at the Kettle Islénd site.
The high prgcisf%n at the Kettle Iéland site, compared to the

early spring sampling, is explained by the higher numbers of
\ ' e :

N
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larvae found at that site at the sampling date, thus iﬁ—
proving the odds that a more even distribution of larvae
will occur. | | |

The 1973 work also revealed the lack of the smaller

first and sacond 1nstar 1arvae of the Chironomidae in the

samples. In an attempt to- find them, sieving in 1974 was

done through a 200 micron mesh, as suggested by Jonasson
(1958) ) Thelinstar stages were determihed using the method

of Ford (1959) and McCauley (1974) of measuring headcapsule
w1dths and plotting them against numbers. Since the dlfferent
instar stages have different average-weights, flndlng the in-
star stage allowed a rapid estlmatlon of welghts of 1nd1v1d—

uals once the larvae h3d been cla551f1ed as belonging to a

particular instar. : '

N f . -
Samples taken in the spring and early summer were sorted,

identified to genus, and weighed. The live larvae were then

drled at 60 degree Celcius for 24 ‘hours to find dry weights.

(Table l). ‘Identlflcatlon of the summer and early fall ‘Q'l
samples was not done until the fall, so that the average

weights for the spring and earlf stmmer were applied to the.
remaining preserved samples. Though the peréent‘water content

of the larvae varies durlhg the &ear'in eome'studies (Paterson

and Walker, 1974; Johaeson; 1972), ah average factor ot .202

wet weight to dry weight was calculated for the larvae and no
r\.‘- - - R . ’ .
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TABLE 1

Average individual Weights of various instar stages for

the genus Polypedilum found in the spring and éarly
summer of 1974. The values are in milligrams dry weight.

. ’ - .
Approximately 200 larwae were used in each measurement.

&

. Weights (mg.)

-

3rd instar 4th instar
‘ \
~
Polypedildm . ' T
.Ontario shore .032£.002 S.E. .094+.014
Kettle Island shore .028%,006 S.E. .114+.014

g
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Statistically significant differences from'thie mean were
found dsing a t-test,lin either winter, spring or summef.
All.weights are reperted on a dry weight basis.
Computationslof secendary production can be dene
following various authors (Winberg, 1971; Hamilton, 1969;
Neese and Dugdale, 1959). The method ‘used usually varies -
Qitﬁ the rates of change in the population Structure and the
type of habitat studied. In‘a rapldly changlng populatlon,
a graphlc (Allen, 1951; Wlnberg, 1971) rather than an
albegralc method (Hamilton, 1969; Fager, 1969) is used. The
method used here is a modlfled type of Allen curve, the
Boy;en4Jensen method (Mann;‘1969; Edmondson, 1974). In this
method, the change in the humbers of individuals in a’coﬁort
is plotted againé& the average weigh£ of one individual. of
that cohor£; The area.ﬁnder the line or curve formed isea
measure-of production. This can also be expressed as:
Pij = 1/2 (Ni + Nj) (WJ - Wi)
whefe-Nir Wi, Nj, and Wj are the estimated mean densities
and individual weights at times Ti and Tj respectively
~, (Charles et al., 1974).

Since there were very rapid changes in the midge pop- |
ulations, tﬁe_average weights of an iﬁdividual at a certain.
time was substitutea by the average weight of an individﬁal
at a cerfain instar staée. This method of processing allowed

for more accurate production estimates in the summer when

samples could not be processed. The greater accuracy occurred
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becqﬁse preserved samples lose é‘large proportion of their
weight when ih preservatives (Howmiller, }972; Dermott and
Paterson, 1973). Weighing the preserved samples would theg

legd to an underestimate of the larval biomass.

Although second instars were found, their numbers were
not syifficiently large to be used in production estimates,-

as sampling was not édequate for that group. Thus there

. ) ’
as fo rmal population, to a bell-type form. Since the

area-under the curve is a measure'ofjéroduction, it can be
seen. that the exclusion of second inéfgrs from thé calcu-
lations would give a larger and thus more aééurate estimate'
of production of the cohort (Fig. 7 a & b).

