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 ABSTRACT

| -
- A study was made of some f1e1d popuTat1ons of Ch1ronom1dae

“occurring in an 1soTated pure stand of cat- ta1T (Typha Tat1de1a L. )

13

3
in George Lake ATberta " The habitat was sampTed from May, 1973 to

September’, 1974. ~Sampling. of ali’ deve]opmenta] stages of the ch1ro—

1

nom1ds revea]ed that there were four common spec1es, viz. D1cro—

tend1pes nervosus (Staeger) GTyptotend1pes dre1sbach1'Townes, G.

fobiferus (Say) and g, nr. 9ar19e; Edwards. The former spec1es was;

-

univoltine and the otherg;were bivoTtine
Life tabTes were coq;tructed for two consecut1ve cohorts of G

Tobiferus and of G. nr. Ear1ge and for one of ea¢h of the other two
speciesv ' e ‘ .

\

from aTT Six cohorts Desp1te the fact that the cohorts var1ed “in
Y

length from approximately 3- 13 months, and had start1ng dens1t1es

wh1ch d1ffered by up to a- factor of four, there was on]y moderate

spread in the data The generaTTZed curve 1nd1cates that T) by

'compTet1on of only 20% of the durat]on of the cohort onTy approx—

'1mate1y 10% of the 1n1t1a1 popuTat*'h is stxxT aT1ve 2) for approx—

1mateTy the subsequent 60” the morta11t/ rate\as‘Tom; and 3) for the
f1naT 20% it is h1gh The r- nge in the per cent ot wie p0puTat10ns
wh1ch urv1ved to the aduTt stage was 0. 05 - 8.21%.

The max1mum value recorded for the 1ntr1ns1c rate of natura]

1ncrease was 0. 0380, and “‘was obta1ned for a summer cohort ofG. Tob1— :
fferus. A value approx1mate]y f1ve t1mes smaTTer was ‘obtatned for its

overw1nter1ng cohort

-

A genera11zed surv1vorsh1p curve was constructed us1ng the data

4
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"‘A]thoggh the degree to wﬁich the three cogeneric species’

COmpefed is unkhown there waétévidence of'their abi]ity to to;éxjéj

-

.7Lhrough niche spec1a11zat1on, as 1nd1cated by morpho]og1ca1

-

character d1sp]aCement and by_d1fferent spatial ut111zat1on of the

)

-Sub- hab1tats - - -. _ . .1 o . © e
Dormancy appeared to be 1nvo1ved in the' 1ife- cyc]e of G ' .
<1ob1ferus - . S -).' | | ‘
A key is,giveﬁ tofhffferehtiatezthe three species of G]égfoe
. tendipes ﬁn'a]]iSéve” deve]opme)&ilﬁitagés and in ‘both sexes.
- N
o ! h i??; : ‘
e ? ~.
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~I. INTRODUCTION
The Ch1ronom1dae is an eco]og1ca11y d1verse fam11y of insects -

wh1ch is wor]d wide in d1str1but1on, and. wh1ch frequent]y const1tute5j;

' a maJor component of the 1nvertebrate fauna of rivers, 1akes‘and

streams.’
-~ In rev1ew1ng the literature on this group, Mund1e (1957)
concluded that the study of ch1ronom1ds has fo]]owed two main llnes

V

which may be termed the 11mno1og1caJ and the entomo]og1ca1 One

- has been concerned w1th the d1str1but1on of d1fferent k1nds of

ch1ronom1ds in different ]akes,»w1th the assoc1at1on of these w1th\

lake types, and with the numbers and we1ghts of ch1ronom1ds as as-

pects gf 1aké%product1v1ty The other has dea]t with var1ous aspects

of the biology of part1cu1ar spec1es, such as the1r feed1ng hab1ts,

resp1rat1on, vo]t1n1sm, etc. Der1ng the 17- years . since Mund1e S

frev1ew there has begen a decrease 1n the degree of study which certain

7 ;\

aar

of these aspects have received and an 1ncrease in that of others;
however, éhe basic statement essentia]]y still: hons

“In the -case of stud1es on ch1ronom1d popu]at1on dynam1cs, there
appears to be none wh1ch has dea]t with all seven deve]opmenta]

stages (egg, four Tarval 1nstars, pupa and adu]t), in fact, because

of" the\]arge mesh size that fre\Uently is employed in sieving the
'samp]es, ]arvaljd?ns1ty estimates may not 1nc1ude spec1mens in the.

'f1rst or in the f1rst angd- second 1nstar ' A]though these :data are

of va]ue, e.qg. 1n est1mat1ng product1v1ty, they are equate to

perm1t a deta11ed understand1ng of the populat1on dynam1cs of the

3



species. - Such an undefstahding neéessitafes'éh_intensive study
'éeﬂsusing the change jn abundance ofia]l the deVe]opmenta]‘stage§3
- of a population at one place. From these data a Tife tabje may
be conééfuctedwfor each.cohort and, from all of these, various
estimates made, such és thekpekiqd(s) ‘in the life cyé]e when mor- .
tality fs greatest,bthe‘proportﬁon'of the popu]atiqh surviviﬁz to
reprdduée, etc. If, concdrrent]y; data are gathered on the species’

parasites, the abundance of other species in the habitat and on

varieus abiotic faCtors, then an assessmént may be madé also of the
N e

wet? ]

/‘\\\Eoss1bTe ro]e of each in 1nf]uenc1ng the shape of the surv1vorsh1p
curve. Subsequentlj, hypothe%es may be deve]oped for testing, both
in thé study area and 1nrother geographical 10caljt1es. Such resu]ts‘
can coatribute significantly to fhe'understanding of the evo1uiipnary
écb1ogy_of a species, and to the determination of the pat@érhs‘inv
~ecology. h ' ' B | - L"i;
| In view of the.ébove 1i§ted poteﬁtia1 value of the data,_the
purpqse;ofithe;preséét study was fhe COﬁstruCtidn of iifé tables,
cé1cu1§£ﬁon bf Ehe various pobulatidn statistics, dnd,de%erﬁination-_
o ‘qf fhé‘ré1ative imporfdﬁcé of at least some of the mortality factors
fof:sdme natural field bopu]at{ohs of Chironomidae. . :
George Lake,.A]bér;a (53°57'N, 'i14°06'w) was chosen és the :.' .57(/
study site aé‘it fs/jnﬁs}ﬁs’”prox1m1ty to and easily accessible from | -Wy
'the Departmént_of EntomoTogy field station. To meet the_requ1remé6§%: |
fér construction”0f11jfe:tabiés a searth was hadé of the 1ake‘fdr a

suitable study area. This resulted in the choice of a stand of.cat—taiﬁ

-

| (Typha latifolia L.). This chofce.was mdde because (1) itvis_ah



. ’ L .
~ . o \ R ‘
o - \ : /i

iso]atedijre stand' (z) various spec1es of ch1ronom1ds were found

[

;1n the 11ve and 1in the dead plant shoots and on the 1ake bottom,

thereby perm1tt1ng a compar1son of d1fferent m1crohab1tats, and

'(3) some of the ch]ronom1ds were paras1t12ed pr1mar1]y by
Merm1th1dae (N@matoda), thus perm1tt1ng an assessment of the im-
'portance of paraS1t1sm as a morta11ty factor Add1t1ona11y, since

\

T. 1at1fo11a is world wide in d1str1but1on, results obtained in the:

gb present study can be tested 1n other geograph1ca1 ]oca]1t1es

¢

oo



- water depth-was 729122 cm, and the distance of the stand from the

"y

T II. THE STUDY AREA “ e
A map showihg the Tocation of Gcorge‘Lake, the study area
and the Department of Ehtomo1ogy.fie1d étation is givenlin Fig. i.
A map of fhe study area is given in Fig. 2. ’Thé sténd‘hf
*Xghg covered an area of b4 m2 and was comp1ete1y isolated from
-other cmergent aquatic vegetation. Tie nearest Typha was approx—
imately 7.5m westywit joined the. shoreline: and to the north,

Jjoined a stand of;Scirpus,validus Vanl., which was located approX~

imately 10‘m“from the study arca. These two‘spebieé of rants
.fprmed a cont1nuous nand 10 ]5 m wide which completely enclosed the
‘study area to the west and to the north, and which Jo1ned w1th the
shoreiine approx1mate1y 200 m to the east Th1s, combined w1th

the heavily wooded ‘shore, resu]ted in the _XE_A_stuno being we11

protected from wind and wave action. R

e

B
f‘/

Throughout 1973 the Water‘depth in the Txpha stand was 50-55 cm,

.;and the‘stahd'Was Tocatéd 0.5-1.0 m from the shoreline. In 1974 the

shoreline varied up to a maximum of approximately 40 m..
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T emp]oyed but _

CTIL . METHODS
~A. Surveying of Study Area.

At the beg1nn1ng of May, 1973, i.e. short]x aﬁter all- ice had "
;me1ted, a'map was made of the Typha stand Th1s e%ta1]ed deterwnat1on
of the area subd1v151on into un]ts of - ] n ,\and determ1nat1on of the

number‘of dead plant shoots 1n.eaeh Determination. of thc number of

Tive plant shoots in the entire stand. of Typha was made at the _2_ o

beg1nn1ng of June, in mid- Ju]y and mid- August, and at the end of

\

September, 1973.
. |}

B. PhysicaTl Parameters.

Accqmpanying each survey;'an on each date b1o1og1ca] samples |

were co11ected the water depth, and vertical temperature and trans—~
parency proflles were’ recorded at the edge of the *xgba_near egg trap
‘ #1 (F]g 2) Th1s resu1ted in measurements be1ng made every 4 5 days
dur1ng both summers, week]y dur? ng th- fa1i: and on)four occas1ons‘
dur1ng'tﬁe winter. Transparencx;was measured us1ng/a Secch1 d1sc,
and temperature}u31ng a Laborat@ry Thermameter ‘Model BAT- 3 and a

lType OT 1 probe (Ba11ey strument CotAIL,.,‘)addleuBrook, New Jersey).

C., B1o1og1ca1‘Samp]1ng. . o o

1. Eg‘gs S

<

- 1in the study area, egg traps (F1g 3) were pos1t1oned in th stand of

_’_Xpha at the beg1nn1ng of May, 1973 In1t1a1]y, six egg traps were

and 9 resp'ct1ve1y in F1g 2)

more were“mdded,on June 13 (Nos 176 and‘Nos,,7, 8

fAY



Fig. 3.~

R

-

,' -
‘

: R _ o o .
Trap used to determine the number of egqg masses laid by each

species in the study area. - One-fifth scale. "A: loop of wire
to. form mouth of egg trap; B: nitex cone; €, D, and E: bake- .
Tite cap (C) and glass jar (D) attsched {10 apex of nitex cone .
by hose clamp (E). .- . : o CoL

Vo

5 , 5
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Each cgg trap (Rig. 3) cons1st€d of a loop of stainl s %tee]
’wire (A), approx1mate]y 0.5 cm th1ck wh1ch was attached to the ba%e

T

of a-cone of Nitex (B), 25 cm tall and >pen at the apex. The base

) diameter of the cone was 35.8 cm; and thus the base area -was Q 1 mz.
‘A bakelite cap (C), 5. cm in d1ameter, from a 6.0z glass jar (D) was
placed upside-down 1n‘the”open apex of e: 1 cone and held in-pdsition
- by means of a hose\c]ampf(E); A hole 3 cm in d;ameter was cut in

the Sahe1itb cap.

[ach egy trap was suspended 1-2 cm be1ow the water: surface in

‘ t .
;the stand of ngba_by attachment w1th c]othes peqs (E}J ) to pairs
of nylon ropes (G 1> 2) running between_wdoden crosses embedded Tnntheg
'sedimentf The veight of the hese.c]amp, gTass jar-and bakélite cap

' was sufficient to keep‘the‘njtex cone.inverted and taut.

o For examination of an egg trap, the c]chesedﬁgs were removed |
and the-trap'gent1y lifted out of the waten. .Any egg masseS»attached
to the nitex were washed down‘into the g1ass‘jar : Subsequentt s the
jar was unscrewed, capped w1th a numbered 1id, and taken back to the
1aboratory wh- the contents viere exam1ned for egg masses under a

l

vm1croscope_at 6X. Any pLeces of plant or debr1s found floating wnthtn
the areé*encompassed by the base of'the egg trap also were cdt]ected
~and examined m1croscop1ca11y for egg masses.

The egg traps were exam1ned and empt1ed essent1a]1y every two
days.: They were removed from the study area at the beg1nn1ng of

' October, ]978, approx1mate1y two weeks after the last adu]t emerged

iA,synthet1c bolting cloth manufactured by Tob]er, Ernst & Traber,
Inc., New York. = A

&
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. 2. Larvae. S ‘ ' | NG ﬁ.

a) Larvae sssoc1ated with emergent vegecat1on Those 1drvae
were collected us1ng a sampler (Fig. 4) cons1st1ng of an alum1num
base (A) 1nto\wh1ch s screwed a piece of transparent acry11c |
tubing (B).. A brass plate (C) is mach1ned to slide smooth]y a]ong
a groove ~ut on the 1ns1de of each side of the a]ummu)n*baseQ Attached
to the brass p]ate,1s-a sta1n]ess steel™rod (D) wh&ch‘passes through
“-a hole (E) in the base. A spr]ng (F) is 1ocated on the rod between the
brass plate and the end of the a]um1num base The 1ength of the. spr1ng
1S such that it 1s s11ght]y compressed when the brass p]ate sea]s thM
bottom of the acrylic tube (B). At the end of the brass p]ate also is
located a hole (G) which b1sects hole E in the vertical plane.

To sample the brass p]ate is pulled bachards to the ma: mlm '

' »compre551on of tne spr1ng and a stainless steel trigger (H);lis fitted
1nto ho]e G and down 1nto a notch 1n rod D The plant shoot to be |
samp]ed is cut off gent1y at the air- water 1nterface and the samp1en ,
”qu1ck1y 1owered into the \ater around 1t When the bottom of the
‘samp]er reaches the mud- water 1nterface trigger H is pu]led out.

7Th1s releases the brass p]ate which cuts off the p]ant and seals the
bottom of the sampler. The sampler then is lifted out of the water, 3
the plant placed in a contawner, and. the contents of the samp]er f11—,
 tered through a 156,p mesh sieve. ‘The residue in the s1eve-1s‘washed
1nto a separate container. | | ’

* For sampling shoots in water of a depth Ereater ~han the Wength
- of the acrylic tubing, another p1ece may te attached by means of"the

EE

threaded a]um1num co]]ar (J).



Fig. 4,

Apparatus used to sample Typha Shoots.'fOne—quartEr scale.

A: aluminum base; B: transparent acrylic tube; C: brass
plate. to cut plant shoot and seal bottom of acrylic tube;
D and F: rod (D) and spring (F) used to cock sampler;

E: hole in-aluminum base for holding rod D; G: hole in
aluminum base for holding trigger rod (H); H: rod used to

“trigger sampler; J: aluminum collar_for attaching addit-

ional piece of acrylic tubing.
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.On-col1ection, all p]ant samp]es/were'p]acedlin 1ndjvidua1.p1astic
bags andxstored live in an ice chest conta1n1ng co]d (c#. 12°C)‘water
(from a small shaded stream near the study area). During warm weather

athe water was Pept cool by the addition of ice. Pmmediate]y.on re- : _5
vturn1ng to the laboratory the plant samples were‘h]aced 1n‘a'refriger—
~ ator (4 + 0.5°C). A11 hlant‘samp1es here sorted 1ive unaer a micro=-
sc0peCi/§ 50X, th1s usua]]y being completed the: day after collection.
| -0On extractlon, a11 ch1ronom1d 1arvae were k111ed and preserved
"by freez1nn A]] other 1nvertebrates were killed and preserved with
70% ethancl. o P | » ,
| ';b) Larvae on 1ahe battom. These larvae were co]]ected using a
modified Kajak corer (Kajak, 1965) which had a b1te of 15.9 cm?. fbre
“Samp1es were treated similarly to the p1ant samp]es except that they
‘were placed uns1evee\vﬂ p]astlc bottTes on%col ectlon, and were frozen
1mhed1ate1y on return1ng to the ]aboratory When ready for ana1ys1s,
core samp]es were thawed at room temperature, sifted through a 1”0‘p
mesh s1eve, and aléb examined under a m1croscope at 6 50X.

On extract1on, a11 ch1ronom1d larvae were re- frozen and all other
_ 1nvertebrates preserved in 70% ethanol.

- The techn1que of preservat1on of the ch1ronom1d 1arvae from the
p1ant and core samp]es by freezing’ is con$1dered super1or to that
1nvo]v1ng usage of standard zoobenthos preservat1ves, such.as forma]1n
or ethanol. Freez1n§ retawns the natura] p]ast1c1ty of the 1arvae,
thereby perm1tt1ng easy or1entat1on of the spcc1mens for measurement

Additionally, 1t reta1ns the natural transparency of the 1arvae,

thereby e11m1nat1ng, in most 1nstances the necess1ty'to clear the
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/ ‘ ,
head capsu]e with potassium.hydroxide to permit 1dent1f1cat1on

r’etentmn of the natural transparency a]soioreat]y fac111tates
exam1nat1on of the larvae for paras1tes
J : Co]]ectton of ]arvae by methods a) and b) was done in a strat1f1ed
random manner " 0n determ1nat1on of the number of dead p1ant shoots in
the ent1re _ybha stand at the beginning of May, 1973, based on units
of 1 m2 it was d1v1ded into five quadrats, so that each . conta1ned
approx1mate1y eoua] numbers of p]ant shoots Th1s resu]ted in the
’TyL_a covered - port1on of the guadrats a]so be1ng approx1mr1e1y equal
1n area. Subsequent]y, approx1mate1y equa] numbers o- JFive Tlghg
shoots deve]opec in each: quadrat

- Each unit of 1 m2 in .each quadrat was assigned a number, and the
cho1ce of the un1t in wh1ch samp1es were to be co]1ected on each cam-
pling d&te was determ]ned us1ng a tab]e of random numbers. The absence
-of any marked 1nter quadrat dtfferences in area, or in the number of -
-~ live or dead plant shoots w1th1n each, resu]ted in the 11ve and "the
dead plant shoot samp]es> and 1n the core samp]es, a11 be1ng co11ected
essent1a11y 1n a proport1ona1 stratified random manner .

Both p]ant and core samp1es usually were co]lected at 1nterva1s |
- of five days throughout the summer but 1ess frequent]y 1n fa11 and
winter ]973 and in spr1no 1974. ' '

~ On each samp11ng date an entire p{ant shoot (port1on between'

vthe air- -water- and the mud water 1nterface) and a core ‘was co]-
lected from each of the four random]y chosen quadrats AlT sam-
p]es were co11ccted from & boat. Each quadrat was samp]ed on four

of every f1ve consecut1ve samp]wng dates In1t1a11y¢0n1y dead

1
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plant shoots were present however, when the new grouth appeared, four
live shoots also. were collected from the same quadrats as the dead _ :
vshoots on each samp]1ng date -

3. . Adults.

To deterntne.the emergencevpatterns and -the number’of specimens
o each spec1es successfu]]y comp1et1ng the aquat1c phase of the 11fe
cyc]e, emergence traps were p]aced in the nghg_stand at the beg1nn1ng
of: May, 1973 and 1974'(F1g 2) .. S1nce many of the larvae occurred in
the p]ant shoots, only an emergence trap pos1t1oned at the air-water
1nterface could be employed. None of those'current]y jn use was con-.
sidered satist“,t' s for one or more heasons,‘conseqoentTy a new design
._.was/de9e1opec | | o .
'g'a) Construciion of emehgente-trap The nZw emergence trap :
-b(Fig. 5) is constructed from 0.02" thick transparent v1ny1 plastic,
'cut to the shape of a c1rc1e w1th an arc,'apphox1mate1y two-fifths
‘.its size‘remoyed'(Tig. 5A). Constructionh of the cone ‘is accomo]ished
by oVer]apping the two radia1'edges 1-2 cm, ho]ding them in position
w1th 3-4 thumo tacks, and bond1ng by the app]1cat1on of ethy1ene
dlchloride to thewgunct1on Bonding is comp1ete within .5- 10 m1nutes.
The apex of the cone is warmed over a f]ame and an 8 0z screw- top g1asse
'Jar is s]ow]y pushed through bottom f1rst from bepr thereby pro-
duc1ng a collar. A c1rcu1ar-ho]e,\4.5‘cm in diameter, is cut in the
6 cmrbake1ite cap fron'the glass jeh;;;nd?the cep is p1aced upside—down
‘hin the'neck of the cone It is held in this pos1t1on by a. hose clamp,.

 to which agthreaded bolt has been s11ver so1dered (F]g 5B). A second

'cone, also made from the transparent.vnny] plastic, is constructed in



Fig. 5.

N

Trap used to determine the emergence pattern and the number

of specimens of each species of chironomid successfully com-

pleting the aquatic phase of the life cycie. A: shape of

‘plastic used to construct trap (ore-quarter scale); B: hose

clamp used to hold glass jar in position at apex of trap.
Soldered to the hose c]amp is a bolt for attaching.the emer-
gence trap to a stake in the study area -(three- quartegm

scale); C: emergence trap (one-quarter scale).
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a s1m11ar manner, but w1th a hole 3 cm in d1ameter at its apex. The

vap1ca1 angTe of the 1atter cone is greater than that of the former,

| ﬁ thereby»permTtt1ng the pos1tnon1ng'0f_pne on'top of the other (Eig. 5C).
The ]ower cone Cbyers an. area of 0. Tm2 To borid the twe'cones‘

together; oné is placed on top of the other and ethyTene dichloride

| added to the Junction. Tolstrengthen the bond, and o e]}m1nate the .

apex of the Very acute angle at the peintlof bondiné, a'@gtcous solution

of the acrylic plastic dissolved in ethyTene_dichTeride is‘added to

- the ir. .de, | o | ” .

