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ABSTRACT
) o
|

One hundred twelve species of Chironoﬁidae were_found
in'emergénce"traps plaeed in a} 150-m stretch of the Bigoray
_River, a slow—floning, brown-water stream_df centra; Alerta,
Canada. Tanypodinae, Orthocla iinae, Chirdnomini and“Tany-
tarsini made up'l8%, 43%, 20% and 19% res?ectlvely, based
on number of species, and 20% ‘24%, 13% and 43% based on num-
ber of individuals. Yearly emergence was 19.3 x 103 Cher—
nomids,/m2. Ortnecladllnae emerged in spring and fall while
‘Tanypodinae‘and Chironomini emerged in summer.d Peak'emer—
gence of,Tanytafsini'occdrred after that of“drthdcladiinae
in the spring .but before-that of Orthodladiinae in the ‘
adtumn Emergence perlods .of individual spec1es averaged 67
days (range 15-122 days). énergence graphs were either unl-
‘modal (single emergence phase), bimodal (twetphases)jor'tri-
modal (three'phasest; The phase length increased throughout
tne season. Average ratio of males to females‘was ?.8 and‘
decreased from the beginning to the end of an‘emergence phase.
of the 32 species examined, llmwere univoltine, ld‘were bi-
voltine and 6 were trivoltine. Overwintering occurred pri-

marily,as third instar larvae. Density of larvae on bottom

sediment averaged 19.9 x 103/m?2, and was lowest in June and

. X, \ : s » .
highest in March. Average densities of larvae on Sparganium,

Potamogeton, Hippuris, moss, filamentous algae and sponge was

93, 171, 466, 978, 351 and 32 larvae/gm dry weight of sub- |

iv. , AN ol /
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‘strate, respectively. Mean density on wqod was 0.9 larvae/

cm?2. The preferred habitat -of Tanypodinae and Chironomini

k.

was sediment. Orthocladiinae preferred §pargenium,>'moss

angd filaﬁentous algae, and Tenytarsini preferred~Potamogeton.
- B T
Most species showed a preference for only one of the nine S

mi‘crohabitats. Paramerlna fragllls was the only habltat

‘épeciaiisé.l Temporal and spatial overlip between congenerlc
—spe01es and between spec;es belonglng to dlfferent trophic
" levels was highen than between qaon- congenerlc species and
;spec¥es\be10nglng to the same trophlc level. Pairs of spe—
ciee with high ﬁempbral overlap also hed highespatial over-
" lap. The possibility‘tﬁqt the low temporal and epatial
OVerlap;is the result of ihterspecific competition is dis-

1 ‘ \\ ,
cussed. ‘ . . o » Y
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I

"I INTRODUCTION

. .This thesie deals withethe ecology of the Ch renomidae
occurring in the Bigoray‘River, a shal;, slow—fig ing,‘béoﬁn—_
water stream of central Alberta. Although such st eéﬁs' \
common in boreal regions, theyehave been litele studied,
partly because ofvthe fbllowing‘reasonsi 1) the stregms are
>covered with ice for'five Oor more monthe; 2) dense pbpula-
_tlons of biting flies hlnder fleld work in the summer ; and

3) few roads are built through the areas of'muskeg (flat,

~poorly-drained terrain covered with organic soils to a depth’

| of 30 cm or more) in which these streams occur most frequently.

With the increased rate.of northerh development, it is

important thaf these streams be studied while still in their

"natural state. Such baseline studies are needed to assess the

i

impact“ef‘future man-made perturbationee/ This led Dr. Hugh F.
Clifford, University of Aiberta, to iniéiate a lgﬁg—term study
of the Bigoray River. This stream was chosen because it was
representatlve of other brown-water streams, it was located
only 100 km from the University of Alberta campus, it was
readily accessible by an all-weather road, and it has re—'
ceived little disturbance by.human activity.

Althquh considerable information had already been col-

lected on the stream by the time this siudy wasrstartéd (Clif- -

ford 1969, Hayden 1971, Bond 1972), no work had been done on



the Chironomidae. Such omission or only sﬁperficial treat-
ment of the Chironomidae is typical of many stream studies
(Hynesﬁl970), even though this group has been showq te be

. abundant both in number of species as well as number of indi-
"viduals in many aquatic habitats (Thienemann 1954, Hamilton
1965, Reiss 1968, Lehmann 1971, Lindegaard-Peterson 1972).
The paacity of ihformation on.the chironomid component’of

stream benthos is due 1n part to the small ‘sjze of the lar-

vae, which nece551tates special sampllng technlqueg\ Ano-
o \ ‘

. ther reason 1is that.ldentlflcatlon of larvae to spec7es re--
vquires their association, usually thrOugh rearing in the
laboratory, with the male adult, the only llfe\stage for
which there are identification keys to spec1es

There was little information on Alberta chironomids at
the starteof my preject. Strickland (19465 listed 38~species
in his check lists of Alberta Diptera. Saether (l969)thad
recorded 24 additional séecies from the Waterton area of
south-western Alberta. Rosenberg (1973) "identified some
chitonomids to species as part of a study on the effect of
insecticides on a pond near Edmonton. The nearest localities
Qherevchironomids'had been studied in some detail were a
ceastai lake and stream in British Columbia (Hamilton'1965,
Mundie 1971), a high mountain stream in Colorado.ksaether
l%zp) and a lake in northern Saskatchewan (Mundie 1959).

Because there was so little 1nformat10n on the chlro—

nomid fauna of Alberta, I decided that a general descrlptlve

-



study of the whole chirénomid'community of a repreSQﬁtative
étretéh of the Bigoray River would Be more useful and also
moré%feasible at this.stage,than a mdré detailed experimental
study of 6ne or.é few of the more cbmmon.sbecies: I decided
to analyze three community parameters: 15 species Somposition
' &
apd relative_abundance of the-species; 2) phenology of the
different iarval instars and of adult emergence; andA3)A§is-
tribution of larvae in the various microhabitats found in¥the
stuay area. These three parameters had béen analyzed for
othe;waquatic insects; thus allowing my results to be rela-
téd‘to other studies.- The last two‘parametérs would also.
allo& me to calculate\temporal and spatial separationﬂbetween

s : : :
have been shown to decrease

species. These two processes
competition aﬁong coe#isting species ‘and are therefore impor-
taht in the structuring of communities (Collier et al. 1973,

Cody 1974). Data on temporal and spatiéi separation can also

~

be used to discuss questions such as:

1) What is the relative impbrtancérb temporal and spatial

separation? s

2) ‘What is the relationship between témpbral and Séatial
separation? if two speciés have a high degree of ﬁem—
poral separétion, will they have a low degree of spatial
sebaration'and vice versa?

3) Does the degfee of separation vary seasonally?’

4) 1Is the pattern of ecological separation among species of

predators different from that among herbivores?



P

_‘stantinov (1958) found that the natural diet of Einfeldia:®

Competition between COexisting species may be reouced
through foobd spec1allzatlon as well as through temporal and ‘
spatlal separatlon. The famlly Chironomidae 1ncludes both
predators (belonglng primarily to the subfamlly Tanypodlnae)
and mlcrophagous deposit feeders 1ngesting small particles
of living and dead plant and an1ma1 matter. However, I feel
that w1th1n each of these two groups food specialization is
not as 1mportant a mechanlsm of resource partitioning as
temporal and spatlal separatlon. "Most chironomid spec1esA

appear to be opportunistic in their feedlng hablts., Sorokin

(1966) found that Crlcotopus szlvestrls a551m11ated green

algae, blue;greep algae, diatoms,‘bacter;a and dead Clado-
cera about equally well, with the assimilation efficiencies
ranging from 14-31% for the dlfferent food materials. Kon-

S

dorsalis larvae included bacteria,‘diatoms, green algae,
higher aquatic plants, protozoans, rotifers and microorus—
taceans. In addltlon, he was able to rear this species on

various dried plant matter, yeast extracts and prepared fish

_food. Hamilton (1965) and Daviesf(l975).found that the

comp051tLQn of the gut contents of deposit feeders closely

resembled ‘that of the sediment taken from the same location
as the-larvae.
Cummins (1973) gave two reasons why food specializa-

tion (monophagy) would not be as advantageous to stream

animals as a geheralizedidiet (polyphagy) . The abundance of



algae and'terrestriai leaf litter, important food sources
 for equatic animals, fluctuatesseasbnall?. Polyphagy would
’ﬁinimiie the effeet of such fluctuations. Secondly, the
caloric content, end to a leéser degree, the proteln compo-
sition of food materlals avallable in freshwater env1ronments
are qulte 51m11ar . For monophagy to be successful "the en-
ﬁ-ergy (or proteln) dlfferetces between foods must be greatet
than the energy required by_the selegtlve.process" (Cummins
"1973). _
Hairston et al.'(1960) have peinted out that herbi-
‘veres generally do ﬁot deplete their food suppl? to a level
where interspecific competitién for food weuld be importent.
xéoffman et al. (1971) estimated that in Linesville Creek,
Pennsylvania, the herbivores utilized only 2-10% of the food
available to them. )

Brown (1961), Darnell (1961), Mundie (1968), Coffman
et al. (1971) and Cummins (1973) found that the food of
aquatic animals changes with the age or size of the animal.

‘There 1s usually a greater 51m11ar1ty between the food -eaten
by the same size class of different spec1es than between dif-
'ferent size classes of the same spec1es. Such ontogenetlc
changes in feeding may simbly be caueed by bigger animals

. being able to ingest bigger particles, or it might be caused
by changes in behavior; such as movement to dlfferent micro-

:habltats (Hayden and Cllfford 1974). = Changes in diet mey

also result from seasonal changes in the aveilability of



Y

\Bpods as observed by Chapman and Demory (1963) and Armitage
(1968) The type of food eaten therefore seems to be a func-
-tion'of the developmental stage, which in turn is a function
of}time. Because of this autocorrelation between £ od and
“?tiﬁe, rt would be expected that temporally—separated species
will also differJin their food.

For the above reasons I decided to concentrate on spa-
tial and temporal separatlon of the various species and ex-
lclude any study of thelr feeding behavior. Most of 1971 andy
1972 were . spent on identification of species; association of
varlous life stages.and design and testlng of sampling equip-
ment. Field work during these two summers was hampered by
frequent floods. | Most of- the data on phenology and micro-
habitat distribution were collected in 1973 during whicﬁ
there were no floods and by which . time I was completely fami-

liar with the identity.of.the various species and the perfor-

mance of the various sampling equipment.



II DESCRIPTION OF THE STUDY AREA

A. General Description

The Bigoray River is-located 120 km west of Edmonton,
Q .
Alberta, in“the most southern area of muskeg in the province

(Fig. 1). The watershed covers 450 km2, 25% being bogs and

féns. Thefriver can be divided into three longitudinal zones
(Fig. 2):

1) »a headwater‘zoﬁe extends for the first 20-25 km,
The ;verage gradient is 0.8%, but in some sections the grad—
ient is.as much as 2.0%. Water flows rapidly and the rivér
channél is composed of alternating riffies and pools. The

substrate i's composed of rocks. Riparian vegetation consists

of White Spruce (Picea é;auca),-Balsam Poplar (Populus bal-

samifera),/Trembling Aspen (Populus tremuloides), Water Birch

q

(Betula occidentélis), Mountain Alder (Alnus tenuifolia) as

well as several species of‘willows (Salix spp.).

2) A middle zone’exﬁends for about- 50 km. The aver-
age gradient is 0.1%. Current velocity may reach 30 cm/sec
in constficted areas, below beaver dams and during spates,
butvnbrmally is leés than 1 cﬁ/sec. /The stream meandefs,

thrdhgh sedge fens and bogs covered with Black Spruce (Picea

mariana) , Tamarack (Larix laricina) and willows. The stream

is U-shaped in cross-section, with steep, often undercut,
‘banks. The stream‘Bottom.consists 9f sand, silt and clay;
rocks are rare. Aquatic macrophytes are abundant, with

Potamogeton richardsonii, Sparganium angustifolium and Hip-

7



Bigoray-

'
200 km )‘

Fig. 1 Distribution of organic terrain (muskeg) in Alberta.
Stippled areas have over 30 cm of a peat -surface.
Based on a soil map prepared by,The Alberta Institute
.0f Pedology.

>
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:

puris vulgaris being the most common. Less abundant are

Myriophyllum verticellatum, Callitriche palustris, Ranunculus’

gmelinii, Polygonium amphibium and the aquatic moss Drepano-

cladius revolvens. Beaver dams are numerous in this zone.

3) A lower zone, about 5 kmnlong, features a deep
gorge cut down to tHe level of the Pembina RiVer., As 1in the
head-water zone, this area 1is characterized by a rocky bottom
and alternating riffles and pools. |

An all-weather gravel road (secondary'ﬁighway 753)
crosses both forks of the Bigoray River about 4 km above
their confluence- (Fig.3). A 150-m seczion of the North Fork
representative of the middledzone and locéted‘just upstream
from the bridge, was chosen as a study area. Here the stream
is of third order ana averages about 7 m in width. Guide
posts were placed at 5-m intervals along both banks of the
study area 1in order £o~ﬁ§cilitate mapping of the area and
for locating randomly—cho;é“ sampling points (Figs. 4 and 5).
These figuses also show the*cross—seCtional outline of the

stream at 5-m intervals, as well as the distribution of the

major aquatic macrophytes and submerged wood.

B. Description of Aquatic Microhabitats

The amount of aquatic vegetation and submerged wood

e

present in the study area was measured on July 5, August 3

and August 23, 1973. 1In each 5-m section of the study area

2

a gquadrat measuring 0.1 m“ was chosen at random and all sub-
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BIGORAY RIVER STUDY AREA (UPPER REACH!

LIS IIrY Y

Ngrth
/ ;
w Depth profies € ° Legend
\\\/ E Open water
. s
E: Aquatic macrophytes

Sunken logs and

w Branches
/‘ b
Willow b}{h- s
o

Dead spruce

o

Aes

F %0

Embankment
- = 2m

5
abdAaaladt

Guide posts

Emargene traps |,

Litter boxes

faev .

Coring statiohs

Fig. 4 Map.of*upper reach of Blgoray River study area
together with depth profiles.



Fig.

BIGORAY RIVER STUDY AREA (LOWER REACH)

. -

- Scale o Direction Weast
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, . ~ f ~
Y/ Depth profiles N ‘
. %,

éY'lnitcl 1 ) _
i —— b

Scale for
. depth profiles
P §
Dritr é? )
Net
H
v
Brudge '

5 Map of lower reach of Bigoray River study area
together with depth profiles. T indicates tribu-
tary. Other symbols as in Fig. 4.
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merged wood and aquatic macrophytes were remoﬁed»fromkthe
guadrats with..the aid of SCUBA. The amount oflleaf litter
and other material falling into the stream dUring-the autumn
was measured with floatlng lltter/boxes measuring l.m by 1 m-
by 25 cm. The litter boées were pos1tloned in three tran-
sects of three boxes each and one transect of two boxes us-
ing a stratified random design (Figs. 4 and 5). d The lltter
boxes weré checked every 3-7 days between August 30 and Oct-
ober 30, l973; The surface/area of all wood collected'from
the quadrats‘nas determined ‘.Leaf litter collected fron the
11tter boxes and agquatic macrophytes collected from the quad-
rats were first separated 1nto taxonomic groups and then
dried at 70°C for 24 hours to obtain dry weights.

The upper 2 cm of the bottom sediment were sanpled

)

w1th a plastlc corer using a stratified random design. Al—
together 73 sediment samples, collected on July 5, September
7 and dctober 13, 1973, were'analyzed for particle size and
organic content The sedlment was flrst washed through four
screens with aperture sizes of 1,000, 340, 160 and 80 microns.
Sediment fractlons were then drled at 70 C for 24 hours and
weighed to obtain the dry weight. The five fractions were
then c;hbined and ashed in a muffle furnace at 600°C and then
rewelghed to determlne loss on 1gn1tlon

°The above procedures yielded a guantitative degtrip-

tion of the various aquatic mlcrohabltats that occurred in

the study area:
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1) Submerged wood. The stream banks are. composed of

peat underlain by‘glacial till and are therefore easily

a

-

eroded, éspecially during periqu of high water. Erosion re-
" sults in a lafge number of tréés and bushes falling into the
stream. ‘Dﬁring the 3 years of field work, 10% of the_s@reém
bank was changed as a result of erésion,or deposition; also
one 10-m high spruce‘ffge collapséd across the stream. Beg—_
vers also.deposif a-considér le amount of wood in the stream.
Heﬁce, there is a large amount of wood in the river. Based
on the 67 guadrat samples, the surféce area of the submerged
.~Qood fanged from 0.0-5.1 m? per square meter of‘stream, with

the mean value being 0.6 m? (Tables I, II and III),

2) Aquatic macrophytes. Thésg first appeared in

early June and continued to grow until the end Augusﬁ.

Baséd on the 67 quadrat samples the mean wéigh‘ of aquatic
macrophytes was 115.gm/m2 at the height of the growfng season
(August 29, 1973), with the highest recorded vhalue being‘442‘

gm/mz. Sparganium anleotamogeton accounted 5% and 25%,
parg

respectively, of the total aquétic macrophytes on a dry
weight bagis (Tables I, II and III). x

3) Filamentous algae. This was present .in small
amounts during June and July, but.increased to 10 gm dry
weight/m2 during August (Tables I, II and III). At that time
it forméd extensive mats in.many parts'of the study area.

4) Sponges. Colonies of SEongilla were.found grow-

ing on submerged wood at depths below 0.5 m. A single colony
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TABLE I The surface area (m?2) of submerged wood and the dry
- weight (gm) of aquatic macrophytes and filamentous
algae in the Bigoray River on July 5, 1973. Each
guadrat covered 0.1 m. Total weight includes only
the macrophytes and algae. :

L

* Quad- Subm. = Spar- Potamo- Hipp- Calli- Fila. ‘€$otal.

rat Wood ganium geton  uris triche Algae Weight
C;}“ 0.00  20.99  0.00 0.00  0.00  0.16- 20.99
2 0.51  0.00 0.00 " 0.00 0.00 0.00 0.00
3 © 0.00 12.34 0.00 0.00 0.00 0.05 12.34

. 4 0.00 8.00 0.00 0.00 0.00 0.00 8.00
5 0.0l 3.10 0.00°  0.00 0.00 0.00 3.10
6 0.02 1.21 1.22 3.71 0.00. 0.00 6.14
7 0.00 1.66 5.66 0.00 0.00 0.00 7.32
8 0.02  0.14 7.20  0.00  0.00 _ 0.00 7.34

9 0.02 0.21 0.00 0.00  0:00 0.00  0.21°
‘ 10 0.03 3.07 0, 00 0.00 0.00, ~ 0.00_ 3.07
11 0.21 0.00 2.36 0.00 0.00 o.o’ 2.36
12 0.00 0.00 0.00  0.00  0.03 0.00 0.03
13 0.01° 4.30 0.00 0.00 - 0.00 0.00 4.30

14 0.00 0.00 - 0.00 - 0.00 0.00 0.00 0.00 °
» 15 .0.00 0.00 0.00 0.00 0.00  0.00 0.00
16 0.03 ~ 0.73 1.91 0.00 0.00 0.00 2.64
17  0.03 . 0.00 0.00 0.00 0.00 0..00 0:00
18 0.00 0.32 ,.00  0.00  0.00.  0.00 0.32
19  0.02 0.00 ©2.03 0.00  0.00 6.00 2.03
20 0.00 4.15 0.00 0.00 . 0.00 0.00 4.15
217 0.13  0.17 11.11 0.00 0.00 0.00 11.28

22 0.13 0.00 0.00 0.00 0.00 0,00 0.00
23 0.11 10.44 0.00 ®» 2.36 0.00 0.02 12.80

‘Totél ‘

©1.28 70.83 31.49 6.07 0.03 0.23 108.42

Mean 0.06 - 3.08  -1.37° 0.26° 0.00 0.0l 4.71




TABLE II

weight (gm) of aquatic ma
algae in the Bigoray Rive
quadrat covered 0.1 m“.

17

The surface area (m2) of submerged wood and the dry

crophytes and filamentous

r on August 3,
Total weight includes only
the macrophytes and algae. ’

1973.. Each

Potamo- Hipp—‘

Fila.

~ Quad- Subm. Spar- Calli- . ‘Total

rat Wood ganium geton uris 4riche Algae Weight

1 0.00 0.14 0.00 ° 0.00 0.00 - 0.00  0.14

2  0.26  1.49  18.62 0.00 0.00  0.00 20.11

3 0.02.  0.00 0.00 0.00 0.00  0.00 0.00

4 . 0.03 _ 11.15 0.00 0.00-  0.00 0.00 11.15

5 0.28 5.63 0.00: 0.00 0.00 0.00 5.63

6 0.13  22.77 3.30  0.00 0.00 0.00  26.07

7 0.00  .35.75 0.00 0.00 0.00  0.00 35.75

8  0.06 3.12 1.48 0.23  0.00/ ' 0.00 4.83

9 0.00 ~ ° 0.14 0.34 0.00 0.01 0.84 1.33

10 0.01.. 28.81 0.00  0.00 0.00  0.00 28.81

11 0.01 ~  0.00  0.97 0.00 2.65 0.00  3.62
12 0.00 4.30 0.00 0.00 0.00 ~ 0.00 4.30
13 0.28 0.00 0.00 0.00  0.00 0.00 0.00
14 0.17 0.00 -  0.00 0.00 0.00  0.00 0.00

15  0.05.  34.77 13.36  0.00 0.00 0.00°  48.13
16 0.07  12.53 0.00 0.00 0.00 0.00- 12.53 .