‘ 'Thug; at each.generation of cohort, the maximum number
of larvae of each instar @s used iq'the Boysen-Jensen method
previously deScribed. .In cégés where more fourth than thirxd
J instars were found, the stan 'nq‘crop biomass of the fogrth
instars was used.as a mggsé;i&;} total production for the
same reason ;s for‘the exclusion of the second instars. Pro-
duction was measured for every cohort of the species .studied
and these added up fo give-fotal-préduction of each species
at each station.

Productivity was measured by the method of Winberg. (1971)

..,@

-



Figure 7a

Generalized relationship between mean larval weight and

" &,
cohort size of an id.PI population. '

fea [l
i

- . ‘

Figure 7b

Production curve of a sampled population showing the effect

of including 2nd instar numbers when these are less than the

A

' 3rd instar numbers.
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Average Weight per Individual
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where production (P) is divided by the éverége biomass
{B). The resultlng ratio is a measure of the rate of
productlon in a population. A modlflcatlon of this
idea is the Turnover Ratio (T R.) (Waters, 1969), where
P/B is measured strictly for one cohort d;ring its life
cycle. T@is method gives more information in describing
particular cohorts, but in the case of overlapping cohorts,
or species with very long emergence periods, it cannot be

applied due to confusion in %nterpreting the numbers found.

Once computed,, K the average of the P/B ratios for the

two stations was then multiplied with the total 5iomass
values for the different zones from 1973. Thase were
then summed to give an estim&%e of tofal produc
Chironomidae in thé 4.8 km. section of the Ottawa River under
study. | - o

For both 1973 and 1974, tHe larvae found were identified
using Mason (1968), (Bryce-and Hobart (1972) ang701ivgr

-

(unpub. manus.). N

N
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Results
1973 .
Tables 2, 3 and 4 present the results for the 19
* stations gampled in 1973. ' The physicgl'and chemical data

. A . #
for those sitek are shown in Table 5.
-t ) .

The almost total lack of larvae in the sandy,imid;
channel sites’ttr§55ects Sne and two, mid-south chaﬁnel
and éraqsect thxée, mid-north cﬁannel) should be noted.

' Averége standing crop biohasses for théese stations ranged
. from 0.8 to 10.1 qg./mz, ith the largest numbers of /farvae
being found in/~the spring, and.with very few in the summer.

The channel between Kettle Island and the Québec' shore
below the Canadian Internatignal’?aper:mill seemed to be o
greatly affected by its effluents.r The four stations in
this area‘;ere: transects two.and three, Québec shore; N
transect two, mid—north‘channel;'and transect two,‘nbrth' E
shore of '‘Kettle Island.

As shown by Table 5, éubstréte_types were varied in this
section of the river,.btlnt low biomasses were evident thfoﬁgh— ‘
out. There is a plume coming from the mill which is composed
to a large extent of woéd fibers which septle aloné-the shore
ahd.thus constitute a major part of the substrate. qpis, R

-

“along with the increased turbidity and B.O.D. (Table 6),
¢ ) T ‘ .
probably have a major effect on the benthic fauna. The Québéq

shore stations had low average biomasées;of B.

-
“

1 mg./m2 at

////
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transect two and 30.3 m‘g./m2 at transect three. Transect two,

mid-north ghahnel, had a mean biomass of 36.4 mg{/ﬁz while the
, . T

Kettle Island site averaged 10.1 mg:/mz; The biomass of all

these stations decreased to zero as the summer progréssed.

The 1ittoral zones of Kettle and Upper Duck Islands at
the sampling sites had similar compositions except‘for transect
two,'nbrth shore &f the island, described above,-and transect

three, north shore of the island which was a sheltered bay and

" contained a large population of Tanytarsus sp. found nowhere

else.