*JTwo,hoTes; each approximately 10 cm in diametéh,;are;made‘in the

upper conevnear 1ts apex by means of a‘hot.metaT Tid. One is'covehed :

| with a circle of nitex whieh is-bonded to the acrylie plastic using

-

waterproof 91Ue . The other is covered with the same, mater1aT but toe
to the shape shown in F1g 5C and bonded to the plastic only at the
"tdp, The Tower edge of the n1tex is attached- to the trap by means. of

a piece .of waterptoof adhes1ve tape The purpose of the hoTes 1s(to ﬁml
T permit c1rcu1at1on of air WTtth the trap and hence m1n1m1ze conden- -

sat1on, as the: consequent shad1ng nght 1nf1uence the behavwor of the

: ascend1ng pupae, The adhes1ve tape perm1ts access to w1th1n the trap
'fe1f nepessary-l _ ‘
,,Toeqperate,’the bolt sonered;to.theﬁhoee clamp is fitted inte
a’grobve machined in a metal vod and the trap is her in position by‘af
wing nut The metaT rod, approx1mate1y 50 cm 10ng, is attached to a

stake dr1ven Tnto the SEdTment (Fig. 5B). The trap is posyt1oned with

3

‘ "1ts base 2-3 cm be]ow the water surface

To seryice, the w1ng nut is Toosened and the trap removed from .
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the water. A rubber bung is 1nserted in the hole at the apex of the

-

“lower cone to prevent escape of any spec1mens Insects Within the trap

‘are killed by spraying them with di]ute alcohol (ca. 0%) . through the

-

nitex wlndows, and then are drained into the Jjar at the top of the-~——‘“”‘—’_v

Lrap. The Jar s’ unscrewed, the -ubber bung removed and the trap

r1nsed out w1th water. A nem Ja. s screwed into the top of the trap
'vand the trap repositioned in the water ‘ | |

b) Eff1c1ency of emergence trap Two types of eff1c1ency can‘
 be determined for an emergence trap, viz, trapp1ng eff1c1ency and
-retention eff1c1ency The. former is the rat1o of the number of 1nd1v—'
' 1dua¥s’emerg1ng inside a trap to the number wh1ch “would have emerged
there had the trap ‘had no attract1ve or repu]s1ve effect ‘Thus the

O
value may r&He 'from zero to above un1ty The 1atter is the ratio of

‘ the number of:'t51v1duals in a trap after & g1ven per1od of t1me to
the actual number which entered it Thus the value may range from
;xzero to unitysh 'As various phys1ca1 parameters cah 1nf1uence both types
of eff1c1ency, expor1ments were performed in “the ]aboratory |

| 1) Trapptng eff1c1ency A plastic swimming poo] 2;4 m.
in dlameter was *ﬁ]]ed to a depth of 40 cm with 1a+e\water, andAmud;v>
~water in.erface sed1ment, wh1ch had been s1fted throug a 2501p mesh :
'Steve, added unt11 a uniform layer approx1mate]y one cent1meter th1ck !
-was obta1ned A con1ca1 framework cons1st1ng of 10 sta1n1ess stee1
" rods, each approximately O 4 cm in d18metex, and w1th a base d1ameter
of 2 4 m, was p]aced on the’ sw1mm1ng pool and covered w1th 6 mil th]Ck
transparent po]ythene f11m The po1ythene was attached to the top of,/// n

" the sw1mm1ng poo] and ‘a w1ndow 250 x 20 cm, was, cut out at the base



of the polythene tent. An add1t|ona] w1ndow 15 cm 1n d1ameter was:

| cut out at the apex of the tent Both w1ndows were covered with 0 75 mm

, n1tex The w.ndows vere necessary ﬁoﬂcomp]eﬁe1y e11m1nate conden-

)

via a ]ong1tud1na1 sTit in the po?ytc

£.
':\’

Chironomid €gg masses were colJected 1n the f1e1d, 1dent1f1ed to
_species, and those of each spec1es d1str1buted as un1form1y as- p0551b1e
. on the bottom of. the swigming pool. j ‘

b‘ The water in the swimmy ng poo] was kept oxygenated by two aerators
rsuspended in the water co]u n, their pos1t1on being moved every day
F'Dur1ng determwnat1on of the eFf1c1ency of the emergence trap the aera-

tors were switched off to eliminate the- preduct1on of currents, how~

ever,.tte water wa§ aerated every one or two days for a few hours &

Very few spec1mens emerged dur1n§ this per1od, and_any'which
A

d1scarded _ o SR R A T

id were
I]]um1nat1on was provided by a bank of Six f]uoresce £ 11ghts
d1rect]y above/ﬁhe sw1mm1ng pool, and was run on a ]2/12 hour 11ght/
;dark cyc]e e } 'f '9 ] L ‘

The emergence traps were pos1t10ned 1n the swimming pooT as

,shown in F]g 6. The pos1t1on was a]tered each t1me the traps Were ‘

hempt1ed but traps T],‘ 54 and T a]ways were in contact w1th the edge B

"~of theﬁswimming pbo] and traps T4, T5, and T6 never so. An attempt

, by
- wds made'to,Peep eadn;%

The trapp1ng eff1c1ency was’ determ1ned/0gpr a perqod of 21 days.

rap equ1dlstant from the]two nearest 1t

Co]]ectlon of a]l ch1rpnom1d -ddults from w1th1n the po]ythene tent and“
o from each of the s1x emergence traps was made every two days, except

i :
SEATEN a- R

at1on on the 1ns1de of the tent"”Ancess to hith1n the tent was ach1evea "

23"



‘\ R L
Fig. 6. Poition of the six:emergence traps (T, -T ) in the swimming -
.. pool ‘during experiments to determine tﬂ]e_ %rappilng and the
~ retention efficiency of the trap. Scale one-twentieth.
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for the f1na1 to11ect10n, which was made after an 1nterva1 of three
days - Additionally, on gach co]]ect1on date the water surface was
examtned for adu]ts ‘ |

| ii) Retent1on gff1c1ency As the retent1on eff1c1ency of
a trap cou]d depend on the rate and number enter1ng, and on the sex
at1o of the specimens trapped, experiments wern of two types. >0ne
set’ involved adding a kn: 1 .and constant‘number:df adults 'to a trap
“each day:”and the second set .involved adding a known r er jUSt at
‘one specific time In both sets of exper1ments the sex rat1o was
ma1nta1ned constant at unity,. and the trapc were exam1ned each morn1ng
' Specimens found,f1oat1ng on the watér enclosed by the base of the trap,
etther were dead or Were unable to leave the water. -Since these
:spec1mens could become waterlogged anc 51nk, and/or be consumed by
‘predators undzr f1e1d COhd]t]OhS, they were assumed "lost" and rep-
resented a decrease 1n retent1on eff1c1ency In both sets . exper—

iments the adutts added to the traps were a maximum of one day old.
”'A The exper1menta1 design used for determ1n1ng the-trapping effi-
"dciene&‘was emp]oyed for these experiments-alsd The on1y d1fference
‘was that the base of each emergence trap was covered with a: p1ece of
transparent'polythene f11m. This prevented the entrance of any
. _emerging chironomids, and'ensured retention of all "1ostf adu1tst
Additﬁdna]1y, all emergence traps were left in the one-position

& Exper1ments dea11ng with the number of spec1mens constant]y added

to an emergence trap each day covered a theoret1ca1 emergence rate of

'20 100/m /day. Those dealing w1th the number added just at one spec1f1c

B 't1me covered a theoret1ca] emergence rate of 20 440/m /day Each of

\the former experiments was: term1nated after seven days, as this was



considered the maximum interval most investigators leave emergence

traps in the field before emptying. Each of the latter experiments

lasted on average for five days, as this was the average time taken

for all adu]t‘s to die. |

- For all eff1c1ency exper1ments w1th the emergence trap, the
average air and water temperature was 25°C (range, 24-26° ), and the
average re1at1ve hum1d1ty was 84% RH (range 80-90).

N

At} exper1ments were conducted with G. lob1ferus as only 1ts egg

*

masses,were common when it was decxded to start the exper1ments g
| _ Two types of stat1st1ca1 tests were. performtt on the data, v1z
pa1red t tests and Ch1 Squared tests. AT data analyzed us1ng the
paired t- test were checked for agreement with ar “Poisson ser1es at
P< O 05 (E]]1ot 1971 p. 42) and normalized using the appropriate
transformat1on (E1]1ot 1971, p 33). prior to perform1ng the test.

D. Densxty of Each Spec1es of Ch1ronom1d

In the present study three s -habitats were samp]es, viz. live

' p1ant shoots, dead p]ant shoots and the Take bottom Because of the

intra- and inter-quadrat var]at1on 1n's1ze of "the 1ive and dead p1ant

o

shoots, 1t was necessary to obta1n a cgmmon un1t of measurement wh1ch

wou]d perm1t a summatipn of the dens1ty of 1arvae of a spec1es 1n each

_'of these sub habitats. Add1t1ona]]y, it was necessary that th1s

resu]tant comb1ned dens1ty could be summed w1th ‘the dgnsity on the.
]ake bottom, o) that the overall dens1ty of a species could be expressed
in the most meaningful way, viz. =number per square meter

The number of Typha-inhabiting larvae per_square meter was

27
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determined aCcording‘to the fo]iowing tormu1a' No. of shoots/mz"

X Mean vo]ume/shoot X No of ]arvae/p]ant vo]ume = No. of 1aw0ae/m2.
To ca]cu]ate the f1rst term the number of 11ve and dead p]ant shoots )
in the ent1re{IXEha_stand was determined as outlined in section ‘A.

As the number of live and dead plant shoot: emoved on each sampling

~date was known also, combinatton of théSe data permi* 1 determina-

t1on of the mean number of ]1ve and of dead p]ant R TOR per square

‘,‘ meter present 1n the Txgha stand on each samp11ng date

e

As the vo1ume of the samp]ed port1on of live plant shoots (porijon

between a1r watép-- and - mud -water- 1nterface\ au1d incre se due to

growth, and that of the dead p]dnt shoots Cou™ i geci it ;Jéfto decom-
position, and/or consumption byfdetrttovc*es, PCAas nc'“‘sary to
determine‘thé5magn1tude of these changes. ~.as: v v . the mean

shoot vo]ume was determ1ned-for the Tive and _the dead shoots on each-
e
'sampling da,e Ca]c@]at1on of the corre1at|on coeff1c1ent of edch

w1th time revea]ed no s1gn1f1cant re1at1onsh1p (P 0. 05) Thus the

~

_'second term 1n the eguation may be considered constant Add1t1ona11y,

-as ‘there was no s1gn1f1cant d1fference between the mean VO1ume of the -
11ve and the dead shoots, the second term was dertved by determ1n1ng

the mean vo]ume of all, p]ant shoots co]]ected throughout the study'

Th1s gave a va]ue of 25] cc, termed a Standard P1ant Vo1ume (hereafter

referred to as S P V ) D1v1s1on of the S. P V. by the vo]ume of a
spec1f1c p]ant ‘shoot, e.g. a 11ve shoot, glves a factor by whtch the

number of. ch1ronom1d larvae of a spec1es assoc1ated w1th that 11ve :

shoot ° shou]d be mu1t1p11ed to determ1ne the number per . P V As the

' mean number of ]1ve shoots per square meter was determ1ned for each

f

F\'('-
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samplfng‘date, mu]tipfieation of ihjs vatue by the.number of farvae Lo
per S.P.V. gives the mean number of larvae per squarc metez of live
shoots. Similar calc¢ulations give a value for the dead shoots;
comb1hutieﬁ of both gives a va]uevfor the’mean number of 1aFV“”
per. square meter associated’ w11h the emergent vegetat1on
Determ1natlon of the number of larvae on the Take bottom

within a squar 1 m. X 1 m was not corrected to take into. consid-
'eration t'  area occupiediby the p1ant‘shoots.' This was notbcon—
’s1dereg necessary as deferm1naf1on of the mean area occup1ed by
11v0 p]us dead plant. shoots throughout Lhe study gave a mean vd1ue
of 1. 67% of a sunre metcr
| The va]ues g1ven for the tota1 number of larvae of each‘speEies
'pe"-cquare meicr haVL been derived Ly summ1ng th° number. er equare.
metcr in the. 11ve and in the dead plant shoous and on the lake
rbd tom fOn each of the four quadrats sampled on. each date, ano-
.éubsequent1 determ1n1ng the ar1thmet1c mean of the four.

i

The 9r% é01f1 Gnva]1mltS have been. ca]cu]afed for every

: \

density estlmete, the wethod of. calcu]atwon is g1ven in App“nd1"

e,

Durﬁhgldune and Juiy5.1973, no cgy masses of C. dre1sbachi, o

. : 2 . ' R
G. lobiferus or G. nr.. E_F1DPS" were found in the egg traps. Be- .

cause of ‘this, and the consequent fnPLLd texm1naL10n of thc srudy IR
'if,HU'more were laid by dﬂy species 1n tne bLUJy area, a seuan

vas made fov clwlqnom;u ©yg masses a+ Lhe end of Ju]y Th1s search

7

See Appenu:x I.
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revea1ed'a Targe number of eqg ﬁaéses of G. 1obljglg§land Q.
pay_ﬂpq which had beon Taid anprox1mate1y ?OO m to the cast of ~
‘_thc study arca in a stand of SQ_EPUS vQ11due A total of 180 egg
_‘.masses of each species weﬁghgp11ecteu on July 30 and 31, and de-
“posited by hand in:a;regu1ak distribution in'tho_IXphg;stand on
-these two days. A]]»ejg masses were identifﬁed-in the f{eid using’
a dissectfng microscobe, and only those contafhing'unhatched eggs
were p]aced;id the stgdy,area. ’
Duriﬁg the latter Ha]f of August, egg masées.were aépdsité&
by both G. :1obifgrg§‘ahd GA nr. paripes in the study area. H

(-

E. Fecundity of Chironomids. ‘ : -\f'

ERC

x.

”ﬁ

e

To determine theinﬁfécundity, field collected G. 1ob1ferus,?
and 1Qb0ratory keakéd G. l,b_f rus and G. nr. paripes Wefe'cu1;
tured 1nd1v1dual1/ 1n 8 0z g ass jars conta1ﬂ1ng 1ake water and a

small piece of styrofoam. The Taboratory spec1mens were obta1ned
. from the ewc]o#ed swimming pool described in Sett10n C.. A.fotq1-“

e1ght f1o]o co]]ncted and 12 1aboratory rea\ed G. 1ob1fefusg‘

v

and three 1dbo. atory rearcd G. nr. pyrwpee, were cu1tureo but none K

-‘of:thé'fema1es laid an egg mass before 9y1ng An exam1nat1on was

~a L

not made of any other species. & - ', A

) A . . '
As counts were made of the nuMber~of-eggs n most egg masses

4\:‘
Y

collected t h1othout the supiners of: IJ/Z 74 those havo'beennuség as ..

an estimate of fecundity. »Tnose ey MuoSL: used so1@ny fox ~detep-

mination of the egg nuimber sere dissolved ina ¥ solution of house-

hold bieach prior to counting of the eggs. Because of a possible ad-

~verse affect on the eggs, this method was not applied tO'thosd’egéiu

s

e

T.-\
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masses which also were used for rearing. Instead, these eyg masses
were partla]]y compressed betwcen two g]ass slides separatod by tvo
match sticks prior to counting.

F. Morta]ity fact6r°

To d°torm1ne the hdfch1ng eff1c19ncy of the eggs, egq masses .

Vo
a..

collected in the field were 1dent1f1ed to spec1es and p]aced in indiv-
1dua1~10 dram glass vma]s. The top of eaCh vial was covered with a
p1ece of 50 u mesh n1tex which was held in p]ace b/ the. p]a tic snap—.
cap, tha center of whlch had been removed These vials were sufpendcd
just be1ow the water surface or at, the mud- water ipterface at varioud
1oca11t1e5"wwthnn the i )ha stand. The- contents of the v1a15 were
examined in the" field frequent]y us1ng a dissecting m1croscop , and

« records Pept 01 thn cmb1ent vater!»emperature Hhen no trace couid be
found of.an-eqy muss, the vial was brouoht back to the 1aboratory and
Cits contentg eAam1ned m1croscon1ca]1v at oDX A]] unhatched eggs were
counted. %hcse viere considered dead as none‘ever hatched after piaéing
in- cont1nuou°]y uerated lake water at room temperature (ca. 20°C)

for an add1t1ora1 3-4 days. “ o -

In ca‘u.7a14 ng hatching eff1c1ency the mean number of eggs per eng
maés fo; ¢ shecie  as determ1ned in Sectnon E was emo]oyed' ‘No attovot
was madL to count the number of egg% in any of the egg masses used in

" the expﬁrianLs as th1s m1ght have affected thc hatch1ng ef f1c1ency

Mn examiﬁat1on VA mude of the’ ro]e ef arao1tes, aﬂd of 1ow uater
'temporaturﬂ and/or bcnno frOZen in ice as p0051)1e larval morta11ty :

factors. _ - .

A1 larvae,collected were exsmined for parasites at 40{4OOX..4
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Records were kept of the 1xenL1Ly of each host and of its parasite,
‘and of the perce ntaqe pgr 51L1sm an each samp11ng date.:
Some of the hosts pards1t1zod by mernth1d nemﬁLodes exhibited
the do.e.se mech an1sm of parasite encapsu1etlon. Cbnsequent]y,
records were PenL both of the number of Hosts whdch contained only
encaps u]aLed parasites, and those wh1ch conta1ned one Or more unencap-
sulated paras1tes |
_To determine the role of Tow water temperature and/or being frozen
d1n.1ce as a poss1b1e morta11t) factor, a]] plant samples co11ecﬁed
during the per1od ice was present on the 1ake were examined for dead
,]arvae. ror exam1nat1on,\each samp]e was removed\from the refrigerafor
(4 t+ 0.5° C) and Tet stand at room tempwrature for” approylmate]y one
hour, or for approx1mate1y one hour after a]] ice- had me]ted ATl
]arv:e extracted were. p]aced in a dish conta1n1ng some of the sample :
water. Any larvae which did not respond to mechan1ca] st1mu1atson
- were assumed to have been dead when col]ecood and to have d1ed as a.
resu]t of exposuxo to: 1ow tempcrature and/or be1ng frozen in ice.
| .One of the«1arvae wh1ch did not respond to mechan{cal st1nu]at1on

'.conta1ned a morm1th1d nematode It was assumed to have died because

T the '
0 th paras1te o

.

LG, leForent1aL1on of Larvae from Over1aop1ng Cohortq

In Georoe Lake), G 7ob1ferus has two cohorts per year; one
commence abouL Lhovth1)o week in May qnd'is completed- by the end
of the'summerp The -cohort resuTting from these adults commences
about the firstﬂh&lf of August; 0verninters,band stertsAto7emerge 2-3

,wceks after the ice. hds melted; however as emergence continues
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throughout the sumﬁer, thqré is a mixinécof larvae and adults frp@
the consecutive cohorts. E

The méthods.uséd for»differeﬁtiating these larvae (and'eﬂu1t§)
are givenvin'Appendix.I. As very few of the iérvae from the'preéed— o
'1ig)cohort were found'byvthe‘béginning of August'(Figs.‘16C, ég );f
ahd because of SOme-difficulty.iﬁ dﬁfférentiatingithe.morphs thercafter,
all fourth instar 1ar§ae'c611eCted between Ju1y 31 and‘Augus&‘]S were
assumed‘to belong to the first coﬁbrt ih ]973. Thereafter untiT

the end of Augusf all fourth instar larvae collected were very,smaTT

and consequently were assumed to belong to the second cohort in

1973.
Similar problems”in separating Tarvae of the 1872-73 overwinter-

"ing cuhort of G. Qnei§péchi‘and'of G. nr. paripes from those of the

»

new cohort of each were not encountered, as essentially none of the

. - . Vs A o ‘
overwintering larvae of either spedies was found after May 30. - Separa-- -
tion of the few fourth instar larvae of G. nr. paripes of this first

- cohort from those of the second cohari was done on ithe bLasis of body
size as there were two size classes. Because of the results obtained
-with the G. lobiferus larvae (see Appendix 1), the very small larvac

Weré“aséumed to belong to thg heW‘sécond cohort.
No prob]ems‘wefe'eﬁcdunte%éd in the separation_ofv1arvae 6%

Q,»ggfxgggﬁ;from consecutive cohorts, as ‘there was usually at-least

a one‘instar gan between‘thé minimum agevof the overwintering Tarvae .

and the méximﬁm age of the new cohort larvae. 'Addfﬁiohé]?yq similar

bodybsiie difféfenéés as outlined ahbve werquyident.'v |

. R . . , Y
H. Collection and Rearing of Specimens.

As no data-were available on the species .of chironomids in

¥
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George Lake, and since a basic réquisite[fqg thelﬁonstruction of 1ife
tab]es is the accurate diffekentfation of'spécies:in_alﬁ deVeTopmen—
tal stages (sevén %n chironomids, Viz cqg, four 1arv21 instars, puba,
adult), the f1rst summer also was speni in the rcgu]ar collecting of
egg masses and larvae espec1d1]y from the ngﬁg_stand and qts environs,
rand rearing these through to the adult (both sexes).

Because of the resultant fam111dr1ty ga1ned w1th the egg ma°ses,_

SPCC!CS 1dent1T|cut1on of those co]]ected in th@ egy Lraps dur1ng the

“summer of 1973 usually was 1mmed1at°1y Doss1b1e how ver, those wh1ch
i : v “ i

~caused hesitation in’ Identificafion, or which were. unfam111ar a]so
were reared out. . ‘ : Bk

For rearing, egg masses were pla.ed 1nd1v1dua11y in traysﬁ"
(32 x 19 % 6 cm) Ponba1r1nq lake water,~sed1ment uﬁﬁ*ep1phytnc aigae
wh1ch had been’ scraped off dead nghi.shootg, all hav1ng boew examined
microscopically to ensure ;emoval_of all macro—invert;bratesﬁV‘The
water in.each tray was aeroted gently and cont1nuou 1y, énd.period—
1ca11y some Tet A H1n3 was added.. . A1l cu]tures were eXamined fre-
quont]y and some larvae were k11]ed and preqerved in 70% ethaho]
1mmed|ate1y on hotch1ng from the eog and‘1n each of therthrée remain-
ing instars. Pre—pupa1.fourth 1nstar 1arvae'from Zhe cu]tufes, and |
fourth instar larvac collected in the field, were ;eared individually -
'fn viais Qonfaining lake water. Specimens of bofh éexeé were kf]led

in'thé pupal and in the adu]t stage, and preservad in 70% ethanol

Notes were made on the co]orau1oq of the frésn1/ ku]led specnmnns. ' , .

3A food for tropical- |1sh nanufactuxcd by Dr. R.N. Baensch, lelle,
West Germany. .
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I. _Preparatign, Drawing and Identification of Specimens.