17 0.10 0.00 0.00  0.00 0.00 0.00 '0.00

18 - 0.01 0.75 1.61  4.49 0.00 0.00 6.85

19 0.11 0.25 0.00  0.00 0.00 - 0.00 0.25
20 0.00 0.00  9.74  0.00 0.41 0.00 _ 10.15

21 0.01 1.48 0.00 0.00 0.00 0.00 1.48

22 0.00 0.00 0.00. 0.00 0.00 0.00 0.00

potal”l.60 163.08  49.42  4.72 3.07 0.84 221.13

Mean 0.07 7.41 2.25  0.21 0.14 0.04

10.05
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TABLE IITI The surface area (m?) of submerged wood and the
: dry weight (gm) of aquatic macrophytes and fila-
" mentous algae "in the Bigoray River on August 29,
1973. Each guadrat covered 0.1 m2., Total weight
includes only the macrophytes and algae.

Quad- Sﬁbm:*'”Sparh Poramo- - Hipp- aCalli— ‘Fila. T;tal

.rat Wood ganium geton uris triche .. Algae ‘Weight
1~ 0.06 . 6.32  0.29 0.00  O. 0.00 6.61
2 0.09  8.60 8:24 0200 0.00 0.00 16.84
3 0.21 5.10.  4.40  4.24 0.00  0.86 14.60
4 " 0.15 3.55 9.62  '0.00 0.00 0.62 13.79
5 0.19 0.00 - 0.00 0.00 0.00 0.00 o.o%
6 0.00 31.01 .00 _ 0.00  0.00  0.00 31.01
"7 0.00  22.68  0.00  0.00 0.00  0.00 22.68
8§  0.10 44.20 0.00 0.00 0.00  0.00  44.20
9  0.00 0.00  9.80 0.00 . 0.00  9.30 19.10
10 0.00 10.94  0.00  0.00  0.00° 4.51 15.45
11 0.00 0.00  15.45 0.00 0.00  3.38 18.83
12 . 0.00 1.87 1.01 1.68 0.00 ~ 0.83 5.39
13 0.09 . 1.39 0.00  0.00 0.04  0.10 1.53
14 0.10 0.00 0.00 0.00 0.00 ~ 0.00  0.00
15 0.04 0.43 -~ 3.49  .0.00  0.01  0.32  4.25
16 0.03 ~  3.85 0.00 . 0.00 ~ 0.00  0.00 3.85
17 0.01  1.13 ~ 5.29  06.00  0.00  0.71 7.13
18 0.03 0.00 ©  0.00  0.00  0.00  0.00  0.00
19  0.00 2.14  0.00 0.00  0.00  1.78  3.92
20 0.00 0.14 6.88 0.00  0.15  0.00  7.17
21 - 0.02 4.42 1.37.  0.00 ~0.00  0.00  5.79
22

0.00 7.61 2.29°°  0.00 0.00 0.00 9.90

Total - 1.12 = 155.38 68.13 5.92  0.20 22.41 252.04
Mean 0.05 - 7.06 3.10 0.27 0.01 - 1.02 11.46
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was collected in one of the 63 guadrat samples. Assuming

that the colonies increased in size but not in numbers bet-

~ween the three bottom surveys, then the density of colonies
) .

was about one for every 6 m“ of stream.

5) Rocks. JA few pebbles were found during the three
bottom.surveys. The average surface area of these was 3 dm
per square meter of stream. N |

6) Leaf litter. An averaée of 13.3 gm dry weight of
allochthonous materlal,;malnly willow leaves, fell ‘on each
square meter of stream between August 30 and October 36, 1973
(Table IV). Litter fall was'concentrated underneath over-
hanglng pushes and reached a maximum of 152. 6 gm/m2 in such
locations. i

- 7) Bottom sediment. Dry weight of the five size
classes of sediment was expressed as a percentage of the dry
weight of the whole sample. The‘percentages were then cumu-
~latea-starting with the coafsest‘fractlon and working towards
- the finest. Thefcumulative percentages were then pletted

against particle size expressed in phi (#) units (phi is the

negative logarithm_to the base two of the particle size in

millimeters). A conversion table (Page 1955) can be used to
facilitate the conversion between phi and millimr © nits.
When plotted on probability paper, such cumulati+ =

guency plots form nearly straight lines (Fig.

the mean particle size of the sediment to be reudg

from the graph (i.e., the mean size is at the point where
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TABLE IV Input of terrestrial litter to the Bigoray River
: during September and October, 1973. Units are
in grams of 4ry weight. ‘

Rate of : Cumulative

- 1litter fall litter fall

o 4 gn/m?/day o _an/m’
August 30-September 3 ' 0.1 ( 0.4
September 3-september 6 0.5 : 1.9
September 6-September 11 1.0 - 6.9
Séptémber 11-September 14 0.9 .. -  916'
‘September 14-September 17 0.1 )  9.9
September 17?Septembér 24 0.1 10.6
September 24-October 2 ) | 0.2 - 12.2
_october 2-October 9 0.1 . 12.9

october 9-October 30 0.02 13.3
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the cumulatlve plot intersects the 50% mark). The mean grain
.size of the upper 2 cm of the sedlment was found to be 2.4 &
‘(0.19 mm) and randed from 0.3 ¢ (0.98 mm) to 4.1 é (0.06 mm)
(Fig. 7). According to the Wentworth scale, the compos%tion
of thi,jpdiment ranged from very fipe sand to coarse sahd
with the average being fine sand. |

The difference in weight between sedimentﬂdrieduat

70°C and 500°C can be taken as a good approximation of the

organic content of the sediment (Davies 1975). When meas-
ured in-this manner, the percentage of organic mdtter in the
upper 2 cm of the sediment varied from 1—69 with a mean of
6% (Fig. 8).

The sediment consisted of 1-3 verticel strata (Fig. 9).
The lowermost layer consisted of hard clay Wthh was almost'
dry to the teuch and which generally stuck to the inside of
- coring tubes; The clay either lay exposed to the water above.
~it, or else was covered with up to 5 cm of sand, or with up
to 5 cm of detritus, or with a layer of sand thch in turn

was covered by a layer of detritus. The 3-layef stratifica-

tion was the most common.

C. Comparisen of the Decomposition Rates of sgerganium and

)

Willow Leaves

Small wire cages with a mesh size of 1 cm were filled
- ' - '
with 15 gm of either fresh Sparganium or willow leaves.

Pairs of cages, one filled with Sparganiup and the other
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Fig.

>

Vertical stratification of sediment in the Bigoray
River. Photograph shows a 5-cm deep layer of black

" detritus covering a 5-cm deep layer of brown sand,

which¥n turn covers the grey clay layer.
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with willow 1eaves, were suspended 25 cm above the bottom of
the stream at Transects I, IT and IV on September 24, 1973
(Figs. 3 and 4). After 2, 4, 6 and 12 weeks (October 9, Oct—
ober 24, November 7 and December 21) of immersion, one palr
of cages was removed from each transgct (i.e., altogether 3
cages filled with Sparganium and 3 cages fllled with willow
leaves). All animals were removed and the contents of the

- cages dried at 70°C. The experiment was terminated on,Dec—'
ember 21 because of dlfflculty in keeplng the ‘cages from
belng frozen into the ice. After the 12 weeks of 1mmer51on,

*Sparganium had lost 79% of the original dry welght whereas

willow leaves had lost only 50% (Table V).

/

D. Seasonal Changes in the Malor Plant Comp@nents of the

‘/—~s

Bigoray River

Quantitative information on the standing stocks of
aquatic'macrophytes, input of terrestrial leaves to_ the

stream, and decomposition rates of Sparganium and willow

leaves cah'now be.combineddpith'qualitative field“observa—
tions to obtain a picture of the seasonal changes in the
major plant components‘cf the Bigoray River (Fig. 10). Since
the amount of submerged wood does not undergo noticeable
seascnal changes, it has been omitréé from Figure 10. How-
ever, the amount. of woodumay be altéred occasionally through
floods and windstorms. Also, beavers bring more wood into

the stream during the autumn than at other times of the year,
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TABLE \) Percentage weight loss of willow leaves and Spar-
ganium after being immersed in the Bigoray River
for varlous perlods of tlme o

Date and length of time immersed

Plant Oct. 9 Oct. 24 Nov. 7 Dec. 21
Type 2 wks. 4 wks. 6 wks.
Leaves | | |
Replicate 1 15>‘ 23 ‘ 23 49
. Replicate 2 21 25 24 54
Replicate 3 - . 18 23 22 _48
Mean 18 24 22 , 50
Sparganium
Replicate 1 A 0 .31 57 ‘ 77
Replicate 2 \14 24 40 81
Replicate 3~ _5 29 48 Bl
¢ Mean 6 - 28 48 | 79
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and this may result in seasonal increases in wood near
lodges and dams. However, there were no lodges or dams in

the sfﬁdy area.

° Sparganium and Potamogeton shoots began to appear in

~early June. The maximum standing stock of Sparganium- oc-

curred at the end of July, whereas Potamogeton reached its

peak biomass at the end;of August.- The plants decomposed
rapidly after tgé middle of October, ahd they had decreased -
to-about 20% of the maximum standing stock by the end of »
Decembéer. The rate of decomposition quite likely decreased
after Deoember, since field observations indicéted.thét.a

9] e
substanzigi/aﬁount of the Sparganium and Potamogeton had been

frozen into tle ice; which uéually reached a thickness of 50

cm by Lhis time. Following the breakup of ice during the
second half of‘April,‘the b¥kdown of the remaining plant
material was qui¢§;y compleéed through attrition by ice floes
and increased microbial decomposition resultiné frop‘the
sbring rise in water temperature. Neither old aquatic macro-
phytes nor new growth was Observéd during May of the three
years of field work.

The filamentous algae were abundant during August and
September, and field observa;ions indicated a similar peak
during May.' These algal peaks may have been partly due to
the release of dissolved organic matter from the b;eakaown

of the aquatic macrophytes (Novak et al. 1975).

Input of terrestrial leaf litter to the stream occurs
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primarily during September. Since the leaves sink very
quickly to the bottom of the stream, their deCOmp051tion<
rate is not influenced by the ice, and they decompose at a
constant rate during the autumn and winter. Some remains
of last year's leaves were seen during the bottom'survey
carried out July 5, 1973 but not onﬂthe two subsequent sur-
veys. ﬂ

b In the Bigoray River the amount of allochthonous. or-
ganic matter is at least an order of magnitude iess than.the

amount of autochthonous organic matter. This condition,

which appears to be generally characteristic of northern

brown-water streams; is the converse of the conditlon ound

" in woodland and mountain .streams (Hynes 1970). The gereral-
ization that allochthonous organic matter is the major source
of energy- 1n lOth systems should therefore pe used with care.

E. Seasonal Changes in Surface Area Available for Coloniza-

tion by Aquatic Invertebrates

Bottom sediment, submerged wood and aquatic macro— '
phytes all provide surface areas that can be colonized by
aquatic invertebrates. Therefore, the substrate area. avail-
able for colonization underneath a 1-m2 area of stream sur-—
face is usually consiaerably greater than 1 m2. This can be
calculated by converting the dry weights of macrophytes given
in Tables I, II and III to their equivalent surface areas

uSing the conversion factors given in Table VI. The table
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TABLE VI The relationship between surface area, fresh plant
" volume and dry weight of aquatic plants in the '

Bigoray River.. Numbers in brackets give the
sample -size. Other numbers are means ¥ 2 standard

errors. w
Plant Area/Weight Volume/Weight @ Area/Volume
Type (cm?/gm) (cm3/gm) (cm®/cm?)
Sparganium  (8) 707 £ 13 19.7 Y 1.2 37.6 ¥ 2.4
Potamogeton  (10) 1,028 I 116 14.0 ¥ 0.9 73.6 * 7.2
Moss (10) 1,526 =136 15.2 ¥ 1.5 103 * 9.4
Hippuris (9) 2,549 Y638 20.9% 2.2 122 %o
' Fil. algae  (5) - -23.5 £ 5.6 -
Ty - -

Willow. leaves {9) 250
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also gives the relationships between plant volume and weight

°

and between piant area and volume,
The surface area of .the macrophytes is then added to
the surface area of the bottom sediment and submerged wood,

2 and 0.6 m2

‘these two remaining re;gtiveiy constant at 1.0 m
per square meter of stream, respectively. Such calculations

show that the substrate area available for colonization is
2

.

at a minimum of 1.6 m .per SQuare meter of stream surface in
late winter and early spring, when there are no macrophytes.
The SQbstrate area then increases to 10.4 m2 per square
meter of stréam_in late AuguSt, when the macrophytes reach
their maximum bioméSs; The effective area available er

colonization by aquatic invertebrates therefore varies al- :

‘most tenfold over the course of a year.

F. Physical and Chemical Parameters of the Bigoray River

Seasonal changes in water temperature and water level
are shown.in Figure 21. Seasonal changes in other‘physicai
and chemical parameterg have been'suﬁmarized by'Clifford |
(1978), and.wili only bé briefly outlined below. ‘Stream
discharge is seldom over 1 m3/sec‘;nd decreases to as littlé
~as 0.06 m3/sec during winter. hDiSsoived okfgen is always
high, -never falling below 50% saturation. BecquSe of the
iarge amount of aquatic plants, there are probably consider-
able diei fluCEuations in dissolved oxygen during the summer,

but measurements have nét been made. The pH is always above
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7.0 and rarely .exceeds 8.3. ﬁater color is brown (200 ppm
platinum) during the ice-free périod b¢c£pserf the inflow
of humic and fluvic acids from ﬁhe surrounding muskeg and
the decomposition of aquatic‘vegetation (Fié. 11). Color
decreases gradually‘during winter and reaches a mihimdﬁ of
.'approximéﬁely 50 ppm before the start of the spring tbaw.

The specific conductance feaches a maximum of 550 uymohs dur-
ing the spring breakup. Conductivity reﬁainsvlow until

July and then graduélly inéreases to the winter maximum.
Concentration of dissolved solids varies between 50 and 450
ppm, and total hardness and total alkalinit? VFry.betweeﬁ 50
~and 300 p?mvCaC03, with a seasonal .pattern of vériation simi-
" lar to conductiVity.‘ Calcium hardness va:ieérbetweén.so a;d
170 ppm CaCO3. 'Silica varies bepwegn 3-and 8 ppm. Nitrate
is usually less than 0.10 ppm, ortho-phosphate less than 0.2

ppm, sulfate,less than 14 ppm, and iron less thén 2 ppm.
\A\ ’ * .
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11 Photograph showing characteristic brown color of
the Bigoray River during the ice-free period.



III METHODS

A. ‘Emerggnce Traps

‘ The emergénce trap used in this study consisted of a
screen;covered box attached to a float (Figs. 12 and 13).
The bottom -of tﬁe box, covering 0.1 m? of stream surface,
was open, and £he top was covered with a-hinged lid. The
sides of the box and the 1id were covered with nylon chiffon
having a mesh size of 0.2-0.3 mm; Inside the box were two
upward;projecting-flanges (D), which prevented the chirono-
mids from fallingAback into the water. A sloping roof (I);
covered with clear plaétic film, was ®ktached to the 1id to
keep out rain. *

~ The fldat'consisted of two ééyrofoam blocks (A) sepa-

rated by two strips of wodd (B). The box was attached to
the float. by means of four angle brackets kF), which fitted
onto studs~projecting'from the styrofoam blocks. The float
céuld slide up or dowh‘along‘two aluminum poles (J), so that
the bottom of the box.was always positioned exactly at the
water surface. The bottom of the box Waé adjusted level
with the water surféce by placing washers'ﬁnderneath the
anglé brackets.

To remove chironomids caught in the trap, a plastic
plate {C) was firét pushed into grooves underneath the box
in order to seal the bottom. The box was then liftedboff
the float and taken to the shore. The 1id, hinged to the

back of the Box (K) and kept closed by two hooks at the

35
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‘Fig.

~

13

Closeup of two emergence traps at Transect I.
Notice heavy growth of Sparganium and lack of
any noticeable current. Downstream is to left
of photograph.

37
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front (E), was then carefully liftéd a few céntimeteré until
an aspirator could be inserted,underheath the plastic skirt
(H). The plastic skirt along the front and a wooden skirt
along the sides (G) hung down from thé 1id and kept the chir-
onomids from escaping when the 1lid yas iifted.

Y Sigteen émergence.traps were arranged in four tran-
sects of four traps as shown in Figures 4 and‘S. The traps
were reached b§ meaﬁé.of long, wooden gangplanks, which
~could be raised or lowé;ed.accordgﬁ;to the water level (Fig.
~14). When not in use, the gangplahks were lifted oﬁt of the .
water to prevent interférenée with the emergence traps. Dur-
- ing 1973 the traps were in peration for the entife‘emergence
season ahd were checked at jhfervals of 2 to 9 days. The

dates-of the 36 sampling intervals in 1973 were:

1) April 25-30 13)  June 7-11 25) July 31-Aug.4
2) April 30-May 3'_14) June 11-14 26) Aug. 4-10

3) May 3-8 - 15) June 14-18 27) Aug. 10-14

4) May 8-11 16) June 18-21 28) Aug. 14-23

5) May 11-15 17) June 21-25 29) Aug. 23-25

6) May 15-18 . 18) June 25-July 1 30) Aug.25-30

7)  May 18-21 19) Julyv1—6 31) Aug.30-Sept.3
8) May 21-24 20) July 6-11 ~  32) Sept, 3-10:
'9)  May 24-29 21) July 11-15 33) Sept. 10-17
10) May 29-Juné 1  22) July 15-21  34) Sept. 17-24
11) June 1-4 23)' July 21-26 35) Sept.24-Oct.l
12) June 4-7 24) July 26-31 36) Oct. 1-9

A



Fig. .14 Photograph of emergence traps at Transect I as
’ viewed from bridge on September 6, 1973.
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., For traps W1thout the 1n51de flanges, there was a
51gn1f1cant (P <1%) reductlonfln the number of chironomids
caught as the sampling interval increased. Over the same 4-
day 1nterval, traps that were sampled once at ¢he end of thev
4 days caught only“\32% as many chlronomlds as traps emptled
every day durlng the 4 day 1nterval For traps with inside
flanges; the length of the sampllng interval had no signifi-
Rcant (r > 5%) effect of the number of chironomids caught.

Completelyuopadue,traps (i.e., covered-with black
plastic) caught'only 33% as many crironomids as the traps
covered with nettlng transmltprhg 70% of the ‘light (P < ﬁ%
Because most chlronomlds emeréed in the evenlng, the small
shading effect caused.by the netting was assumed to have no

”Hsignificant effect’on the number of chironomids caught.

Fluctuations in current velocity also had no effect on num-
. 8] ' < . .

ber'of'chironomids'caught (Fig. 15). ' ’

%

B. Bottom Corer

[

Chlronomld larvae 11v1ng in or on the bottom sedlment
were collected with a bottom corer (Flg 16) It consisted
“of a vertical plex1glass ﬁhbe {A) 25 cm long and having an?ﬁl
inside diameter of 4.4 cm (area = 15.2 cﬂf : The top of the -
tibe was attached flush with a horizontal plate (c), whlch
was’ surrounded by a 2-cm high wall (D). Underneath €he free

\

sectlon of the plate was gluegﬁp ba ellte lld (Q) of one of

d

the collectlng jars, "and a 4. 4-mm dlameter hole (R) was
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drllled through 'both the plate and the lid.

The coring tubekaas attached to a 1. 5—m long alumln—
- um pole (1) bylmeans.of a stlrrup; The stirrup consisted of
a metal collar (B) fitted around’the top'of the coring tube,
two flanges (G) extendlng laterally from the collar and at

‘right angles to the long ax1s of plate C, two vertlcal (O)

fittQQQEjjf#phe end of the pole. Another coupllng (M). pro-
vided'a}suitable knob for pushing the corer into the sedi-
ment. The closlng“mechanism consisted of a'metal'disc (N)
with a layer of soft rubber on the bottom. The netal disc
was attached to a compre551on sprlng (E) that was attached
“to an alumlnum ‘rod (F) extending along the 1nsﬁ§£§pf pipe I.-
Prlor to collecting- a sediment sample, the rod and
attached disc nere‘raised and kept‘in position by pushing
pin L through the.lowermost-hole (Jl drilled through the rod.
After the corer was pushed into the sediment, pin L was
| pulled out of hole J and the rod pushed downward until the
pln could be 1nserted into hole K , The compression spring
now held the metal disc tightly againet the  top of the cor-
'ing tube. The'sedimentvsample was then'retrieved as follows:
Step 1. ’(Fig 17a). The corer was gentlyﬂswayed
back and forth to free it from the surroundlng sedlment‘And
prevent the formation of a vacuum underneath the sedlment

sample (S):when the corer was-pulled up.

Step 2. (Fig. 17B). ‘After lifting the corer to the
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Fig. 17 Retrieval and sectionim
Steps A, B, C, and D ;?glained in text.
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surface, a plungefl(V) was inserted into the bottom of the
coring tube,-amcollecting jar was screwed into the bakelite
lid, and disc N was raised. The plunger was then carefully
pushed.upwatds, so.that water above the sediment sample
flowed across the horizOntal plate and into tne collecting
jar. -

Step 3. (Fig. 17C). Once tne top of the sediment
'sample had been gpushed flush with the topiof the coring tube,
a 2-cm high plastic cylinder (U), with an inside‘diameter of
4.4 cm, was placed;abOve.the cOrlng tube and the sediment
sample pushed up into the cylinder.