The sites supported macrophytic vegetation ¥n large

gquantities (Erickson, 1974) . The average biomasses fox thése

"stations ranged from 36.4 to 296.9 mq/mz. This area is very

important to the Ottawa River Project, as the macrophytic

vegetation shelters large populations of fish such as, brown

* bullheads, Ictalurus nebulosus (Rubec, 1975); pumpkinseed,

Lepomis gibbosus; yellow perch, Perca flavescens; and many

other species of Cyprinidae {Qadri -and Coad, 1974), which

would affect the local populations of chironomid larvae. | g ‘

The Quebec shore above the C}I.P. resembled the Kettle

Island shore and produced an’average biomass of 107.1 mg./mz.

The mid-channel station between the Québeg, and Kettle
. § :
Island shores on.transect one, had a slower current than the

other channels (Warnock, 1974). Also,, the;e was submerged
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vegetation at this site , as gevealed by. the grab samples.
This station had'an.avefage biomass of 34.3 mg/mzi

‘The three Ontario shore stations revealed three
diffaréat types of substrates varying from clay at transect
_Qné; silt at transect two, and a combination of both at
‘l transect three (Table 5 and Fig. 3). Transect one had an
average blomass of -127. 3 mg. /m , transect two, with over-’
hanglng vegetation Had 115.1 mg. /m , and transect three,
which was under erosional stress from the river bank, had‘an
average biomass of 46.5 mg./m2

The Kettle Island Bay station had an average biomass:
of 1192 mg./mz; .
Subd1v151on of the study area

The largest area is. obv1ously the mid-channel section
which covers 311.4 hectares (Table 7). However, the average
biomasses per m2 found were tﬁe'logest of any other zone.
This was probably due to the low detritus levels found in
the substrate, the fast gurrent inlthe mid-channels (Fig. 4)
and the movement of sand dunes underwater (Rust and Waslanchuk,_
1974) which would prevent the'colonization‘of the habitat even
for short periods of time.

The Québec shore below the C.I.P. is also an area where
'a low biomass was found. This area was also probably greatly
affected by the effluent chemicals from the mill which are

.shown in Table 6. The chemicals monitored follow the shore
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line for a longer distance than at the mid—stréam areas,
thus having a greater effect there} The biomass at these
sites were the lowest in the summer and fall when the
effects of the pollutants are greater (Cairns et al., 1974),
'§ trend which‘was alsorfepeatedly noticed during sorting ._
in the laboratory.’ The éffects'qf d;ﬁft during the spring
runoff might also contribute to éhe presence of larger

. . -
spring populations.

The island shore stations were treated as a unit, '}/d
excépt for traﬁéect two and traﬂsect three, the north ;ho;es.
- of Kettle and Upper Duck Islands, becauéé_the substrate and'
vegetation types greatly resembled each other. These
stations showed large variations in biomasslamongst them-
selves over the sampling pericd, butltreatmént with the
Kruskal-Wallis non-parametric test for differences in mean
level between several samples showed.that the bioméss at
these stations ;esembléd each other enough to assume that Fhey
all belongéd to the same population. The transect three,
. north shore of Upper Duck Isiand'site was not included in the
calculations as a large population of Tanytarsus sp. was ‘
_found tHere but nowhere else. |

The other zones studied were, the QuébeC‘shore above

C.I.P,} the north channel on transect one, and the three
zones found on the Ontario shore. These are all shown in

Fig. 8.




Figure 8
Various zones of the study area as indicated by benthic

sampling in 1973.

i.- Main channels

2 - C.I.P. channel

3 —-island shores .
4 - Québec shore above C.I:P:
5;- north channel above C.I.P.

6 - ﬁgber 0n§ariq shore

7 - mid Ontario shore

8 - lower Ontario share

X - sampled in 1973 ‘“\h#///
© i~ sampled in 1974 ’ -



=3]1-

€ Jo9sURA)

*s} >and 4

—

= ¢

SI1910W
oliyiNG 005 O roosuen
] . \/Mﬂl. * | ] -
-7 Kiojesoqe-] A201033
z Joesuen o, onE e ° . _
o . - laarY PMRIHO
I , . S .
. N ‘ T . -‘l‘l.rilr\nvlmlvl ..
F‘ .ﬂ‘ﬁ . \m . m -v..’
. ; - XIIII. - .
£