To prepare specimen%'for drawing and identification, dissected
adults, pupae and larvae first vere cleared by placing in warm 10%
potassium hydroy1de for 5-10 m1nutes ‘and then trdnsferred to g]ac1a1

acpu1c acid. The u1nga, and the Tegs: from one s1de of .each aou1t

werc placed d1rcct1y into the acetic acid. Subcequent1y, all were

passed t} k@ughgtwo chanqcs of abso]ute ethanol gnd mounted in [uparal4

under No. 1 coverslips.

_ A1l drawings were made, using a camera lucida.

Eg@{c]assification.of the Chironomidae follows that pﬁgposéd'

\?{vi on, Saether and Oliver (1959). Identifications primariTy

“¥011ow Hamilton, Saether and O]iver;(InvPreparatjon).f

Jd

N

4Tfademafk of G.B.I. (Labs) Ltd.;/Denton, England.
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"IV, RESULTS

A. Surveying 0f Study Area.

.

- When the study area was f1rst mapped on: May 8, T973 596 dead : : ;“
: 1_xpha_shoots ere present? i.e. a mean dens1ty of 11.0 per square’ |
meterr‘ On June533 Ju]yrZO, August,Z],-and‘September.30, ]973, the
total number of 1ive Typha shoots tn’the.study area was 820, 870,
.874,‘and 85Q respective1y The. correspond1ng mean dens1t1es on these
dates were 15.2,.16.1, 16.2, and 15.7 per square meter respect1ve1y

e
‘B." Physical Parameters.

Throughout 1973 the water de pth in the _xpha_stand was 50 55 cm.
An atypically heavy snowfa]l dur1ng the w1nter of 1973- 74 resu]ted
in the Water depth 1ncreas1ng to approx1mate1y 110 cm follow1ng the
- spring thaw Subsequent1y, the water depth decreased s11ght1y, how
| ever, cons1derab]e rain 1n late June and in ear1y July resu]ted in
it 1ncreas1ng to ]22,'cmT Thereafter it dec1|ned (F1g. 7)s v
Throughout most of the study the ;Xpha_stand.was.1ocated 0.5-1.0m
from the shore]1ne, however, this d1stance var1ed up to a maximum of N
approx1mate1y 40 min spr1ng and summer ]974 due to the f]uctuat1ng
water Tevel. ' o -
The var1at1on in water temperature in the _xpha stand is shown ‘ {
~1in F1g 8. The f1rst measurement was taken on May 8 1973, approx- h
‘1mate1y one and a ha]f weeks after the ice me]ted, when a va]ue of
12°C was- recorded Thereafter the temperature 1ncreased though

f]uctuat1ng strong]y, unt11 July 31, when a max1mum of 30. 5°C was
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A

recorded at the air-water interface. Subseduently,‘the'tempera%hre
dropped sharp1y tb 18°C on August 5. The maximum tempcratureirecorded
in August was 22 5°C on the 15th., and in September was 18°C on the
10th. By October 15 it. had dropped to 4° C,;and by November‘S 1tvwas
ooc. | o | -

Ice was recorded first on October 15 and increased in thickness
as shown in.Fig.'8._ A maximum thickness_bf 51 cm was -recorded, on
Apri1b3, 7974, when it_ektended to :the mud»’eter.interfaCf Tce was
still present in the study area.on April & ~ut was cbvered with a
layer of water apprbximately 60'cm deep. Jr tay 4 alf'the ice had
disappeared, and the water was-isothermal a 1t°C. Thereafter the

temperature increased,‘though f]dctdatin;. 20 a maximum of 23°C on

Jutfe 22. A va]ue'of 13°C was recOrdod 0. July 13.. Subseqdent1y, the*i

water temperature 1ncreased to 22°C on Ju]y 27. No‘measurements'were,

made after Ju1y 30.

‘At no time during either summer was there any evidence of thermal

strat1r1cat1on in the study area. : '1 DR _{Vf

_Changes . Jater transparency in the Txgha stand are shown in °
-Fig. 7. On1y oﬁ‘two occas1ons, May 30, 1973, and June 15 1974, cou]d
“the Secchi disc be seen at the ater 1nterface | A

I

C. Efficiency”of Emergence Trap.

B2

‘Urapp1ng Eff1c1ency
Resdlts show1ng the number of ch1ronom1d adu]ts of all spec1es
'collected w1th1n the po]ythene tent and in each of the s1x emergence

traps dur1ng each of the 10 collection per1ods are g1ven in Table 1

_“1"4‘]'



Table 1. Number of chironomid

adults-collected within the poly-

+ . thene tent and in each of the six emergence traps (T] -~
o T6) during the 10 co]]ectipn periods. _ - v
' " Number %ﬁkEmergence Traps = | o
ST o : — S — Total
-Collection Number »T] T2 T3 ' ,T4 -T5 L T Number -
Period.  in Tent - - ' g | ~ Emerged
A 1883 04 2 9 4 17
B 228 4 5. 3. 6 4 6 .25
o 820 g 21° 10, 10 13 12 493
D 517 . 8 - 174 g g 18 15 589
B85 8 3 42 26 17 623
- B L RV R 42y
S s ) o
G - 07 6 9 5 6 6 4 243
H 0T e d 0 2 g 157
1 119 T s 2 0 0 5 1 13
7 A 0 3% 2 3 2 108
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As the ca]endar dates are'irreleVant, each of the original collection
periods has been assigned a letter (A-J). | ' |
| A paired t-test was performed to determihe ir‘there was a |
sfgnificant difference (P$§'0.05) between ﬁhe nomber of adults caught
in the peripheral traps (T], T2, T3) end in the central traps (T T

T

4" 5)‘

6)} Results indicated that there wds‘nohsignificant difference
Q(Tah1e 2). ,

“As there was no edge effect the data from a11'siy treps were

- combined to- determine if the trapp1ng nfffimency of the emerqcnce tra
for all spec1es of ch1r0nom1ds comb1ned d1ffered s1gn1f1cant1y from

. f]OQAf ,STnce the Six emergence traps samp]ed an area of 0.6 m2 the - -
.humber of specimehs co11ected in the po]&*hene tent, i.e. emerg1ng LT
outs1oﬁ the six emergence traps, was expressed in the sewe un1es, and

- a pa1red t- Lest performed us1ng the pa1rs of va]ues obtained on all
samp11ng dates‘(Tab]e 3). Resu]ts indicdted that the eff1c1ency of =
*the trap d1d not d1ffer significantly from. 100%

Ident1ca1vaha1yses were performed on the'data‘for eaeh of the
three most abundant speeies These showed that there‘yas,no edge
‘.effect for any of the three species (Tab]es 4, 6 gh§%8ohand that the
eff1c1ency of the trap for capturﬁngvg,-lobiferus andvD:)nervosus did .

\\

not differ significdnt]y From 100% (Tables 5 and 9); however for

Fndoch1ronomus n. sp ;Je dev1at1on in eff1c1ency was s1gn1f1cant
bat just“barely so (Tab]e 7) . |
2. Retention Efficiehcy.

. d)‘ Addftion of a consfantinumber oﬁ speeimenSveachAday.

Results obtained from these'experiments are given in Tab]e 10.  The
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. Table 2. t-test to determine if there was a significant difference

. between-the number of chironomids of ali species caught
in the peripheral (T,+T,#7,) and-in.the central (Ty#T+Te)
emergence traps. - i

Collection sNumber i Tog # in  Number in log # in
Collection . Peripheral Peripheral Central Central

SPeriod ‘. Traps Traps - Traps . . Traps

A7 oes 6

B2 N0782 TR T e
C § 38 1.5798 e - R

D e I M
E 43 1.6335 . B5
o 25 13wme g8

6 20 1300 16
H 3 o | = 6
. ‘(r e T ) o ‘Aa’flu BT Wi
o 0.8451 6 07782 ©
34 0.6021 S A V1)
t for 9 DF at P< 0.05 = 2.26 o “Calculated t = ],42 -




Table 3..

t-test to determ1ne if the erpp1ng eff]Clency of the
emergence trap for all species of chironomids combined
was significantly different from 100%.

Co11ectioh

|
)

Number Emerging per 0.6 m

2

Inside ‘the Traps

Outside the Traps

Period

X . Tog X y { jog y o

A 13 1.1139 2 1.3838

B 28 1.4472 3.9 1.5428

c 73 1.8633 64.3 1.8082

D -7 1.8573 7910 7 1.8982

E 98 1.9912 80.3 ; 1.9047

F .83 1.7243 57.2 17574

G 36 1.6563 3.7 ’,1.5011:

H 7 0.8451 23.0 13617

1“ 13 1.1139 8.2 >-5 1.2601
0 o Te 1o SRT: N WV

-t for 9 DF at P< 0 05 = 2.26v ~ Calculated t = T.80

45



' Table -4,
' .pheral (T

traps. . 2.3

t-test to determine if t
between the number of G.

+T+T

here was a sigrificant difference
tobiferus caught in the peri-

]+T +T,) and im tThe central (T4 ) emergence

Number 1in

Tog # in

Number in

“log # in

Coggiggéon ‘Peripheral . - "Peripheral-. Central Central
S # Traps‘ Traps Traps Traps

A3 04771 R 0.3010
B s . 0.6990 6 0.7782
S 15 1.1761 g 0.9542

D 12 1792 7 0.8451
E 27 1.4314 40 1.6021
F 16 1.2041, 20 1.3802
G a6 L 20 10 ©1.0000 °

- 3 04771 2 0. 30}
‘I 2 _.‘:  7' 0.8451, | - 5 O,§9962¥f?
B o 2 0.3010 7 j%§¢58451 |

"t for 9 DF at P< 0.05 = 2.26 Calculated

t =.6.23 Ty

16
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Table 5. t-test to determine if the trabping‘effﬁciency of the
: - emergence “op for G. Jobiferus was significantly differ-
ent from 10u.. S :

47

Number Emerging per 0.6 m2
*§0;l$§§;on -Inside fHe Traps Outside the Traps -
X log x L y : log y
AT s o600 12,5 1.0069
B M 1o ©12a1 0 1.0s28
o sz 187 1.1
D19 Colemss 274 taze
E 67 1.8261 | 46.7 | 16603

F 10 1.6021 & 39.9 o 1.6010
6 2% " 1.4150 265 1.3802
W5 0990 88 Lo
1 Nz 10792 159 1.2014

Ca]cuiated t = 1.6

v

\'::l-.)

0.9542 125 1,0969



-~

‘Table 6.

v

t-test to determine if there was a significant difference .

between the number of Endochironomus n. Sp. caught in the

-t for 6 DF athRe 0.05 = 2.45

-

peripheral (T +T2+T3);and in the central (T4+T5+T6)
. emergence tra 5. : _ . ‘
Collection  Jutber 11 Cental’ el
o - ~Traps Traps _ .Tgaps
A+B 2 0.3010 '5.' o 0.6990
c 18 1;25§3 R o 1.204]
. D 1B 139 29 162
*’vg§§ ; RACTE Lust s 1761
o F 8 S 0.9031 - 4 0.6021
G 3 ;.014771 - Coa | 0.6021
T4 1 +0.0000 s | 0.4771

“Calculated t = 1.38,

T 48



P

) different from 100%,

© Table 7. [t-test fO'deférmine if the trapping
. ¢ emergence. trap for Endoc

1

prd

efficiency of the

hironomus n. sp. was significantly

4

CoJ]ecfioh
" Period-

NumbeF'EmeEging,pér4O.6 e

.. Inside the Traps

Outside the’ Traps -

D

f”i‘ SO équ X y ' -log y
A+B 7 Coo.eas1 13.8 11399

c 3418318 349 T 9 1.5428

D A2 . a2 462 1.6646
E 29 f]“" "T}4624 . 2.0 1.5051
F o ylorez 168 1.2253
R ;o gﬁ, o o.8gs1 7 6.9 . 0.3388
T+ 4 ‘544 L 616021 ~7.0 ';"0;845]

~tfor 6 DF at P<< 0.05 = 2.447, -

©

Calculated t = 2.453

e

.49
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Table 8. t-test-to .determine if- tﬁere was a significant difference
- between the number of D. nervosus CaUJht in the peripheral
(T]+T2+T3) };?n1n the centra] ZT4+T5 6 emergence traps.
. Number in log-# in_ “Number in.  Tog # in
Co;;sggaon Peripheral - Peripheral Central - Central
Traps Traps - : Traps" - Traps
- AL 1. 00000 . g - 0.4771
BT c0.3010 4 0.6021
e 4. ool 9T T o.9s5a2
D-Jd - 9 09542 5 | 0.6990
. BFOrIDFat P<0.05-3.18 . Caleulated £ - 135 - -
cean
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=4

& Table- 9 _I test to determine if ‘the trapping eff1c1ency of the - a

- v emergence trap for D. nervosus was significantly different
from 100% : : ' ‘ )

¢ : : Number Emerging -per 0.6 mz.ﬁ‘
“Collection. T | ,‘
Cperiod. . - Inside the Traps ' . . Outside the Traps

A oms o 0.6021 6.6 . 0.819
B s 0.7782 . 8.9 . 0.94%4
co. 1B amse L 98 - oz
D o100 100000 s 4.2///';j':_‘oissoz S
N3 2 030000 - 16 0.1761 o
‘ . . // T ,‘ " ' .
F=d . 2 . ... -0.3010 2.0 . 7.0.3010
, 3 o i , S e .
"t for 5 DF at P< 0.05 = 2.57 ® . Calculated t = 0.35
. o - — o
3 j‘
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“Table 10. " Results from experiments to déterminé the retention effi-
ciency of the emergence trap based on addition of a con-
stant number” of specimens each day. '

No.  of days after starting expt. Cumulative number lo.

Stakting No.

and No. added 1 - 2 3+ 4 5 6 After After

- " "four days ° seven days '

‘each. day .

Qumu]ative number retained - M F ‘M F

2 2 4 6 8 8 9 10 0 @ 1 3
P S 66 7 8 9 1 1 2 3
B 2 4 6 7 7 8 8 0 .1 2 a
2! 2 4 4 6 -8 10 12 0 2 2

2 2 3 5 7 9 0 12 0 1 1
4t 4 812 15 18 2.2 0 1 0 2
4. 4 8 12 14 1720 23 1 1 2 3

4 3.7 10 14 7 2 24 1 L2 2
A Y8 9 12 13 15 191 33 &

6 6 1 12 16 15 21 23 3 5 7 12

6 6 11 14 1 16 2 2 7 3.1 - 7

6 6 12 16 22 28 33 38 1 12 2
6 - 5.1 1419 23 2 332 3 3. 6
s g 16 21 "25 28 31 30 : 5 2 15 1
8 6 13 21 23 28 3 .3 3 6 8 12

R R ! 19 27 34 42 48 2 3. 5 3
g g 16 20 25 29 3 39 3 4 7,10
& B 12 6 21 27 32 34 7 7 12
S0 10 192 @ 3w 39 @ 3 s 13 1

10 .7 i 9 18 24.- 28' 33 40" 47 5 7 -9 14
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data were ana1y;edgto determine if a sjgnificant'cnrneTationvekieted
between the percentage-retention-and tHe number of adu]ts<p1aEéd in»‘
the trap, ﬁ e. if the retention. eff1c1ency was density- dependent ,-
both var1ab1es be1ng cumu1at1ve The corre]at1on,coeff1c1ent was
-determined for each of the seven days»of eigerimentatipn but ndne
was significantt(P <:Of05)ﬁ' ConscdnentTy;Ithe data from all experi-
ments were combined and a;corie]ation coeffieient 11cu]ated between
‘the'cumu1atfve perEentagelnetention‘a' .2 number of‘days expired v d‘
since cdmmendament of-theieXperiment, i.e. fhe ndmber of days since
1ast emptying the‘traps A co?re]at1on coeff1c1ent of 0.618 was

k- d1ned which is s1gn1f1cant at P = O 005 The cprrelation coef—
“ficients for‘the semi-logarithmic and the log- 109 re]at1onsh1p were

’ chee,ed also, and va]ues of 0. 61? and 0. 310 respect1ve]y were ob-

'ta1ned. The best f1i regre sion 11ne is g1ven by the, equat1on

Y =11, 44 - 0.09X (F1g 9).

App11cat1on of a Ch1—/quared test to the sex rat1o of the- cumui;///f//f;”’;
‘]atlve number of adults 1d@t after four and a|aer seven days (Tab]e 10), B
us1ng the number of ma1es/and of femaTes as the observed values and

the mean of the tota] number of adu]ts of". both sexes combined as the )
expected va]ues,vshowed that the sex rat1o did not dev1ate signifi-- - kf
cant1y (P =0.05) from-un1ty after four days (Table 11), but did soi".;- 'f
after seven‘days‘(Tab]e 12). v] S S | | f

b)) Add1t10n of all: spec1mens at one* spec1f1c t1me Resu]ts

obe21ned from these experlments are glven in Tab]e 13 Ana]yses of

the. data as out11ned above showed that a s1gn1f1cant corre]at1on

(P QQO.OS/ “id not exist between the percentage retention and the,‘ AR

ant
3
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o~ . : . - : o 2 .
- Obsey .  (6-E)
+~ - Observed . : I;Expected RS
‘Males 42 w95
Females 57 495 | 194
C99 ©99.0 W

Table 11..-

5

Chi-Squa~ed test to determine if.any difference existed
between the cunulative number or males and of females
not retained by the emergence traps after four days.
Data from Table 10.. ' : ~

jX-2_ for 1 DF at P< 0.05 = 3.84

56
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Table 12. Chi-Squared test to determine if any difference existed’

' between the cumulative number of males and of females
ot retained by the emergence traps after.seven days.

-~ Data from Table 10. '

. Observed Expected LQ%EL
| -, - g o
. Males” 100 . M58 2.08
 Eemales B - N s s
N 23 o 231.0 4.6
X2 |

for 1 DF at P< 0.05 = 3.84
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Table 13. ReSu]ts»from experiments to determine the retention effi-
ciency of the emergence trap based on addition of all
specimens just at one specific time.

<.

Number of days after starting éxperiment _

Number 1 2 3. 4 5 Number
‘placed in trap | — v ‘ ~ T lost -
' Cumulative number retained : ,ﬁ F
Q 2 2 2 2 2 2 0 0
4 4 . 2 2o 2 1
6 6 6 5 5 .5 0 . 1
6 6 6 5 4 4 0 2
8 7 7 6 5 5 ] ?2,
8 5 4 43 3 2 3
10 10 10 10 10, 10 o 0
10 9 .8 g g - g 1 2
16 . g 7 2 A R
R P PR 13 12 1 1
L R I I 5 s 1 g
6 14 13 10 0 10 10 2 4
8 7 w15 s 1L 2
2 0 1 15 15 15 o1 g
2 v 2 a0 7 7 23
2 2116 13 B ERREE T 7
28 27 25 19 18 P R R
e A2 20 18 7 oqe 7.9
Ml %0 % s s 4 s
T R B R R 3

44335 g9 27 a7 .3
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Calculation of -

L

va1ues of 0. J7u, O 568 and 0.558 for the ar1thmee1c, semi- 1ogar1thm1c

ant “the log- 1og reiat1onsh1p The best-fit regression line is given

by the equation Y- = J00.78 - 5.66X (Fig. 10).

~Application of‘a Chi-Squared test to the sex ratio of the cumu-

lative number of adu]ts Tost. at the end of a]] experiments (Tab]e 14)

- us1ng the number-of ma1es and of females as the observed values and

“the mean_of the total number of adults of both sexes comb1ned as the

expeqtedivalues, showed that the sex ratio did deviate significantly -

(P < 0.05) from unity.

D. Fecund1t/ ofr€h1ronom|ds

' eggs per egg mass. of each spec1es In summary, ‘the mean number of egg§

In Appendjx I, which dea]s with the morphological differentiation

'i of G. dre1°l cds Q, lob1ferus ahd G. nr. E_r pes in-all deve]opmenua1_

stages, a tab1e is g1ven (Tab]e 1) wh1ch 1nc]udes data on the numbe( of

{
!

;"pervegg ma S in G dre1¢bach1 was 5]9 4, in G lobiferus it was 13]“ J
“5landl5n Gi‘ par19e 1t was 1007 7 The va]ue for G. dreisbachi is//

based so]e]y on- egg masses co]]ected in the spr1ng, whereas those fgr
the othehwtwo spec1es are based on egg masses co]]ected in sﬁrTﬁg//'
( May) and summer ( June September)

Compar1son of the number of eggs in seven egg masses co]]ected

" in spr1ng and 1n six co11ected in summen}&howed no- essent1a1 d1fference .
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Table 14. Chi-Squared test to determine if 'a"ny d‘ifferenq,e""é;(isted‘ '
’ - between the total number of mates and of females not
retained by the emergence traps.” Data “from Table 13.°
— _ , 2 '
Observed - Expected . iQ:EE—)
‘Males ' 42 855 o 3.28
“Females 69 55,5 R f
, o 1m0 . 656
X% For 1 DF at P< 0.05 = 3.84 |



for G. nr. paripes, viz. 1009.7 andﬂ1005;3 eggs'penféggnnoss_respecfﬂ-
tively. Examination of'five soring‘andv12 sumerQEQQ masses of
-G. lobiferus ngC mean va]ues of 1248.0 and- 1340 3 ,espect1ve1y

For D. QEEXQiﬁia the nunber: of eggo was: determ1ned in.only three
egg masses. One was co1]ected on June 13, and two on Ju1y 1 19ﬁa.v
They conta1ned 362, 363 and 312 eggs respect1ve1y, aiving a mean

value of 345.7 eggs per egg mass. | S : P

E. Lifc Tables®. I I

_1}’ D1crotend1pes nervosus. |
wa egg masses were found in the eyg traps betu en“Jone 13 ond

July 1; 1973; al] exceptﬁone-were.co11ected between Jone’13 endh17.- ~
The mean number of egg< laid per souare meeer wae 28?0@0,“end the 95%-
conf1dence Timits were 1210 0 - 4667 0 Flfty,pex'cent‘o( tne—eogs_
were 1a;o ‘by June 15. S | '

P]ant and core samp]es vere co]]ecteo on June 1 Cbut no first:
~instar 1arvae were found unt11 June 21, the subsequent camp11no date.