: Step 4. (Fig. 17D). Once the top of the sediment
sample”Was flush with the top of the cylinder, it was slid
over top of:the;collecting jar and the sediment sample washed
into the Jar. | o

By replacing the full collecting jar with a new one
and repeatlng steps 3 and 4, ‘the. sediment core could be di-
v1ded into a number of sectlons, each 2 cm long. Sediment
’samples,were collected fxom~12 stations, with three stations
located near the sides and the middle'of the stream just up-
-stream from eachtof the four tranSectsv(Fics. 4Aand 5). Each
station was delimited by two poles spaced 5 mlapart length-
wise to the river. On each sampling date, one sample was
taken at each station by selecting a p01nt at random between
the pair. of poles Sedlment samples were collected gn the

following'dates:
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1971: Nov. 1; 1972: March 9, May 31, June 20, July 5 and 25,
Aug 8, Sept. 7, Oct. 13 and Nov 20' ‘l973- Feb. '12, March
8, May 3 and 30, June Il and 21, July 11 and 31, Aug. 20,

" Sept. 10 and Oct. 2. Altogether 252 sediment samples were

. collected (12 samples x 21 dates) .

' C. Aquatic Macrophyte Samplers

Chironomid larvae occurring on aquatic vegeéation,
submerged wood and sponges wer, collected with two samplers
described by McCauley (1975b). Individual shoots of Pota-"
mogeton and ﬁigguris,'clumps of moss and(filamentous algae,
and»lengths of 'submerged wood and attached sponge‘colonies
were collected with Sampler A (Flg 18). The plexiglass-
tube (B), with an 1n51de diameter of 10 cm and a length of
80_cm, was pushed over the material to be sampled and then

the trigger (H) was pulled. This released Spting F, which
then pushed blade C across the bottom of the tube, cuttln;
off the materlal being collected. A net w1th a mesh %}ze of
80.u was then attached to the top of the tube (J) and the .
tube inverted so'tbat the water drained through the net.

The blade Qas able to cut through submerged branches up to

2 cm in diameter.

Larvae living on Sparganium-were collected with Samp-“

ler .B (Fig. 19). The sampler was clamped to the stern of a
boat with wing bolts 03, and 0j. Wing bolts M; and M, were

then. . loosened and the"height of the base plate (C) adjusted
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Fig. 18 Lateral and ventral views of 'Macrophyté Sampler A.
~ Copied from McCauley (1975b) with'permission".

Different parts descbed in text.
Q&
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Fig. 19 Macrophyte Sampler B. Copied from McCauley (1975b)
‘ with permission. Different parts described in text.

s
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until it was about 2 cm above the mud-water interface. Cy-

linder A, 50 cm~hlgh and 30 cm in diameter, was then ralsed

_ along pipes F; and F,, compressing springs H, and Hp;. The

cyl;nder was held up with trigger P, which pivoted on part Q.

The boat was then pushed stern first into the downstream end

of a Sparganlum bed Once the'sampler had been pushed snf-
= :

ficiently far into a bed of weeds, the trigger was released.
’ d ¢

The compressed springs then shot the cylinder downwards and

against a circular strip, ofdrubber (B) bonded to the base
plateb The sampler was left in the water until all plants'
1n51de the cylinder had been removed. et with a mesh size
of 80 u was then attached below a hole in/the middle of the
base plate. After removing the stopper from the.hole and
loosening wing boltS'Ml and M,, the sampler was slowly lifted
out of the Water, causing water in the cylinder to'drain
through the net. The net s contents were then combined with
the plants collected from the cyllnder. .

The two macrophyte samplers were only used in 1973.

The dates of sampling and the number of samples collected of

each material were as follows: Sparganium - 3 samples on

June 11, July 11 and 31, Aug. 20 and Oct. 1, 4’semples on m;
June 21. Hippuris —l3 samples on June 11 and 21, July 11 and
Aug. 20- 4 samples on Oct. 1; and 5 samples on July 31; goss
- 3 samples on July 11 and 21, July 11 and 31, and Oct. 1;

Algae - 3 samples on June 11, July 11 and 31, Aug. 30 and Oct.

1; Spongev— 3 samples on July ll and_31, and Aug. 20; Wood -

k)
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3 samples on June 21, July 11 and 31, Aug. 20 and Oct. 1. Ad-
ditional larvae were collected on Oct. 9 and 24, Nov. 7 and

Dec. 12 from each of three Spargahium and three leaf samples.

These samples had been képt‘submerged in small wire cages

-

since Sept. descrlbed on page 22. In sumhary; the to-

e

al number of samples collected from each of the nine micro-

habitats was as- follows: sediment (252), Sparganlum (32), Po-
tamogeton'(QB), Higguris (21), moss (15), filamentous algaeA
(15), sponge (9), wood (16) and willow leaves (12) . The to-
tal number Qf samples collected was 395. The small 51zé of
“the sediment co;er (15.2 cm?) enabled me ‘to analyze more sam—
ples.ffom the sediment than from other substrates. The 143
non-sediment sambles each contained many more larvae than any
of the,sediment éamples, and altogether took four times as

long to analyze/than the 252 .sediment samples.

—

. /M"\
\/

D. Identlflcatloh of the Chlronomlds

In%1v1dual larvae were kept in the laboratory at\ES\C

e

in'glass vials containing a small amount of flltered stream
i

water and covered with cotton gauze. Laboratory rearing of a

.

'laige number of larvae in the above manner resulted in the

association of the larvae, pupae and adults of 41 species of'

MNa o
¢

uchironomids. The specimens, were permanently mounted as fol-
lows:
1) \The adults were dissected into the following

) {
parts: antennae, head, wings, legs of the left side, thorax
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with attached right legs, and abdomen.
2) 'The head, thorax and abdomen were placed in 10%
potassium hydroxide until the muscles were macerated.

. 3) All adult parts plus the larval and pupal eﬁf"
viae were then passed through glacial acetic acid (10-15 min) -
and absolute alcohol (10-15 min). »
4) The different parts were then mounted individu-

" ally in Euparal ahd.covered with small circular coverglasses.

'~ Most of the male adults could be separated to species
using the magnification of a dissecting microscope. However,
male adults of Tanytarsini had to be wet mounted and the geni-:
talla examined/with a comﬁound microscope at 100 X hagnifica—
tion. Larvae were eitper placed i 10% potassium"hydroxide
until the muscles in the head capsules were macerated, passed
through gf&cial acetic acid and absolute alcohol 'ounted
in Euparal, or they were mounted dlrectly in waterﬂﬂa}uble
media such as TurtoxX CMC-10, Aquamount, oOr Lactophenol.. -

Preliminary identifications were made referring to a
large number of published papets and monographs. These are
C1ted in Hamilton et al. (1969). Identlflcatlons were veri-
fied by comparing the speClmens from t;egg\goray River’ w1th
jdentified specimens in the Canadlan National Collection. 1In
'addltlon, Tanypodinae were verified by Dr. §.5. Roback,
Academy of Natural Sciences of Phlladelphla, Orthocladiinae
were verified by Dr. D.R. Oliver, Blosystematlc Instltute,

Ottawa, and Dr. O.A. Saether, Museum of Zoology,
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University of Bergen; Orthocladius by Dr. A.R. Saponis, Lab-

oratory of'Aquatic,Entomo%ogy, Florida Agricultural and Mech-
~anical University, Tallahassee} Chironomini‘by Dr. D.R.
oliver; and Tanytarsini by pr. J.E. Sublette, Eastern New
Mexico University, Portelee. onucher specimens have been
deposited with the Canadian Natronal%Collection, Biosystemat-

ics Institute, Ottawa.

, By
E. Calculation of Pe¥cent Overlap

A resource (e.g., space, food) can be divided into
different. categories (e.g., microhabitats, food types) and
the percentage of a population utilizing each category can be
determined to give a resource utilization curve. The percent
" overlap of resource utilization curves of different species

can then be calculated according to the follow1ng formula:

a

C.

$ overlap = i

=1

ST

where Ci is the percentage occurrence common ta two species
n P
in the d4th resource category, and I isg
i1

C, for all n resource categorles.ffj

Uhe sﬁmmatlon ofﬁ

formula is similar to that used by Schoener (196 :
formulae for calculating overlap between reﬁourc#ﬁ_ ]

curves have been proposed (Rlckleﬁg l966f5

vins 1967), but are all more dlfchult to'compute than o

,Schoener's formula.




TABLE VII Three . examples showing the calculation of percent
overlap between a hypothetical pair éfkspecies.

Amount ) Resource %{%f'Population in
of \ ,
Overlap Category Each Category Ci
Sp. A Sp. B
0
None 1 60 0
. A , 0
2 40 - ‘ 0
v o]
3 0 50
4 0 50 0
$ overlap = 0

~ J

Complete‘ 1 30 30
2 40 ) 40
3 , 220 20
g :
&n .
4 10 10 10

.% overlap = 100

Partial 1 30 o0 0
2 50 20 20
3 20 Yo 20

4 0 20 0 -

& overlap = 40
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IV RESULTS

A. Species Composition and Relative Abundance

of the 112 species of Chlronomldae found in the emer-

gence traps in 1973 (Tables VIII-XI), nlne are new to 501ence

T d

Constempellina sp. n., Cricotopus sp. n., Micrqgsectra sp. n.,

Nanocladlus sp. n. 1, Nanocladius sp. n. 2, Parakiefferiella

sp. n. l,,Paraklefferiella'sp. n. 2, Stempellinafsp. n. 1,
. —

.and Stempellina sp. n. 2. Rheotanytarsus distinctissima‘is

new to North‘America. Pagastlella ostansa is a new comblna—

tion. Elghteen spec1es could only be 1dent1f1ed to genus.
Because of the dlfflculty of assoc1at1ng females with
-males, relatlve abundance of speCies has~been'expressed in
terms of mean number of males emerging per square meter of
stream.» Flgure 20 sthE spec1es abundance curves for the 112
species. The abscissa is a,logarlthmlc scale, with the llmlt
"of\éaCh”frequency_cmass being twice as large as the preceding
*u;onelu‘Preston (1948) called these class‘intervals “octaves".
Spec1es whose frequency ﬁﬂls exactly onto class boundarles
’ are placed half in the frequency class on elther side of.the

: boundary.

3
-l

The expected normal frequency distribution (i.e., the’
smooth lines in Fig. 20) is_described by the equation

Nr = N e

-0.5 (¥/s)°
O - .

S

wh’erefNr is -the number of species whose abundance is r oc-

ltavesvgreater or lesser than,the,modal octave, Ny is the num- '

e
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. TABLE VIII Species composition and abundance (males/mzyr)-ﬂl

/" @

1. Laréia:ggllens' ‘gullet£) 959.8
2. Paraméglna fragilis (Walley) - 291.5
3. 'Ablabesmyia mailoghi (Walley) ‘ n. 125.0
4. Trissopelopia ogemawi Roback ©122.9
5. Arctépelopia flavifrons (Johannsen) 61.2i
6; Labrundinia pilosella (LoewB . 49.1
7. Conchapelopia dusena Roback R 38.2
8.  Proéladiué dénticulatus Sublette 22.5
9, Zavrelimyia thrybtiéa (éubletté) R 16.4

10. ZaVreiimyia‘sinuoéé.(Coqﬁillett) _ o 12.2
11;;:Procl;dius bellﬁs (Loew) - S 6.9
12. Conchapelopia‘tdrnuticaudata (Walleyyé ' 6.0
13. Psectrotanypus'florens (thannsen) 4.5
l4,b\Pébciadius'sublettiVRoback' S _ 3.2
15. Procladius nietus Rbbaék‘ ‘ § > 1;3

1. ’Monogélgia sp. 1 | 13

fl?ﬁ ArStQEelopia'sp. 2 . | ‘_ 1.2

18. Paramerina ép. 2 . | 1.2
19, Nilotéﬁ;pus fi@briafus (Walker) e 0.8
20. Ablabésgyiéxsp. 2 | ; 0.6

Total 1,725.8
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TABLE IX Spec1es comp051tlon and abundance (males/mz/yr) of
" the Subfamlllds Podonomanae, Diamesinae and Ortho-
- claBliinae.

Py

o x.??‘“ )

Subfamily Pddonqminae;j/

1. Lasiodiamesa sp. ‘ ' ' h 0.6
Subfamily Diamesinae: : ‘ O

.1. Diamesa Ssp.

. 2. Odontomesa Sp.&

_ 3. Pseudodiamesa sp. N~ 0.6

Subfamily- Orthocladllnae.

1. Corynoneura ‘lobata Edward ° : . 730.5
2. Paraklefferlella sp. ny 1 IR  243.4
3. lenophzgs folliculatus - Saether- 153.1
4. Heterotrlssocladlus changl Saether ., 129.9
5. -Nanocladlus sp. n. "1 »:"~, *'1ddt§“ SR
6. ‘Crlcotopus bicinctus (Melgen) _ 85.6 .
i 7. Crlcotopus sp. n. : S 75.9 . »
8. Cricotopus tr1fasc1atus (Meigen) . 57.6
9.  D1ploc1ad1us cultrlger Kieffer - )-’ ‘ "%3.0
10. Limnophyés spatulosus Saether ‘ 50.1
ﬁi;' Psectrocléﬁ us 51mulans Johannsen - 349.4 L -
12. ;Euklefferlella paycunca Saether o 40.9 | "fﬂ
,;3. “Corynoneura fitt¥ahi Schlee = - ~j4018";.
.14. Rheocricotopus effusus (Walker) o 29.1 i
15. Orthocladihs obumbratus Johannsen 24,0 ‘
16. Paraklefferlella sp. n. 2 & - - 23.5 |
217. yCrlcotoEus varlpes Coqulllet L 17.2
18. - Synorthocladlus semivirens (Kleffer) 16.7
'19. Orthocladius tryoni Saponis - le. 4
20. Thienemanniella xena Roback 13.9 ’
' 21. Orthocladius annectens Saether 12,2
22. Eukiefferiella clarlpenn;é?(Lundbeck) 11.2
23, Nanocladius ‘sp. n. 2- {' : _ 10.9

- cdntinued



44.

orthocladius mallochi Kieffer

P _ 5

Table IX (cont'd), ' v _
24.V-Nanocladius altermahthefae bendy and Sublette
'25. oOrthocladius dentifer Brundin

26. Parametrlocnemus 1undbecki (Johannsen)
27. Rheocricotopus eminellobus Saether .

28.  Cricotopus sylvestris (?abricué)

29:, Brillia flavifrdns‘(Johannsenf

30. lenophyes nudlradiusiséether ;
31. lenophyes scapellatus Brundin '
32. Corynoneura scutulata Winnertz - 3

33. psectrocladius flavus Johannsen ' |
34, \Nanocladlus sp. 4 e o
35. . Acricotopus lucidus (Staeger)

36. Orthocladlus smolandlcus Brundln
37, ngplocladlus bllobatus Brundln

3g. DProsmittia jemlandlca (Brundln)

39. Corynoneura coronata Edward

40. orynoneura sp. 5

41. Psectrocladlus sem1c1rculatus Séether_
42. Smittia sp. 1l '

43, Metriocnemus sp. 1

10.6
10.6
9.8
7.8
7.2
6.6
6.3
- 6.3
6.0
3.7
3.1
2.5
1.4
1.3

0.8

0.6

57

0.6

0.6
0.6
0.6
0.6

. .

(. 2,076.10
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TABLE X'’ Species composition and abun
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/

the Subfamily Chironomidae, Tribe Chrionomini.
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dance (meles/mz/yr) of

11.

- 12.

<13,

o

14.

15.

.16.

17.

- 18.

19.

20.

21.

‘Cryptotendlpes sp.

Paralauterborniella niérohalterale (Townes)

. ~Pagastiella ostansa (Webb) n. comb.

Polypediium (P.) braseniae (Leathers)

Cryptotendipes casuaria (Townes)

Paratendlpes albimanus (Melgen)

Paracladopelma undlne (Townes)

Microtendlpes pedellus (De Geer)\

oy

| Polypedllum (Trlpodura) scalaenum (Schrank}

‘Polypedilum. (P.) fallax (Johannsen)

Cryptochlronomus sc1m1tarus Townes

Polypedilum (Tfipodnfa) gomphus Townes

Phaenopsectra,(P.) flavipes (Meigen)

«Parachlronomus sp.

Phaenopsectra (Trlbelos) jucundus (Walker)

Polypedllum (P.) av1ceps Townes

Stenochlronomus taenlapennls (Coqu1llett)

.anptochlronomus blarina . Townes

Paracladogelma amphltrlte (Townes)

ﬁPolypedllum (P ) sp. 4

fchrOtendlpes modestus (say) -

Xenochlronomus xenolabis (Kleffer)

HarnAschla sp. - N

v/ “'  | ‘, ’ v; - ‘ : Toeel

352.3

249.1

73.3

72.8



TABLE XI Species comp051t10n and ahundance (males/mz/yr)
of the Subfamlly Chironomilnae, Tribe Tanytarsini.-

1
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7.

8.

9.
10.
11.

12,

13..

14.
15.
16,

17.

, 18,

19.

20.

21.

Tanytarsus dlsgar Llndeberg \

Stempellina 1eptoce1101des Webb

Rheotanytarsus distinctissima (Brundin)

Tanytarsus limneticus Sublette

Stempellina ép. n. 2

-Stemgellina sp. n. 1

Tanytarsus curticornis Kieffer .

Micropsectra polita (Malloch)

Micropsectra attenuata Reiss

Paratanytarsus dissimilis (Johannsen)

Micropsectra dubia (Malloch)

Tanz;é:sus anderseni Reiss and Fittkau

-~ ) ’ :
Tanytarsus buckleyi Sublette

Cladotanytarsus viridiventris (Malloch)

Micropsectra sp. n.
Tl

Tanytarsus deﬁilis (Meigen)

Tanytarsus sp[ 7

Paratqutarsus sp. 2

_Tanytarsus confusus Malloch

Constempellina sp. n.

. P . .
Micropsectra xantha Roback
) =

‘Total

@

1,481.6
1,073.7

426.9

330.2

157.1
85.2

'58.2

145

23.4

- 23.1

©15.0
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Octave

% Fig. 20. Spec1es abundance curves for 112 spe01es of Blgoray
S RlverEchlronomlds.' Abundance ihtervals expressed -

aves, with limit of each octave being double
1§bat £ preceedlng one. Limits of . flrst octave are -
el 206 -,122 males/m /yr in Fig. 20A, -ay .
- e males/m /yxr in Fig. 20B. Smooth 11

L - pures shows expected frequency d;st
- . B S . _ .




61

ber of specij in the modal octave, and s is_thevstahaard
deviation of the observed frequency distribution. The stan-
dard=deviation is 2.8 for both Figufés 20A and‘20B; and the

fitted curves are described by the equatibn

y

~0.5 (r/2.8)>2

Ny = 17, s

. The greates discrepaﬁcy between the observed and‘expecfed_ “
.freéueﬁcy distributions oqcuré&ig/ihe first octave (i.e., in
ﬁhe number of very rafe‘species). If the first octave is R}
~excluded, then the observed and expected frequencies do not
'aiéfer significantly (for Fig. 308, x2 = 6.47, 8 d.f., p =
6.5—0;7; for Fig. 20B, x% = 9.26, 8 d.f.,‘p = 0.8-0.9). When
the first octave is included in the compérison, then.thez
 differences between the éxpected’and observed frequency dis-
tributions are significant (for Fig. 20A, X2 = 25.95, 9.
d.f., p<0.0l; for Fig. 20B,_x2 = 20.33, 9 d.f., p = 0.01-
0.02). - ‘

The fitted normal‘curVe is symmetrical ébout the mo-
dal octave, but is truncaﬁed on thelleft (the sé-called
"f"veiltline")'becausé a numbef of’very rare“species we;é
missed in the survey. The total number of Specieé which.~ -
theoretically could He present in the community can be es-
tihated by the equation N = 2.5 s Ng, where s and N, are as
described above. Since s = 2.8 and N, = 17, the total‘theb_

- retical. number Qf species in the study_area is 119. The 112

 speciesAfound in the present\survey therefore constitute 94%

i
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of the number theoretically present.
In the Bigoray River the percent abundance of the four

_~ﬁajor taxonomic groups (sﬁbfamilies Tanypodinae and Ortho-
cladiinae, and ttibes Chironomini and Tanytarsini of the sub-

family Chironominae) wgs as follows:
\
Ly

Tanyp. Ortho. Chiro. Tanyt.
By number of individuals ' ' '

Males and females 20 19 - 12 ° 49

Males only © 20 . 24 13 43
JBy number of species 18 © 43 20 19

B. Seasonal Patterns of Emergence

In 1973, the first chironomids emerged during the
third sampling interval (May 3-=8) when the mean daily water
‘tempetature had risen to 7°C (Fig. 31). Therlast chirono-

mids emerged durigg the 35th sampling interval (Sept. 24-

/’:—

Oct. 1) when the water t /perature was 8°c. The‘total length
of the emergence seas/ﬂ (middle of third sampling interval to
mlddle of 35th samp {ng 1nterva1) was 140 days Durlng this

tlme, an average 19.3 x lO3 chlronomlds em&fged per square
S /
meter of stream. The maximum dally emergence rate, 573‘ch1r—

onomlds/mz/dgy//0ccurred during’ the 25th sampling interval

N T

(July 31- Aug 4) Increases in wa%er level and decreases in
water temperature redUCed the daligmfmergence rate During
long periods of rainy, cool weatﬁ&r: such as occurred durlng
1971 and 1972, emergence stopdiwiompletely |

!
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temperature, and mean daz&y emergence rate of chiro-
nomids in the Bigoray River during 1973. B indicates
cool, rainy periods. Open circles indicate no

'~ emergence.
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Orthocladii?ae were the most abundant group at the
start and end of tﬁe emergence season (Fig. 22). This is
not surprising since the Orthocladiina€ are the most cold-
adapted group among‘tﬁe Chironomidae (Thienemann 1954, Oliver
1971). Tanypodinae weré mést abﬁndaﬂt group near the mid-
dle.of the emeégence season, whereas Tanytarsini reaéhéd
pehks of abundance between those of Othocladiinae and Tany-
podinae. Maximum water temperatufe Qccurred'during the sec-
ond period of peak émergeh@e of TéhYtarsini. ChirpnOmini
wére most abundant group only during the 19th sampling
. interval (July 1-6), ;nd'then only by a smalI:amount. The
subfamilies Podonominae and Diamesinae were insignificant

both in number of species and number of individuals (Table
. 1 A

IX).