0] taded

puni|s| 3|49

'Y

[euoljRLIAN] ‘UBD

2383NO



-
1974 Y

Sampllng results showed that the only genus found in
numbers large enough for productlon studies was the genus

Polypedilum. Headcapsule analysis of this genus are shown

in Fig. 9 and 10 for the Ontario shore and for the Kettle
Istand stations respectively. This means that two speciesg

of Polypedilum were found, one at each station. They will

now be célled, sp. A, at the Ontario shore site, énd species
B at the Kettle Island site, The average weights of the
foufth instars suggestAthis aléo, even though there are no
.significant differerices between the two (Table 1).;

In order to follow the life cycles of the cohorts of

. Polypedilum, the percent composition of each instar stage
. of the larvae in relation to the other instar stagéé is
shown for both statioﬁs (Fig. 11 and 12). It is also shown
by the headcapsule analysis that the first instar larvae
" were not found in the samples, so that only the second,
third- and fourth instars are recorded. The lack of the
first instars Qas probably due to a loss in sieving, or
" to their pelagic nature and thus not sampled by our methbds.
This analysis will qlléw us, then, to follow the presence
éf various instar stages, to find out when they change from
one étaée to another, and thus give a better idea of life
cycle dgratiﬁnt

It can be seen that peaks in second instars are usually

followed by peaks of third and then, fourth. Soon after
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s Figure 9

Headcapsule widths of Polypedilum sp. A at the Ontario shore

station for 1974. Widths are in eyepiece micrometer units.
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Figure 10

Headcapsule widths for Polypedllum Sp- B at the Kettle Islandq\

: shore statlon for 1974 Wldths are measured in eyepiece

mlcrometer units.
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. Figure 11
z Percent composition of the instar stages of Polypedilum
ﬁ sp. A at the Ontario shore station for 1974.
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Figure 12

Percent composition of the instar stages of Polypedllum

sp. B at the Kettle Island shore station for 1974
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peaks of fou;th instars, there is a large proportiéh of . '
second -instars, which are then, the offspring of the

adults which came from the preceding fourth instars and

thus, belong to another generation or cohort.

" Ontario shore

The data show three major divisions of the growing year
for larvée. The first occurs in the spring and early summer
(Fig. 11). At this time, the eggs laid by the overwinteriné
generation hatch and the larvae grow. This is shown by the
high percentage of second instar larvae in early May and the
total absen&e of any other class. The third and fourth
instars whieh follow, disappear in late July.

The nex£ period éccurs dﬁring the mid—sumﬁer and lasts
until early September. . This staée starts wifh a smaller,
or partial gene;ation‘in late July which goes through its
life'cyclé and thep is followed by another high proportion
of second inséars, thus anothef cbhor£ in mid-August.

A new period begins in mid-September when‘thfa over- ‘
wintering cohort starts-to appéar. These will emerge in the
spring, lay their éggé and their offspring will form the

spring and' early summer generation.
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Kettle Island

. The pattern is.similar to that found at the Ontario’
shore site, encept-that the timing of the periods is
dlfferent, and that during the summer period, only one
generatlon is produced (Fig. 12) The spring generation
lasts until mid-July, and the summer one, until mid-
September. .There is only one generation during the summer
months, lasting about two months. A major difficulty in
understandlng the workings of this population, occurs in
late May and early June, when there are. great fluctuatlons
in the numbers and instar proportions of the larvae. These
occur when the Ekman grab was used for sampling and prob-
ably reflects sampling error. .

But despi;e using the 1973 method of sampling on two

dates in May, the results from this sampling were included in
the study for two reasons: 1) thoughlthe probable.sampling

‘ erfor_is high, it was felt that there were changes in the

‘population and that some attempt should be made to record

these; 2) the results of this sampling fall within reasonable.

limits of what could be expected, and probably approximate .
realistic values.