A plot of the density of the 1arvae of the new cohort in fhe 11ve and

the dead Typha shoots and on the 1ake bottom, and of the1r tota]

dens1ty on each sampling date is given 1nvFjg. 11 (all density estimates =

/

with their'95%oc0nfidence Timits are tabuTated 1n Appendi» III). As

indicated, 1arvae were co]1ected in a]] three sub-habitats, but least

frequent1y on the lake bottom,- where none was’ found after October 1. A

<

plot of the change 1n the per rent of the 1arvae in each 1nstar 1s given

}
4For exp]anat1on of the symbols used and- the equat1ons used ‘to.derive
thu popu]at1on seat1st1cs see Append1x IT.

e
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in Fig. 12. = : | . g?" |
| A]though the var1ance of the est1mates of total 1arva] denS1ty was

h1gh y(Fig. 13D). a s1gn1f1cant decrease did occur in popu]at1on dens1ty,

“since ca]culat1on of the correlation coeff1c1ent between tota
density and time, start1ng with the peak dens1ty (920 6/m - Ju]y 2])
gave a va]ue of 0.59 which is significant at P = 0.05.
Except for ope fema]e col” wctedqﬁn an. emergence trap on Ju]y 23
]973, all adu]ts were trapped between?dune 4 and Ju]y 14, 1974 °
IV(F1g. 14). A tota] of 62 adu]ts were caught Dates for comp]etion'h
" of 25, 50 and 75, of emergence were June 13 and 17, and Ju]y 4 respec—_
tive]y. Est1mates for th. number of ma1es, fema]es and "both’ sexes
comb1ned which successfuT]y comp]etcd the aquatic phase of the 11fe
cyc]e (vrith the 95% confidence limits in parentheses) were 48.2 (L2.6e
81.4), 188.3»(121.8—2@7.3) and 236.5 (164.8-318.1) per square meter
respective]y. | ;/,\ '
A part1a1 1ife tab]e is given in, Tab1e 15, and, var1ous popu]at1on
statistics are given ‘in 1ab1e 6. i
2. G]yptotend1pes dre1sbach1

u'

E1ght egg masses of this soec1es were - found in the egg traps,'

and a1l were co11ected between May 22 and 25 The ma2an number.of €ggs
'1 laid per square meter was 6923.6; and the 957 conf1deﬂce 11m1t$\\ere “
.2088.0 - 9245L3 F1fty per cent were laid Ly May 24. G
ﬂci A1though,p]ant and core samp]es were co]]ected on May 30, no
larvae were found unt11 June 3, the subsequent date of samp]1ng ‘A

plot. of the dens1ty of ‘the larvae per square meter in the live and

" in the dead Txgha shoots, and of the1r total: dens1ty on{each samp]1ng
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Fig.

13.

Topse
<%

-

&

P

Number of eggs lTaid®and the total density of the rééu]‘taht
larvae of G. dreisbachi (A), G. lobiferus (summér cohort (B);

overwintering cohort (E)), G. nr.paripes (summer cohort (C);
overwinterir cohort™F)); apd D.‘nervosus (D) in the study

area. Vertical Tines represent the 959 confidence 1imits.
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Emergenfe patternJ of the males and of 1he fema1es (positive)’
and ncgative histograms re>peymuve|/) of G. 1ob1fcrus and
G. nr.. par]LH§ of the first coliort ip973 and of the subse-

quent. coliort 1n 1974, The emergence paLLcrn of the one co-

“hort of D. nervosus in 1973 and inA1974"4s given also. No

emergence traps were 1ost ” b

data were CO]]GCLEd during the period June 22-29, 1974, as
heavy rains and -strong winds occurred throughout, and all
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EMERGENCE PER SQUARE METER PER DAY
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TABLE 15.° Partial 1tfe table for D, fervasus for. fts 1973-74 cohort. All densities expressed 43 number per square meter.
Sampling  Calendsr g Duratton Larval Adult’ Tatal Per Cent Pivotal  Na. of Ferales
Date Age of Cohart Density Bensity Pepulation  Population Age x Surviving 1 v
{days) Corpleted . M F Densfty Surviving (days) to Reproduce x x
© . June 15 0 0.0 2880.0 2880.0 100.0
) ; 3.0
21 6 - LS 22,3 ) 22.3 ’
' 8.5
n, 2.8 48.4 48.4
; 13.%
Jaly 16 4.0 391.2 391.2 R .
. . s . i " 18.5 :
2 .3 667.3 667.9 . )
. : 23.5 ¥
L 26 6.5 382.3 382.3 . :
. - 28.5
16 n 1.8 N 7131 .
. : 33.5
2] 36 9.0 920.6 920.6 32.0 R
B ’ L 38.5
% )] 10.3 518.8 0.0 2356  521.2 181
"\ : . P 43.5 3.027 0.002  ©.346
KL 13 1.5 444.6 N 444.6- 15.4 : :
: 48.5 B
Aug. 5 51 12.8  385.4 385.4 13.4 - ’
\ £3.5
10 56 14.0 . 353.0 353.0 12.2
. : . .58.5
15 61 15.3 355.0 355.0 12.3
X . 63.5
20 66 16.6 745.0 745.0 25.9,
. . . €8.5
25 n. 17.8 4a1.2 411.2 14.3
' . : 73.8
30 76 =19 607.4 607.4 211
Sept. 4 81 20.3 606.5 < 606.5 2.1 078 3.
. . 84.0
10 87 21.8 453.0 451.0 15.6
i . ) 90.5
17 94 23.6 530.4 . 530.4 18.4 ¢
. 97.9
24 0 25.4 268.3 268.3 9.3 .
- . - . 104.5
oct. 1 108 7. $82.0 582.0 20.2 hse J
115.0
15 122 30.6 721.3 721.3 25.0
: : R 132.5
tov. § 143 35.9 328.0 328.0 n.4
150.5 o
Dec. 10 178 45.7 176.6 176.6 6.1
- 206.5
Feb. ' 5 235 £9.0 165.2 165.2 5.7
281.5
May 8 327 82.1 180.3 180.3 6.3 E
. . 340.5
June 4 354 83.8 0.0 15.467 ' .
. . 355.0- 12.655 0.009 1.55%
6 356 89.3 - 0. 9.843 . .
- -, 358.0 0.000 0.006 0.000
10 360 90.3 0.0 0.000 A .
. 361.5 0.000 0.000 0.000
13 363 91.1 4.1 85.500 Y -
365.0 69.954 0.048 8.294
17 367 92.1 1.1 34.918 \ .
. 1368.5 ' 9.491 0.006 1,037
20 1370 g92.8. 16.3 13.406 h : . .
Lt : 372.5 6.654 0.005 0.8%4
25 . 315 941 1S 0.739 s
- . 3 377.5 0.000 0.000 0.000
6. .80 95.4 S N6 733 - :
. . . o 382.0 '6:327 0:00% . 0.69)
July 4 384 96.4 9.3 42,809 /"
: P ST 386.0 33.300 0.023 . 3.974
3 388 _97.4 4.4.18.833 - R
| : . ! o 389.5 6.327 0.0G4. * 0691
n 391 98.1 o 0.0 3.518 2.5 . 60 T
v . - - 392. 0.000 “0.c00
1 394 96.9 0.0 7.733 0.000 ‘ _
o 395.5 6.327 0.004. 0.691"
1”7 397 99.6 0.0 3.51%
. , , Co 39pEw 0.000 . 0.060 0.000
20 399 100.0 . 0.0 0.000 0.0 0.0 ‘ :
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date is given in Fig. 15 (all density estimates with their 95% confi-

dence limits are tabulated in Appendix III). No larvae were found on

the lake bottom. A plot of the change in Lhe per cent of all larvae

- in.each instar is given in Fig. 16A.

The variance of the estimates of total Tarval density was high.

(Fig. 13A); however, a. significant decrease did occur in population

denSity, éince ra]ru]éfion of the correlation Coefficient-between'
tota] Tarval uenv1ty and t1me, :Part1ng with-the peaP dens1t/ (704 0 -
"~ June 17) ave a value of 0. 78 whlch is s1gn1f1cant at P =£0.01.

0n1y one adult, a fema]e, Was co11ected in the emergence traps,
on August 7. This was equ1va1ent to a surv1vorsh1p of .7 per square
mefer Theb95% coniidence 11m1Ls were 0 - 23.6 per squane meter.

A 17fevtab1e 15 given in Table 17, and various popu]at1on

stat1se1cs are given in 1ab1e 16.

3. G]ypqugnu1pes 1ob1ferusr.

a)' First cohort. Four egg masses of the first cohort were
found in the egg traps and all werc collected dur1ng the per1od .
May 2é~28.  The mean number of eggs Jaid per square meter was 8324.2,
and ehe 95% conf1dence Timits were 1347.8 - 15475.2. Fifty“eer‘eent
WGrex1ai( by May 25

S1m11ar to G. dre1sbach1,Ano first 1nstar ]arvae were found

)

untal June 3. Larvae of G. 1ob1ferus were found in a]T three sub hab—

itats, but 1east freqaenely in assoc1at10n w1th the 11ve Xgha shoots

A plot of the density of ﬁne 1arvae %n “he Iive and the dead Txgng
shoots and on the lake bottom, and of fheir total density on.eeth.

sémpling'date is given in Fig. 17 (a11~densjtyvestimates-with their

4
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95%_confidence Timits are g1ven in Append1x III) AVpIot of the\\‘ange
in the per cent of all Iarvae 1n each instar is g1ven 1n F1g IGB.
S1m1Iar to the precedmng two spec1es, the variance of the ésti—.
mates of total Tarval dens1ty was h]gh (F1g =¥3B) S1m11ar1y aIso,
calz uIat1on of the torre]at1on coeff1c1ent between total tarval -
s1ty and t1me, start7ng w1th the peak dens1ty (2233 5/ng; June 3,

- reveaIed a s|gn1f1cant decrease i popuIat@on dcns1ty (r= 0;70, l
Dr=oon)., | | |

| -Emergence commenced on June 24 and. cont1nued unt1] August 22 -
(f1g 14). A totaI of 53 aduIts were coIIected in the tr ps | Dates

‘ for compIet1on of 25 50 and 75% of emergence wepe JuIy 13 and 28, and
' August 12 respecttve]y Est1mates for the number of maIes, females .i
"ﬁand both ‘sexes comb1ned which successfuIIy como]eted the aquatic phase
lof the.l1fe cycIe (with the 954 confidence I1m ts_1n parentheses) were
141.0 (31.9-3IOL8), 64.2 (34 2- IOI 3) and 905 2 (85 3- 369 7) pe? square

_ meten “esptttively‘ . PN :

I]fe ta“]e is gdven 1n TabIe.I8 and var1ous popugat1on

stat1st1cs are given in TabIe 6. L. ?'A e
' b) ﬁecond cohort : A total of f1ve egg masses of the second
..cohort were found in the egg traps, aII dur1ng the per1od AUgust 15~ 28.<
As 70 egg massgiNyere depos1ted by hand in the T _zghg_stand on, JuIy 30

| and-IIO’on July 3], all ina reguIar d1str1but1on the comb1ned num-
"bers be1ng equ1va1ent to a depos1t1on of O 33 egg masses per 0. 1 m2‘

4‘(the area -sampled by an eqg- trap) the- tota] number depos1ted dug@ng

'the per1od JuIy 30 - August 28 was 11875 0 eggs per square meter

\\

; The 95A conf1dence Timits were 6]65 4 - 16619.7 eggs per square meter |
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. Fity per cent’ were depos1ted by August 15 , ';?

F1rst 1nstar Iarvae of this’ cohort were found f1rst on August 5

'Larvae were found in assoc1at10n w1th both the. I1ve and dead Txpha

ShOOLS on aII except one samp11n94date (August 105 1973) bUt on the

-lake bottom on onIy two occaSAOns CSeptember 24, I9?3 and February 5,

1974) A plot of’ the dens1ty of the Iarvae 1n each sub hab1ta , aﬁd

of the totaI dens1ty on each samp]1ng date is g1ven 1n F1g ]8 (aIP

dens1ty est1mates w1th their 95/ conf1dence I1m1ts are g1ven in .
Append1x III) A pIot of the change in the per cent of aII Iarvae

' in each 1nstar is g1ven in Fig. 19A. ' - . ;s .w

. As w1th the tota] density est1matgﬁ for the preced1ng cohort
those for the present cohort a]so had a h1gh varTance however, in

T
contrast ‘to the former cohort, ca]cu]at1on of the correIat1on coef-

f1c1ent as outT1ned d1d not reveal- -any s1gnlr1cant {E\\J??OS) decréase

1n popu]at1on dens1ty './ -

Emergence commenced on June 4 and extended to Se&iember 5, 1974 -

(F1g 14) : Dates for compIet1on of 25 50 and ?5/ of emergence were

July. 4 and 18, and August 8 respect1ve1y Estwmates for the number

\
of males, fema]es and both sexes comb1ned wh1ch 3uccessfu11y~com—

pIeted the aquat]c phase of the I]fe'oycle (w1th the 95% conf1dence
R 3“ G
I1m1ts in parentheses were §233]‘(

4]9 6 (179.8- 745 5) per squa'e,m er respe

" A partial I1?e table ik
stat1st1cs are g1ven 1n TabIe

R, __yptotend1pes nr.
JCM RIS . S ‘

a) FIPSt cohort Fiyeﬁébg{ ses’were found 1h the egg traps,

. Lo s Q‘?;_‘;‘ ) “\ : B ’ )

;4997“8), 96 5 (0. 2-250.0) and
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TABLE 19,

Syplirg
Date

sug. 18
20

Sept. 4

"

20
22
25
28

A 12’
o

16

2

n
Sept.AS

“n

Partial Mife tabe for g.

nz -

174
269

296 '
298 .

‘302
- 305
09
a2

ETS

322
326

330

© 333
336
339

7

344

M7
1)

387
)

© 369
77

ny

39

193
395

Calenday ¢ Buration. [aryal Adule Total
A " of Cohort Censity Dens ity Populal!un
Completed L] Dpns!ty
0.0 nas.o ars.0
1 245.2 M52
2.5 871.9 821.9
X R IR T . 791.3
S50 nisos : 1508
6.6 nes.s 1g6.5
8.4 899.2 ° 899.2
10.2 w2iee - 1219.2
.9 859.1 859.1
15,5 996.4 996.4
208 535.7 8357
29.7 158.7 158.7
5.2 " 6135 . 613.5
“sa.'a :‘536?5'3 ' 625.3
75.0 . ¥ 3.9 3.7
" 75.6 0.2 6.3z
7.4 TS K R
7.4 1.4 5 g3
78.4 3.3 109
79.2 16.3 ' 0.000
80.5 L5 0.000
8.7 23.2 11.600
827 SLY 19297 .
83.8 X 8.951
84.8
853"
.50
8.8
87.3
88,1 -
-88.8 7.4 y.849
' 89.8 2.3 12200
- '90.6 . 24 g1
'91.6 1.6 1.055
‘s2.6 2.4 o.000,
93.6 22.7 0.000
X XN 2.0 €300
%.2 2.7 13291
97.5- 23 1
9.7 3.7 0.000 K
99.8- " 1.0 0.000 -
.0 - 0.0 '0.000 0.0

v

lggilprus.!or fts 19/

coﬂbrt.

Per Cent

Population
Surviving

100.0.

10.3
1.2
8.4
45
3.9
5.2
5.3

o'

Pivotal
Age x
(days)

2.5
7.5
12.5
7.5 .
23.0
2.5
36.5
s
4.0
n.s
9.5
5.5
21.5
0.5
297.0

o
3035
307.5,

. 310.8

3]4.5'
319.5.
324.0
328.0

T N1

334.5
337.5 -

30,8

M3.0
3458
8.5
3s2.0)
355.5

359.0

56370
.9
»i.oo

U

s
386.5
EINy

394.0

ANl denstties expressed as nun

No.

of Females ‘//'

Surviving 1

to chrudgce

" 300.0 .

3168 *0.0005 -

3.164 0.0005
/e

3.164 0.0005

3.328 0.001

0.000  0.000 v

0.000  0.000
0.000  0.000

9.451 -, 0,002
6.658 - 0.001
6.3 o.061"

@éi,o.’ooo “.000
Y308 . 0.0605

.

‘.

T 9.982 . 0.002

©0.000 " 0.000
0.000 - :0.000
33228 g.00
0,000 - 0.009
9.982 \Gr 0.002
3.764 0..0005
0.000 - - 0.000
0.000  -0.000.
0.000  0.000
3518 .00
1055 9.062.
0.000  0.000

- 0:000 0.000

0.0003“’;’ 0.cco

ata

Se-

?cr~per 3Quare meter,

L3
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aII durtng the per1od May 22 28 The mean number of\eggs Ia1d per :
square meter was 84]0 8, and the 957 confvdence I1m1ts were 858 2 4‘ A
14600 3. F1fty_percent of the eggs were laid by May 25

S1m11ar to G. dre1sbach1 and the f1rst cohort of G. ]ob1ferus

f1rst 1nstar ]arvae were not found unt11 June 3 A p]ot of the

dens1ty of the Iarvae 1n the 11ve and dead szha shoots and on the ~ y ﬁaff

2

- .
Iake both;h and of the totaI dens1ty on each samp11ng date is g1ven <

1n F]g 20 (a]I dens1ty est1mates w1th the1r 95% conf1dence I1m1ts e

are g1ven in Append1x III) As 1nd1cated, Idrvae occurred 1n aII

f;-three sub-habitats byt were foUnd Ieast frequent]y in .the I1ve Txpha T

ishoots A p]ot of .the change in. the per cent of a]] Iarvae in each
- instar is g1ven in F1g I6D ?&iv g“rt ‘ | / ‘ ,
The var1ance of the est1mates of %ota] Iarval dens1ty”was h7gh -
a()go I3C) however a s1gn1f1cant decrease d1d occur in the popu]at1on
Adens1ty, §qnce caIcu]at1on of the corre]at1on coeff1c1ent between total
': larval dens1ty and t1me as descr1bed prev1ous]y, gave a. V%i\f'Of 0.76 |
wh1ch 1s 51gn1f1cant at P O\OI | SR .
N OnIy f1ve maIe adu]ts were caught 1n the emergence traps and

RN

‘these emerged between JuIy 20 and August ]3 This was equ1va1ent to '

a surv1vorsh1p of 18.8" per square meterﬁafter the aquatic phase of theﬁ:‘*

Z,I1fe»cyc1e The 95/ conf1dence I1m1ts were 4,8 - 37 8 per square \-‘

-meter .
': A 11fe tabIe is g1ven in TabIeJZO,'and various population

r'stat1st1cs are g1ven 1n Tab]e 16 - : N ' T _?
_ N . _

b) Second cohort 'A.total of f1ve egg masses of the second .

cohbrt were found in the egg\traps, a]]

,'r1ng the per1od August 13-28.
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”As 60 egg masses were deposited by.hand tn the _Xp___stand on Ju]y 30,
’and 120 on Ju]y 31,"aﬁ] in a regu]ar distributton, the comb1ned \\\\\ -

numbers being- equ1va1ent to a deposition of 0. 33 _eqg- masses per \1_ o
. 0.1 m (the area sampled by an egg trap), the tota] number depos1—‘ S ,
ted during the period July 30 - August 28 was 6665.1 per square meter )
The 95% confidence limits were 2915 4.- 10153.5 eggs per square meter

F1fty per cent were' deposited by Ju]y 31.

Larvae of th1s new cohort were found first on July 31, when two

f1rst instar and two second instar 1arvae were collected in the p]ant
samp1es. ‘A p]ot of the density of the new 1arvae in the 11ve and in

the dead T _)gl__ shoots, and of their total dens1ty on each samp11ng
_ date is given in F1g 21 (a]] dens1ty estimates with their 85% con-

fjdence ]1m1ts are given in Append1x I11). No 1arvae were found 0"

the lake bottom. A plot of the change in the per cent of a]] larvae
~1in each 1nstar is g1ven in Fig. 198. o | | ,

‘ S1m1]ar to those for the preced1ng cohorts, the est1mates of‘ o f
tota] 1arva] dens1ty had a high variance (F1g 13F).  In contrast to ///
the correspond1ng cohort of G. 1ob1ferus, calculation of the corre?a;/(
t1on coe‘f]c1ent between total 1arva] dens1ty and t1me, start1ng w1th T
the peak- dens1ty (688 ]/m - September 10),. showed that there was a Qh-\jr‘ |
s1gn1f1cant decrease in the poputation (r = 0.74, P<C.0. 05)- .

Emergence extended from May 21 to May 31, 1974 (F1g 14), and
" 25, 50 and 759% was comp]eted on May 23 A tota] of 40 adults were v
_agghtt__Est1mates for the number of males, fema]es and both sexes
s comb1ned which successfu]]y comp]eted the aquat1c phase of the 11fe

| cyc]e (w1th the 95% conf1dence 11m1ts in parentheses) were .
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52 -3 (0 3-151.

.0), 109. 7 (6.3-631.0) and ]61 9 (28 2- 386 9) per square

meter respect1ve1y

A partial life table is given in Tab]e 21, and varjous popu-

at1on statistics are g1ven in Tab]e 16.

F. Mortality

Factors

Resu]ts of exper1ments to determ1ne the hatching efficiency

of eggs of G.

1ob1ferus ‘and G~ “Mr. paripes under field conditions are

given in Tab]e 22. The temperatures 11sted are mean values for the

" ‘duration of each e&per1ment and, except for that with a mean of 24°C

N

cover a maximum range‘of 4°C. The exper1ments w1th a mean temperature

of 24°C were started at 30°C and no trace of any of the egg masses

was evident four days later, when the water temperature was 18°C

Results at 16°

and with sprin

C are for egg masses p]aced at the mud- -water 1nterface,

g collected egg rassess those at the other temperatures

_'are for egg masses p]aced at the dl;-water 1nterface and are with- =

summer co]]ected egg masses Because of the var1at1on in the number '

.uand 1n the t1me of ava11ab111ty of egg masses of each spec1es, only

' the exper1ments at 24°C were Derfonned concurrent]y

- Larvae of

J,\

a]l except the very ﬂare spec1es were found paras1t1zed

;by merm1thqd nematodés however a]most all hosts were e1ther Ds

nervosus, G. d/e1sbach1 lggljggis or G. nr. paripes. These four

,’spec1es compr1sed 90-95% of all 1arvae in the study area

-

f"‘r - There was

i ~

one maJor Peak in the perecent of D. nervosus 1arvae

found paras1t1zed v1z July 26 1973, when a “value of 32 0% was

xecorded (Fig.