Seasomal changes in emergence rates of the 32 most
abtndant'species (i.e., those with a yearly emergence of 50
males/m2 or more) are shown in Figures 23-29. The same data
are shown in Figures 30-33 in the form of cumulative emer-
gence curves. From these, one can easily determine the dates
when 25%, 50% and 75% of a species' eﬁergence had occurred.
Additional emergencé statistics are .given in Table XII. The
length of a species' emergence period %ncludes bnly those

-~

days that the species was actually found emerging. Emergence

éeridds varied from 15 days (Diplocladius cuitriger)vto 122

days (Limnophyes folliculatus), with the average length being

67 days. The mean length for all 32 emergence periods was
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~Orthocladiinae
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TABLE XII -Summary of em rgence statistics for 32 commonest -
chironomid species in the Bigoray River. Statis-

d tics explaingd in text. Species arranged in or-
der of decrepsing abundance.:
E l N Q . v
‘ ngth  H' No. of Mean % Ratio
‘Species (days) (bits) phases averlap _M:F
! Panytarsus digpar ‘ 3.06 2 30 -
o ’
Stempelllna l;ptocel— "3.91 2 35 - -
loides . .-
Larsia pallens T 2.49 0 2 18 1:0 _
Rheotaﬁytaréus ' 96 2.41 3 20 N
. distinctissimus L T \Qa
Paralauterborniella o 80 3.60 3 . 30' 0;7**~
nigrohalterale _ , - ~ ;
Tanytarsus limneticus 77 3.29 2 31 -

. . . . . ) Sk
Paramerina fragilis 109 3.92 3 36 _0;6**
Corynbnéura’lobata 106 4.&% 3. . 26 7 0.6%**
Pagastielia ostansa 33 1.61 5.1g¢ 16 "; -
Parakiefferiella sp.n.l 82. < .3.68 >2 31 }g%.5g§y'

g ) . W . ' . .
Stempellina sp.n.2 - 58 2.93 - 2 25 -
Limnophyes folliculaths' 122 3.67 3 ‘ 29 0.7**.
Heterotrissocladius 55 3.04 2 23 0.7*%%
changi ' / | .
 Ablabesmyia mallochi . 86  3.46 3 33 0.7%%
Trlssopelopla ogemaw1 L 67 2.78_ 1 22 1.1
NanBcladlus sp.n,1 ,' - 94 4.06 2 31 0.8*
Crlcotopus bicinctus 76 3.10 2 25 0. 6**"
Stempellina ép.n;l ‘ - 84 . 3,44.» 2 B 33;._' -

- continued



Table.XII (cont'd)

Species

Cricotopus sp.n.l

Polypedilum braseniae -

Cryptotendipes casuaria

paratendipes albimanus

Paracladopelma undine

. Arctopglopia flavifrons

Tanytarsus curticornis

Microteﬁdipes pedellgg.

Cricotopus trifasciatus

Diplocladius- cultriger

| Limnoﬁhyes spatui%%us

Psectrocladius simulans

Polypedilum scalaenum

-Labrunéinia pilosella

”

Means

Y

i Length H' No. of Mean % Ratio

(days) (bits) phases overlap M:F

65 2.53 1 17 1.3
53 2.83 | 2 23 0.8
35 1.71 1 14 -

31 1.73 1 15 0.4%*

78

69  3.53 2 31 0.5%*
20 1.76 1 13 0.5%*
v 67 2.90 2 26 -
41 2.30 2 18 1.6%*
6 el 3 . 10 1 17 0.9
p'sz; 1 1 2.
227 1.61 1. , i§/ -‘1:Q
69 - 3.25 “ZAQ; W39, 1.2
35  2.55 y o2 0.6%%
71 3.67 2 35  0.6%*
67 2,92 1.8 24 0.8**

* Significantly different from 1.0 at the 5% level.

i, i 4

*x gignificantly different from 1.0 at the 1% level.
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67 days, or about half the length of thelemergence season
l140 days) .
'Tne diversity (H ) of a species' emergence period was \
calculated uSLng the Shannon-W1ener dlvers1ty index

. n
' = . R
H 1.44i£lpllogepi

where Py is the proportion of the individuals of a species
, _ K ,
emerging in the ith sampling interval. The diversity valde
: : , _ . :
combines information.on both the length of the emergence per-

iod and on the constancy of the emergence ratevrhroughout the
_emergence period. A species wirh a-long emergence period
generally had a higher emergence dlver51ty than a spe01es
with a shorter emergence perlod (r = 0.85, p<0.01). If the
length of tne emergence perlod of two spec1es is the same,
then the spec1es with the most un1for§$eﬂmrgence rate
throughout the emergence period nlll have the greatest emer-

gence diversity. This can be illustrated by comparing the

emergence graph of Cryptotendipes casuaria (Fig. 29D) with.
« ,

that of Polypedilum sgcalaenum (Fig. 26D). aBoth species have
an emergence period of 35 déys,r The emergence graph of C.

casuaria' shows a sharp peak and has a lower emergence'dimer_
sity than P. scalaenum (1.71 versus 2;55)} which emerges at

a more equal rate throughout its emergence perlod

One might hypothe81ze that 1f 1ntraspec1f1c competl—

A
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a more equal)rate of emergence (i.e., higher emergehce;diver—
sity) ehan less abundant species. Such a témporal separation
of individuals within'a species should reduce ihtrasﬁecificﬂ
competition. On. the other hand, if intersp qg.‘s cqﬁpeeitioa,

is stronger than intraspecific competition, culd’éxpect

abundant”s'pecies to have the same 'emergenc‘ rersity as less
abundanr spec::Les.' My data indicatediithat:‘g Qas no sig—.
nificant correlgtion between the abundaqi,?bf a species‘and
its emergehce divrsity, suggesting that.interspecific com-
petition 1s stronger than 1ntraspec1f1c competltlon. |

An emergence perlod can consist of one or more phases
Emergence phases are Qeriods of high emergence rates separ—
ated by periods when thé’emergepce rate is low or there is.no
emergence. Generally each phase is due to the emergence of
a different geaeraticn, The emergence pattern of 15 of the
32 species e;hibite% two phases, 10 species had only one
phase and 6 species ﬁad chree phases;' Onfﬁ one species,_

Nanocladius sp. n. 1 (Fig.23c), showed,ﬁo,distinct phases{ N

Instead, this species emerges in what Macan (1958) has

termed "dribbles" throughout the emergence period. The mean
number df'phases for Taanodinae, Orthccladiinae, Chirono-

mini, and Tanytarsini was 1.7, 1.8 andgz.l,‘respectively.
The mean number of phases per emergence period was 1.8 when
al1.32 species are considered

Sp%pres w1th multi- phased emergence ‘patterns can be B

N N o

o

further'compareﬁ u51ng the following three crlterla- phase
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length, percenuage of ‘the emergence occurring in each phase,
and tlme 1nmerval between phase modes (Tables XIII and XIV)
‘The mean phase’lEngth of succe851ve phases increases both in
species ‘with two- and with three—phased emergence patterns.
A.sign test showed that there was a significant inereasé
1p<5%) in the phase length of succe551ve phases ’ Indeed,
for all 58 phases (;.e 10 spec1es with one phase, 15 spe-
cies with two phases, and 6 species with Fhree’phaseS), there
was a significant correlation between the time of year and
phase length (r'=‘0.5§; p<l%). The lineatjregression line
is |

phase length (days) = 1.2 (sample inte;val numbeT)

I o . | + 12.0
For example, if a phase mode occurs duriﬁg the‘lOthhsampling
interval, the expected phase length would be 1.2 (10) + 12 =
24'§ays. B . . S '
| For the 23 species for which ﬁales andafemales could /
be associated,Athe ratio‘of'males to fehalesrwasqsigmifiﬁs ‘
cantly lessJthan one for 14 sPecies and significantly higher
thaﬁ one”for two.speciesiﬁmable XIII). The ratio of males
to females aﬁoag all 26,726 adults collected was 0.8. -Gén- .

Merally the ratio of males to females”aeclined steadily be- -

n

,vtween the start and end of an emergence phase (Fig. 34).

C. Larval Phenology and Life Hlstorles

% Wlth few exceptlons chlronomlds pass through four

of

af
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TABLE XIII Comparison of 15 specie§ with a 2- phased emer—
. gence pattern. Phase lerigth and interval between
, phase modes (T1_2) are -expressed in days Spe-
c1es arranged in ordef of abundance. .

-~

Phase Length. % -Emergence

o -  1st  2nd 1st  2n T,
SEeCleS phase phase -<phase phasge
//;;nytaféus dispar 34”7 75 &i;23 "77 4.0
‘Stempellina léptocellbides 41 66 39 Si 54
Larsia pallens 4 21 ° - .28 ‘ 32.f‘v-78 24
Tanytarsﬁs limneticus - 32 Y45 33 . 67 u'40°
Parakiefferiella’sp.n.1 31 51'. 47‘T" 53 | 27
Stempellina sp.n.2 32 26 43 57 55"
Heterotriésocladius changi 16 39 41 . 59. '7%
Cricotopus bicinctus 2 32 66 34 73
Stempellina sp.n.l . 29 55 20 80 67"
Polypedilum braseniae 25 28 45 55 (49
Paracladoéelmawundine Y 35 .33 65 35 26
Tanyﬁarsus curticdrnisik 29 31 69. 31 36
Microtendipes ggdellus,:'. 25 16 = 94 6. 38
Psectrocladius simulans 31 34 {’ 23 77 23
Labrundinia pilosella 21 50 29 71 7 45
 Means 28 41 . 44 gSG = 44 .

;
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" larval instars (Ford 1959). Instars can be easily. separated
by measuring the length of the head capsule, with that of
. each successive instar being 1.5-1.7 times longer than that
of the preceding one. All 8,025 larvae collected between_
—”go;ember l, 1971 and December 12, 1973 were mounted on slides,
‘identified and measured. First instar larvae (larvules)
were omitted from the analysis.of'larval phenology for the
following reasons: | |
.1} Only 73 Instag I larvae were collected. This. represents
only Q.9% of the total lafvae. I am certain that this low
number is not a result of the sampling technique used, since
I utilized sieves With very fine mesh (80 ) to sort the lar-
vae from the sediment The'firet instar’generally'lasts.only
a few days (Thienemann 1954), anddthis may explain the small
number collected.

2) The small size and the weakly-chitinized head capsule
made 1t difficult to mount the larvules on slides Often the
abdomen would wrap itself around the larvule's head making
identification impossible.

3) ‘There are considerable morphological differences between
Instar I larvae and the other larval instars (Thienemann
,1953). 'Differences are espegially. pronounced in the appear-
ance of the mentum and the antennae, two structures that are.
often used to identify larvae to spggies. Larvules would

therefore have to be associated with the other larval instars

'thrOUgh”laboratory rearing, a time—consuming operation.
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The 8,025 larvae collected between November 1, 1971

and December 12, 1973 were dlstrlbuted among months as. fol-"

‘low1ng: Jandary (0), February (313), March (383) April (0),’

May (415), Jone (1,130), July (1,573), August (1,324), Sep-

tember (963), October (1,336), November (3917, December‘(l97).

No, samples were collected in January or April. Plant samples'

as well as sediment samples were collected in June, July, -

August and October (see page 49) and this accounts for the

large number of larvae collected for these months. All 197.
larvae collected for | December came from the w1re mesh cages
contalnlng Aparganlum and w1llow leaves. Sedlment samples

/
were collected in all months except January, April and Dec- .

ember. The variations in the number of larvae collected for
each month therefore reflects variations in sampling.effort
‘as well as actual changes in populatlon density-

The 32 most abundant spec1es (those w1th yearly emer-
gences of 50 males/m Oor more - see Tables VIII-XI, pages»
55 to 59) accounted-for 7,182, or 89. 5%, of the 8 025 larvae
collected. Seasonal changes in percent abundance of larval
instars II-IV of these 32 spec1es are shown in Figures 35 41.
The total number of larvae collected is shown in brackets
.after each specieS. 'The number of larvae collected for each
month is given opposite the letter "N". The horizontal line
or lines opposite the letter "A" indicate the times of emer-
gence, and the vertical.crossbars indicate the emergence

/

peaks. More detailed information on emergence patterns has

S

"
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Nanocladius sp.n.1 (171)

five chironomid species.
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. Fig. 38 Seasonal changes in.perCent abundance of larvae of
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five chirocnomid species.
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Fig. 39 Seasonal changes in percent abundance of larvae of



Tapytarsus curticornis (78)
NJ O 2 3 12 23 16 2 14 0 6
Al —t— ~
4| ' 1 H
3_ 1 [

2 [ .

T I 1 1 T 1l T T i

Q;_Q_mnus sylvestris  (184)

NJ1 1 0 31 7 4 0, 30 1 o0
A_ —_—

. 4 | “

3 il

, |

1 1 T 1 T | T T T L

Riplocladius cultriger (81)
N 0 0. 0 17 28 1 o 9 0 1"
.1—

A—n

4 1] | B
3 -

2

o 1 1 T T T T T T s T

=y

lenophyes spatulosus (90)

N 0 0 0 14 41 1" 0 2 : 0o 3
Al | +-
4
3
2

i
1 I T T 1 T T T T T

Psectrocladius. simulans (99)

N]o 1 3 11 20 38 w_7 2 o
A | | ‘ # t
3| | .
2 ,
T | LN T | 1 T T T T

A-MM J J A S O N D

Fig. 40 Seasonal changes in perceniwabundance of larvae of
five chlronomld species. -,



Fig.

Polypedilym scalaenym (93)
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already been presented and the lines are included only to
facilitate correlation of seasonal changes in abundance Qf
larval instars with, times of emergence. Width of the bars
opposite the numpers 2, 3 and 4 indicates the percent abun-
dance of second, third and fourth instar larvae, respectively.
. ‘

The width of the bars above each month totals 100%. January
and April have been omitted from the abscissa since no sam-

pPles were collected during those months.

Actual total number of larvae collected of each spe-

cies varied from 61 for Labrundinia pilosella to 631 for Tany-

tarsus didpar. Based on emergence data, L. was also
the least abundant and T. disgaf,the most abundayt. However,
for many other species, the abundance rank pAs on larval
data differed from that based on emergence data. For example,

Cricotopus trifasciatus was the 27th most abundant Species ac-

cording to emergence data but the 16th most abundant based on

) .
larval data. These discrepancies are, however, understandable,

since the larval samples were not collected in proportion to
the abundance of the different microhabitats present in the
stream. Such a sampling design, stratified proportional to

the abundance of the different microhabitats, would thé been

extremely difficult to set up. The emergence data is not sus-

S
<

ceptible to such sampling difficulties and therefore gives a
much more accurate indication of the relative abundance of
the different species.

For most species, seasonal changes in abundance of lar-

P
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" val instars could be related with emergence periods, there-

D

fore giving a good. lndlcatlon of the life hlstory of the spe-

cies. se are Summ d w7 ' T e :
e The arize belo —

_nggggsgg dlSEaI. Both rhe larval and'eﬁergence~
‘aata indgcate‘thatVZ-'diséar is thefﬁoSt abuhdantgspecies in
bthe_BigOray RiVer. - Large numbers of ﬁhis‘pale green species
wereefrequently Sefr, swyarming near wiliew bushes by the river.
Larvae overwlnter in the second and thlrd 1nstar, with the
R

number of thlfd 1n8tar larvae 1ncrea51ng throughout the,win-

ter. HoweVer, NO Instar IV\larvue were collected between
. . ) ) ' v - - -
September and May. Both emergence and larval data indicate
& two generation$ Per.year, with the summer generation lasting

two months (mid-June “to mid-August)).

stempellina 1e Etoce1101des These small, dark-brown

mhnytar51n1 aré ﬂ“asecond most abundant species in the
stream. 1t also has tyo generatlons per year "and emerges

about the same time as T. dlsEar. Stemgelllna leptocel-

loides larvae OVerWlnter in the thlrd 1nstar Also, fourth
»1nstar larvae and?the first emergence occur somewhat earlier

in S. lgREQESll§i§§§ than in T. %iﬁgar. These differences

are likely" related to the small r/51ze of S. leptocelloides.

/

Larsla iEL,jygi. " Thes small, pale'Tanypddinae
have two generatlons per yea . The 4-week summer generatlon

(early June to early Jule/bassed [Je) qulckly that it is not

-

very clearlYy depicted.id<§he larvdl data. Although fourth

instar larvae are present throughout the year, most larvae

~

Ent O >
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overwinter in the second and third instars. The predaceogs
larvae do not seem to grQwAdurihg the winter. The above three

species agccounted for 41% of the adult male chironomids which

Ly

emerged from stream in 1973. 'd‘ ’ il”

Rheotanytarsus distinctissima. Larval and emergence

~data cléarly indicaté that this species undergoes at .least two
generations per year and ppssibly even three (Fig. 26B,p.69).

Larvae overwinter in the second and third instars and do not

seem to grow during winter.

Paralauterborniella nigrohalterale._ Larval data

would indicate that this species passes through at least two
generations a year, and,anal&Sis of changes invséx ratios
during the emergence period provide good evidence that there

are three generations per year (Fig. 34, p.84). The first
summer generation lasts 4 weeks (mid-June to mid-July) and the

hd -

second summer generétioh lasts 3 weeks (mid-July to early Aug-

ust). Overwintering occurs in the second and third larval in-

o

stars.

Tanytarsus;ligneticus. ‘Lérval and emqueqée data
clearly indicate two'generatiops per year .with the summer gen-
eration lasting 6 weeks (late May to mid-July). This speciesv
differs from T. dispar by overwintering exclusively.in the

second instar instead of in both second and third instars.

Paramerina fragilis. Larval data indicate two gener-

ations per year. The emergence peak on the 17th sampling in-

terval (Fig. 27D, p.70) may be a sampling error, since it is
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basedAon only a single datum point. lee Larsia Pallens, this

is a predabeous Species and can overw1nter in the 2nd, 3rd or
4th 1nstars, but Primarily in the third instar. ’

Corynoneura 1obata This is the smallest species in

the stream (larval length 1.8-2.3 mm). It’passes through
three generations per year, with the first ang second Summer
generation lastlng 8 and 6 weeks, ¥espectively. Overwinter-

ing occurs as third instar larvae.

Paéastiella ostansa. Both larval and emergence data-
show thiswspecies to have only one geheration per year, wfth
bmost larvae overw1nter1ng in the third instar, bot some also
in the fourth instar.

Parakiefferiella sp. n. 1. Larval and emergence data

clearly indicate two. generatlons Per year, with all larvae
overw;nterlnglln the fourth instar.

Stempellina sp. n. 2. The life cycle of this ~Species

is almost identical to that of s. leptocelloides, with two

'Limnophyesvfolliculatus. Emergence data indicate

three generations ber year, but there 4s little larval data
. for the overwintering generation. Overwintering seems to oc-
cur 1n the second and third larval instars.

Heterotrlssocladius changi. Larval and emergence data

clearly indicate two generatlons per year, with a long summer
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generation lasting from mid-May to late July. Overwintering

occﬁrs in the third and fourth larval instars#,with some

growth during winter months.

Abiabesmyia mallochi.  Larval data sdggest at least

T

two generations and emergence data indicate three generations,

with the two summer generations lasting three weeks each.

Larvae do not seem to grow during winter, which is spent in

the second and third instars. . . t

Trissopelopia ogemawi. Larval and emergence data sug-

gést that this large predator goes through only a single

generation per year with no érowtﬁ during winter, which is

spent in the second and third larval instars.

Nanocladius sp. n. 1. This species emerges in "drib-

I

bles" throughout the summer with no clear emergence'peaks.

i

iarval data indicate at least two generations per year. The

/small size (larval length: 2.5-3.1 mm) of this fgihocladiinae

‘would suggest three generations, with considerable overlap

between generations. Overwintering seems to occur exclusive-

ly in the third instar.

Cricotopus bicinctus. Larval data indicate two gen-

erations per year with larvae overwintering in the second.