Production . €

The lengths and limits of the life cycles thus e lished,
using percent larval composition, the actunal number of larval

1nstars found were plotted against the sampling dates. Figures

g

'\/
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13 and~l4 show the changes in numbers of the larvae of

[}

'Polypedilum sp. A and Polypedilum sp. B at the Ontario

and Kettle Island shore stations for 1974.
Ontario shore

The rgsults of the production study at this site are
show in Table 8a. The spring generation produced 217.5
mg./m2 in a generation time of approximately 98 days.

This figure is dérived from the maximum number of fourth
instars only.

The length of the-life cycles of the second and third
generations wefe both approximately three weeks and their
production was low at 40.0 mg./m2 and 40.1 mg./mz.

The production of the fall generation, up until NBvember
was calculated at 242.3 mg;/mz, though this was obviously -
an underestimate as growth of that\cohort was still possible
over the remaining winter months. |

Total produgiionjfor this site from May to November in
11974 was thus estimated at being‘539.9 mg./mz.

Kettle Islam}/ |

The Kettle Island site was sllghtly different from the
previous site in that there were only three generations
instead of four (Table 8b). The overall production was
also less. The spring generation had a production of
56.1 mg;/ﬁz, the summer generation produced 55.0 mg./m2

and the fall generation, 67.1 mg./mz,



s

‘Figure 13

Changes in numbers of the third and fourth instar larvae

~at the Ontario shore site for'the genus Polypedilum (sp. A)

during 1974,
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Pigure 14-

Changes in nu rs of the third‘and fourth instar larvae

at the Kettle Island Site for the genus Polypedilum(sp.
during 1974,
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'—*‘—nﬁipld population changes. The values for this cohort would

Table 8b. Ag,should be expeeted, the hlghest value oceurs
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Productivity
Ontario shore

Purnover ratios (T.R.) are shown in Table B8a for the

generations of Polypedilum sp. A,'as.is the overall P/B

ratlo. TurnOVer ratios ranged from 2.4 to 3.6 with the . ?k
highest values occurring in the spring durlng a period of

o+

have begen much lower had there been a high populatlon of
third instars to glve a greater average blomass, thus brlng—
ing the T. R. 'value down. The second highest value (3.1)
occurred in the second summer generation and is similar
to the_first summer cohort. The-fall value is pre?&ctably
low as the accumulation of biomass had all winter to develop
and thus maintained a slower pace of grewth.

The P/B ratlo for all the generations at this 51te,_from
May to November was 9.7, which means that the total pro-
duction was slightly less than ten times the average biomass.
Kettle Island ‘ : , R

C
. The results of product1v1ty computations are show 1n

P

-during.thefs geneéation with a value of 4.4. The spring

cohort has a low T. R. va&ge of 2.1, due to the very slow
increase in fourth instar numbers, which increased the average
biomass without augmenting the production. Productivity of

the fall and winter cohort was 2.9 up to Novembe§$ The P/B

ratio was found to be 8.89.
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Overall Production
Results of overall prochtion are shown in Table 9,

The area with the greatest overqil production is the shore
'5? Kettle and Uéper Duck'IsIanqs. It also has the greatest
average producﬁion and thus is the méét important pangx?f
the study area considering qﬁironomidae production. The-*

other zones vary in importance with the deep mid-channel

section being the least important.
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Discussion

. The Ottawa River study area was shown by the study of
Maékie (1971}, and this study,vto_contain a great diversity
of habitats as in other ;ivers (Hynes, 1972; Reid, 1961;
and Macan and Worthington, 19725. This means that the’
composition of the benthic fauna, chironomids in particular-
'should reflect this variety of hébitégs. This was showﬁ by
the 30 genera and specieg)dg’Chironomidae found in the 1973
sampling (Appendix A).

The 1973 sampling allowed me then;‘to describe the majors.'
types of habitats found in the study area. This information
is important espécially.in planning futuré sampling programs
where varioquhabitats would be sampled.