22) This SpeC1es exhibited " the defense mechanlsm of

paras1te encapsu]at1on but the mean per cent of the_hostsljn which"'

98
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Table 22. Comparison of the hatchin§ efficiency of eqgs of

G. lobiferus and G. nr. paripes under field conditions.

Water Temperature (C)

16 | 18 21 24 -

Number of Dead Eggs‘Per Egg Mass:

Glyptotendipes 1Qbiferus
10 1 2 63
e s 3 4 181

(I - |

~ Mean *1:/7? 75.3° - 13.0 " 5.6 172.0°
Mortality () 6.0 .00 0.4  12.8
" Glyptotendipes nﬁ-paripes

2 5 20 158

_ - Ty

4 6. "20- 179

R 1 |
N

Mean v 3.0 225 2000 168.5
Mortality (%) = 0.3 2.2 2.0  16.8

U

1100
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mean per cent of ‘the hosts. in wh1ch ‘a ia

iparasitized,byfmermithids. On]y'three 1arvae were found parasitized

o e 103

~all of e parasités were encapsulated waS'onTy 0‘474” B )

G dre1sbach1 was. para°1t1zed heavily by merm1th1ds Two infec- | |
tion peaks viere recordej, v1z June 13, when 58.5% were found para- . T

s1t1zed and Ju]y 21, when a va]ue of 73,8% was recorded Th1s spec1es

also exh1b1ted the defense mechan1sm e :»s1te encapsu]at1on, and the
of the parasites were encapsu—
lated v was 12. ]7 (Fig. 23A)

The f1rst cohort larvae of G. lobiferus in 1973 were paras1t1zed - 45\\\;m

,by merm1th1ds, and there were two maJor peaks in the per cent found

1nfected S1m11ar to G. dre1sbach1, the f1rst was. recorded on June 13

b he second was recorded on August 15 (F1g 23B). FOn the former

date 3.1%, and on the latter date 28.6%, of the ]arvae were found

paras1t12ed" These 1arvae also exhibited the defense mechanwsm of

ras1te encapsu]at1on, but not- to<§he same extent as did thoseﬁof

G. dre1sbach1, the mean per- cent of the hosts in wh1ch all of ‘the mer—

~mithids were encapsu]ated was only O 4%.

G. Jobiferus larvae of the 1922;73 overwintering'cohort_a]so Were

by mermithids wh1ch because of their s1ze, probab]y entered the hosts

in ]973 ~ One was col]ected on June 7 conta1n1ng an encapsu]ated nema-

~tode, one on June ]3 conta1n1ng two nematodes, one of wh1ch was encap—

-

sulated, and ¢ was found on July 21 conta1n1ng a nematode (F1g 23C)

' Similar to the larvae o? the preced1ng cohorts,_those of the

'second cohort in 1973 a]so were paras1t1zed by merm1th1ds There were

severa] peaks in the per cent found paras1t1zed, and ‘the maximum re-

_corded was 28 2% on October 1, 1973 (F1g 24A) The mean per cent of - - ".‘ B



. ) . - ) . .
Fig. 23. Total number per square meter of larvae of G. dreisbachi (A), -
-~ G. lobiferus (B) and GJ nr. paripes (C)"( m ), the tota] per
cent parasitized by-mermithid nematodes ( @ ), and .the totg] -
per cent parasitized minus the total per cept’in which allt
the mermithids were encapsulated ( O ) during the first co-
‘hort in 1973.° The total density of G. lobiferus larvae of
the preceding cohort ( ) and the infection levels (@,0)
(C) are given also. - - i ' :

——
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“Fig. 24.

Total number per square meter of larvae of the
1973 74 cohort of G. lobiferus (A) and

G. paripes (B)” (‘& ), the total per cent
paras1t1zed by mermithid nematodes ( ® ), and the
total per cent parasitized minus the total per

- cent in which all the mermithids were
encapsu]ated (0 })a -
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the hosts in which all of the nematodes were encapsulated was 1.2%.

There were four major peaks 1n the’ per cent of G nr Ear19es
larvaevof th- f1rst cohort in ]973 wh1ch were found parasﬂt1zed
These occurred: on June 13 (27.4%), July 1 (]7 7%)5 Jduly 31 (27.9%)
.and August 20 (27 3%) (F1g 21D). S1m11ar to. D. nervosus, and to
G. ]ob1ferus larvae of the first cohort in 1973, the mean per cent
of G. nr. 9ar19es Tarvae "in wh1ch a]l of the para§1tes were encap—
sulated was on]y 0 4%. N " >a1‘ _

Larvae of the second cohort of G. nr. 9ar19es in 1973 also were
paras1tlzed by merm1th1ds S1m11ar to those of G. ]ob1ferus in the
1,correspond1ng cohort -there were severa1 peaks in the per cent found

: paras1t1zed A maximum- va]ue of 29 17 was recordedmon Decemher”TD
31973. The mean per. cent of the hosts in which all of the merm1th1ds
were encapsu]ated was 1.7% (Fig. 24B) ' !

) Paras1tes other than merm1th1d nematodes were found very rarely
1n the ch1ronom1d larvae. Throughout the study, only S]X larvae were

found paras1t1zed by Microsporida (Protozoa), one by‘a’fungus

* {Coelomomyces sp. (B1astoc1ad1a}es) -and one by a nematode tenta—

‘t1ve1y identified as a spiruroid (Sp1ruro1dea)

Exam1nat1on of all p]ant samp]es collected dur1ng the per1od 1ce

was. present on the lake to: determine the- role of ]ow water temperature”

'and/or being frozen in ice as possible mortality factors, revealed the

occurrence of very few dead (see Sect1on F in Methods for def1n1t1on)_

1arvae Invar1ab1y, less than five dead Iarvae were found on. @41_

samp]1ng date Morta]1ty never’uas rest’?cteu to one species- %nd al-

_ways was correlated w1th abundance

108
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- the ch1ronom1ds.

: ch1ronom1ds

'bthe egqg traps provided - -

& A

'DISCUSSION J

-

In the present study four sampllng methods were emp]oyed 1n

assess1ng the abundance of the eggs,

]arvae Pupae and adults of
These 1nc1uded submerged 1nverted funnel traps.
(= €gg traps) for the eggs, a corer and a plant samp]er for both

_'the 1arvae and the pupae, and. emergence traps for the adults. The

re11ab1]1ty of each method w11] be d1scussed

ps

Few data have been pub11shed on the egg 1ay1ng hab1ts of

not exh1b1t any rea] se]ect1on in the

1962). Although egg masses have been

floating plant or debris, this may be

nature of the je]]y in which the eggs

of someth1ng to adhere to, egg masses

soon . after be1ng laid. Such has been

are embedded.

They tend to 1nd1cate that the fema]e Just f]]es or

bobs ]ow over the water surface and expels ‘the egg mass, and does

ov1pos1t1on site (cf. Nie]sen,
. /‘_{‘

found attached to pieces of A

simb1yla result of the adhesive e

In the absencef
probably sink to_the bottom

reported for'those of G]xpto—

tendipes p;r1pes Edwards (NIe]sen, 1962)

In v1ew of the above, espec1 y

were on a specic: of G]yptotend1pes,

since N1elsen S observat1ons

‘the fact that 1) the study area .

was well protected from wind and wave act1on, 2) the egg traps were

'masses 1a1d in-the. Txpha stand.

x& A modified Kajak corer (Kajak,

1965) was used to collect any-

"ma1nta1ned 1-2 cm below the water surface, and 3) an attempt was made
- to keep the study area free from f]oat1ng debr1s, 1t 1s be]1eved that

unbiased. est1mate of the number of egg

-y

109



- it escap1ng

BN

Tarvae and/or pupae on the'Take bottOm as'a corer is considered in
most instances to Be the best for co]]ect1ng representative benthos'
samples (cf. Brinkhurst, 1967) Add1t1ona11y, as the d1spers1on

- pattern of most benthic 1nvertebrate popu]at1ons appears to be con-
tagious, a sma]] samp]1ng un1t is more eff1c1ent stat1st1ca11y than

a large one (E111ott 1971). A new sampler was deve]oped for samp="
ling the Tarvae and pupae 1n thetgyg__ shoots as none o. the ex1st1ng
des1gns was cons1dered su1tab1e for one or more reasons (McCau]ey,
~In Press a) The rapid delimitation of each plant. shoot, its col-

]ect1on in 1ts ent1rety2 and 1n accompan1ment w1th the surround1ng

water probab]y resu]ted in few of. the 1nvertebrates assoc1ated W1th

As descr1be 'ously (Methods - sectwon D), the number of )

larvae co]]ec ed 1n the 11ve and the. dead plant shoots was adjusted -

.

o and “expressdd always in terms of tH& Standard P]ant Volume (S P.V.)

‘before calcu]l ing the number per square meter. Express1ng the
density of the larvae a]ways 1n terms of.a constant volume of p]ant )
(S.P. V, = 251 cc) must have resulted in overest1m§t1ng their dens1ty
in the live plants ear]y in the grow1ngwseason, and underest1mat1ng

it 1ate in the grow1ng season No est1mate can be made of th1s error

as no significant change was found in the vo]ume of the ]1ve shoots k

co11ected throughout the summer As many of,the live shoots had grown i

suff1c1ent1y to protrude through the water surface by ]ate May, ]973
j when the chironomids ov1pos1ted in the study area, and since the on]y

part of each plant shoot samp]ed was that between ‘the a1r water— and

the mud water-1nterface the degree of over- and under-est1mation of .

110
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the 1arva] dens1ty in the Tive shoots probab]y was minimal.

A1l core samples were sifted through a ]80,u mesh sieve, and
" the water from all p]ant samp]es.was strajned through a 156 p mesh sieve
| to maximize retehtion efficiency (identicaT sizes in brassfand nitex
were not Obtainable at the start of the study) A]though no tests were
performed to determ1ne the eff1c1ency of either mesh size for reta1n— o
ing the- f]rst 1nstar'1arvae, resu]ts from a prev1ous study (McCau]ey,
-1974fishowed that there ‘'was no s1gn1f1cant d1fference (P O 05) in
the number of such ]arvae retained in s1eved and uns1eved samp]es,
©using  mesh s1ze of 177 and specimens wh1ch ‘had been killed by |
freezing. Desp1te the smal]er (156 p)'mesh size of the s1eve wh1ch
‘was used in the f1e]d to- stra1n the water co]]ected with each p]ant
shoot first instar larvae may have been lost as they were a]1ve, and
'the width of ‘their head capsu]e was abou#?130. . S1nce the water was,
strained rapldly and the s1eve“Was v1brated very 11tt]e, losses may
‘have been m1n1ma1 A1l p]ant samp]es were sorted ]1ve to maximize: N
'extract1on eff1c1§ncy of the ch1ronom1ds, however, because 0f o . t1me
required for this and other aspects of the study, and the h1gh samp]1ng
frequency, the core samp]es had to be preserved for subsequent exam1n¥
ation. | | | B | A.
| The emergence trap used -appears to prov1de retaab]e resu]ts Thehh

: data obta1ned in exper1ments to determ1ne 1ts trapping eff1c1ency show

that only for Endoqh1ronomus n. sp did the eft1c1ency differ s1gn1f1- _

'cant]y from 100% (Tab]es 5, 7 and 9) Th1s may have resulted s1mp1y
from the d1spers1on pattern of the - spec1es on the bottom of the sw1mm1ng -

" pool. A]ternat1ve]y, 1t cou]d have resu]ted from a shad1ng effect by -
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/ the traps, the d1fference between the species being due to Endochiro-

‘nomus n. sp. emerging when the 11ghts were on and the other two species
emerg1ng in darkness Under f1e1d cond1t1ons chironomids frequently

emerge after sunset, but many spec1es emerge dur1ng daylight (Oliver,

'197]) If a shad1ng effect by the trap was 1nvo]ved it is doubtfu]

that it would exert a s1gn1f1cant effect in the Typha stand because of -

“the greater shad1ng effect by the p]ants agd the h1gh turb1d1ty of the

water (F1g 7) Under f1e]d conditions, the number of specimens emer—

g1ng 1ns1de the traps could be affected by water cu'xcnts In view

of the- she]tered nature of ‘the study area and the tenderry for many

L]

spec1es of ch1ronom1ds to emerge after sunset when cond1t1ons frequent]y '

are ca]mer (no data were gathered on the spec1es in the Txpha stand)
q .
such an effect may have been m1n1ma]

In the case of the retention eff1c1ency, neither method tested

"

viz; add1t1on of a constant number of spec1mens each day, and addition -

of a]] spec1mens at.one spec1f1c t1me, is truly representat1ve of that

3

| occurr1ng in the f1e1d however as there was no s1gn1f1cant corre]atwon

between the number of adults p]aced in the trap and the per cent reten- A

tion 1n e1ther case, it is probable that the same result wou1d be ob—

ta1ned for a]] emergence patterns As add1t1on of a constant number of

“specimens to the emergence trap each day approx1mates f1e1d cond1t1ons

s

more close]y, the regress1on line obta1ned for per cent retentnon and

time (Fig. 9) has been used in est1mat1ng the true emergence success of

' each spec1es in the T xgha stand (see be]ow) Idea]ly, exper1ments on
. the trapp1ng and the retention eff1crency shou]d have been performed

-‘.also in the f1e]d, in d1fferent 1oca11t1es and under a var1ety of
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weather cond1t1ons ‘ Because of the time requ1red for other aspects of
‘the study, and- the fact that it took approx1mate1y four months to\com-
plete the laboratory exper1ments, f1e]d experiments were not conducted \\\

Several 11fe tables are necessary covering a number of cohorts of
a‘pOpu1at10n to perm1t determ1nat1on of the relative importance of the
var1ous mortality factors S1nce 1n the present study two gf the .
'spec1es were stud1ed for on]y one cohort and two_for on1y two cohorts,
and espec1a11y because of the.g@r1ance of the dens1ty est1mates, it
‘seems prudent to comb1ne a]] of the data to construct a genera11zed
surv1vorsh1p curve from which to estimate mortality rates and the causa{
factors | | 5 ‘

" The ge erali; d surv1vorsh1p curve 1s g1ven in Fig. 25 and was.ob—
tained by p10tt1ng the. surv1vorsh1p (tota] popu]at1on dens1ty as a per B ‘_ D
cent of the number of eggs laid 1n1t1a11y) agatnst the‘number of,days
since the beginning of the cohort (as a per cent of the total duration
of the cohort (h reafter referred to as cohort t1me)) Because of the
necess1ty to make certa1n assumpt1ons and apply certa1n correct1on
factors to the data to construct the generalized surv1vorsh1p curve; all
‘will be d1scussed before considering its 1mp11cat1ons

wh1lst ov1pos1t1on by females 1is extended over a per1od of t1me,
'in construct1ng 1ife tables it is cons1dered as be1ng concentrated at
one p01nt of . t]me (Dub11n and Lotka, 1925). A]though in 11fe tab]es a11
values are expressed in relation tjythe p1vota1 age, 1 e. the m1dpo1nt
betweenﬁtwo consegut1ve samp11ng dates, it is believed more mean1ngfu1

to cons1der a cohort as beginning on the date by which 50% of the eggs

have been laid,.since usage of the mid-point of the egg 1ay1ng per1od

N



Fig. 25.

G. rr. paripes (summer generation @ dverwintering .gener-
o) : T

oy
Genera11zed surV1vorsh1p curve for -a ch1ronom1d der1ved from

data on D. nervosus ( A ), G. dreisbachi ( a ) ]oblferus

(summer generation 0 overw1nter1ng generat1on o and

ation Curve fitted by eye
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assdmes a constant rate of oviposition The standard concept of termine

‘ation. of a cohort, i e. the maximum p1vota1 age, has been retained. "
For all except one of the .cohorts (the f1rst cohort of G. 1ob1ferus L

- Tab]e 18) the tota] popu]at1on density represents a summation of the

gensity of Just the ' ]arvae .and the adp]ts The fact that no pupae of

the f1rst cohort of G. dreisbachi or of G. nrlfpart!eiiwere fopnd most e

Tikely was due to_few Tarvae of each surviving to pupate, and to the

short duration of this stage. Laboratory rearings at temperatures

“§im.lar to those in. the field 1na1cated that the pupa] stage of these N

and other species lasted on]y about two days “No pupae of D. nervosus,

or of the second cohort of G 1ob1ferus or G. nr. par1pes were found

before May 8, 1974, the ]ast date on which p]ant and core sam%éﬁs were:

co]]ected

As’ d1scussed in Append1x IT, no methoc was found ‘to dszerent1ate

pupae of G. ]ob1ferus from over]app1ng cohorts, however, as a method was L

found for the adu]ts, the number of pupae found on each date plant and
'core samp]es were collected were d1v1ded in the same- proport1on as was
determ1ned For the adu]ts emerg1ng at that t1me It is these Va]ues
which are»]tsted.for pupal dens1ty. As the_p]ant and core samples were’
lbolleétedvevery fiVebdays during the summer, and as the pupal stage
appeared»to 1ast only about two;days,-it is imprdbab]e that any speci:
vmens would have been in this stage on conseeutive samp1ing dates.

The densxty va]ues listed. for: the adu]ts in the ]1fe tables have_
'vbeen der1ved by app]y1ng a correct1on factor to the est1mates for the.
' number of spec1mens wh1ch emerged, and suhsequent]y app1y1ng a value

for their morta11ty rate. A]though a spec1es emergence rate varies

! g
t&;’s.

116



with‘time (cf.“Fig 14), it has-been assumed that the rate was constant
‘during the. per1od between any two consecut1ve dates on which the emer-
gence traps in the Iypha_stand vere emptied. Since the emergence traps
were empt1ed usually every two br- three days, such an assumpt1on shou]d

’not be too erroneous.

‘

As d1scussed prev1ous]y, 2 regress1on Tine g1vén 1n F1g 9 has

" been used 1n est1mat1ng the true- emergence success of each spec1es in

the Typha stand. The data used to. deve]op th1s regress1on line ‘showed"
that s1gn1f1cant/y>axu;\fema1es than ma]es were 1ost from the traps after
seven days (Tab]e 12) As no s1gn1f1cant d1fference was found after
four days (Tab]e 11), -and s1nce the traps usua]]y were. empt1ed more fre- -

'quent]y than th1s, the one regress1on ]1ne has been applied-to both

-~
.

sexes.

In’the se of the morta11ty rate of the adu]ts, the data obta]ned

in the 21 exper1ments to determ1ne the retent1on eff1c1ency of the emer-.

TR

. )
- gence trap, ‘based on addition of a]] spec1mens at one«spec1f1c time,

°,showed that the average tJme requ1red for the death of all adu]ts was

'rJf1ve days (range 4-6 days). S1nce the spec1mens used in these experi-

ments were a md?hmum of one day o]d when 1n1t1a11y p]aced n the traps,. -

- the verage 1ongev1ty was 5.5 days. In ‘these experiments- 1so s1gn1—'
_'fhcant1y more fema]es than ma]es we)e-]ost from the traps (Table ]4) |

-Th1s cou]d have resu]ted from their being attracted to the water surface -

to lay the1r eggs, becom1ng trapped:_and subsequent]y dy1ng there, how-

. ever, on]y three egy masses were. found dur1ng a]1 the exper1ments to
'Wdeterm1ne the trapping eff1eﬁency based on additjon of all spec1mens at :9/;,x
one" spec1f1c t1me, and on]y four during all exper1ments 1nvo]v1ng the o

_other methed. Other behav1ora1 d1fferences could have been 1nvo1yed



total adu]t 1ongev1ty),'and s1ncn?ﬂ€ﬁ§¢ied)studies by'Biever (1967)

;1u such as intersexual d1fferences in the degree of act1v1ty and in res-
"_ponse toxbe1ng conf1ned in a sma?% area As these exper1ments were not

. des1gned spec1f1ca]]y to determln,% terSEXua] d1fferences (or even

on. the survival of both sexes of three spec1es of ch1ronom1ds showed

no s1gn1f1cant (P<: 0. 05) 1ntersexua] d1fferences, both sexes of G.

'1ob1ferus have been assumed to ]1ve for the same per1od of t1me "Thus

R

~ the best ava11ab1e est1mate for he average 1ongev1ty of the adult

stage of G. 1ob1ferus is 5.5 day | Th1s va]ue 1s qu1te s1m11ar to

~those obta1ned by B1ever (1967) or two spec1es of s1m1]ar size

(Goe1d1ch1ronomus ho]o rasinus and Ch1ronomus # 5]) under s1m11ar
S—=—ichironomus p L =1ronomus

3 temperature cond1t1ons In the absence of data on the other three

spec1es, a s1m11ar londev1ty has been assumed for them Th1s may not

glyptotend1pes agﬁ are similar in s1ze to 10b1ferus For a]] four

spec1es adu]?zmorta11ty has been assumed to be ]1near with t1me, 51nce

“in the experifents to determine’ the retent1on eff1c1ency of the emer—

' «

gence trap based on-addition of a]] spec1mens at one spec1f1c t1me the
/

' best fit regress1on T1ne was ]1near (F1g 1OX.