[

the population may

Stempellina

lina species, this

overwinters in the

instar. Emergence@ﬁata'indicate that a small proportion of

go through an extra summer generation.
sp. n. 1. As for the other two Stemgel-
species has two geneérations per year and

third larval instar. It emerges a week

)

Rac U TERREES Y

* -
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«

before the other two species; hence the designation of spe-
cies 1. It is, however, less:abundaﬁt than the other two
épecies. S . .

Cricotopus sp. n. 1. This species passes througﬁ only

a single generation a year, with an emefgence period that .is

bidinctus.
i
Cricotopus sp. n. 1 overwinters in the third larval instar

synchronous with the sSecond emergence period of C.

instead of the second instar (re. C. bicinctus).

‘Polypedilum braséniae; 'Larﬁal and emergence data
clearly indicate two genérations per year, with the summer
generation lasting 6 weeks (mid—June to‘early August). Lar-
vae do not: seem to;grow during winter months$, which are
'spent in the third‘larval instar.

Crxptoténdiges casuaria. This species passes through

v

only a single generation be; year and the larvae overwinter
in the second instar.

Paratendipes‘albimanus. The life cycle of this spe-

{

cies is similar to C. casuaria, with one geqération‘per year
cdasuaria ‘ y
gnd overwintering in the second instar. The %ﬁergence'per—‘
iods,<hdwever, are BOt synchronous; €. casuaria emerging
mainly between July 1 énd 15 and P. albimanus emerging bé—.

tween July ‘15 and 26.

Paracladopelma undine. Larval and emergence data

«

indicate two generations per year with overwintering occur-
ring in the third larval instar.

Arctopelopia flavifrons. This species has only a.
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single generation per year and an early emergence period
(Méy‘lB—June 7). Larvae overw&nterfin the fourth instar.

Tanytarsus curticornis. This species. passes through

two generations per year as did T. dispar and T. limneticus.
. However, the three species show differences in overwintering

stages, with T. jimneticus overwintering only in the second

instar, T. disEar.0verwintering.in'the'secohd and third in-

stars, and T. curticornis overwintering only in the third in-

star. The emergence periods of T. disEar>and T. curticornis

are synchronous. Each of the two emergence periods of T.

-

limneticus precedes the emérgence'périods of the other two

Tanytarsus species by two weeks .

Microtendipes pedellus. .Mo$£ of the populdtiohfpasses
through only‘a sinéle gene#ation per.year with an early em-
eré;nce period (May 21-June4). Some of the larvae of the )
new generation reach the fourth instar by August and'emerge
at thét‘timélf Most of the bopulation, howe§er, overwinters
in the fourth larv§§§ihstar. i {”B

¢

Cricotopus sylvestrié. Like Cricotopus sp. n. 1,

this species passes: through only -a single generatioh per

year, with the emergence peak océurring later than that of

any other species in the stream. The larvae overwinter in
. - - : [

the second instar, as do those of g.'bicinCtus.

-—

Diplocladius cultriger. This is the first species to

-emerge in the stream. It passés through only a single gen-

eration per year and appears to overwinter in the third and
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fourth laryal instars: Larval data are,'however, only avail-

able for 5 months.

Limnophyes spatulosus. This species passes through
only a single generation.per year and not three, as in\£.°

folliculatus. The emergence period is synchronous with the

first emergence period of L. folliculatus. Larvae appear to
overwinter in the third instar, but larval data are scanty
for the winter months.

\
Psectrocladius simulans. .Larval data clearly indi-

cate’tﬁe presence of two génerat&ons pgr year. However,
emergence of the'winter-genération is small compared to em-
'erggnce of_the summer genergtion.‘.Overwintering appears to
occur in the third larval iﬂstar.

Polypedilum scalaénum, Larval and emergence data both

/

indicate one generatidn per yearﬁ with larvae overwintering
in the second instar. This 1life cycle diffgrs,considerably
from that of P. braseniééif which passes through two genera-

the third larval instar.

tions per year and overwinters in
The single emergence period of P’ scalaenum occurs primarily

between'the/tWO emergence periods of P. brasegiae.

Labrundinia pilosella. This species gées through two
generatiohs per year‘and overwinters in the third la:val_in—
stgr. . : | | '

In summary, of the 32 species analyzed, 11 species

(34%) were univoltine, 15 species (47%) were bivoltine, and

6 species (19%) were trivoltine. The pattern of voltinism
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in the four taxonomic groups was as follows:

N

. o Univoltine Bivoltine. Trivoltine
Tanypoéinae (6 species) © 33% 50% ‘17§
Oorthocladiinae (11 species).\RBS% 36% 28%
Chironomini (8 species) | 63% 25% . 12%
Tanytarsini , (7 species) 0% 86% ' 14%

-Particularly noticeable is the high percentage of univoltine
species among Chironomini, and the complete,lack of univol-
tine speéies ameng Tanytarsini. |

All the above species overwintered as larvae; indeed,
ﬁerrwintering in- any other life stage (egg, pupa or adult)
is unknown among aquatic Chironomidae (Thienemane1954, Oliver
1971) . . The percentage of species that overwinte; in‘various

. larval instars Was as follows: secogd instar only (19%),
second qnd third 1nstars (16%), third instar only (44%);
third amd fourth instars (12%), and . fourth instar only (9%) .
Therefd&e, the ‘most common overwintering- stage in Bigoray

River chironomids is the third larval instéi.

)

The mean den51ty of all larvae inhabiting the bottom

'D. Seasonal .Changes in Larval Densities

-~

sediment varied from 3.1 x 103/m on June 20, 1971 to 52.9
x 103/m2 on October 1, 1973 (Fig. 42). The mean density for
_ the entire 23-month ﬁeriod (Nov. 1, l97l—O¢t.°l, 1973) was

19.9 x 103 larvae/m? (958 C.L.: 11.7-21.6). Minimum den-

sity occurred in June in both-1972 and 1973, and maximum
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"~ density was reached in March. Confidence limits indicated
that'thé decline in density in.chober pnd November, 1972,
were qqﬁ significant (P > 5%). However, a»éimilar decliné,
this time significant (P < 5%) occulved i August, 1973, and
_ may havevresulted from the high rate of emergénce at the
start of fhat month (see Fig. 21, p.63). Larvae were more
abundant during May-September, 1973 than.durihg the same
.time in 1972. Mean monthly water temperature during MayF’
September, 1973 averaged 1.1 Centigrade degrees higher th;n
during the correSpondiné‘period"in 1972. Although 67 mm more
rain fell during Ma?—éeptember, 1373 than during the same

period in 1972, rainfall in 1973 was more equally distributed

/

7

and there were fewer spates than in 1972.

N

When the Tan&podinae, Ortpocladiinae and Chironomini
are considered separétely (Fig. 43) thé paftern of seasonal
changes Secomes more variable; however, in. all cases the
minimum density occuré in/June. In the Tanytarsini; m;ni—
mum density oécurs' in November and December as well as in
June. Confidence limits ¢ould not be_éalculated for the
four.major taxonomic‘groupsbbecause the larvae collected
frqmﬁfhe 12 sediﬁent sample; taken on each date were pooled
prior to selecting the random subsamples of larvae that were
mounted on slides and idgptified. Qver:thef23—month samﬁ—.

ling peribd, the mean density of larvae occurring in the

sediment was as follows for the four major taxonomic groups:

n
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Fig. 43 Seasonal changes in mean density of Tanypodinae,

Orthocladiinae, Chironomini and Tanytarsini larvae

in Bigoray River sediment.
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Mean density 95% Cconfidence
(larvae/m< X 102) Limits.
Tanypodinae _ 6.8 3.1 - 7.1
Orthocladiinae 1.9 Jl.l - 2.1
Chironomin% o ‘ 7.5 4.8 - 8.4
Tanytarsini | 3.3 - 1;6{-,3.5

‘The abundance of larvae on the various aquatic plants,
;/suﬁmerged wood, leaves and sponges was measured on six dates
in 1973 (Table XV). Densities couid be expressed as: 1)
numbefs per unit weight of substrate,'or 2) numbers per unit‘
volume of substrate, oOr 3)vnumberé pef unit surface area of
'fsubstrate. For clumps of filamentous algae and sponge colo-
nies, the appropriate unit wbulé be numbers/volume since the

larvae occur within the algal clumps and sponge colonies, as

well as along their outer surfaces. For Sparganium, Pota-

mbgeton,,Hippuris, moss, wood and léaves,(the larval density
is.beSt expressed iﬁ humbers/surface area, since the lar?ae
are found only on the surface of these sgbstrates. This
unit is, however, seldom used since it is -difficult to cal-

culate the surface area of irregular-shaped aquatic vegeta-

tion. Also, some of the larvae, such as Glyptotendipes and

Stenochironomus,.will purrow into aquatic vegetation and
submerged wood. ‘Aé the.vegetation decays and becomes softer,
many species that do not normally burrow will also belfound
insiée the vegetation; This was especially noticeable in

decaying Sparganium, whdse sponge-like cortex contained many

-,
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TABLE XV Abundance of chironomid larvae in various micro-
habitats,; Units are number of larvae/gm dry
weight of substrate except wood, for which the
units are number of larvae/cm? of wood.

Date Number of Mean 95% confidence
1973 samples density _limits
A.. Sparganium
June 11 3 21 5 - 81
June 21 5 52 26 - 102
“July ‘11 3 60 15 - 243
July 31 3 62 37 - 103
Aug. 20 3 22 13 - 35
Ooct. 1 3 373 114 - 1,216
All ‘dates 20 93 .62 -~ 155
~B. Potamogeton ‘
June 11 - 3 124 64 - 239
June 21 . . 5 140 86 - 228
July 11 3 379 160 - 898
July 31 4 101 53 - 193
Aug. 20 4 53 - 26 - 107
oct. 1 4 278 158 - 489
All dates  ° 23 171 124 - 236
C. Hippuris
June 11 3 229 111 - 474
June 21 3 457 212 - ; 987
July 11 3 655 291 - 1,474
July 31 5 175 116 - 271
© Bug. 20 3 . 257 120 - 550
oct. 1 4 984 448 - 2,027
21 466 335 - 648

All dates

- continued



Table XV (cont'd)

Date
1973

D. Moss
June 11
June 21
July 11
July 31-
Oct. 1
All dates

E. Sponge
July 11

July 31

~ Aug. 20

All dates

F. Filamentous algae

June 11
July 11
July 31
Aug. 20
Oct. 1
All dates

G. Hood
June 21
July 11
July 31
Aug. 20
Oct. 1
All dates

Number of Mean 95% confidence
samples density limits
3 1,327 809 - 2,176
3 268 113 - 638
3 1,103 587 - 2,074
3 377 307 - 464
"3 1,817 520 - 6,341
15 978 631 - 1,516
3- 80 25 - 251
3 5 - 23
3 A3 - 33
9 32 12 - 85
3 535 79 - 3,643
3 637 408 ~ 994
"3 376 109 - 1,293
3 30 12 - 75
3 352 317 - 391
15 351 186~ 663
3 0.1 0.1 -~ 0.2
.3 0.2 0.1 - 0.6
3 1.9 1.1 - 3.2
3 0.5 0.1 - 1.9
4 1.6 0.7 - 3.9
16 0.9 0.7 - 1.1

108
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larvae E For all of: the abo¢; cases, the approprlate unlt‘

. would be nhmber/unlt volume of substrate.: Slnce there was "
no unit ofzden51ty:that wasvsultable for all types of'sub-
strate examined I‘eipresseddlarval abnndance\for a%i sub-
.strate except wood in terms of number/gmtdr§.weight of sub*,,,
‘strate, 51nce‘thls couldobe measured with greatest precision.
Larval abundance on'wood_Was-expreSSed in ‘terms of the wood's

~

surface area.

17Changes in larmal abundance between June 11 and Oct-
‘ober'l, 1973 were samllar on. all plants except on moss. Lar-
vae generally increased in abundance between June li}and
July lly>then decreased until August 20, and had increased
'Vabain by October 1.' Similar,changes in.abnndance were ob-
serﬁed in the sediment dnring this time (Fig.42, p'1043.

Larvae were most abundant on moss, less abundant on

e

EEurlS and Potamogeten, and least abundant,on Sparganium.

" These dlfferences are most llkely the result of the greater

/

»surface area per unit dry weight of moss and nggurl when

compared to Potamogeton and Sparganium.

By December 21, 1973 the abundance of larvae inside

the small wire-mesh cages filled with Sparganium (p.22) had

- reached 1.5.x 103 larvae/gm dry weight of Sparganium and

£

still appeared to be increasing (Fig.44). However, the abun-

dance of larvae inside the cages would probably not have in-

E?

creased much more, since the density of larvae on Sparganium

grohing naturaily had»beenll.s.x 103/gm dry Weight‘on'October
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by chironomid larvae. Plants placed in Bigoray’Riyer
on September 24, 1973. Means and 95% confidence
limits based on three samples.
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9. It is likely, therefore, that the colonization curve
would have levéiled off between i.S and 1.8 x 103 larvae/gm |
dry weight. wThe abundance Qf-larvée,in thé cages filled
with galix leaves seemed to be levelling off at 0.2 x 103
larvae/gm dry Weigﬁt after’iZ weeks. .

On December 21, larvae were eight times more abundant

on Sparganium than on Salix leaves. This was probably re- ‘J

lated to the faster rate of decomposition of Sparganium.

No sampler will provide estimates of larval densities
in avhabitat as structurali& complex as the Bigoray.River,
with its submerged vegetation,vsunﬁén trees, bushes and
sediment ranging from flocculant silt to hard-packed clay.
Larval density underneath a unit area of stream surface can,

. however, be estimated by the 3-étep brocedure outlined below:

1) Estimate the abundancé of the Various‘microhabi—
tats using the guadrat technique deéqribed‘on page lQ. Re-
sults of these quadra£ samples were given in Tables I-III
Xp.16-l9)) and are repeated in .condensed form in, the A col-
umns of Table XVI. 3 -

2). Estimate the density of lérvae per unit of micro-
habitat using the sampler bést suited to each micrchabitat.
Larval densities on various plant types were_prgsénted in
Table XV (§.107), and are repeated in condenged form in theé
B columns of Table XVI.

3) Multiply‘%alues obtained.in step 1 by the values

*+ obtained in step 2, and then sum the products to obtain the.
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meanltotal.density of larvae. These multiplicationsyand sum-
mations are given in the C columns ofrTable XVI.

These calculations could Of course, only\be made’for
'the three dates on whlch macrophyte abundance was determlned
w1th the quadrat technlque ‘Since quadrat samples could not
' be collected on the same dates as the larval” samples, quadrat
data collected July 5, August 3, and August 29 were combined
w1th larval data collected July 11, July 31 and‘August 20,
: respectlvely. - | \X : °

} Above calculations indicated that total larval den-
'51t1es per sguare- metgr of stream varied between 20,500 and
52 200 during July and August, 1973. ‘ Larvae on plant mater-

ial accounted for 30-40% of the total larvae. Although lar-
vae were abundant on moss; thlS mlcrohabltat was insignifi-
cant when compared with others and has not !%en‘included in

Table XVI. The sponge mlcrohabltat is 51m11arly insignifi-

‘cant compared to others.

E. Mlcrohabltat Dlstrlbutlon of Larvae

The dlstrlbutlon of all 8 025 collected larvae among
nlnepmicrohabitats is shown in column A of Table XVII. 1If
the four naﬁor taxonomic groups were.randomly‘distributed
among the different microhabitats, then the percentages in
columns B - E should have been similar to the percentages in
column A. Based on chi-squared tests, the percentages in

columns B - E were significantly different (P < 1%) from those

4
—
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in column A. The Tanypodinae were more-abundant on sediment
(41% compared to the expected value of 29%), and: dlspropor—

-tlonately scarce on. Sparganium (5% versus the expected value

of 12%). The Chironomini.were also more abundant on the ,
. ’ ‘ ~ .
sediment’ than expected by chance alone (68% versus 29%f. 1In

~

, contrast, Orthocladiinae appeared to aboid sediment, (6% ver-

sus 29%) and frequent Sparganium and to a. lesser extent moss

: and fllamentous algae. The Tanytar51n1 showed-a,tendency to

'av01d Sparganjium and insteagd. select Potamogeton.

The percentage distribution of larvae among the nine
mlctehabltats was - also calculated for each of the 32. most
’abundant species (Table XVIII). The 20 spec1es that occurred
elther exclu51vely or‘ﬁ&edomlnantly in only one microhabitat
are llsted below ‘ Follow1ng each species is the percentage’

of larvae found in the particular microhabitat.

1) Sediment :

Cryptotendipes casuaria (lOO%f: Paratendipes albimanus

.(100%[ Paracladopelma undine (99%), Pagastiella ostensa (99%),

Paralauterbornlella nlgrohalterale (98%), Polypedilum bra-

seniae (96%), Stempellina sp. n. 2 (91%), Tanytarsus limne-

ticus (91%), Stempellina sp. n. 1 (89%) . Larsia pallens (86%),

Stempellina leptocelloides (85%), Ablabesmyia mallochi (63%),

Heterotrissocladius changi‘(GO%).

2) ‘Sparganium:

Cricotopus trifasciatus (73%), Diplocladius cultriger

(63%).
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o

~~3) Hippuris:
Labrundinia pilosella (48%)

4) Moss:

Limnophyes spatulosus (70%), L. folliculatus (58%) ,

Arctopelopia flavifrons (47%).

5) Algae:

Cricotopus sp. n. (72%).

- Of the remaining 12 species, 11 occurred primarily
in only -two or three microhabitats: .

Corynoneura lobata: Sparganium (29%), Potamogeton (21%),

leaves (21%), Cricotopus bicinctus: Potamogeton‘(ZB%), HiE—

puris (22%), algae (20%) ; Micfotendipes pedellus: wood (34%),

sponge (20%) ; Nanocladius sp. n. 1l: moss (27%), Higgufié

(23%); Parakiefferiella sp. n. 1: wood (39%), spoﬁge (16%);

Polypedilum scalaenum: wood (29%), Sparganium (20%); Psectro-

cladius simulans: Hippufis’(ZS%), algae (18%); Rheotanytar-

sus distinctissima: Potamogeton (35%), Hippuris (26%); Tany-

—

E@rsus curticornis: Hippuris (24%), wood (21%); T. dispar:

sédiment (36%), wood (23%); Trissopelopia ogemawi: wood (22%),'
ﬁbss (20%) .-

The chi—squarea values listed in Table XVIII are
based on a comparison of a speéies' observéd percentage fre-
quency distfibution‘in the nine microhabitats with the fre-
quency distribution for the total sample'oﬁ 85025 larvaé
(Table XVII, column A). This is based on thé‘rationale that

if a species occurs at random among the nine. microhabitats
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then its percentage ffequency distribution‘should be the
same as for'the total sample of larvae. The higher the chi-
squared value, the greater is the degree.of habitat seléc-

‘tion exhibited by a species. Only one of the 32 spepies,

Paramerina fragilis, was found to ge a habitat generalist,
" occurring in the nine microhabitats in the samelpropoftiqp
as_the sample of total larvae (x2 = 13.4, P > 5%). Crico-
XEQREE sp. n., with a chi-squared value of 801 (P-< 0.005%)
was the greatest habitat speqiélist. It was the 6n1y spe-
cies that was ébundént on filamentous éigae. This species'
‘larVal case was usually surrounded by a dense clump of algae,
measuring 2-3 cm in diameter, and was easily spotted in the
otherwise hqpogeneous ptrands of algae. If the four major
taxonomic groups are compared, the 11 speCieé'gf‘Orthocla—
diinae have the highest méan chi-squared value (236). This
was followed by the Chironomini (8 species, mean x2 = 197)
and the Ténytarsini (P species, meanAx2 = 129). While the
1é;vae éf the above three groups areApredohinantly case
builders and detritivores, the larvae ofrTanypodinae are
free—living and primarily predaceous. This may explain the
low mean éhi—sqﬁared value (104) of the six Tanypodinae spe-
cies, ihdiqating that this group as a whole is one of habif
tat éenéralistsﬁrather than habitat specialists.

In three of the four groups of congenefic species

there were noticeable habitat differences between species

belonging to the same ‘genus. Tanytarsus dispar’
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had the second lowest chi—squaréd value but showed some sel-

ection for wood. 2.'limneticus occurred almost exclusively

in the sediment, while T. curticornis selected Higguris and

/

wood. As mentioned, Cricotopus sp. n. was found

¢

‘predominantly on filamentous algae, while>C. trifasciatus,

which had the second highest chi-squared value, occurred pre-'

-

dominantly on Potamogeton. C. bicinctus selected algae,

Potamogeton and Hippuris. Limnophyes’ folliculatus and'g.

spatulosus both occurred primarily on moss, but E: follicu-

latus also selected algae, while L. spatulosus also selected

wood. - On1y~thefthree species of Stempelliﬁa showed no habi-
’ +

tat differences, with 85% or more of the larvae of each spe-

_cies occurring in the sediment.
) \

F. Temporai and Spatial Overlap . /

‘The‘percent overlap in the emergernce periods of ‘the
adults (temporal overlap)<and‘in the microhabitats oﬁ the
larvae (spatial overlap) was calculated for‘ail 496‘péir—
wise combinations ofithe 32 species which were moét abundant
as adults (Table XIX) ﬁﬂen these values are plotted in the
-fdrm of frequency hlstograms (Fig. 45), the dlstrlbutlons .
are seen to bé markedly skewed towards the lower values. The
absolute values are not too important since they depend on
- the number éf categories used in the calcgiatlgns For ex-

ample, the mean habitat overlap, being based on nine cate-

gories (sediment, Sparganium, Potamogeton, Hippuris, moss,

-
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algae, sponge, wodg and leaves), is much higher than tempor-
' < - ‘ &
al overlap, which is based on 36 time intervals (p.38).