The results of this work showed ‘that the two most pro- -
ductive sections of the Ottawa River study area were the
island shores with the high amounts of- vegetation and the
section of the Ontario qﬁore around transect two. These were
thus the two;areas sampled extensively in 1974. p
- Of the facters possibly affecting larval populations, ‘
temperature is suspected of decreasing resistance to chemicals
by the larvae énd.tnqs causing low numbé%s in thé C.I.P. ~
channel (Cairns et al., 1974; Curry, 1965; Warren, 1971),
hoﬁeﬁer, no deductions of its effect at the other stations

could be made; ) N
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The effects of éﬁrrent speed on‘tﬁe bgnthic fauna haé
been discussed by some authors (Hynéé, 1972; Muller, 1974)
and the general rule is that the ‘greater the current the
lower the numbers of larvae. This has been shown to be the
case in the mid-;hannel section of the river. Because of

the long period of time between sam?ling dates in 1973,

the effects of other potential modifyingq%fétors could not -

-

be studied.

Sampling in 1974‘

The 32 core samples taken at six day’intervals required
the maximum effort which could be expended under the gircum-
stances. With.this effort, the precision was quite good in
November despite the very irregular distribution of larvae
-present. Flgure 15 shows the frequency dlstrlbutlon of the
larvae per core sample at the Kettle Island site for this J
date. This type of larval distribution produces a negative
Binomial distribution equation which means an extremely
irregular QEstribqtion of larvae.in the sedimené. Thus,
sampling of bentlrllos on the Ottawa River was dependent on ! ‘
three factors: 1) the nature of the habitat as was shown
by the 1973 sampling; 2) the distribution pattern of the
larvae (Fig. 15}; 3} the method of sampling, as shown'by the’
‘different kinds of results and preéisions.between 1973 gnd

1974.

. *

The taking of the 32 core samples seems to have taken .



Figure 15 !

Frequency of core samples with various numbers of 1arvae

at the Kettle Island site for November 1974 T~
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care of the majo; problems of precision in sampling a
river habitat, as thoée found ( + 25% and + 27%) are
welllwithin‘accepted ranges of lotic Qater sampling-
(Elliott, 1971). -

‘Another source of possible error in the prodhcfion
estimates was the loss of third and fou;th instars through
the mesh. However, samples which weren't sieved during the
summer had no significant differences in numbers of these
larvae with samples thch were. .The probable error due
to loss of th%fd and foﬁrth'instars in sieving was thus
practically negligible. |

Lost in the sieving, however, were the first and second
instars. This is probably not very important, as Kajak,
(1965) thought their contribution to be negligible. This
was supported by Maitland et al. (19f2) ﬁhere first and
second instars contributed 2.7% of thékproduction of one
genus, and by Charles et al. (1974) where their contriBution

was 5.0% for four species. Though no estimate of their
| contribution Qas made here, it is assumed, because of'the'
very rapid disappearance of the second instar larvae,‘that
in the shdrt timé that they are present, production of even
a large ngmbef of larvae would not surpass that found in
other studies.

Production at the Ontario shore will always be greater

than at the Kettle Island site because of the numbers of

’ /
AN : :
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laque involved. The reasoné for thié difference in numbers
are very complex and are probably due to.a combination 6f
~ factors: 1) current speed; 2) sediment type; 3)macrophytic
vegetation; 4} temperature; and 5) specieq;composition.

The tgmperature facto: is important, as the rate df
production increases at both sites with an increase in tem-
perature, as shown by Fig. 11 and 12 for the summer months.
However, there is no difference iﬁ.temperature between the
two sites.

Field observations have shown the current to be mﬁch
greater at the Kettle Island shore thah at the Ontarioc shofe.
In the summer, on_thé other hand, it is slowed doﬁn by the
macrophytic vegetation growing along the island sﬂore, SO
that it can support higher numbers of larvae in the summé}
than it can in the spring or late\ﬁall. The macrophytic
vegetation at the Kettle Island staticon should also providg
food and protection for ﬁany species of larvae. Barber and
Kevern (19f3) have shown that chironomid larvae in their
study showed marked preference for.areas with macrophytic
vegetation and had higher populations there.