" Thus, 1n summary, on est]mat1ng the. true emergence success of a

[N

’ specwes for each . per1od using the regress1on 11ne in Fig. 9, 81 8% of the

~adults were assumé@”fo be st11] a11ve after: ohe day, 63 GA after two days

etc. As the emergedce traps were exam1ned -m re frequent]y than at 5.5
'

day 1nterva]s, the ya]ues g1ven in the ]1fe tab]es for the dens1ty of the

adults on each date represent the. est1mated true number wh1ch emerged °

j
plus those assumed“a]1ve from the prev1ous samp]lng date(s)

o s

The %alue\\j1sted for the number Qf fema]es surv1v1ng to reproduce

a
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- 11ar1ty 1n the1r morta11ty pattern Morta11ty appears to be ~concen-

_l“suggests that ]) by comp]et1on of on]y 20/ of the durat10n of the

P € .
»; . . o PR AN

are 81 8/ of the number:est1mated to emerge on each samp]1ng per1od | -
Since a related specjes, leptotend1pe paripes, has been shown by
N1elsen (1962) to ov1pos1t one day after emerging

Desplte the fact that the genera]1zed surv1vorsh1p curve (F1g 25)

is derived -from data on four spec1es, on six cohorts wh1ch var1ed in

‘moderate spreed in the data A]though the second cohort of G. ]obi-

'ferus and G. nr. ari es each started with an'oviposition period of

of the eggs were depos1ted, s1nce the duratlon of these cohorts ;was

394 and 312 days respectjvely (Tab]es 19 and 219,

of 15 and 307 of the’ durat1on»of the cohort ‘Dur1ng th]s per1od the -

data for f1ve of the cohorts are 51m11ar but those for D. nervosus

suggest a higher surv}vorshlp Th1s may be correct but ‘also cou]d be

' idue to a second input of eggs to the popu]at1on, even though none was ) -
found in themegg traps Even 1f one assumes. a greater surv1vorsh1p

Qy D. nervosuys dur1ng th1s per1od a]] cohorts s$till. show a c]ose sim-
trated in ear]y and late 11fe The genera]1zed surv1vorsh1p curve

cohort on]y approx1mate1y 10% of the 1n1t1a1 popu]atlon is st1]1 alive;-

'»2) foruapprox1mate]y the'subsequent 607 the morta]1ty rate is 1ow and

o

+3) for the'fina1 ZOA 1t is. h1gh In v1ew of this. apparent pattern,.‘

“morta11ty 1n each of the cohorts 1n1t1a11y will be cons1dered on the

e ar
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basis of the ree periods.

f Field experiments to quantify the hatching‘efticiency.of the

eggs were done only with those of G. ]obiferus and G. nr. Qar19es

The results (Tab]e 22)° suggest that under the tond1t10ns preva1]1ng in
the Iygha stand 1n late May, ]973 (data for 16° C), when the f1rst co-

hort of G. dre1sbach1, G. ]obiferus and G. nr. paripes started the ‘
the hatch1ng eff1c1ency of the eggs was very high.

No studies were conducted on the ro]e of parasites or predators

‘as agents of egg morta11ty Morta]1ty due to paras1tes probab]y was

m1n1ma], s1nce all of the egg masses co]]ected in the Typha stand, and

%

Ifrom var10us other ]oca11t1es in George Lake (over 100 egg masses in

total), for rearing 1n the laboratory conta1ned very few eqqs wh1ch d1d

not’ hatch MortaT1ty due to predatovs ¢ 1 may have been low. Poten—r

© tial predators, e.g., Teeches and amphi-ods, w-re present but not'very
_commdh during the‘period 1n’which'the 20gs vier: 1aid A]though gut

'ana1yses were not performed othhese speciiuciis, resu]ts from a prev1ous

k=)
i

study in another lake 1nv01v1ng ana1yses of 1eeches, damsel f]y and

<

dragon f]y ]arvae, and cadd1s and ch1ronom1d 1arvae when egg masses were’

found on the 1ake bottom, revea]ed that none of the spec1mens conta1ned

°

any eggs in their degestive: tract.
h -

-

e natch1ng ef.1c1ency of the £ggs alsg was h1gh under- the con—

ditions preva111ng 1n the Tygha stand when the second cohort of "G. 1obij

. ferus and G. nr. gar1gts began As exp1a1ned prevgous]y (Methods - sec-.

ttion D), ]80 egg masses of each of ‘these spec1es were p]aced by hand

in the Tygha stand on July 30 and ‘3. Exper1ments with egg masses of

‘both’ spec1es begun at this time gave morta]1ty values on]y of

B

~
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* wire not found, can on]y be speculated upon

”

approx1mate1y 13 and 17% respect1ve]y (Table 22 - data for 24°C).

Egg iorta11ty due to predat1on could have been important at this t1me,

-'since the numbers and kinds of potential predators was much greater.

than in 1ate May. ° N
No exper1ments were conducted on the hatch1ng eff1c1ency of eggs :
of D nervosus — ' |
2 Thus it appears that much of the morta11ty 1nd1cated by the "_
genera]1zed surv1vorsh1p curve to occur in t' 2 first 20% of the cohort

»

t1me probably took ple 1n the 1arva] stage.- Exam1nat1on of the age

©

structure of the larval popu]atlon of G drelsbach1 d of the f1rst
cohort of G. lobiferus and G nr 9ar19es (F1g ]6A B and D) showsid
;that Up“to the date by which 20% of the cohort time was comp]eted all
larvae of earh were Just in the first two instars (the approx1mate

date for all three spec1es 1s June 13). On Juné 13 most (847) of the

Tarvae of G. dre1sbach1 were in the second 1nstar and~most of G 1ob1—'

ferus and G nr. 9ar1ges (89 and 87% respect1ve1y) were in tne f1rst

e

' 1nstar Consequent1y, 1n these three cohorts the high morta11ty

occurred in the f1rst two 1nstars, and for G. 1ob1ferus and G nr. °

Ear19e occurred pr1mar11y in the f1rst instar. Th1s morta]1ty could
have been due. predom1nant1y to the merm1th1d nematodes, as the. 1argest

. number and per cent of" 1nfect1ons in each of these species was. found
1n first instar larvae. The number of first 1nstar larvae of each

species wh1ch died as’a resu]t of penetrat1on by: the Juven11eimermi—

thids throuqh the body wa]] or through the gut, and cbnsequent]y which

In the case_of.mprta11ty.due to'predation; as mentiohed preuious]y E

- A

. J o
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potent1a1 predators were present but not very common 1n late May and
ear]y June. Additionally, they were of a,srzevwhlch wou]d suggest )
that consumption 6f first instar larvae (ca. 0.75 mm fong) would be
iacc1denta1, predat1on more probab]y being- co“tentrated on the 1arger
and o]der larvae. |

| Other factors may have been 1nvo]ved 1n the morta]1ty of the f1rst
a and second 1nstar ]arvae " The ov1pos1t1on period at the start of all
three cohorts was very short (maximum durat1on 6 days) and took.pIace
: concurrent]y, thus suggesting that the larvae-of each species were born
‘Aconcurrent1y and also- during a short per1od A few f1rst 1nstar larvae
. of each species were all found fJnst an_the same. date (June 3) ) Exam-
v1nat1on of the d1str1but1on of the larvae of each of the three spec1es

~in each of the three sub- hab1tats up to the date by which 20 of t..

A cohort t1me was comp1eted (June 13 - F1gs 15 17 and 20) shows “hat

G. dre1sbach1 was found on1y in the 11ve and dead p]ant shoots, Z.oar.
9ar19e on]y in the dead shoots and on the lake bottom, and G 1c ‘ferus
only in the dead shoots and-on ~  Take bottom on June 3 and 7,obut a1so.
in the ]1ve shoots on June 13. A]though this spat1a] segregat1on is
»based on]y on four samp1es in each sub- habitat on three samp11ng dates,
the overa]] pattern for the durat1on of the cohort 1s essent1a1 ly the |
same, viz. G dreisbachi was found most frequent]y in the 11ve shoots

and never on the lake bottom, whereas G. 1ob1ferus -and G .'Qariges
:»were found most frequently 1n the dead shoots ar on the lake bottom
Th1s spatla] segregat1on cou]d have resu]ted from compet1t1on

and, in the process, caused a h1gh morta11ty of the larvae. °If compe-.

tition was the causal factor, then 1t appears that it occurred in the



o

- subsequently eat1ng the net. No se1ect1on of a part1cu1ar type of

-~ . ‘

-._—.\\ .

L

dead p]ant shoots, 51nce th1s‘1s essent1a]]y the on]y sub- hab1tat

common to a]] three spec1es during the first 20% of the durat1on of E

_their cohorts (a few G 1ob1ferus were found in . one 11ve shoot on
June.]3);‘ o ;% ’ :

| Compet1t1on between these three sympatr1c cogeneric spec1es cou1d
have 1nvo]ved food and/or space. In the case of the former, Hutch1nson

(]959) found that in various parameters re]ated to the feed1ng appara-

tus, sympatric species at - the same trophxc ]eve] ‘ranctc in ratio of

the 1arger to the sma]]er from 35 7 to 1. 4. Hutch1n.un S est1mate of

a m1n1mum requirement of a 10/ d1fference has been substant1ated

[§

(e g Pr1ce, 19A2) but there appear to be 7 jeas. wume exceptions

'(cf Schoener 1974). A]thOugh no ‘data Were o e "ad o the'trophic,
]eve] of any of the three spec1es of G]x_: “nIipLs an ths present

study, 1nfor%?t1on in the 11terature on.sev/eral speciss .n this genus

(Burtt, 1940; Leathers, ]922 Th1enemann, 1954 i lshe, 195]) 1nd1cates

that they obtain the;r food e1ther by brows1ng, or by per1od1ca]1y

: f]]ter fer d1ng us1ng a ‘mucous net to trap the food part1c1es, and

. food has been reported

In view of the above, the measurements made on the w1dth of the

~ mentum, length of the mand1b]es, and of the d1stance from the apex'of

the mentum to the poster1or ventral edge of the head capsu1e 1n the

rAm1d 11ne (Figs. 49 5% and Tables 2-4 1n Append1x I) have been used to _*

ca]cu]ate troph1c 1nd1cator rat1os between each pair of spec1es. The

resu]ts are given in Tab]e 23. Assuming a requ1rement of a m1n1mum

-d1fference of about 10/ to coex1st syntop1ca]1y, ‘then there-was the

123
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. [ . ) .
potentiality for_cqmpetitibh,between all three species when in the
S o L :
first instar, especia]]y between G. 1ob1ferus and G. nr., gar1ges; but
on]y between these two,spec1es when in the second 1nstar (the sub~
sequent instars-will be d1scussed later).
: N S
As there 1s a size d1fference between ldarvae 1n ‘each 1nstar, the
most su1tab1e method for est1mat1ng compet1t1on for space is to express_
the number of larvae on a vo1ume bas1s S1nce no data were collected
on the s1ze of the burrow each 1nstar occup1es and defends (a]] three
spec1es are m1ners), on]y the vo]ume of the actua1 1arvae cou]d be

~ determined..

A]though the oniy measurements wh1ch had been made on a]] 1arva1

- \,% ﬂ,’;

instars were total length and head capsu]e 1ength and w1dth 3?%&y1ts

~"from a prev1ous‘study based.on-]O spcc1es in the same tr1be‘1nd1cated

that the ratio of the width of the body to that of the head capsu]e of
, new]y kT]]ed larvae averaged 1.5 : 1 (range’ of 1: 1 to 2:1). Conse—
quent]y, this ratio was app]1ed to the spec1es in the Txgha stand all

'1arvae be1ng cons1dered as cy11nders “The comb1ned tota] vo1ume-was

.‘determ1ned only for G dre1sbach1, ;, 1ob1ferus, _; Qar1ges and
Q,vnervosns, as they always const1tuted at 1east.907 of all larvae found'
,hassoc1ated with the dead p]an;ﬁshoots, and were ﬁ@ur of. the five largest
species. No d1fferent1at1on was made between 1arvae of d1fferent
‘_cOhorts. :" e }l»t:'- : L f ,a § -
For reasons g1ven prev1ous]y (Methods - sect1on D) the tota]
volume of the ch1ronom1d larvae has been expressed in terms of the
Standard Plant Volume. |

A plot of the data is given in Fig. 26. If competitien fggpgpaceﬂw
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did occur,dUring the first 20% of the duration of each of thevcohorts,
then during this period (the first three data po1nts) one would tend
, to expect’ the tota] 1arva1 volume per S P V. to show a decrease or,

since the larvae were grow1ng, for it to remain about the same. In

view of the h1gh variance in the data the correlat1on coefficient be-

tween 1arva1 vo]ume per S.P.V.. and time was.ca1cu1ated. A ya]ue of
0.98 was obtained whiCh ts signif{cant (P <ﬁO 05), 1ndicating that an
increase occurred in tota] 1arva1 vo1ume per S.P.V., and thus sugges—
: tlng that competition for- space may not have occurred. T
;Another indicatow of the poss121e ex1stence of,competitton be-

‘ tween the three species 1n the dead p]ant shoots due to space and/or
food wou]d be a change in the re]at1ve abundance of each, and a cor-

respor.ding increase or decrease in one or both of the other sub-'

habitats' No conc]us1ons may be drawn concern1ng dens1ty changes be-"

. cause of the ‘high variance 1n the dens1ty est1mat1on for the larvae !

t1n each sub—hab1tat (Append1x Ii1 - Tab]es 13 ]4vand 16).

Few conclusions may be drawn concern1ng'the 1arva1 inStar(s)

of DB. nervosu5vor.of the second cohort of .G.. ]ob1ferus or G. nr. gar19es
wh1ch had the h1ghest morta]1ty, as the 1arvae were in a]] four instars
(F1gs..12 and 19) for much of the.per1od up: to completion of ?Om of the -

cohort time (September 4, November 5 and October 1 respective1y). This'

mixed age structure most 1iPe1y.was'due:t0'the re]ative]y 1ong egg
deposition periods (18 days for D nervosus and 28 days for both G.
lobiferus and G. nr Qar19es) ‘o o
| 'Ln'the case of D. nervosus,‘thelmortaTity cou1d}haue occurred in

the second and third'inStar 1arVae, as most infections by the mermithids

.] .

o
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were found in these two instars; however, the number which d1ed as a
result of the penetrat1on process is unknown Predat1on i]so may have
- been an 1mportant morta11ty factor dur1ng ‘the first 20% of this spec1es
cohort time, since the potential predators were very abundant, e. g
5-10 leeches and 50- 200 amph1pods were found assoc1ated w1th many. of
the dead plant shoots. . . )

There may have been compet1t1on for food and/or space wh1ch could
have resulted 1n morta]1ty No data were gathered on the size of the
.; troph1c apparatus of this spec1es ‘or-btn 1ts feed1ng habits '~ Even if

they were s1m11ar to those of he other- spec1es the later date of

arrival of thws spec1es in the study area, and thc ccnsequen
1at1on age structure d1fferences, should have m1n1m1zed compet1t70n’ ‘Qf@?fﬁ?
_-for food and any associated morta11ty |
A]though the data in Fig. 26 indicate a trend to a decrease in the
total 1arva1 vo]ume per S.P.V. during the first 207 of this species’
cohort t1me, the decrease need not - have been due to compet1t1on, but
41nstead to emcrgence, predation and para51te induced morta11ty No
conc]us1ons may be drawn concern1ng dens1ty changes because of the
h1gh var1ance in the est1mates for the 1arvae ‘in each sub hab1tat
(Appendix 11T - Table 12). - |
’ Morta]ity during the»first,ZO% of the cohort:time (second cohort)
of G. ]objferus and G. nr. paripes cou]d have'been due to competition
between ‘them—-for food, s1nce the potent1a11ty for such .competition.
_‘ex1sts (Tab]e 23) If morta11ty did. resu]t from such compet1t1on,
then probab]y 1t was greatest ln first 1nstar larvae, since the troph1c

1nd1cator ratios between these two. spec1es %re closest to un1ty in
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» . In the case of compet1t1on for space, the ‘data on tota] larval \
volume per S. P V. in.the dead plant shoots (F1g 26) 1nd1cate a trend

/to a bu1]d -up during the f1rst 20% of each of these spec1es cohort

t1me "Since, as ment1oned previously, one woqu tend to EXpect little
H

change or a trend to a decrease, competition for space may not have

_occurvn,dks As w1th the preceding cohorts,'no conclusions may" be drawn
Ao

concern1ng density changes in the sub- hab]tats because of the variance

~(Append1x ITI - Tables 15 and 17). ' o : ?

Morta]1ty due to predat1on cou1d have benn 1mportant~for both
5 "s during early life because of the abundance of potent1a1
@ predators. _ | | |
The water temperature was very high (ca 30 C —»F1g 8) when both‘
these cohorts were started (Methods - sect1on D) Consequent]y, there
could have been a s1gn1f1cant morta11ty due to it and ‘the concomm1tantf'
Harameters | |
- e data ava11ab1e on larva] surv1vorsh1p in all six cohorts up
to the po1nt that 20% of the cohort time was comp1eted suggest that
-h much of the mortality mz / “ava been concentrated in the f1rst or the
| f]rst and second 1nstar This is suggested by the resu]ts obta1ned
for G dre1sbach1 and for the first cohort of G.-lobiferus and G. nr.
Ear19e ,Add1t1ona]1y, a]though troph1c 1nd1cator ratlos cou]d be :
calculated on]y between three of the four spec1es, they show that ,c' )
there is the potent1a]1ty for compet1t1on between them for food and‘

that 1t 1s thhESL between, or even restr1cted to, spec1mens in the

first instar.
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The genera11zed surv1vorsh1p curve (F1g 25) indicates that
morta]1ty during approx1mate1y the m1dd1e 60% of the cohort time was
‘1ow. The major morta]1ty factors act1ng on the summer cohorts dur1ng
th#s per1od (F dre1sbach1 and the first cohort of G. 1ob1ferus and
G. nr. parifes - from June 13 to August 5) may have been paras1t1sm
‘and predat1on, s1nce potent1a] predators were abundant and a]] three. : \\v/”

species were paras1t1zed-heav11y by the mermithids (Fig. 23) (wh1ch*
are known invariably to cause the host's death when they 1eave)d

Compet1t1on for food, and any resu]tant morta11ty, appears to have

been low as suggestg@ by;yhe troph1c 1nd1cator ratios (Tab]e 23). In
‘the case of compet1t10n for space, the data on tota] Tarval vo]ume
per S P.V. in the dead shoots 1nd1cate a trend to a decrease, however,
the var1ance in the dens1ty est1mates for 1arvae 1n each sub- hab1tat '
(Append1x I - Tab]es 13 14 and 16) does not perm1t any. conc]uslons
-concern1ng sub- hab1tat sh1fts by the species. ‘

In the case of morta]1ty dur1ng the correspond1ngtper1od in the
cohorts wh1ch overw1ntered (D. nervosus --September 4 to May 8; second
’ cohort of G Tobiferus - November 5 to June 25, second cohort of G nr.
paripes - October 1 to Apr11 7Y no one- factor seems to have predom1n-
© ated. Exposure to 1ow water temperatures and be1ng frozen 1n ice does i
not appear to have caused s1qn1f1cant morta11ty, since exam1nat1on
v‘of plant and core samp]es throughout the per1od ice was on the- 1ake

reveaTed very few dead 1arvae Some of these could have died as. a’
vresult}of‘the shock waves;produced when;cutt1ng through~the~1ce to
.vsamp1e. . o a 'k SR ¢

Mortality 1N'apbroximate1y the final 20% of the duration of all- -
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(1nstar larva through the pupa to the adult’ under f1e1d cond1t1ons

“ ,dant

Cohorts o;ob;bixhwas due in part to'the 1nVo1vement of two mdjor
metemorphoses (1arva to pupa to adult), and in part to paras1t1sm,,
E1ther as a resu]t of the merm1th1ds 1eav1ng the1r hosts, or because

the hosts had 1nsuff1c1ent energy reserves for one or both metamor—
K3) h

"phoses The on]y data on eff1c1ency of metamorph051s fxom the fourth‘,_

' appears to be that by Hunter (]965) He stud1ed Ch1ronomus ( D1cro-v

. tendipes) ca]1forn1cus Johannsen and found that of 100 fourth instar ~

larvae divided equa]]y between four submerged cages, only 757 emerged.

No 1nd1cat1on was given of the var1ance Concurrent exper1ments with

spec1mens paras1t1zed by Gur]exa sp (M1crospor1da) showed no emer-

1

gdence. -

Predat1on aTso may have been involved dur1ng the final 207 of the

‘cohort time of the summer cohorts, s1nce potent1a1 predators were abun-

~The per cent of the. specimens of each species which comp1eted the

: _aqUat1c phase of the 11fe Cyc1e varied-from O 05 for G. dre1sbach1'to

. 8. 21% for D. nervosus. If the former species is excluded because of

the extreme?y high ]eve] of paras1t1sm by the-merm1th1ds, the range
‘iS one mégnitude less (Tab]é 16) The>range may be even . 1ess, as the

vya1ue,fortg_ nervosus may be an overest1mat1on The data for th1s

spECies (Fig 13D, Table 15) suggest the poss1b111ty of a. second in-
O

?put of eggs to the population after complet1on of about 257 of the

'cohort t1me however there was cons1derab]e f]uctuat1on 1n the total

dens1ty and none of the increases was stat1st1ca11y s1gn1f1cant

A]though data in the 11terature would suggest that’ the genera11zed

132
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: surv1vorsh1p curve obta1ned for the four spec1es of ch1ronom1ds
'_ (Type IV - c]ass1f1cat10n accord1ng to STobodk1n, 1963) 1is charac-
ter1st1c of many if notemost freshwater 1nvertebrates, the onTy
pub11shed data wh1ch 1ncTudes dens1ty est1mates “for the eggs in ae—
d1t1on to that for the young, appears to be that for two species of |

leeches, viz. GToss1phon1a compJanata (L.) by Mann 1957 and

Erpobde]]a octocuTata by ETT1ott (1973‘);~ Beth species had Type IV
surv1vorsh1p curves | | |
) 4Based‘on a study of'sarvivorship_euryes‘of.severaT hatu* L oin-
sect bopu]atiohs, Ito.(1959, 1961) concTuded that the morta]ity-ofia‘ o
'.spéciéé bverlits éntfge.l{fe span, and the,re]ative praportionﬁwhich'lé
eecurs in the early aeyeTopmewtaTr :ages,<deereases‘with;increasjn92:“
'sociaT evoTution'(e'partntaT.carE). Sincé,chirdhdmid femaTes do not
appear to exhibit any selection in the1r ov1pos1t1on site, but jus: ‘
~expel the1r egg mass 1nto the water, it foTTows that the surv1vorsh1b
curve shou]d be Type IV | : )
The popuTat1on stat1st1cs for the ch1ronom1ds (TabTe 16) f1t in o

‘.%?che appropr1ate Tocatﬂon in graphs of the generaT1zed fundamenta]

-

‘ pr1nc1pJes in popu]atxon ‘dynamics. These 3nc1ude T)’1ncreas1ng tota]

,fecund1ty accompany1ng decreas1ng totaT surv1vorsh1p, 2) a hyperboT1c

»

1nverse reTat1onsh1p between the 1ntr1ns1c rate of natura] 1rarease » .