Overlap valq;s can, however, be used to make some interestiné
compa;isons, such as seasonal changes®in temporal overlap,
_effeét of different microhabitaﬁ t&bes on spatial overlap,
compariéon'of overlap values of the four majof taxonomic
groups} comparison of species belonging to different trophic
levels, ahd the'felationship between spatial and temporal é
overlap. | |
When mean temporal overlap is calculated for each of
the 36‘sampling;intervals, it varied erratically from 0.1%
to 7.3%ftﬁgoughout the emergence season, with no particular
/seasonal trend (Figure 46). In other words, there.is no in-
dication that the emergeﬁce periodé of the 32 most abundant
species overlapped more during tﬁé middle of tge emergence
season, when)many spécies were emerging, than earlier or
later.in the year, when only a few species were emerging.
This might indicate the existence of a‘méchanism, such as
\ S
the interplay between intra- and interspecific competitioﬁ,
which méintains emergerice overlap at the same level through-
, ¢
out the emergence season.
/\\\/j?vgarvae sﬁowed much greater overlap in the sediment
<\<?an in any of the other eight microhabitats (Table XX). If
the sediment category had been further subdivided according

to pafticle size and-organic content, the overlap values

would quite likely be similar to values for other microhabi-
\
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Seasonal changes in numbers of emerging species (A),
maximum percent temporal overlap (B), and mean:
percent temporal overlap (C). Data refer only to

32 commonest chironomid species in the Blgoray
River, based on emergence studies.
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TABLE XX Percent overlap of chironomid larvae in different
: microhabitats in the Bigoray River. Data include
32 commonest species based on -emergence -data. Means
' are based on 496 species pairs. . )

Microhabitat - Mean overlap = "Range
‘Sediment o . 15% ~ 0-100%
Sparganium . 3% : 0- 63%
Potamogeton 2% " o 23
Hippuris 7 - 0- 26%
Moss | 38 ' 0- 58%
Fil. algae , o . 1% | 0- 20%
,’Sbonge } o ; 1% L 70- 20%
Wood 3% | " 0- 343
Leaves . | 28 ' 0- 29%
¥ N ST | S
Allmicroha?#tats | - '37§¢g ~ 0-100%

\
. . o
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€ats; Laruae therefore appear to subdivide the sediment
1nto a number of mlcrohabltat types p0551bly based on varla-
tions in partlcle size and organic, content . I'did not have
time to determlne how dlfferent sedlment types were partl—‘.
tloned among. the various: species, although sediment ana1y31s
(p 22) did 1nd1cate varlatlons both in partlcle 51ze and or-
ganlc content. Overlap values for the. remalnlng e;ght ‘micro-
habitats should be comparable, and 1nd1cate.that{overlap on
the flnely d1v1ded Hlppurls leaves is 2-3 times hlgher than
in ‘the other non- sediment’ m1crohab1tats

Examlnatlon of gut contents of mounted larvae of the
32 commonest spec;es 1nd1cated that the six spec1es of Tany-
podinae were all predators, whlle the remalnlng 26 species .

were either herblvores or detrltlvores Temporal angd spatial

overlap for the 135 spec1es palrshcomposed of OJQ Tanypodlnae

: and one non- Tanypodlnae averaged hlgher than for the 365 Spe—

o

c1es pairs in which both members belonged to the same tro-

phic level (Table XX1I). Slnce a large pPercentage of the food
of Tanypodlnae is composed of other chlronomld larvae (Morgan
1949), the high spatial overlap between Tanypodlnae and other’

-

chlronomlds probably results from the association of a preda- -
tor w1th its prey ;

Spatlal and temporal overlap was much hlgher between
congenerlc spec1es ‘than between spec1es belonging to dlffer-

ent genera (Table XXTI). Among the 32 most abundant Species,

there-were 5 genera with two or more'species:*Tanytarsus dis~
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TABLE XXI Comparlson of mean temporal and mean spatial over-
lap between various taxonomic and ecologlcal y
groupings of the 32 most abundant species in the
Bigoray River.

o

f_Type of " No. of Mean temporal Mean spatial

comparison - pairs - ‘overlap (%) overlap (%)
A, Between congeners | 11 ) 38 50
; Betweenbnonecongeners 485 24 36
B. - Between 11 species 55 24 ' 42
of Orthocladllnae
‘Between 6 species”'l 15 . 25, 42
of Tanypodinae ‘
- Between 8 species 28 23 61
of Chironomini ' : '
Between 7 species 21 38 49
of Tanytarsini ’
C. Between sgecies‘from ' 135 30 48
different trophic C
levels
Between species from 361 22 : 33

same trophic level

¢
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par, T. limneticus, T. curticornis, Stempellina leptocel- .

loides,‘S. sp. n. 1, S. ‘sp. ‘n. 2, Limnophyes folliculatus,

L. sp_tulosus, Cricotopus b1c1nctus, ‘C. sp. n., C. trifas-

ciatus, Po_ypgdllum braseniae and P. scalaenum.

Temporal overlap between Tanytar51n1 species was
hlgher than between species of Orthocladllnae, Tanypodlnae;
or Chlronomlnl (Table XXI). '/The Tanvtar51n1 were the most
abundant group in. the Blgoray Rlver, and 1n1t1ally I felt
$at thls might have had some bearlng on the hlgh temporal

overlap values of this group. There was, however, no.rela—

tionship between the'temporalpoverlap of a pair of¢Species

and the abundancebof each speci le Xxll);-‘Mean over-
lap Values betWeen very abunoant species were as hi a
between leES abnndant:species. Eurthermore, there was no
relationship between»the‘anunaance of aospecies and iE%‘

mean temporal overlap with the other 31 species (Table XII,

p-77). ' | , o 2

IS <

The hlgh spatial overlap between spec1es ‘of Chlrono-
mini is guite llkely an overestimate. Chlronomlnl larvae
occurred prlmarlly in the sedlment (Table XVII, p. 115).

This was treated as a s1ngle mlcrohabltat in my study, but
Table XX, - 127 suggests that the larvae,subd1v1ded the
sedlment 1nto a number of microhabitats. ‘

Pairs of species hav1ng high temporal overlap gener-

ally also exhlbltéd hlgh spatial overlap A significant

correlation (P < 5%) between temporal and spatlal overlap

N
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TABLE XXII Mean percent temporal overlap betweén pairs of

species whose members belong to various. abun-—

dance categories: high (427 - 1,480 males/m2/
yr), medium (120.- 352), low (49 - 86). Number
in brackets indicates the number of pairs.

AN

. s L .
"Abundance of first -‘Abundan of second member of a pair
member of a pair = ‘

High
High o 23 (6) |
Medium 31 (44) 32 (55) --
Low 23 (68) 24 (187) 418 (136)
e -
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was - observed among all 32'speCiés when treated together (Fig.
47), and among thevmanytarsini,(Eig.w48). The t;end was also
apparent among’ the othef three groups (Tanypodinae, Ortho-

‘cladiinae, and Chironomini), and lack of statistical»signifi?
canée (P > 5%) probably‘resulted f&om émall sample sizeS'(fig.

/

48) .
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Fig. 48 Relationship between temporal and spatial ovériap

between species of Tanypodinae (r = 0.68, P > 5%),
Orthocladiinae (r = 0.71, P » 5%), Chironomini

(r =0.91, P > 5%), and Tanytarsini (r = 0.99, P

< S5%). Points are means based on grouped data, -
with number of values in each group indicated
beside each point. » S
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V. DISCUSSION XND CONCLUSIONS

A. Comparison of the Bigoray River Chironomid Fauna with

that of Other Streams

The 112 species of Chironomidae collected from the
150-ﬁ section of the Bigoray River .appears to be thexhighest
numbér ever repérded f;pm such a émall ané;. Wilson (1977)
recorded 86 species from‘awsingle station on the River Chew,
England, (drift netting pupal exuviae), and Pinder'(1974)
collected 75 species frdmuaJ;ingle site on é small English
chalk stream| (collecting adults with sticky tfaps); Illies
(1971) collected 70 species from a Siﬁg%? site on the Brei-
tenbach, West Gerﬁany, by covering a 10-m stream section with
a. greenhouse and‘collecting-all adults emerging within it
Céfﬁman (1973) feéorded 142 species-from iingsville Creek,
Pennsylvania, but this number is not strictly’cbmparable with
that from the Bigoray River, since Coffman's study area ex-
tended over 1 km of stream. Similarly, the 246 species re-
- corded by Lehmann (1971) ffom the River Fhlaa, Wes£ Germany,
were collected throughout the whole 200-km length of the river.
.Although Lehmann doe§\?ot“actually mention the number of spe-
cies reéorded from individhal sites, his data .suggest that
some of the sites had close to, if not over, 100 species.

The large number of chironomid specie;'recorded from

the Bigoray River study areanﬁ@y be partly due to a beaver :
. 3 -

dam located approximately 500 m upstream. At the dam, and
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for a short distance below it, the current is very fast.
Chirooomid larvae from this section could have been swept
downetream into gg'study area, especiallyﬁduriﬁg periods of
high water. lTﬁis wooldla;so explain why more Qére apecies
were\collected than were expected, based on the log—normal
distribution. It would also explain why maﬁy of tﬂe less
~abundant ‘species were‘Ortﬁocladiinae~that are normally found
in faster-flowing water.

Visits.to numerous.points along the Qigoray River, as
weil as examination of aerial photographs, indicated the fre-
queﬁ; occurrence of beaver dams along the stream's entire
course. As one proceeds downstream from one beaver dam to
the next, there is a redubtion in currentvveloc1ty, an in-
crease in water depth, and an increase in the depth of silt
deposited on the river's bottom. The,pond—like area Jjust up-
>stream from a'dam'was found to be up to 3 m deep. This gra-
dation of.environmentaL factofs can he repeaéed many times
within:relatively short distances, since dams have been found
as close together as 500 m in the Bigoray River. Although I
he&er checked whether there was longitudinal zonation of
species\between dams, I strongly suspect this to be -the caee.~
This supposition is based on the results of the microhabitat %
studies showing that larvae of mo;£ chironomid species had
‘fairly restrictedvdistribution patterns within the study area.
Sprules (1941) also showed that inpreased amoant 6f bottom
silt resulting from building of a new beaver dam greatly,in—

o
1
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fluenced the abundance of ;hsects living there;‘ If such re-

petitive patterns of longitudinal zonation exist, then study

areas on the Bigoray River and similar streams should in fu-

tpre be large enough to at least include the diséqncé between
two dams. Results from smaller study areas will 5e difficult
‘ K ) ;

to compare since composition of the chironomid community will
14

depend in part on.where the study area is located in relation

out just upstream of dams

¥

to/ beaver dams. jfudies cart

will probably show high perg ges of Chironomini, while

4

studies conducted just downs from dams will show high
» ‘-1 .

percentages of Orthocladiinae.
Oné";ay‘of comparing the éhironomid fauna_of the Big-
oray River Qith that of other streams is to tabulate the per-
centage of the total species belonging to each of the four
major taxonomic groups (Table XXIII). Streams having less
tﬁan 30 species were most likely no£ studied ig.sufficient
detail and were excluded from the table. Streams have been
arranged in order of decreasing percentage of Orthocladiinaé,
partly because abundance of this group varied the most- among
Streams (22-90%), and becausg Thienemann (1954) shoéwed that
the percentage of Orthocladiinae speciés dec;eases as oOne
moves from fast-flowing mountain s;reamsfto’slow—minng low-
lénd Streams. This trend is also seen in Table XXIIT, the'
first three streams being mountain -streams and thé last 12

being lowland streams and rivers. Furthermore, as percent-

age of Orthocladiinae decreases there is a concomitant in-

o
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- TABLE XXIII -Peréent“abundaﬁce~6f s cieé-of Tanypodinae
: _ (Tp),-O:thocladiinae (Or), Chironomini (Ch)

o  and1Tanytarsini (Tt) in~various_streams.
Pbdonominae and Diamesinae included with o
Orthocladiinae. N = total number of species. .

Stream N ™ or oo
l;~~High.Tatra streams, Poland'n{EZ 5 90}L 0 . 5
‘ (Kownacki and Kownacka 1971) - .
2. Alps;‘sevefalvstreams 64 8 81 2 9
T (Thienemann‘l954)> ‘ L
3. Mittelgebiirge, W. Germany 89 9 7¢ 10 11
- (Thienemann 1954) - ‘ ‘ ‘ ' : -
4. R. Dodder, Ireland . 67 12 67 15 6
‘ - (Fahy ‘and Murray 1972) S '
5. Altahoney R., Ireland . 54. 14 66 10 10
. (Fahy and Murray 1972) '
6. Danube Rg,‘Czeéhoslovakia 40 3 65 27 's
: (Ertlova 1970) - . ‘
7. Rabach, W. Germany _ 64 8 59 14 19
. '(Dittﬁar-lQSS) _ :
8. R. Endrick, Scétland 39 5 59 23 13
(Maitland 1966) = ' S :
9. Lipesville Cr., -, - : o -
. X . Pennsylvania 143 - 10 58 17 15
. (Coffman 1973) ‘ - ’ ‘
‘10.  Fulda, W. Germany 249 11 sg 14 17 .
(Lehmann 1971) - R |
vll. Tadnall Brook, England - 75 9 "v56_ 16 19
(Pinder 1974) . | : -
‘ ' ; . 3 - ¥
12. -Danube R.; Hungary -° : 30 3 50 40 7 N
" (Berczik 1971) o g -7 ‘
13. .Great Berg R., S. Africa 83 13 46 30 11
. °(Scott, 1958) -

v" contgﬁ%edigl\-ﬁ



'iS,b Bigoray R.,

* 20. Savannah R., S. Carolina

Table XXIII (cont'd)
Stream

14.. R. Chew, England
(Wilson 1977) b

‘ ~Alberta
(this study) N

le. Susé, Denmark
(Berg 1948)

17. - Hamble R., England
(Hall 1960) '
18. Kossau, W. Germany
“(Nietzke 1937)
19. Doulonnes, France
(Verpeaux 1968)

" {Roback 1953)

21. 'Danube R., Rumania
(Cure 1964)

22. " Saan, Poland
‘réizacwilichowska 1970)

 23;;deer, E. Germany

(Harnish 1922)
24. ~'Lytle Cr., .Ohio

7

*25. Hunt Cr., Michigan

S (Curry,l954§

P
'f’m?.ﬁ‘,?. Ve

(Paine andeaufin'IQSB)

112
84

50

~19 44
18 43
18 43

12 42

©

ys 39

48 19 37
69 19 33
63 7 32
35 ;iﬁ 32
60 15 30
63 24 28

36

22 22

@

24

20

24

24

18

27

39

52

37
45

40

31

138

T

19
15
22 .
28

17

17

10

25
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crease in percentage of Chironomini (Fig. 49): Tanypodinae
oomprise 3-24% of the chironoﬁid species in streams and Tany-
tarsini comprise 5-28%. Bothﬂgroups‘appear’to be somewhat more. -
abundant in 1ow1and'than in mountalin streams.

of~the rivers listed in‘?able XXI111, the River Susa,
Denmark, had the chironoﬁid fauna with the greatest similarity
to that of the Bigoray River. Four other streams - Chew,'Ham-
ble, Kossau and Doulannes - had chlronomrd faunas whlch were
also qulte 51m11ar to that~of thz Bigoray Rlver. These six
‘are all small, slow—flow1ng, lowland streams‘w1th silt and
sand substrates, and with a varying amount of-aquatic macro- .
phytes; of the 24 common genera in the Blgoray R1ver (i.e.,
those contalnlng the 32 most abundant specres), 50% or more
- were also found)ln each Of the other flve streams. Further-

more, Holarctlc species that were common in the‘Blgoray‘River

(e.g., Polypedilum scalaenum, Microtendipes pedellus,'Para—

tendipes albimanUS and Cricotopus bicinctus), weég also abun-
dant in mOst‘of the other five streams.

The six streams discussed above extend over 10°_lati—
tude (43°N - 53°ﬁ5;éa£e,;9ca€eo in a variety of'climatic re-
éions (i:e.,r0—6.ﬁonths‘or ice'coter),'and flow through
elther conlferouﬁgor deciduous™ forests. TheAcomposition of
other 1nverteb§$ie'groups in the River Kossau ‘and Susa 1s also
.slmllar to that in the Blgoray River. Data on other groups

i »*

‘are not available for the. Doulonnes, Chew ‘and Hambbe ‘Rivers.

;;, slow—flow1ng

There is therefore. a good 1nd1cat10n that smr o
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‘Percent  Orthocladiinae

Fig. 49‘ Relationship between

o \

percent abundance of Orthocla-

~diinae and Chironomini species in 25 streams.
- Regression equation is Y = 55 - 0.6X, r = -0.82,

P < 1%.
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lowland streams represent as uniform and distinct a category

of streams as torrential mountain streams, whose remarkable

similarity the world over has been documented by Hynes (1970).
. .

- ’ o - _

\

'B. Microhabitat Distribution of Larvae
/ The similarity'of the chironomid fauna of slow-flowing -
loWland streams is most likely due to similar substrates

»Hynes (1970) states that supstratum is. the major factor con-

'.ftrolllng the occurrence of stream invertebrates, and he cites

numerous studies from all parts of the world that show that
as the_Substratemchanges from'blace to-place so does the fauna. -

"My larval microdistributiongata for the 32’most'abundant>

chironomid‘species showed é%at oniy'one»species, Paramerina
fragilis, a free—liviné predator, was a habitat |
generalist It occurred in the nine mlcroh;oltats in the same
: proportlons as. the total sample of ‘8,025 larvae. Larvae of
the-remaining species occurred primafily eithetr in one micro—
habitat-(20‘species),;two microhabitats (9 species),‘or three
microhabitats (2 soecies). |

| : It seems.reasonable to assume that“species:which are
'frestricted to a few microhabitats (i.e., habitat specialists)
should be iess~abundant than species which occur.in.avvariety
of mlcrohabltats (i.e., habltat generallsts) When abundance
(males/mz/year) of the 32 most common chlronomld spec1es 1s

plotted against habltat select1v1ty‘(as.measured by the X2
‘ ‘ : B 7 o .

Ly ¢
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values in Table XVIII, p.116), a weak inverse relationship

(r = -0.23) can indeed be observed between the two parameters.
. The correlation is, hoyeverf not statistically significant
® > 59). |
The long strands of filamentous algae that occurred
prlmarlly in spring and late summer were probably the most
phemeral of the nine mlcrohabltats. Yet this was the only
microhabitat from which I collected Cricotopus.sp. n. Cricotoéus

-

b1c1nctus and Psectrocladlus simulans also selected algae as

one of thelr mlcrohabltats Assoc1atlons between fllamentous

algae and chironomid la;vae, espec1ally Cr1cotopus, have been

noted in other studies (Meuche 1939, Mundie 1957, Darby 1962).

Cricotoous nostocicola para51tlze5-the spherical colonies of
the blue-green alga Nostoc (Brock 1960). The larvae of some

species of Pseotrocladlus are known to use filamentous algae,

especially SEirogzra, both for food and case construction
(Thienemann 1954). o o . o =
Colonies of green sponée (Sgongilla sp:) formed a dis-

tinctive microhabitat, but these colonies were not abundant

in the Bigoray River. Xenolabls xenolabls, a chlronomld whose

larvae llve 1n51de freshwater sponges (Pagast 1934, Wﬂndsch
1943, Roback 1968), was rarely found. Larvae of the Spong—o'
illa fly, Climacia sp."(Neuroptera: Slsyridae), was the only
invertebrate that commonly occurred in or on the sponge col-
-onies? |

rsnbmerged,branches and tree trunks were common in the

o

e e Bk b e o
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Bigoray River due to the ea51ly eroded banks and the act1v1ty

of beavers Wood provided a distinctive substrate except
>

when covered by moss, filamentous algae or sponge, and was the

preferred mlcrohabltat of Mictotendipes p;dellus, Parakieffer-

iella sp. n. 1, Polypedllum scalaenum, Tanytarsus curtlcornls,

T. dlspar and Trlssopelopla ogemawi . However, all of the

above species also selected one other microhabitaf}‘rof the

above species, only Polypedilum has been reported to frequent

iand even feed on wood (Shadin 1956, quoted in Hynes 1970).

‘However, Glyptotendipes, tHe genus most commonly reported

»mining in decaying wood, was ;ever found-in the Bigoray River.
Moss was the preferred microhabitat of onlf.three'

species, and one of two preferred mlcrohabltats of two other-

species. Limnophyes folllculatus and Jrs ;patulosus showed the

3

hlghest preference for moss, a habitat from Wthh the genus

has been frequently reported. Humphrles and Frost_(l937)

found larvae of an unldentified Limnophyes species toﬂb"e~
abundant on moss in the River Liffey, Ireland. Reiss (1968)

lists‘gQ prolongatus and L. pusillus as belonglng to the-

characterfstlc species of moss. ®

Potamogeton was preferentially colonlzed by four spe-

cies, but these species also selected other microhabitats.