Aﬁ important factor in regulating population sizg is

the gubstrate composition. Larvae of Polypedilum are

detritivores, as shown by their gut contents.’ This is not
unlike the results of Davies (1972)"and Coffman (1967)‘

working with various species of larvae. . Detritus can

o/
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also be shown to be a limiting factor (Iyengar et al.,
1963; McLachlan, 1969). _Siﬁce the percent ash-free dry
weight can be interpreted_as_bginé the amount of organic
material in the sediments, the higher content at the -
Ontario shore (15.5%) .compared to the Kettle Island site
(8.0%) sugéests tﬁat the Ontario shore populations woﬁld
be larger-£h§n the one found at Kettiellslaﬂd due t6 a
better foodcsupply. | |
Another factor which might have some influeﬁce on the

production of larvae is the possibility of two species of

Polypedilum being found, one at each station. There is
no direct taxonomic_proof of this, as attempts at reariﬁ%
proved futile iﬁ 1974, but indirect evidence suggests that

this is a possibility. The major piece of evidence is

that the headcapsule widths found for Polypedilum at both

sites differ‘froh.éach other. Figures 9 and 10 show resiilts
of measﬁrements ﬁrom both sites, and it can readily be seen
that the ranges of widths of third and fourth instars do not
coincide. The large differences in substrate and mécrophytic‘
vegetation between the two statidhs would also suggest the - ‘
possibility of two‘speéies'existing. M%fe work, however,’
‘needs to ge done on this topic. |
., It is quite probable that the population size is affect-
ed by all of the above factors, with the sediment composit-

ion particularly in terms of its organic content, being
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.

the most important factor. The population size is also J/*
affected, to a lesser extent by the seasonal appearancé

of macrophytic vegetation at Kettle Island, and bj the
) ~f

effect of the current speed-at'both sites. It shoqld
aiso be noted that the conditions at the Ontario shore

' fluctuated much less than those at Kettlé Island perhaps
resulting in a more stable populatlon of larvae.

Life histories of Polypedilum

. " The typéslof life cycles encountered.in this study
‘rseem straightforward. The presence of 3 and. 4 generations
. at the two sites is similar to those found by Poﬁter and
Learner (1974),~Léarher ana Potter (1974), Bracken.and
Murray (1973), and Heuschele (1969). - Naturally, this is
) dependeﬁt on the species involved, but multi-voltinism

is quite common amongst many chironomid species.

The only report of Polypedilum sp. is from Danks (1971a}

w@o studied P. simulans in ponds near Ottawa.(ﬁﬁls data show
"Q; eme;gencé‘ih late April-early May and anothe}“?ne extend-
ing from mid-July to mid-September. These periéds re;emble
tﬁe ones. in the present study and it is pos;iblé that t@eA
long sumﬁer emergence period is composed -of many qmall cohorts
emerging in rapid successiocon. Also, his percent larval instar
compositions in the fall resémbles mine, with his 1970 fesuf%s

' resembling the Ontario shore results and his 1969, the Kettle

Island situation.. Even though Danks studied a very different -
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ﬁabitat from this study area; there is,%_greet similarity
between the two studies. J ‘

It should be emphasized however, that'EBe life cycles
of the larvae can vary from year to year (Danks,‘197 b
Armitage, 1970) and fu;tﬁer sampling would probabiy ive
different results depending on a variety of physical factors
(Welch, 1973; Danks, 1971 a,b).

A factor of interest was the very rapid disappearance

~

of the second instar larvae. Taking the sampling method

into consideration, it is unlikely that sieving would allgw -

the loss of all second instars. No such short period eff
time (one to two weeks) was recorded in any of the above
papers.. |
The deta from the changes in numbers (Fig. 13 and 14)
'

are also consistent with other studies. Niedzwiecki (1970) -

shows the patterns in number changes from several species

from the river Suprasi in Poland, ana though the instar k. _
stages are not separated, the major patterns of occurance qfﬁg?rﬂ'
larvae of“certain‘species‘shew some agreement with my

results. Of particular interest is the su -fall per;od

A _
when rapid changes in the pOpulation are seeqn. The timing

of these isn't the same as in the Ottawa River,:but may be

due to dlfferent temperature reglmes betJéeQ'the two rivers.
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Overall production