[T ¥

(lqgéand mean generat1on twme (T), and 3) the pos1t1we corre]at1on _
‘between body. size and mean generat1on t1me on a Tog Tog pTot (cf P1anka,
74). o S _' ‘

. Few conc]us1ons may be drawntfrom conparlsons of t"  chironomid

popuTat1on stat1st1cs (TabTe 16) and other data, aS-aTT other data are
| , ther d .

N . . EIE . ) v
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on laboratory popu]ations In these other stud1es predat1on andv

~ parasitism were non- ex1stent, and temperature and food supp]y were
tma1nta1ned constant Temperature and food supply, both 1nd1v1dua11y
and in 1nteract1on, have been shown to 1nf1uence the intrinsic rate
of natural increase of severa? aquatic invertebrate species (e.qg.
Stiven, 1962; Hall, 1964; Schiff, T964;-Cooper, 19655 Sturrock, 1966
Schiff and Garnett, 1967; Sturrock and Sturrock, 1972). In the present B
study a ditferencn of a'magnitude'of five was,found between. the .,

intrinsic rate of natural increase for the summer and overw1nter1ng

.cohorts of G’ 1obiferus Most of this d1fference probably was due to ,f"

'temperature, as ice was present on the lake for approx1mate]y 60% of

the durat1on of the overW1ntar1ng cohort.
hee)

>

In cons1der1ng the var1ous morta]1ty factors which may have
1nf]uenced the survivorshin of each of the. six cohorts, 1t is evident
that both dens1ty dependent and dens1ty 1ndependent factors were
1nvo]ved however, the re]at1ve 1mportance of each cannot be stated:
Dens1ty 1ndependent morta]1ty factors are character1st1c of unstable.
'and/or unpred1ctab]e env1ronments, whereas under more stab]e and/or
pred1ctab]e env1ronmenta1 reg1mes much morta]1ty is more d1rected
and favours 1nd1v1dua1s 1hat are better able to cope w1th high
densities and strong competition‘ The best strategy’in‘the former
_case is to produce many offspr1ng, but in the latter 1t is to produce
offspr1ng with- more substadtta] competitive. ab111t1es The 1atter J
"usua11y requires ]arger offspr1ng and, since they are energet1ca]1y

‘more expens1ve, fewer can be produced (P1anka, ]974). Additional .

strateg1ca1 advantages of the former 1nc]ude a high reproduct1ve rate,
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ones begin to. grow unfavourab]e MacArthur and Wilson (1967) have
des1gnated these two oppos1ng se]ect1ve forces ”r se]ect1on" and

t\mK—se]ect1on" There-can be no doubt that the four species of chiro-

' npm1ds studied can be character1zc s r—strategists The number~of

“'i‘

‘eggs per egg mass in the three species of G]yptotend1pes 15 very

h1gh as compared to ch1ronom1ds in genera], and that for’ G\‘?ob1ferus
s among the highest ever recorded Th1s hjgh fecund1ty coup]ed w1th
the ab111ty to f]y probab]y represents the maJor reasons for the
d]str1but1on ‘of this genus ‘being world w1de

The occurrence of the three spec1es of glyptotend1pes in- the same

hab1tat is of particular 1nterest -‘ATthough the degree to which . they

'compete s unknown, there is ev1dence of ability to co-exist through

nlche spec1a11zat1on There appears ‘to be d1fferent spatial ut111zat1on'

of the sub- hab1tats Add1t1ona11y,‘there is morpho]og1ca1 character

d1splacement as shown by the trophic'indicator ratios , there may be

both food size and k1nd d1fferences, s1nce the mentum of G. dre1sbach1 B

7

:1s marked]y d1fferent from that of G. lobiferus and G. nr. Qariges in

- -

fﬁlthe f1na1 three 1nstars R SR

The role of compet1t1on 1n 1nf]uenc1ng the duration of the cohorts ‘

\‘n]

is uncerta1n Var1ous data tend to 1nd1cate that G 1ob1ferus is

Py

competitively superior to G. nr. »gariges Th1s is suggested by some
of the popu]at1on stat1st1cs (Tab]e 16), and by the change in the
proport1on of specimens of each spec1es in the same 1nstar in a

<

h part1cu]ar sub hab1tat In t‘\ case of -the 1atter, an- exam1nat10n of

the dead p]ant shoots showed that dur1ng the hlgh1y svnchron1zed f1rst

o Lo
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cohort,.the number ot G. lobfferus_in the first, second and third
{Hétar divided By the number of G. nr. paripes in the corresponding
instars followed a general positive1y skewed pattern; initially

G. lobiferus was more abundant but with t1me _: paripes became

i more abundant (F1g. 27) The repetition and synchrony of this pattern
’ suggests that G. lobtferus ou :ompeted,gf nr.qpar1pes,for the avail-

~able resources in each instar and hence metamorphosed into the sub-

" se t instar sooner. The same pattern may have occurred in the

fc  h instar a1so, but ‘was not demonstrated because of some of the
'spec1mens hav1ng emerged A s1m11ar type of positively skewed pattern
appears to occur also ﬁh the second cohorts \?\these spec1es (F1g 28)
‘but is not as we]] defined. This may be due to the long egg depos1t1on
periocs (28 days far both spec1es) ‘the consequent probab]e lack of
synchrony between co:respond1ng instars of the two species; and hence
a m1n1m1z1ng of compeéﬁt1on between’ them. |

| Desp1te the above 1nd1cat1ons, the durat1on of the overw1nter1ng
cohort of G. Tob1ferus was 394 days and that of G nr. paripes was

312 days. In v1ew of the results of deta11ed exper1ments on Ch1ronomus

nuditarsis Strenz!c and G,; "vhSUS (L1nnaeus) by Fischer (1974), it

\.\E-

seems 11ke]y that dormahcy is %hvb]ved v F1scher stud1ed one popu]a-
't1on of the former and two: of the 1atter spec1es and found that a dor-

mancy phase cou]d occur in a]] three at the end of the fourth 1nstar

'Both 1ong and short days caused some of the larvae 1n each of the three
popu]at1ons to cease deve]opment.» TFhe check 1n deve]opment'Tnduced by

5Dormancy is every.stop or retardat1on of’ deve]opment which appears
(facultative or obligatory) in the ontogeny of an jinsect (Th1e1e, 197])

s



“340402 yoe3 p;mpm 01
J81aWw aJenbs Jad: saLdads :umm xQ ple| sbba jo Lmassc PajRWL]Sa Y] U0 PISeq OL]PA SIUBPUNGR

.9y} sjussaudad Q| 3@ Bul| |e3uoziaoy 8yl ( A ) 340Y0d €/61 ¢( v ) s3doyod’ bBut:mv 13A0
€4-2/61 Al 4®3sul $( O ) III 4e¥sul ¢( B ) II 4e3ISUl ¢( @ ) I 4RISUl “g/pl Ul 4. = ALd
.. ,s3atoads oma m:p Butdanp sjooys que(d peap 93 UL J4BJSUL yOBd® UL (OLjed 3d. = 0 =)

mmr;mm AU ‘9 40 3SOY3 03 SNUSFLGO[ 'H 1O drAJR| 40 :o?p&oaoxa dYyy L. sbuey)>

3

L2 bLd



[

wa

AUGUST

100—

K LO
N

- Pllvd 30NVaNNEY

. O
L_Q

o o

1y

R



“Ael pue Adenugaq “Jaquadag

#comm;gmx W pue 4 “q

340402 "yoea p;mpw 07 J933W aJenb

-Wnu pajewL3ss ayy uo

paseq OL3ed ajuepunge Y3 Suasaddad

s ‘4ad- pajLsodap sbba jo Jaq:
8"l 3e alL| [eju0Zidoy By]

(A ) Al dejsul (O ) III 4e3Sul
_,Soloads oMy o

sadraed

AU " 40, 9S0YY 03

Y3 Bulunp sjooys jueid pesp suj Ut Jdejsut yoes ul

(B ) Il 4e3sul ¢( @ ) I 4BISUI  *J4040D v/-€L6]
(ot3ed sdouppunge =)
SNJ941Q0L ‘g 40 seA4R]| 4O coTpLoaoxa_msu uL sbuey

gz b1




140

Il

Wyd yay AON| 4380100
|

,.—




141

short’ days in all casegkhould be reversed by 1ong days. A1l dormant

‘-]arvae moved and consumed food. |

Temperature a]so was invo}ved., In the Q,'nuditarsis‘population
‘short days on]y aCcompanjed by a Tow temperature could induce dor-
mancy. o |

-In.a]lrthree populations studied, the type of dormancy dnduced
by short'daysHWas o]tgopauseQ., |

If dormancy . d1d occur in.the G. lobiferus poputation, then it
wou]d appear that at ]east some of the fourth instar larvae entered.
the dormancy phase in spring under the st1mu1us of Tonger days, and '
- possibly also some did so the preceding fa]], in _respanse to the shorter
days Temperature may have acted in conJunct1on with photoper1od to
produce the dormancy , p s ‘ ’. - )

Thus it wou]d appear that in add1t1on to being a super1d\\compe—
titor G 1ob1ferus uses env1ronmenta1 cues to. stagger its time of. ,
emergence thereby minimizing the chance of all the adﬁ]ts " (and hence
the progeny) be1ng k11]ed due‘to a‘sudden change 1n»the weather con-
ddtions '

In conc]us1on, the results obta1ned in the present Study may be
_'regarded onty as a sma]] contribution to the development of a predic-
tive mode] of the dynam1cs of natura] popu]at1ons of chironomids. Pre-

vious work on this fam11y,suggests thatlthe generalized survivorship

6thopause is a type of dormancy wh1ch is facu]tat1ve and is similar
to quiescence. It differs from it in that the halting of deve]op—
ment does not immediately.follow the deterioration of the environ-
mental factors, but only with a retardation. The new-start of the
deve]opment after a change of env1ronment to optimal cond1t1ons also
is retarded. (MU]]er, 1970). ;
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Cur. 2 is representat1ve of many spec1es// Thus. 1t shou]d be of va]ue
also in other studies, e.g. in ca]cu]afﬁng turnover rates for produc-
tivity estimates. (cf. waters, 1969). 4

Several assumpt1ons have been made in the’ deve]opment of- the life
-tables, pr1nc1pa1 among which is that each fema]e which surv1ves 1ays | v
only one egq mass. S1nce all assumpt1ons made have been deta11ed |

subsequent: results can be app]1éd to ref1ne the estimates.

‘The pé€suTts obtained suggest the competitive superiority of G.

»]obiierus in

rd1str1but1on it wou

pure Tvgha.marsh “Since T. latifolia is wor]d wide in
be of 1nterest to check the above conc]us1on

. 1in other geograph1ca1 1oca]1t1es, and hence determ1ne 11m1t1ng factors.

- .

I
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INTRODUCTION

Qlyﬂtotendipes drejsbachi, G. lobiferus and G. nr. *gariges],

espec1a]1y the 1atter two species, exh1b1t pronounced morpho]og1ca1
s1m11ar1t1es Jin most deve]opmenta] stages As a basic rqu1s1te
for the’ construct1on of a life table for-each is the accurate
d1fferent1at10n of each in all deve]opmenta] stages, a deta1]ed
'exam1nat1on was made of the three spec1es to dcterm1ne cr1ter1a
suitable for: the1r separation. |

- G. lobiferus posed additional problems. Its eeve1epmenta1 pat-
tern in George Lake 1sbsuch that- for part of each>year larvae, pupae
,and”adqtts’frem'two eonsecutive generations ‘occur together. These

have been examined to determiheimethods suitable for their separation.
EGG .

The eggs of G. dre1sbach1 are 11me green in co]or whereas those

of the other'two spec1cs are 11ght go]den brown . S1m11ar to G. N
.- dreisbachi, the eggs of G. nr.. paripes do not exhibit any-.fixed
:pattern of dlstr1but1on w1th1n the egg mass, whereas those of G.
'lggljgrus do.. Its egg mass cons1sts of- 2 s1ng]e strand of eggs .f
which forms a series of U- shaped loops, the tops of each U doubting
back on themse]ves. The . 1ong axis. of d]] eggs are para11e1 and.

“point .into the center—of the cy]1nder -0f Je11y

A]though the egg mass of each Spec1es is sausageﬁg

- B

éﬁ%d? they
'_'_,‘; m}"e TR

ne
. ¥
-

]This may be a new sp c1es, 1ntermed1ate between » Xptotend1pes paripes.
Edwards and Glyptotondipds meridionalis Dendy and SubTette [Pers. Comm.
Drg D.M. Webb, I1Tinois Natural H1story Survey, Un1vers1ty of I1l1no1s,
/ﬁUﬁ ana, Illtno1s) . ‘ .




Adtffer in size, and in the numper and~5i28 of the eggs (Table ])'
LARVA

) Examination of.the‘antennae premand1b]es, mandlb]es, and

mentum and assoc1ated ventromenta] p]ates of each of the four 1nstars
of each of. the three spec1es (F1gs (’l 48) shows that G. dre1sbach1 cang -
be separated from ‘the other. two spec1es~1n 1nstars 11, III, and IV i
s1mp1y by v1sua1 exam1nat1on of the pattern1ng of the teeth on the
mentum. In 1nstar I however, measurements must be made Compar1son B
of the 1ength of the mand13]es, the w1dth of the: mentum “the d1stance
. 'from the apex of the mentum to the posterlor edge of the head capsu]e

(Figs. 40 51), the 1ength of each of the antennal f]age]]omeres, and
.the 1ength and breadth of the -head capsu]e of the three spec1es shows™

that the Tength of the second antenna] f]age]]omere is the best

single measurement for separat1ng 1ﬁ:tar I larvae of G. dre1sbach1€
“from those of G. 1ob1ferus and G. nr. garages (Tab]es 2, 3; and 4)3 ‘
'howeytr, on]y s1lght1y more than 95 of the spec1mens can be’ separatedl
| accurate]y When th1s measurement is taken in con3unct1on with one or-
‘more of the other measurements, such as the ]ength of the f1rst and

th7rd antennal f]age1lomeres, then ‘the accuracy of separat1on is - |

1ncreased.

- g,'lobifErUS and G. nr. Qar19es can be separated from each other

'comp]ete]y on]y in’ 1nstars II; I11 and IV, and on]y by’ measurement of -

the d1stance
/

/)//’Uf—fﬁé head

rom the apex of the- mentum to the poster1or ventra] edge

apsu]e (Tab]es 3, 4 and 5).

y

o s
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Figs. 1-16. Glyptotendipes dreisbachi Towries. Premandible,

- antenna, mentum and ventromental plates, and
mandible of first instar (Figs. 1,5, 9 and 13),. -
second instar (Figs. 2, 6, 10 andv 14), third -
instar (Figs. 3, 7, 11 and 15)“and fourth instar‘&
(Figs. 4, 8, 12 and 16) Jarva. .

<+



156




- Jags.

17-32.

“jfx\\

N

Clyptotendipes labiferus (Say). Premandible, antenna,
mentum and ventromental plates,-and mandibte of first
instar (Figs. 17, 21, 25 and 29), second instar (Figs.

18, 22, 26 and 30), third instar (Figsg, 19, 23, 27 .
and 31) and fourth instar (Figs. 20, 24 .28 and 32)
larva. .
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@

Figs.

33-48.

Glyptotendipgs nr. paripes Edwa?ds. PremandibTe,

antenna, mentum and ventromental plates, and mandible

 of first instar (Fias. 33, 37, 41 and 45), second

instar (Figs. 34, 38,42 and 46), third instar (Figs.
35, 39, 43 and 47) and fourth instar (Figs. 36,
40%@&@ and 48) larva, » . ,

3 e : —_

v “:?Q,. o

.



.).o"
. V,' 0.2mm
[ 43,44,46,47and 48



-Figs 49-51.

Three of ‘the nieasureents made on each of the four-

larval instars to _differentiate the -three species o

of Glyptotendipes. Fig.. 49 - Tength of mandible e
(a); Fig.-50 : width of mentum (b); Fig. 51 : distance.

from apex of mentum to ‘the posterior ventral edge

of the head capsute, in the mid 1ine (c).
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bh]y 1fmited accbracy can be obtained in separatfng G 1ob1Ferus
and G. nr. Qgﬁigéé_in-insta} I Of the measurements made, the distance
froh the apex of‘the mentum to the poster1or ventra] edJe of the head.
Lapsule, and the Tength of the head capsule are the most useful As,
the %requehcy distributions of each spec1es for each of these LWOQ
measurements were'found to be ‘normal, those ]arvae which fa]] in that
part of each® d1er1but1on cowwen to both species can be d1v1ued in a

~ratio basea on the number of saec1mens of each spec1es wh1ch can be

separated accurate]y

- ' - PUPA | | o B X

Q11 three spec1eg poss s sclerotized structures in the ahape of

maCe 1ocated on some of the- tergites. In G dreweha:hv there are

z

gcated on tergites ITI- VI whereas in.(. Tobiferus and in

g
.

tour maieé

Da[~gea uyere are five maces, 1ocated'on_tergites LI-VD (Figs. o
55-68). ro ‘ SR

Lo ' .
‘The‘pupa orf G Tobiferus d1ffe)s from that of G. nr. Lgr1p

thet the dorsal surface of ‘the maces gn tergites v ahd VI o. the former
o species is covered with many small spines, wherea5 that of G. nr. paripes

vnya 1S devoid of such s >1nes(rigs 62, 63, 67 and 63). | L a

- ADULT

The usual method‘FUr'differentiatih, chironcinid male adults is..

cceording to the Stiructure This 1euh0d cannot be
o used Fer-seharamihu G Q)flgh (h1" ; '€@r s and b wa“1ne°

f(F 95..52, 53 ano rﬁ)

N (
IR

~ )




d6

Figs. 52-6&.  Hypopyjium of C]vutonmnd1res dreishachi (Fig. 52),
G. lobiferus (Fig. 587 ang C. nr. paripes (Fig. 54).
Haces on pupal tergites I1I1-VI of. G, dreisbachi
‘- - (Figs. >g 58), on tergites-11-VI of G, Jobiferus
(Figs. 59:5%) and on tergites II- VI of G. nr.
a ~}ar1ge§7([7g> 64-68).
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Comparison of the antennal ratio (A.R.), the number of setae on

the clypeus the length of the scgments of the palpi (Tab]e 6) th

7/

number of var1ous types of setae on the ‘thorax and certatn u1ng meas~
urcne. ts. (Table 8) of the three species indicates that all male G.
oo 3ch1 can be separated from ‘those of G. 1ob1f§£gs and G 9er.
Bgﬁ_ﬂ___accordung to the number of setae on the scutellum. Of these
 criteriay on]y the number of acrost1cha1s can be used to separate all.
i . . s
Q, 10Ql£9rus from G. nr, partpes. : . | ) .y

Comparison of the lengths of various leg segments and associated
_rattos.(fab1es 9, 10 eﬁh 11) of the three species shows that a]1\maﬂe
G. grglspgghv can be separdted from those of the other two spec1es by
- the 1eg rat1o (L.R%) and by the ratio Taz/Ta Of these crtter1a,
on1y the Wength of the sccond tarsd1 segmont ‘can be used to sevarate
all G. Tobiferus from G. nr. paripes.

Comparison of the various measurements of the female adults

~

ot

of the three species (Tables 6—11)‘1ndicates that all three species
can be sepérated comp]ete?y from each‘othet by the length of the third
antennal flagellomere (Tab]e 7), and b}'the’nymben-of setae on the

.scuté11um (Table 8). : , . ) | “.. i L “J: -
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2 (1)

10+ 1 p L..i........u............1: ............... ;;"dreisbachiv
‘Mewn Tength + 25D of seeony antennal flagellc e
A6 23 i, ;":"'-""" ]ob1.b.u52,‘nr gar19es
N . Instar 11
Qf] Aﬁica] angle of mentum < 9Q° (Fig. 10) ....ooiviin., dreisbachi
" ‘Apical angle of mentum > 100¥ (Figs. 26 and 42) .......oooen.., 2
2 (1) Mean d1stance i 25D ~from apex of mentum to posterior »
ventral edge_of head capsule in mid line (Fig. 5T) |
136 £ 12 oo, R P ' nr. paripes
Mean distance_i‘ZSD from apex. of mentum to posterior ' -
véntra]‘edge of ‘head capsule in mid 1ine (Fig. 51)
L o B T S E Tobiferus
c | Instar 111
1. - Apical angle of mentum <Z§O° (Fig L dre1sbach1
Apigal angle of mentum = 100° (F]gs 27 and 43) ............... 2
(1) Méan»disfance + 2SD from apex of mentum to poster1or »,v‘
7 yentra edge of head capsule in mid line 228 + 25 Hoe nr.fgarigés
~ Mean diskance's 2SD from apex of mehtum to posterior T
o ventral édge-of head capsule in mid line 310 +24 u ... lobiferus -
2These two species cannot be separated completely in instar I (see text).
IR ' ' ' - -

OF

\

Eggs in. a %éngle strand

v

~

R » ‘
“EY TO THE SEVEN DEVELOPMEHTAL. STAGES
""" ISBACHI, »G. LOBIFERUS AND G. NR.,PARIPEva
EGG '
O N .
......................................... dreisbachi
...................................... 2
L L : - N : o
Eggs scattered at random in jelly. ..................~ nr. paripes
e e e e e lobiferus
? )
LARVA .
- : . ‘ ! ~
¢ ~Instar I

Mean ]ength *

2SD of second antennal'f1age119mgré‘,,

177

-
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. ;
L1

/ .
\ .
' s Instar 1V ) - .
1 'Apical angle ofvmentym'\ 80° (Fjg.,l?) ....... i..i....-dreisbacbi o
o Apical angle of méntum'>:100°-(Figs.lza'and a4y oo 2 .
o2 (]f, Mean disfance + ZSD.f}om apeX'of-men%um'to'poster%ér_
o ventral edge of head capsule in mid 1ine 365 + 20 j ..nr. paripes
Mean distance + 25D from. apex of mentum to.posteriok , o
ventral edge,of head capsule in mid Tine 479, + 721yv7.. lobiferus -
. ) PUPA ‘
1 ‘_Mace—shaped sclerotized structure on each of . - L
tergites III-VI e, B T
) Mace-shaped sclerotized structyre on each of
tergites 11°vr .0, .. e e
2.(1) Dorsal surface of maces on tergites'v anu v1I - ' &
: devovd of sp1ﬁes (F?9§-J67 andv§8) R R TR IPR ViN gar?ges
- Dorsdl surface of maces on tergites Voand VI i S ,
‘ Withy many small spines (Figs. 62 and 63)“;;.%_ .......... '1obiférU§_ (
ADULT *.
c Md]e.»x;w —— o
1 Numbe' ~~ setae on scutellum 20-25 ..., Tl .. drejsbachi
o Numbe  F setae on scutellum 30-58 .. ...... S e L2
Tl . . ! ) N . - . . . Vs . -
\\\Zk(])"Number of acrostichals 17-23 ..... e e +e. Nr. parises -
.- Number of acrostichals 25-35 .., .. .. . '.;...;.;,..l.» ..... Jobiferus
S | " Female R L ,
T J 'Numbér of sezaevon_SCute]]um;IQ—QQ ...... e, . dreisbachy
' Number of sépae.on écute]lum 35-39 .zf...Q;;,..:..,..'nﬁ;.gariges
Number of setae on scutellum 48-74 .......... P lobiferus