Two of the genera, Cricotopus and ?blypedilum, have been re-

ported to mine and channel into the leaves of Potamogeton

(Berg 1950 Matlak 1963). Corynoneura was not mentioned as

occurrlng on Potamogeton by Bergqg, p0551bly because the larvae

<



are free- 11v1ng and ea51ly lost when collecting plants unless \\\\~
proper precautlons are taken. Goetghebuer (1932) 1lists the

underside of Nuphar and Potamogeton as the mlcrohabltat of_

Corynoneura. Darby (1962) found them abundant on unnamed spe-

. cles of aquatlc macrophytes in Callfornla r1ce fields. Matlak
3

(1963) found Corynoneura abundant on Potamogeton in Polish carp

V,ponds, and Stlmac and Leong (1977) found them abundant on Pota-T

Ed

mogeton in a shallow california 1ake’

Rheotanytarsus dlstlnct1551ma, the fourth species to~

occur on Potamogeton, builds unigue, hydra-shaped cases. : Y
Walshe (1950) and Scott (1967) have shown that the larvae spin
silken nets petween the arms extending outward from the cases.
The net filters small detritus particles from water, and per—
iodically a section of the net .is rolled up by ‘the larvae and'O
_eaten. A new net is then spun to replace the old one. \

In the Bigoray River, autumn—shed leaves were prefer—
wentlally colonlzed by Corynoneura lobata and Dlplocladlus cul-

\

triger, but leaves were not the only preferred habltat of

these two species. Diplcocladius cultriger, as well as Crico-

topus tr1fasc1atus also selected Sparganium. However, I have
¥

not been able to flnd references to chlronomlds 1nhab1t1ng

leaves and Sparganlum in other streams.

The 13 species show1ng a preference fosediment (p.

116) belonged to .11 genera (Ablabesmyia, Cryptotendlpes,

Heterotrlssocladlus, Lar51a, Pagastiella, Paracladopelma,_

‘Paralauterbornlella, Paratendlpes, Polypedllum, Stempelllna
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and Tanytarsus) which have been frequently recorded from the

llttoral sedlments of lakes .For example, Brundln (1949)
recorded all of\the above genera except Larsia from littoral
sediments of Swedish lakes. Reiss (1968) lists these genera,

except larsia and Pagastiella, from littoral sediments of.

Lake Constance, West Germany. .Hamilton (1965) found all above

genera except .Cryptotendipes, Paracladopelma, Paralauterbor-

v

niella and Paratendipes in littoral sediments of Marion Lake,
‘British Colunhia. ‘ ) |

Initially, I had planned to subdivide the sediment
'lnto a number of_categorieS'based on particleVSize and organ-
ic content, but abandoned the idea after realizing thellarge
'amount of time requlred for sych a detailed analysis. Fur-
thermore, results 7f the. prellmlnarfxsedlment analysis (p.19)
1nd1cated thefgettom to be fairly unlform. For example, mean .
partlcle size of 73 core samples ranged from 0.06 mm (very
fine sand) to 0.98 mm (coarse sand). Although the 16 times
difference in the two sizes now seems large,. the fact that
they were all classified as sand rather than sand silt and
clay, led me to believe that chironomid larvae would riot dis--
criminate between such a small range»gf particle sizes. Al-
though organic centent of the sediment‘varied from 1-60%,
‘over three- quarters of the samples had an organic content of
3-7%. Agaln, I felt that this 1nd1cated falrly uniform con-.

ditions. Furthermore, Wene (1940) could find no correlation

between chironomid larval density and organic content of the
' O ' '
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Sedimentt Similarly, McLachlan and MCLachlan.(l97l) could
find no correlation bétween chironomid biomass and percentf
age of organic carbon in the littoral sediments of Lake Kar-
iba, Rhodesia. They also could flnd no dlrference between
the chironomid biomass of a station with 1% coarse sand and
a stat;on with 48% sand. A third station, with 69% coarse
sand, had only a gquarter of the chironomid blomass of the .
other two stations; butionly a‘few of the sediment samples
from the Bigoray River contained such a high peroentage of

coarse sand. Yo
— B /

The large number of spec1es that were found 1n sedi-
ment, as well as much higher. overlap between species in thlS
.microhabitat when compared to others, now suggests that chir-
onomid larvae do discriminate between various sedlment types.
This 1s a tOplC needlng further investigation. It is,. of
icourse, p0551ble that this discrimination is not so Tmuch
based on partlcle size and organlc content, parameters that
are‘comparatlvely easy to,measure, as it is on composition
and abundance of the microbial fauna, as has been found in
tubificid oligochaetes (Brinkhnrst et al. l972). |

Since many of the sediment~inhabiting larvae are
burrowers, surface compaction‘hight also be important in
aexplaining patterns of microdistributionﬂamgng different
species. For example} Ford (1962) found a significant cor-

relation between density of the surface-layers of mud in a

stream and horizontal distribution of chironomid larvae.
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Very little is also known about the mecﬁanism whereby
.chirqpomid larvae select certain aquatic plants. The Shape
and surfaceetexture of leayes and stems, as well as the
growth form of the plants certainly play a fole, since they
determine how effectively larvae will be able to move about
the plant (or mine within it, as do some_chi;Onomids), how
much protectlon they will receive from the current, and also
how much detritus w1ll be dep051ted on tﬁe surface of the

plant. For example, upper surfaces of- Potamogeton leaves

were often obseryed to be coated with a flocculent deposit

of marl through which larvae coild move easily. The marl

also trapped large quantities of detritus. Species composi—;

tion and abundance of epiphytic algae‘apd other microorgan-
is@sion—macrophytes guite likely also play a role ln‘selec—v
tion:of plants by larvae. Differences in epiphytlc algae

of'aquatic plants have been reported by Harrod (1964). The
chemlcal nature of plants may also be 1nvolved Emergence

of mosquito larvae has been shown to be 1nfluenbed by plant
aux1ns-(Abdel—Malek 1948), and Edmondson (1944) sﬁowed that

the se5sile rotifer Collotheca avoids Chara because of vola-
- MAa

tile substances produced by the plant.

)

C. Temporal and Spatial Variation in Larval Density

S
»
4

Only a few values have been published on the abundance:

of chironomid larvae on_aquatic‘macrophytes} In an English

chalk stream Harrod (1964) found an average of 50, 74 and 120

!
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larvee/l,OOO cm2 of plant surface on Callitriche, Carex and

Ranunculus, respectively. In Lake Balaton, Hungary, Entz

(1947) found 160 and 185 larvae/1,000 cm? on Myriophyllum

and Potamogeton, respectively. These values are similar to

the average values of 131, 166 and 183 larvae/1,000 cm? re-

corded from Sparganium, Potamogeton and Hippuris, resbective—

ly, in the Bigoray River. The average density of 447 larvae/ .

.gm dry weight of Myriqphyllum_found by getr (1968) in Lake
Volta, Ghana, is also simira;'tovthe-average’density of 466
larvae/gm dry weight of Hippuris in the Bigefay River. Hip-
puris is used for comparison here because, of all aguatic

, . '

plants in the Bigoray Rive%, it is closest in growth form to

that of Myriophyllum. Matlak (1963) found that aquatic

plahts in several‘Polish carp ponds eupported 0.3 x 103 to

51.9 x 193 larvae/liter of plant volume, with values increas-

ing from May to September. These values again are similar
/
to those recorded throughout the summer in the Blgoray’~‘\

River: l l X 103 to/ll 9 x 103 larvae/llter for Sgerganlum

3.8 x 103>to 27.0 x 103 larvae/liter for Potamogeton,- and
3 :

8.4 x 10° to 47.1 x 103 larvae/liter for Hippuris. Bownik
(1970) measured the abundance of chironomid 1ervae on Myrio-

phyllum, Elodea and Potamogeton in another Polish lake, and

Mrachek (1966) lists the abundance of larvae on 11 species
of aquatic plants in ClearﬁLake, Iowa. ‘However, both these
authors expressed larval densities in terms of fresh weight

of plants, makihg comparison with my results difficult. If
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one assumes that a plant's dry weight represents 10% of its
fresh weight, then these values would fall within the range
of values found in the Bigoray Rlver. ‘

Comparlson of Table VI (p.33) with Table XV (p.107)
shows that plants with large surface area per unit weight,
'e,g., Hippuris, were eolonized by more larvae than plants
‘with small surface area per unit welght e.g., Sparganium.

W

A similar correlatlon between plant surface area and larval

den51ty has been reported by Krecker (1939), Rosine (1955)

and Mrachek (1966) This relatlonshlp indicates that aquatic
plants serve primarily as substrates for 1nvertebrates rather
than as a direct source of food. Thls is also suggested by ;

the 51m11ar1ty of the spe01es composition and relatlve

Glime and Clemens 1972) .

The den51ty of larvae on submerged wood ih the ‘B, gbray

m

River also compares well with published values. lelsen and
Larimore (1973) found an -
vae/m2 on submerged logs

September. At this time
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Glime and Clemens (1972) showed that chironomid larvae were
very abundant on moss as I found in the Bigoray River, but
they do not give data on number of larvae per unit of plant.
In the Bigoray Riveriﬂdensity of chironomid larvae on
sediment averaged 20 x lO3 larvae/m over the 23-month study

period with maximum density being 53 x 103 larvae/m2 (Oct..

1, 1973). Although these densities appear high, maximum val-

ues as high or higher have been reported by other authors.
For example, JdﬁaéSon (1972) reported a maximum of 7O‘X'103
larvae/m2 for oBe station (Skovlund) in Lake Esrom, Denmark
Mundie (1957) recorded a maximum of 47 x 103 larvae/m2 in an
English Reservoir. McLusky and McFarlane (1972) recorded
maximum densities of 30 x lO3 larvae/m2 in Looi Leven, Scot-
e
land. Knauss (1970) and Toppinf‘(197l) list densities of 30
X 103 larvae/m2 for saline lakes in South Dakota and British
Columbia, respectively. Numerous other values on the density
of chironomid larvae inhabiting bottom sediments can be
found in the literature, .many reporting maximum densities
less than 1 x 103 larvae/m « I feel that in most casesw
these,low maximum values rerlect inefficient sampiing tech-

niques, instead of absolute low densities of chironomids. ,

Exceptionelly high'densities of 100 x lO3 larvae/m2

have been achieved by culturing Chironomus larvae in the

laboratory (Konstantinov 1958). Densities of 250 x 10° lar-

V-ae/m-2 have been reported by Lindegaard and Jonasson (1975)

from Lake Myvaten, Iceland. ."My" is the Icelandic word for

LS
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mldges, and the lake is famous for the huge swarms of these -
c

7lfflles that form above the lake each’ summer‘; At thls den51ty

- the mean area per 1arvae is only 4 mm2 or about ‘the size of

‘a ~

’the follow1ng circle "o .‘i
In the\Blgoray River, total den51ty of ch1ronom1d lar—:
ﬁvae in the-sedlment was~lowestv1n June.and h19hést in March.
‘Slmllar patterns of seasonal change,. characterlzed by summer.
,tnﬁnlma and w1nter max1ma in larval den51ty, have been re—'
’ported in: shallow, temperate lakes by Mundle (1957), Hamllton
(1965),,Arm1tage (1970) and Knauss (1970) However, Malt—
;land (1966) found that in the River” Endrlck Scotland den—
L,51ty of chlronomld larvae was lowest in w1nter and hlghest R
'”dlnvsuMmer., ' .
'In.thelhigoravaiver, minimumvdensitn,of larvae in
sediéentldnring,Juhe‘resulted'both from emergence of adnlts
:fron7the rivef'and from larvae coloniiing new growthSQof /.
| aquatlc macrophytes appearlng in: June. *These plants in—/ k

creased the total surface area avallable for colonlzatlon by

iten-tlmes; As sﬁown in Table Xv - (p 107), den51ty of 1arvae el

~
~-on Sparganlum, Potamogeton and- nggurls generally 1ncreased‘

'from ‘June 11 to 0ctober 1 1973 l Slmllar 1ncreases in den-
srty of ch1ronom1d larvae on aquatlc plants have been re7
vported by Matlak (1963), Harrod (1964) and Bownik (1970),

’and probably occur on . all aquatgc macrophytes that d1e back

"durlng winter and then start grow1ng agaln the follow1ng

rsnmmer,: Such’ seasonal changes are not.-seen on plants, such
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as ﬁdss,'persisting throughout the‘year.f

~

'Experiments with the wire mesh caées indicated a

.gradual decomp051t10n of aquatlc macroph é*’

The resulting reductlon in total surface 'prébably led

r w

tto 1ncreased dens1ty of larvae in the sedlment during w1nter.
Immigration.pf‘larvae from upstream areas or delayed'hatche
ing offeggs»could'also have led to an inCreaSevin larvee'
during winter. Life history data; however, indicated that
larﬁae of 511 species-were preeent at the start of winter,
‘andfgedihent-eaﬁples'taken at;éifferent stations did not

indicate any major population shifts.

D. Life Histories

!

Of the .32 chirohomid;specieelfor which life history
déﬁa'&as\coliected, 47% Were'bivoltine, 34% were univoltine;f
and 19% WGre‘trijelEihe. Hamilton (1965) hgwever, found
that mest speéies living in»Marion Lake’, B:itish Columbie,
wwete univoltine, anaAa'similer_coﬁclusion Qas reaehed'by
' Miller‘(194l)>fof Cgstello:Lake,iontario.‘ The larQeenumber
of multivoltine species-in ;he'Bigoray Rive; is therefore
somewhat surpglslng, espec1ally 51nce the total degree-days
}or the stream (2,000) 'is lower than for either Marion Lake
(3 000) or Coﬁtello.Lake'(Z 800) . Learner and Potter (1974)

found more blvoltlne than unlvoltlne species in two shallow

ponds in England but, thls would be expected/SLQSe the total

degree-days,recorded for the poads;was 3,500, It xs unllkely

% g
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that other env1ronmental factors. (e g. food) exerted as

great an 1nfluence as temperature on thewrate of development

of ch1ronom1d larvae in the above water bodles.
Comparlson of the spec1es comp051tlon of the Blgoray

Rlver w1th Marion and Costello Lakés shows that Orthocladl-

K

inae are much more abundant and Chlronomlnae less abundant

N

‘1n the Stream than in the two lakes.

SIE IR _Percent . Percent

Orthocladiinae . Chironominae
Bigoray River ':'h '39‘>f_ f} 39
kﬁarion:Lake. : , o 25 - 45
Costello Lake 14 o 75 ’

. Agaln we see the.lnverse relatlonshlp in the abundance of
these two groups as was mentloned earlier. Accordlng to

‘_Ollver~(l97l), the subfamlly Orthocladllnae 1s prlmarlly a
fcold—adapted group.p It 1s the domlnant group of ch1ronom1ds

in the Arctlc and . decreases 1n nﬁﬁbers towards the troplcs

IS . ) . -

. ‘below 4°¢, Such e@ﬂd adapted spec1es increase thelr rate of
hdeyelopment w1th 1ncrea51ng temperatures and would be ex-
pected to be prlmarlly multlvoltlne in temperate latltudes
In contrast the subfam?ly Chlronomlnae is a group of mainly
,thermophllous spec1es prlmarlly adapted to 11v1ng 1n stand-
,lng water;_n}he number of spec1es 1ncreases towards the tro-
plcs, and 80% of the Chlronomldae 11v1ng in forest streams
in the Amazon reglon are Chlronomlnae. At the latltude of

the Blgoray River, Chlronomlnae would be expected to be pr1-
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marily univoltine. .I‘feel therefore; that the hlgh percent—
age of- multlvoltlne spec1es in the Blgoray River is 51mply a
reflectlon of the large number of Orthocladllnae 1nhab1t1ng
“this northern stream. |
- The cold-adaptlveness of the Orthocladllnae is also

.apparent in several aspects of thelr llfe cycle. In my study
as well @s in others (Hamllton 1965, Laville 1971 éoffman ]
(1973), the Orthocladllnae were observed to emerge prlmarlly.
>1n sprlng/and autumn. In the Blgoray River and Marion Lake

(Han1lton 1965) larvae grow1ng durlng w1nter belonged prl—

marily to the Orthocladllnae.

@

E. Use of Emergence Traps in Chlronomld Studles

The extensive use of emergence traps durlng this study
served a number of functlons. Flrst of all it prov1ded a

large number of male adults for spec1es 1dent1f1catlon.

Adults can also be collected by sweeplng stream51de Vegeta—i&,

tlon with a net but thls also collects numerous terrestr1al

1nsects Furthermore, one is never certain whether the T

7

‘,chlronomldscamefrom,the stretch of stream belng stusled _or

*

' f}gm nearby bodles of water, sucH as the numerous burrow
: plts located w1th1n 100 m of the s@udy area._ It 1s also
dlfflcult to sweep net spec1e§$which rest in tall trees

Llndegaard ~Peterson - (1972) collected only a few chlronomlds

.by sweeplng rlver51de ‘vegetation.

g . . : :
Many‘chlronomld species form*swarms composed_prlmarrly

N
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of males of a slngle species.d The voluminous literature on
swarmlng has been reviewed by Thlenemann (1954) , Downes
((1969) and Ollver (1971). Llndeberg (1964) ‘used swarms to;-
ohta1n‘large Samplestof males known to belong‘to a 51ngle
sﬁecies;’ There arei however,'several'difficulties with~this
method of collectlng adults. Swarmsyoccur only during cer-
taln ‘times of the day and may be inhibited;altogether by

-

unfavorable weather. In small species, g.9. Ste;pellima

swarms may be Qomposed of only ‘a few 1nd1v1duals and hence
"' Ader 4
be very 1ncon§§£cuous. Swarming may also be absent in some

specles (Ollver'l97l).
: Another method of collecting'adults'is to rear the

larvae in the laboratory In my study, 1arva1 pupal and

-~

adult stages of 41 spec1es were assoc1ated by rearing indi-
7 -

v1dual@larvae in small v1als contalnlng small amounts of

water. Food and sedlment were’ not placed 1n the vials be-

cause of subsequent dlfflcultles in flndlng the larval exu-

o b%

2, b

- viae? Although much more rearing of larvae must be done

k4

. before our taxonomlc knowledge of Chlronomsdae is complete,“

;rearlng is very tlme consumlng and yields only a few adults.-

. Furthermore, coloratlon and size of reared spec1mens may dif-
- fer from that of speclmens collected 1n the fleld (Schlee

1968) . : o | 2

Emergenie traps enable a much more accurate determlna—,

tion of relatlve abundance { spec1es than is possible

through collectlon of 1arva Compaslson of Tables VIII-XI
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on tve traps, 70% llght penetratﬁgg is abé

%]
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with Figures 35-41 shows that the relative abundance based

on emergence data can differ considerably from that based on

larval collections, butﬂ as explalned on . page 94, this is:

prlmarlly due to the dlfflculty of sampling larval microhabi-

L

tats in proportlon tO'thelr abundance in the study area. For .

emergence traps to accurately refleot'relative’abundance of

‘Species, it is necessary that all species of chironomids ex-

hibit surface eclosion, and that traps neither repel nor at-

.

tractfpupae'as'they rise to the water's surface..  As far-as

>

is known,_alllspecies of aquatic>chironomids eXhibit surface
ecloSion (Coffman 1973).‘ Although a nuﬁber,of studies”have
peen;made on the~efficienclesnof-variOUS emergence'traps
(Scottzand Opd?ke 1941, Guyer and Hutson'l955,vMorgan et ali
1963, Macan 1964, Kimerle and Anderson 1967. Fast\l972 Mc-
Cauley l976), there is Stlll little known about the degree
to whlch emergence traps repel or attract 1nsects
My‘results show that opaque emergence traps'catch7

N

only 33% aS'many chironomidsias translucent'traps, which

'transmitéed 70% of the'light Kimerle and Anderson (1967)

' found that black box traps caught only 20% as many 1nsects

as did clear box traps.’ Av01dance of dark emergence traps

has also been observed by &pott and Opdyke (1941) and Wohl-

~ schlag (1950) However, 1t remalns unknown'to what degree 3E§@

)

~a 30% reductlon in llght 1nten51ty repels insects. Due to

rcondensatlon inside’ the traps as- well as bulld -up of dust

~maXLmumathat ‘

_i. ) » . ! )/:‘);’5“ i



157

s -

<

can:be achieved under‘field conditions, even in traps with
tops~made of clﬁ@é%plastic. If one considers that most em-
,_ergence occurs during the evenlng, it is qulte likely that
p_the sllght shadlng has negllglble effects.