1

The\use of P/B ratios and the 1973 data to give an

overall ﬁFoduction ﬁigure has many 'drawbacks. Species

Fl

. other than Polypedilum were found in the study area, the

major ones being Cryptochironomus,' Phaenopsectra,

Cricotopus, and Procladius. 'Their appearance in the core
samples in 1974, though not in numbers large enough to

justify production estimates,‘suggests that each. of these

Jenera had more than one generation. Taking this lack of

information into consideration, the assumption was made’

that tha%r P/B ratio was similar to that of Polypedilum.

It is not pregiSe, but is’ the only method which can be

used to give an estimate. This méy not be unreasonable,
as data from Berrie (1972) give P/B ratios of 10.0 and 9.0
for the'total_chironomiq community. Mann (1964), by back-
calculating from fish feeding studies suggesﬁs a P/B ratio
of 18.

| Despite this reservation and other stated previously,
the total figure is of some use iﬁ calculatiﬁg total
mercury and pesticide uptake by thé larval populafion of
the rive?. It should also be noﬁed that-due to the loss
of smaller larvae, the'figure is likely to be an under;'

estimate and will undoubtedly vary from year to year.

Production and Produbtivity

Turnover ratios for the generations found are shown. in
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" Table 8. TnESe are wirhin the ranges reported by Warers
(1969) , ekcepg for the spring generation whicn had allow
value of éLI\ar Kettle Island. Generally, productivity was
.higher for the summer cohorts tnan at ‘any other time. |
Turnover ratios help explain some or +he behaviour‘of
'individual generations and tne seasonality of rates of
production. They also help explain'hqﬁigenerations'vary
from each other. However,‘unless tne-lérvae are univoltine,,
or unless llfe cycles remain the same from year to\zear, the
T. R. values cannot be used to give* broad, general estimates
for long intervals of time, nor can they predict the.pro—
ductivity of oohorts over shorter periods than the length’of
the llfe cycle of the organlsm involved. Instea67 P/B ratlos
.'are calculated for certaln perlods<3f time (Winberg 1971).
The P/B estlmates were 9. 7 at the Ontarlo sﬁore and 8.9 at.the
.Kéﬁtle Island site in 1974. The reasons for these dlﬁferences
in values have been discussed above, along with the facr that

one more generation was produced at the Ontario shore than at

the other station,
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APPENDIX A

_ Species of Chironomidae found in a 4.8 km. section of the C::j’

Ottawa River near’ Ottawa-Gatineau in 1973.

Tanypbdinae' , ' Chironominae (cont.)
Procladius sp. 1 S - Einfeldia sp.
Procladius. sp. 2. - Demipryptodhironomus sp.
Procladiusdsp. 3 Paracladopelma sp.

Zavrelimyia sp. Yaenopsectra sp. 1 -

Tanypus sp. Phaenopsectra sp. 2

Orthocladipae‘@* lypedilum sp. 1

Brillia sp. Polypedilum sp. 2

Cricotopus sp. 1 " Polypedilum sp. 3
Cricotoﬁus sp. 2 ' Polypedilum sp. 4
'Par&trichoclaé;us sp.. Polypedilum sp. 5
Chironominae - o Pseudochironomus"sp.
Chironomus sp. 1 . e ‘ Stictocﬁ?ronomus sp. 1
Chironomus sp. 2 o . Stictochironomus sp. 2
Cryptochironomus sp. 1 _ Tanytarsus sp. 1
Cryptochironomus sp._i Tanytarsus sp. 2
Cryptochironomus sp. 3 ' ’\\/ ’
Cryptocigdopelma sp. _ - addenda: - ‘
Dicroténﬁipeé sp. 1 . _ " Orthocladinae
Dicroﬁehdrpés'sp. 2 | ) Psectroclgdius sp. 1
Dicroténdipes sp. 5' | _ | \ Psect:ocladius.sp. 2