Probably only chlronomlds that rlse to the water s
surface near the edge of the_trap will be able to avoid the
trap. In other words, if chironomids exhibit an avoidance
reaction.tc traps,»then large traps‘shouiducatch more'indi—
viduals per unit}areabthan small traps, which have_anreater
edge: effeCt.i Indeed ‘Morgan et al. (1963) caught 1V4 times
has many chironomids per unlt area in traps covering 0 46 m2
as’'in traps coverlng 0. 37 m2 However, even larger traps
coverlng 0.70 m2 caught only 65% as many chlronomlds as the
traps coverlng 0.37 m2. 'Slmllarly,lMcCauley (1976) could
find no difference_between the number of chironomids energ;
ing'inside;and cutsrde_orl'mz”emergence trapsyfloating,in av-“
smallvswiﬁming pool enciosed in‘plastic. i ’

If emergence . traps are emptled only oncé each week,
the short lived adults may dle, fall back into the water and
be Washed out of the trap. ThlS was prevented from occur-
rlng ‘in my study by checklng traps every 3-4 days.] Adults
dylng durlng aasaqpllng 1nterval were prevented from falllng
out of the trap by two uptu%aed flanges. Current veloc1t1es

'between 0 30 cm/sec had no, éffect on number of chlronomlds

;caught in the traps.- Relss”61968) found that a spec1es of

' Parachironomus was attracted by the unlque mlqgohabltat
- . Q& ¢! C . ’7‘9 . % LI e {&\6
{ mt_ :‘, o v RS "u

)

i ik
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presented by submerged emergence traps, andltherefore ap-

‘ ‘ ‘ )
peared to be much more common than it actually was. ' I .pre-
vented this from occurring by carefully cleanlng the bottom

of thehemergence traps each time they were checked In short,
wonboe 2 ;

-

Emergence’ traps were also used to study emergence

- ‘phenology of chlronomld spec1es in the .Bigoray:.. Rlver Emer-

gence patterns of the four major groups were 51m11ar to |
those recorded by Coffman (1973) for Linesville Creek, Penn—
sylvanla, and reflect the temperature adaptations'of‘the.
groups. Orthocladllnae are the most cold -adapted group and
emerge prlmarlly in sprlng and autumn Tanytar51n1 are also
cold- adapted but less so than Orthocladllnae with some
spec1es belng characterlstlc of. the profundal zZone of ollgo—
trophlc lakes. ThlS would explaln the emergence of Tany—.
tarsini after the Orthocladllnae in sprlng, and before the
Orthocladllnae in autumn. Tanypodlnae and Chirénomini are
’generally warm—adapted (Coffman 1973).

: The mean emergence period of the 32 most abundant spe-
.cies was 64 days, silghtly less than half the length of the

total emergence season. The length of emergence periods

varled greatly between Spec1es,\from 15 days for Dlplocladlus

cultrlger to 122 days for, lenophyes folllcalatus Many fac-

tors have been shown to 1nf1uence the length of emergence
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beriods: tempereture, dissolved enygen, food competition and
adaptatlon to past environments (Lloyd 1941 Macan 1958,
‘Raulerson 1970 Smlth and Young 1973). Abundant species

might be expected to have long emergence perlods to reduce
1ntra—spec1f1c competltlon, whlleuless abundant species -

might have short emergence periods, giving mosp\individuals

in the population a chance to reproduce. ‘However, my deta

show no correlation between abundance o{ a species and | v
length of its emergence period. Emergence periods occurring
later on in the season were significantly longer than those .
oceurring earlier, but this could beydue to temperature or
food or both. | | | )\\

Emergence traps also prov1de gnformatlon on seX ratios.
\The mean ratio of yales to females was 0.8 for the 32 most
abundant'species; Miller (1941) and Potter and Learner
(1974) foung the same aﬁerageisex ratio for chironomids in
Cbstello)Lake,'Onuario,_and a small Welsh reservoir, res- »
. pectively. Illies (1971) gives 0.9 as the 3verage male:fe- i
maieAratio for chironomids in the Breitenbach, West Germany.
Other examples of male:female ratios of less than one? are
given by Lindeberg (1971). Like rhe abuve‘authors+*i'found
that males generally emerge a few days before fema{@,‘g~ This
P

may simply be due to the larger females requlrlngﬁmore de-

greezg;}gjto~complete their development than'%he smaller
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males. Such changes in sex ratio during the emergence per-

iod can be of considerable use in separating emergence peaks

of overlapplng generatloﬁs

Emergence traps can be used to estlmate the produc-
eion of Chironomidae. This was first suggested by Illies
'Lk197l; 1972) and is based on the'assumprion that emergence
represents a figed proportion of the total net production
“of Chironomidae.. Annual emergence rates havegonly been 

'measured for the few aguatic systems listed below:

Number of chironomids emerging

Locality o , per ngper year
v’l. Breitenbach, W. Germany 8.1 x 103

(Illies, 1972) ’

2. Rohrwiesenbach, W. Germeny 6.7 X 103
(Illies, 1972)

3.. Kalengo, tr¢§i¢a1 stream, Zzaire 8.9 x 10° .
(Bottger, 1975)

4. Char Lake, N.W.T. 0.6 x 103
(Welch, 1973) . B

5.- George Lake, Alberta (Typha marsh)1.0 x io3
(McCauley, 1975a) '

6. Kempton East Park Reservoir, 2 m 6.9 x 103
England (Mundie, 1957) 7 ' B

7. Lake Erken, Sweden, Station M91 0.9 x 103
(Sandberg, 1969)

8. . Bigoray River, Alberta - .19.3 x 10°

(present .study)
The mean annual emergence rate of chlronomlds in. 5pe Bigoray
River 1is therefore over twice as hlgh as that recbrded for
cher bodies of water. lMaximum daily emergence rates of

"chironomids for some bodies of water are listed below:-

8
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’ ‘Maximum daily emergence

Locality : of ¢hironomids per m2
1. Costelle Lake, Ontario 214
(Miller, 1941) ‘
2.~ Kal ngo Stream,-%aire 382
(Bi%Eﬁér7\1975) R
3. Bigoray River,'Alberta 573

~ (present study)

4. Linesville Creek, Pennsylvania 818
(Wartlnbee, 1976)

»

Again, the ratés for the Blgoray River are hlgh being sur-
passed only by/those for Linesville Creek. It is possible
that-the above figures reflect differences in methodolooy
rather than actually differernces in rates of emergence. If
the dlfferences are real howéveY, it is quite likely that
the high rates for the Bigoray Rlver, and probably for slow—
moving streams in general are due to abundant growth of
aquatic macrophytes. These not only prov1de food for the
larvae, but also increase the surface area ten- fold at a
tlﬁe\QEEE\Tarval numbers are particularly high.
| Illies (1971) found that in the Breltenbach the ‘bio-

mass of emerging insects alone was as ‘high as the biomass

of the whole insect community in other comparable streams.
Slnce emergence represents only a fraction of total insect
production - namely that portion ‘which is not consumed - 1t
indicates that past studies,phesed primarily on determlna—.

- tion of the biomass of aquatic stages, have tended to under-

estimate production of stream insects. Althodgh some prob-
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lems are associated with emergence traps (e.g., avoidance by

' some insects; frequent servicing, danger of vandalism),

these problems are outweighed by the many advantages of‘

emergence traps:.

1. Emergence traps provide adult males for species identi-

| fication. | |

2. No time has to be spent sorting specimene.from.their sub-
strate as 1is the ease with bettom samples, and there are
also no errors due to poor extraction techniqnes.

3. Emergence traps provide information on abundance, sex

;ratio, phenology and production.

F. Temporal and Spatial Overlap

The generally low level of temporal and spatial over-
lap between palrs of spec1es, as well as the skewed’ shape of )
the overlap frequency histograms (Fig. 45, p. 123), suggest
that these phenomena might result through interspec;fic com-
petition. fiarvae of Chironominae and most Orthocladiinae
are sedentary tube dwellers. With larval densities of over
1, OOO/m en the sediment, it is guite likely that larvae -

must compete with other chlronomlds for sultable areas on

- which to build thelr tubes. Edgar and Meadows (1969), Spence

(1971) and McLachlan (1977) showed that tubes of Chironomus
o ' o :

larvae are usually evenly spaced, and that larvae maintain a

feeding territory around their tubes. Small larvae are pre-

vented from settling in the territories of larger larvae

3



througb the aggre551ve behavior of the latter. At low deﬁL
sities, larvae occur in clumps but are evenly spaced w1th1n;
" clumps. The-clumps coalesce with increasing den51ty, but
larvae maintain'their even spacing. McLachlan (1977) found
that on shallow sedlments the maximum density of'fourth in- -

star Chironomus larvae was 5, 000/m2 or 2 cmz/larvae. At

that den51ty the feedlng terrltorles of ad]acent 1arvae were
touching. -Cantrell and McLachlan (1977) used both field ob-
servations and laboratory experlments to ‘show that competiﬁ
- tion for spabevoccurs between two tube- dwelllng chlronomlds,

Chironomis plumosus and Tanytarsus gregarlus In both intra-

and interspecific competition, size of larvae determlnes the

" outcome of competition. Cantreil and McLachlan were also o

able to obtain evidence for chlronomlds on four of the five
crlterla suggested by Reynoldson and Bellamy (1970) as being
required_for establishing the existence of 1nterspeC1f1c com—
petitionl}

| There 1s, therefore, good evidence for both intra—
and interspec1f1c competltlon for space among chlronomld lar-
vae. Observatlons by other workers indicate that adults may-
also be competlng for space in which to form swarms. Swarm-
ing of adults has been reported in many chironomids and seems
to be a common and widespread’behavior witbin the family
(Thienemann 1954, Downes l§69; 0liver 1971). A swarm may be )

composed entirely of males or females or both, but ,nale swarms

appear to be most common. Swarms are generally composed of

163 -~
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only a single spec1é€ although multi- specxes~swarms have been
opserved on rare occasions (Darby 1962, Spence 1971). Fur-d
thermore, swarms generally form in relation‘toispecific
markers such as above bushes or beneath trees (Syrjamaki - 4
1964, Downes’1969v Spence 1971) .- The same spec1es may be
seen swarminq over the same-spot for several successive
evenings. Males are attracted to the flight tones of the
females. Copuﬁation o%curs the inStant.the male contacts

€ o

athe female. R , , : -
s ' ‘ ¢ ‘ i
1

Such.SWarmlng behav1or probably means that each popu-
_latlon must compete with others for suitable spaces (i.e.
‘where the filght tones<3fthe females are not drowned out by
those of other swarms)‘ Although the above is only specula—
tlve, detalled work on swarmlng by Syrjamakl (1965)5and by
- Romer (1970) suggests that interspecific’ competltlon for

'swarmlng Spaces is plausrble.‘ Such competition woq}d explain
‘why I ﬁound temporai overlap to remain constant throughout
:the emergence season, even when more specres were emerglng,‘

"and emergence phasesvof 1nd1v1dual species were. becomlng

longer.

G. Suggéstiqns for Future Work

" This study has descrlbed the comp051tlon and the spa-
1
‘tlal and ‘temporal structure of the chlronomld communlty in

the Bigoray Rlver. Future work on,chlronomlds of this

stream might now proceed along one of the following lines:

-
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g ¢5. ;‘f'l) A study of seasonal emergence patterns bd\ed on

Toe

. vide a. check on the present results. Thlenemann (2910) was

: P
collectlons of pupal exuV1ae rather than - adults would pro- -

the flrst to recommend the use of pupal exuV1ae 51ncé they j

v ur

: are ea31ly collected and do not have to be cleared prlor to

oF

PR

x\ N

belng mounted on slldes as has to. be done Wlth larvae and k

’ adults. The use of pupal exuv1ae in the study of. chlronode

-;:,of the day-degrees requlred for development, as. has been @one

communltles has rncreased con51derably in: the 1970's (Coff—

'y man 1973, Wllson and Brlght 1973 Carrlllo 1974, wllson 1977

I

; j Wllson and McGlll 1977). Parts of the stream could be en—

closed 1n channels such as - those used by Wartlnbee (1976)

.u-‘ B

iy nd all floatlng pupal exuv1ae collected from Wlthln the

{

in’ 1s. Slnce channels are completely open,»they could'be L

used to determlne whether the emergence trap used in my

3fstudy exhlblted any shadlng effect.

”fﬁ3' A study of dlel patterns of drlft and emergence

mlght 1nd1cate that temporal overlap between spec1es is. even -
o -

less than 1ndlcated 1n my study._ A study of dlel emergence '

patterns may "be- 1ncorporated w1th a study offpupal exuviae-
p :

as Was done by Coffman (1974) and Wartlnbee (1978)

: h
.-3) Spec1es could be reared 1n the laboratory under'

condltlons of controlled food and temperature. Determlnatlon :
A
by Lloyd (1941) and Blever (1967), would provlde a check on

the number of generatlons per year as determlned from f1e1d

data rn my study.“ Such rearrngs would also prov1de 1nforma-‘”

(.
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!ﬁonuon the occurrence of larval dormancy, a phenomenon

found in spec1es of Chlronomus (Flscher 1974)
. S - ’ )
4) ‘Studles might be deslgned to determine the func-

_tlonal role of chlronomlds in the Blgoray Rlver. Thls would 2
1nvo1ve the measurement of resplratlon and feedlng rates of

}
the major chlronOmid spec1es as was done by Teal - (1957).

N,

iStudles could also be carrled out in 1aboratory streams con—_

talnlng only a few chlronomld species as was done bf DaV1g»
. ‘ -
~and Warren~(1965) C ' | , : . Rj" %ﬁmth

7/ The above 1ist could be ea51ly extended and 1nd1cates

1

that much st111 remalns to be known about the chlronomld

3o

‘communlty of the Blgoray Rlver. Thls study has only laid’
the foundatlon, Whlch, it is hoped, will‘both stimulate |

and assist future work. S e



SUMMARY

pl)‘ The 150-m study*area‘of‘thevBigorawaiVer was
s gﬂ}atly’influenced'by the abundant gr0wth of aguatic«macroé

‘phytes wh1ch reached maximum standlng crops of 115 gm dry

. m} .
.welght/mz, and” 1ncreased tenfold the surface area avallable-

EY . ~

for colonizatlon by benthlc invertebrates. .Input of terres-
"grial leaf litter.was.only“One;tenth-of the'production'of
aquatlc macrophytes.\ The upperlz centlmeters of the sedlii
fﬂmgnt con51sted of flne to coarse sand w1th a varying amount
‘of organlc materlal Below thls was an 1mpermeable layer. of
clay. Altogether, nlne mlcrohabltats could be recognlzed in

the-study area- sedlment, Sparganlum, Potamogeton, Hrppurlsf“

ca

moss, fllamentous algae, submerged w1llow leaves,‘submerg?d
';wood' and. sponge colonles.
.2), One hundred twelve spec1es of Chlronomldae were

7d 1n emergence traps in the study area. Thlrty-two spe—,

rc1es had emergence rates of 50 males/mz/yr or more,,and ‘ac-

A

counted for 92% of total male emergence. Tany;arsus dlspar,

fw1th an- emergence rate of 1 5% 103 males/mz/yr, was the
_ /commonest spec1es and accounted for 17% of total male emer-

-

/ gence. More rare spec1es were. . found than-expected from

e gPreston s lognormal dlstrlbutlon..
':"-t } ) ,,

» 3X‘ Percentage of spec1es belonglng to Tanypodlnae,

Orthocladllnae Chlronom1n1 and Tanxtar51n1 was l%; 43%

20% and 19% respectlvely. Specxes comp051tlon was 51m11ar

,t o Sl AL
AN e



> peaks in the: sprlng and

“water temperatures..‘

t)ﬂum. of other slow—fIOW1ng, lowland streams,h_es— 168
pec1ally the River Susa, Denmark ' Percentage com9051tlon by
number oi 1ndLV1duﬁls was. Tanypodlnae 20%, Orthocladllnae-

24%, Chlronomlnl 13% and Tanytar81n1 43%.

'4) In 1973, emergence started May 3, when water tem—

" perature had risen to 6°C and contlnued to October 1 when
"water temperature had decreased to 8 C. During the 4-month

' emergence perlod a total of 19. 3 X 103 chlronomlds emerged

per square meter, of stream Thls 1s the hlghest annual emer-

! - » ;.3

gence rate recorded for chlronomlds.' Maxxmum dally emergence

»rate of 573 chlronomlds/m occurred 1n early August at,thei
’ ‘> o “V“."
”tufe (20 °c).
+. ' _
rthocladllnae had . emergence

AR

5) The cold-adapt
»)tumn The Tanytarsinl, Wthh are’

also somewhat cofﬁ—;o-pted, ‘had a sprlng emergence peak Wthh‘

‘,occurred justﬂafh1r that of ‘the Orthocladllnae, and an autumn

. emergence peak ocqurrlng just before that of the Orthocladi—'-

1nae. The warm-adapted Tanypodlnae and Chlronomlnl each had
\

a 51ngle emergence peak c01nc1d1ng w1th the perlod of hlghest
SN _

”mgv '6) Emergence perlods of 1nd1v1dual spec1es varled

'v,from 15 122 days, w1th an average of 67 days.' In ten of the =

i

. .32 commonest species, emergenoe rates varled unlmodally w1th

tlme (1 e., emergence perlod con51sted of a 51ngle "emergence’

R phase") 5$}n 15 specles emergence rates varled'blmodally (z.e.;

’"dbm>emefgencenphases), and 1n 6 spec1es lt varled trlmodally

hse., three emergence phases) : Only Nanocladlus sp n._l,g
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:
‘showed no;distinct’emergence{phasesi‘ Instead,‘thiS'species
emerged in dribbles-throughout the'emergence period; In \
spec1es w1th two phases, 44% of the 1nd1v1duals emerged dar-
.1ng the flrst phase and 56% durlng the’second phase. In spe-
‘cies w1th three phases,_the percent of 1nd1v1duals emerglng

durlng the first, second and th1rd phases was 31%, 20% and

4

N

,49%, respectlvely.
7) 'I‘he ratlo of males to females v 0.8 for the" to-
-_tal sample of adult chlronomlds. The ratlo was 51gn1f1cantly

: 4less th*
_ ‘ -

1. 0 for two of the 32 commsnest spec1es. Males emerged\a few

94

0. fh 14 of the 32 commonest spec1es, and more than_

o .days ahead of the females’ sguphat the ratlo of" males td'fe- a
ot © L
' males decreased steadlly thgoughout an emer‘ﬁnce phase.
“ 9

) ja) Of the 32 spec1es examlned gﬂl (3#%) were&unlvol—
t1ne; 15 (47%) were blvoltlne, and 81x (19%) were trlvgﬁtlneﬁﬂ
-The warm-adapted Chlronomlnl were prlmarlly unlvoltlne, thle
the cold-adapted Orthocladllnae had the hlghest percentage of
rtrlvoltlne spec1es. All of the spec1es overw1ntered as lar—
”;vae° 19% 1n the 2nd 1nstar, 16% in the an and 3rd instars,
‘44% 1n the 3rd 1nstar, 12% in the 3rd and 4th lnstars, and
9% in. the 4th 1nst;r.j Wlnter growth of larvae appeared to be
"restrlcted to Orthocladllnae and Tanytarsxnl.w. |

9) Den51ty of larvae on bottom sedlment varled from
\t*3 l x 103/m to 52 9 X 103/m2 durlng the 23-month study per—le
‘.1od,,w1th a mean densxtﬁﬁof 19 9 X 103 1arvae/m f Mlnlmum :

/

Qdensxtles occurred 1n June and max1mum den51t1es 1n‘ﬁarch.;
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Average densitles of larvae on §pa anlum, Potamogeton, Hip-

/ \ L

»fgurls, moss,_fllementous algae and sponge were 93,_171, 466)3

978, 351 and 32 larvae/gm dry weight of the reSpective sub-
3fstrates. Mean denS1ty of wopd was 0. 9 larvae/cm Low lar—g

val dens1t1es on the sedlment durlng summer resulted from
&
\

rophytes. Decomp051tlon of macrophytes dur'g;’ :" 3 &uses

‘larvae to move bagk onto the sedlment and t

was sediment. gbrthocladiin "xArred Sgarganlum,”moss andv
& . ) E :

'fllamentous~algae,'and Tangtlw
' -y of the 32 commonest spec1es occurred elther exc1u51velyv

tor predomlnantly in only one. of the nine mlcrohabltats, 11

‘predomlnated in elther two or three mquiﬁabltats, and only

Paramerlna fr_gllls was a habltat genermglst. Crlcotopus sp

n., a spec1es preferring fllamen&gﬁs algae, exhlblted ‘the Lo

¢

hlghest degree of habitat spec1allzatlon
v, LiﬁgkAmerage overlap of emergence perlods among the

_32 commonest specres ‘was 24% whlle the average-overlap of

_larvae among the nlne mlcrohabltats was 37%. The low-averageﬂ

-'overlap values and thegﬁkewed shape of overlap frequency hls-
: _ .

_tograms suggest 1a§Frspec1f1c competltlon for Space by larvae
gpd adults. Inter pec1f1c competltlon for space am@ng chlro-'
‘ nomld larvae has been documented by other workers. InterSpe- h

' clflc coﬁpetltlon for swarmlng spaces among adults 1s sug-"b'

- ,_’,

-
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gested by the swarmlng behav1or as descrlbed in: the lltera—'
'ture, and hy my observatlon that the overlap of emergence

.periods of‘spec1es d1d not increase during the emergence sea-
son,'even though the number of spec1es emerglng and the —_— d
’ e
1ength of emergence phases 1ncreased wlth time. Spat1a1 over—j

&

;lap was much hlgher ‘on the sedlm‘ht than in the other elght

mlcrohabltats, and 1nd1cates that larvae subd1v1de the sedi—
.
_ment 1nto a number of mlcrohabltats, p0551bly based on one or

-~
[3

v.more “of the follow1ng parameters.' partiqg e.51ze organlc "

content compactlon, or spéc;es com9051tgkn and abupdanceNjf////

o

the benthlc mlcroorganlsms. TemporaI anéﬁé%?tlal overlap
_/

-

congenerlc spec1es was hlgher than between non-con-

»

»between
. L <3
generic sPec1es. Temporal and spatlal overlap was a!so h;gher

.

between spe01es bei%hglng to dlfferent trophlc levelfs:'
betWeenqs%e01es belonglng to the same trophlc level This

.was probably due to the assoc1atlon of predators w1th thelr

\

tended to have hlgh sPatlal overlap L e T f:‘;‘

i
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