SEPAPATION OF LﬁRVAE PUPAE AND ADULTS OF GLYPTOTENDIPES LOBIFLRUS
FROM OVERLAPPING COHOR1S

. /"
o C /
In George Lake G. 1ob1ferus has two cohorts per year, one

commences about the th1rd week in May' and is comp1eted by the end of

4

the summer. The cohort resu1t1ng from tbese adu]ts commences -about

the first ha]f oT August, overw1nters, and starts to emerge '2-3
weeks after the iceé has me]ted however, as emergence conttnues

throughout the summer, there is-a m1x1ng of 1arvae, pupae and adu]ts o
© . .
from the consecutwve cohorts,

.L3rvae from these over]app1ng cohorts can be, separated from A
: - .
each other for -much of June on the bas1s of the1 1hstar, since there

is a one 1nstar gap between tha m1n1mum age of the overw1nter1ng

1arvae and the maylmum age‘of the new cohort larvae. Thereafter

ﬁecause of the rate ot‘déve]opment of the new cohort 1arvae, th1s

- K

-9ap is eliminated; however tne over]app1ng 1s restr1cted atmost

'exclusqvely to the. fourth 1nsta .

ae 1n the over]app1no instars shows that

~ bd

Examnnat1on of the 1
they'eyhibit<dimorphisww1 co]our and s1ze Some larvae are very
dark red,. wh11e others are ]1ght red in cciour. \fﬁdd+t1ona11y,
practtca]]y all of the former are much 1arger than the 1. tter In
view. of these d1fferences, and the fact that the former decrease and
the latter 1ncrease in dens1ty, the colour and size. d1fferences
‘appear to be correlated with cohort d1fferences AR
Because of the d1morph1sm in the 1a1\ae, pupae collected tnrough~

out the study were exam1ned for s1m1]ar d]fferences As al] of the

N T



Ce e L \_ 180
" pupae WLre preser\ed in 70%. ethano], measurements were made on]y on
Vstructures wh1ch should not be affecLed 51gn1f1caqt1y by the preser—
vative.. Consequent?y, measurements were made on thgy]ength and brc .ch -
of the maces A b1moda11ty was . obta1ned in. the frequency dwstr1but1on
for esh measurement but was corre1ated w1th sexua] differences. NO~ | ;.T o
vbﬁmo%a11ty was“ev1dent in the frequency d1str1but1on for each measure*Q':‘ |
ment of each sex. Because of- th1s, and espec1a]1y because o the sma]]
‘number of pupae co]]ected throughout the study, it was dcc1d[d to d1s—
cont1nue attempts to separate pupae from the over]app1ng cohorts |

An exam1nat1on also was made of the: aduTts for 1ntra sexual .
'dimorph1c characters As all of the adu1ts were k1]1ed and preserved :
in the f1e1d using 707 ethano] measurements agalv were ‘made on struc—e'
' turcs which shou]d not bc affected °1gn1f1cant1y by - th1s techn1que
'Conseque1t1y, measurements were, made on the 1engtn of the t1b1a and
_of the first tnree tarsa] segments of* the front ]eg ' .

-

Compar1son of the frequency dfstrfbut1ons of the above measure—

- ments: 1nd1cated bfmoda1 d1str1but10ns for the adu]ts, however, in each
.measurement there was cons1derab1e over]app1ng in the d1str1but1ons
To. accentuate the d1fference and hence separate the frequency d1str1— | . .
but1ons, all of the Teg mea/urements were multiplied together fcr each ‘
: spec1men Fredquency d1str1but1ons of the resu1t1ng va]ues are shown in
.. Fig. '69~- As can be ‘seen,’ there 1s a c]ear b1moda1fty in the‘values

4-"-( c

for the ma1es frOm 1973 and in those from 1974 (Fwﬁg 69A and C) ._" .

S1nce none of the spec1mens const1tut1ng the frequency d1str1but1ons N\~

. 70n the Teft hand slde of the arrows was found unt11 the\end of June

in. 1973 (F1g 69A) and unt11 the beg1nn1ng of Ju]y 1n ]974 (F1g 69C),_ g

o
I

-,




.collected i

P23

Frequénéy‘distributiJns of the'product of themléngth of the

tibia, and first, second and third tarsal segments of the
fore leg (p,) of the males (A and C) and females (B and D)
A 1973 and 1974 respectively. The vertical
&rrows represent the points separating the adults of the
summer cohort (left hand side.of arrows) from those of the
overwintering cohort (right hand side of arrows). . :

N
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'qndbsinCe‘mOSt‘of the foéﬂer spectmens were collected from 1ate Ju]y

, and most of the Tatter - 1n August these frequency dis-

tr1but1ons in a]] probab111tv are composed of adu]ts .from thé genera-

Add1t1ona1 support for

L]
_— %‘to m?d—August

tion wh1ch started fn M

th1s is the fact
that t1e adu]ts const1tut1ng the frequency d1str1but1ons on the r1ght
hand s1de of the arrows were co]]ected first when e

nergence started
Q& -1in both years Furthermore

most of these spec1mens were collected
before the end of Ju]y in both years

= o A]though too few fema]es adu]ts were collected in both years to-
v the differ

Y of thosc on e1ther s1de of the arrows in

demonstrate any c]ear pattern

.8

ence:in'thevdates of~co11ection

Figs: 69C (1973) and-69Dr
(1974) are" essent1a1]y 1dent1ca1 1n bot years to those recorded tor
the-ﬁorresponding ma]e adults’ - |

& .

1t veen
'é he “frequency d¥stributions in both years can probably be attr1buted
4 xgo'gifferences in temperature and/or food availability to which the

ou]d be a resu]tz

of dormancy, the greater the detay 1n the date of emergence

the
. 1arger the adu]t and consequent]y the ]arger the ]eg va1ue

The "?,
rskew.glso cou]d be o

a resu]t of the sma]l samp]e 51ze
§1m11ar to the 1arvae var1at10n 1n co]our wa

5 noted in\the dadults.
In genera], the.]1ghter~

co]oured adu1ts had shorter leg va]ues than

d]d the darr adu]ts No attemht wa

s made to quant1fy these, d1fferences
. as the sgec1mens had been preserved .in ethano] for vary1ng per1ods of -

» tlme, some dlffer1ng as much as one year
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; o ' " INTRODUCTION L L
£ o ]

- "‘A 11fe tab]e is a conc1se summary of certa1n v1ta1 stat1st1cs
df a. popuTat1on, and is a bas1c essent1a1 ‘to the understand1ng ot
the. popu1at1on dy m1CS;£f a spec1es As has been po1nted out by
Southwood (1968), a]though some an1ma1 eco]og1sts, such as R1chards

Q\_;ﬁlﬁﬂo), had expressed the1r resu]ts showing the success1ve reduc-

~ l

' N
ET6hs in: ‘the popu]at1on of an 1nsect throughout a s1hg1e generatidn,

. Deevey (1947) was rea1]y the f1rst to focus attent1on on the va]ue

of Tife'tab1es -

RN

~There. are two types of 11fe tables, viz. the'aoe-specific |

- (or hor1zonta]), and the, time- spec1f1c*(or vert1ca1) 1ife table.
v { .

" The former 1s.based on-the_fate of a~rea1 cohort; conveniently

the‘members of‘axpopu1at10n beTonging to a sing]e generatior The -

\popu1at1on may be stat1onary or fluctuat1ng The 1atfér is based v.h

&k

on the fate of an 1mag1nary coho&t found by determ1n1ng the age
'. structure, at a point 1in t1me, of a samp]e of 1nd1v1duals from what
s assumed to kg a statlonary popu]atlon with considerable over-
lapping of.geherat1ons,’1.e. armu1t1—stage population (Southwood,

\968)

, For constructton of a Tife tao]e de ; 'mates for the’

g prulat1on arc wecessary for a]] deve]ogm o

v

tages, 1dea11y there

ifshou1d be severa] est1mates for each deve]opmenta] stage Add1t1on—

ally, data are necessary on. the fecundﬂty and fert1]1ty of the repro-

duct1ve stage

185
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constructed} The symbols used are the standard ones. emp]oyed in

life tables. Thé%e are | dﬁ‘.: - A L ;[gx,

X - . the p1vota1 age of the age class.in un1ts of t1me i.e. the --
_ mid-point” betveen consecut1ve sampliffy dates.

]x - the number of fema]e adu]ts surv1v1ng to reproduce dur1ng a

g1ven age. 1nferva1, as a’ fract1on of the 1n1t1a1 numbér of

.

i fema]es in the cohart. Theiaverage ]ongev1ty of females has
been taken as 5'5 days, and morta]ity was'assuned to be 1inear
With time Add1t1ona]1y, eng- 1ay1ng has been assumed to occur

, one day after emergence Thus the number of fema]e adu]ts;
surviving to reprqduce durxng a g1ven age Jnterva}~has~been
taken as 81.8%:0f”the number‘which,eﬁerged;in that age interval

‘ (see Discussion)" | | -

O« ) w

mx. the age spec1f1c fert1]1ty, i.e. the number of 11v1ng fema]es

1

. born per female in each age 1ntervaﬂ, The ch1ronom1d fema]e Y

.o T

~adults stud1ed have bg\n,assumed tQ 1ay on1y one egg mass before
dyingy consequent]y m for each spec1es has been taken as ha]f
the number of eggs 1n en egg mass (see D1scuss1on)
‘V;"~*he mu1t1p1e of 1 and mX co1umns wh1ch g1ves the tota] number
| of- female blrths (fema]e eggs 1a1d) in each age 1ntenya1 (the

p1vota] age belng x) S TR ZJ : ’~: "'»‘ 7-,'f_i

The method of bresentat1on of the 11fe tablesJused in the present

study differs: from that norma]]y encountered Instead of Just ]1st1ng

a7

“the pnvota] age (x), a co]umn has been 1nc]uded ]1st1ng the actua]

:samp11ng dates and the ca]endar age It 1srbeJ1eVed,that th1s

LT
s
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proCedure make: it nuch easier 'to re]ate the data to seasona] _pheno- -

1
.

mena and hence fac1|1tate compar1sons between the summer and’ w1nter
»E, ' cohorts Est1mates for the 1arva1 andgaadult dens1t1es are 11sted -
“ separate1y and the1r summation is 11sted under tota] p pulat1on -den--
sity, Pupae of on]y G. 1ob1ferus of 1ts f1rst generat1dh were ﬁound ;
% consequent]y, a co]umn for pupal den51ty has been added in its life |
table (Table 18). Add]t]ona]ly, a co]umn has heen added :for per cent
cohort duratjon comp]eted and one for per cent of the popu]at1on sur—.
- vi;1ng These also have been added to fac111tate comparlsons between
the var1ous specigs, as there was up to a four- fo]d d1fference between:
them in the1r 1n1t1a1 dens1t1es L .‘»w' oo o
The co]umn 11st1ng the number .of fema]es surv1v1ng to reproduce '
- conta1ns va]ues wh1ch are 81. 87 of the actua] numben.of fema]es wh1ch
' emerged dur1ng the spec1f1c age 1ntervals (see’def1n1t1on of 1 ).

o

No co]umn 1s~g1ven for m,  as. it has beeg assumed cohstant\?or

. K
hli each spec1es (see’ def1n1t1on of mx) - \\ | v | :." ' o
i .,J §§Symbols app11ed to popu]at1on stat1stn65/ﬁh1ch are’ used in the,///ﬂf
f%o‘fz present study 1nc1ude '_ " o L R v- f/\l w
t-‘R‘ the net reproduct1ve rate, i. e. the number of " Limes a popu]at]odﬁ‘

o
U w1]] mu]t1p1y per generat1on Th1s 1s de “ived by th. summat1on -
of the V column. | o | |
| 'T”; the ‘mean generation time' A]though oviposi inn by 1ema]es is ju
B extended over a per1od of t1me, :t may be cons1dered as concen-
—_— trated for each gener4t1on at one‘po1nt of t1me, success1ve.gen—;

\
erat1ons be]ng spaced T‘un1ts apart. (Dub11n and Lotka, 1925)

Th1s pohnt o7 t1me has been taken as the day by wh1ch 50% of the

e
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*eggs have been-laid. For approx1mate purposes T may be def1nod as:
;T ;‘ng‘v / E:V (B1rch, 1948) If th1s were an accurate esti- B
mate of T one’ could subst1tute 1t 1n the equat10n . 1og"R ;/”Tv
to ca]cu]ate the 1ntr1ns1c rate of. natura1 1ncrc S.nce nt is " o
'an apprby1n5t1on, the resJﬂt1nQ vaTue for the 1ntr1ns1c rate of - "% ﬁff?
»j-natura1 1ncre§se is an approx1mat16n Laugh]]h (]966) proposed L <

that th1s approx1mate va]ue be c]ass1f1ed as r? and that the ap—

- proytmate va]ue for the mean generat1on’t1me be c]ass1f1ed as T

- s

- The vajue obta1ned for rC 1s used to determ1ne - (Southwood
]968 p 290), vand . the resu]t1ng va]ue is used to determ1ne T by

. subst1tut1ng 1t in the equat1on Ts= 1og 30 E’r L

tﬁhe 1ntr1nswc rate.of natura1 1ncrease, 1 e. mthe 1nstantaneous :.'-: . ; -

growth coeff1t1ent expressed when the popu]at1on Ts grow1ng .n an

un11m1ted env1ronment and’ the age structure has becomO stab]e

-

Under these cond|t1ons one so]ves for rm 1n +he equat:ona ﬁbﬁ

: -r 3 L o S
Th1s equat1on ‘can be approx1mated to Eze'.mF 1xmx_é J“(§buthwood, .
]968 N 290) ) o P A _

. . . < R . .
| L L

N -the4 f1n1te 'rate of natura] 1ncrease, J.e. the number of t1mes

. R : . .
a popu]at1on 1ncreases per unit of* t1me It is obta1ned by tak1pg CE L i

“:7the natural ant1]og ofr. 7

-

W e e

X,

L Add1t1ona1 1nformat1on on the equat1ons for calcu1at1n§\the

var1ous popu]at1on stat1st1cs may be found 1n outhwood (1968)

|
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' This appendix contains six toac cach of which lists the ‘density

estimates ahd\the accompanying 95% confidence Timits for the larvae of -

the six cohorts of the_foyr' species in each of the three sub-habitats

(1ive and dead plant shoots,hand lake bottom), and in all sUb—habitats .

combined. _For each sampling date the mean number ber square meter is
listed first, fo]]dwed‘hy“the'95%_confidenee ]ihits in pahentheses.

A1l va1uesh11sted foh the mean number peh square meter are arith-
metic means, cdicu1ated on untransformed'data., The values given for-
-+ the 95%'conf1dehce 1imﬁts_have been dehibed‘from transfohhed data.

To determihe'the'éS% confidence 1fmits for each'seL of n samb]es
(dn thefpresehtfstudy n=4;i the arithmetic.meén'(f) anid tke variance
fjsz) vere firsf’cd]cu]ated : Subsequent]y 2 Ch1 Squared test was per-
2 _ .2

‘formed using the equation X° = s n—l /(x to check for agreement

 with a Poisson series. The check for agreément was made at P < 0.05

) (E1liot, 1971, p. 42). On estihating the type”of distribution pattern. -.

exh1b1ted by the data, the approp te transformation was chOsen to
norm311ze the data (E111ot 1971, p. 33 TQe 95% conf1dence 11m1ts :
then were calculated on these norma11zed data After these ca]cu-

&L -
1at1ons had been made they were transformed back to the or1g1na1 sca]e.

It is these f1na1 data which are’ 11sted as the 957‘conf1dence Timits. -

. 3|
I3
+ To ca]cu]ate the conf1dence 11m1ts§¥;r the tota] ]arva1 dens1tyg
& , -
on. each. samp11ng date the est1mates for the number per square meter in

~
" o

each sub- habitat were summed for each of: the four quadrats sampled.

.d+ _191

5'Th1s gave four est1mates of tota] larval dens1tj on eacn samp11ng date'
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from which the‘meén and_the 95% confidence limits coulc be cal-

. culated as outlined above. .
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Density estimates and accompanying 95%

(15-642) -

TACLE 12. confidence limits
= (in parentheseg) for larvae of the 1973-74 cohort of o
D. nervosus in each of the three sub-habitats, and in all
sub- hab1tats combined. - No samples.were collected after
May 8, 1974. o / |
- T N ,///// Ngméer Per. Square Meter
bate five Shooﬁ{ | EyQE(Shoots Lake Bottom : Total |
June 21 19 (0-82) ° L 22 (0-198)
26 15t h 48 (0-481)
L duly 1 370 (156-717) 0 391 (170-756)
6 482 (247-842) 157 (0-665)  668°(226-1535)
1 372 (88-1051) 0 382 (106-1003)
16 556 '(153-1461)  157. (0-665) 713 (519-953)
21 547 (229-1078) 314 (0-1337) - 921 (392-1803)
L6 338 (192-510) 157 (0-665) ~ . 519 (173-1169)
31 281 (135-509) 157 (0-665)  445-(129-1104)
Aug. 5 342 (153-638) 0 1385 (164-747)
10 335 (41-1355) 0 1353 (55-1335)
15 335 (128-696) ~ 0 355 (127-774)
20 " 402 (285-531) 314 (0-932) 745 (277-1614)
25 404 (370-506) S0 . 411 (312-530)
500 450 (47-1891) 157 (0-665)1.._ . 607 (307-1073)
S, 4 11 (0-35) 439 (270-634) 157 (0-665) « 606 (228-1282)
327 (0-113) - 424 +(328-492) 0 451 (382-528)
17 14 (0-48) 517 (55-1901) 0 530 (81-1702)
24 16 (0-53) . 252 (148-375) 0 268 (180-383)"
Oct: 1. 5(0-23) 419 (150-924) 157 (0-665) 582 (319-969)
15 52 (0-206) 670 (214-1599) 0 72V (210-1833)
Nov. 5 (0-38) 319 (128-639) o 1328 (139-643)
Dec. 10 " 3 (0-11) - 174 (26-540) 0 , 177 (31-545)
Feb. 5 0. 165 (49-400) ~ 0 55 (50-412) -
May 8 165 | 0 . 16y (16-817)

<
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TABLE 13. Density' estimates and accompany1ng 95% confidence ]1m1ts
’ (in paréntheses) for tarvae of the 1973 cohort of
G. dreisbachi in each of the three sub-habitats, and in
all sqb hab1tats comb1ned

A Y
" Date . 2Number Per Square Meter '
' Live Shoots Dead Shoots.’ Lake Bottom Total
June 3 34 (G-147) - 4 (0-15) o0 37 (0-427) -
| 7191 (12-834) .5 (0-22) TN 0. 196 (13-1122)
| 13 250 (35-883). - 41 (4-94) 0 292 (102-660)
© 17 671 (62-2035) 33 (5-72) 0 704 (§9-1992)
21 169 (0-3480). . 85 (4-276) 0 254 (99+1469)
26 326 (0-2796) 37. (0-156) 0 363 (5-4439)
July .1 7104 (0-4862) 11 (0-47) 0 © 115 (0-11,935)
6 210 (74-445) 20 (0-55) 0 " 230 (91-467)
11 185 (92-298) 7 (0-25) 0 1193 (107-318) )
16 389 (12-2290).° 10 (0-33) 0 399 (15-3086) T
21145 (0-2337) 8 (0-26) 0 153 (13-2010)
26 221 (48-581) . 2 (0-8) 0 223 (53-600)
31 129 (91-170) 6 (0-20) 0 135 (90-194) -
Aug.. 5 36 (0-92) . Q@ 0 36 (0-92)
© 10 36 (18-56) 0 0 36 (18-56)
5. 7 (0-31) 0o 0 7 (0-31)
20 19 (0-66) 0o 0 19 (0-66)-
25 0 0 0
— .
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- - TABLE 14 Density estimates and accompanying. 95% confidénce limits _ :
: S “{in parentheses) for larvae of the 1973 cohort of G. Tobiferus.
in each of the three sub-habitats, and in al} sub-habitats
combined. After August 20 the larvae of this cohort could
not be differentiated accurately from those of the subse-

- quent cohort. e

Number Per Sqdake'Metéfl

Date‘u Live Shoots - Dead Shdp%s ' Lake Bottom Total
© June® 3 g 33(0158) - 2200 (0-6356) 2234 (27-29.756)
ST 03 (19-438) T 472, (0-1113) 605 (22-512)
1316 (0-54) 446 (108-1143) 157 (0-665) 620 (182-1535)
17 6:(0-71) 447 (196-874) - . 0 163 (192-944)
o 4(037) 449 (305-611) 157 (0-665) 610 (245-1233)
26 0 260 (0-2222) 57 (0-665) - 417 (139-960)
My T4 (018) 129 (6-547) 314 (0-1337) 447 (18-2479)
| 6 0 . 190 (30-570) 629' (0-2069) - 819 (18-5793)
110 135 (5-507) " 31a(07992) 449 (111-1254)
16 0 159, (109-216) 629 (0-2069) 788 (53-3827) -
21 o 86 (29-159) 157 (0-665) - 243 (21-900) =
A28 3(0-12) 77 (13-171) 157 (0Z6es) 238 (13-1100)
Qh\§th FE(0-20)  B7(20-163) 0 T gq (33.211)
Aiges5 4 (0-15% 120 (42-257) 0 | 124 (46-268)
© 100 5 (0t21) 58 (5-185) 0 63 (9-235)
15 0 37 (0-407) 0 37.(0-407) -~
20 o .10 (0-58) . o~ 10 (0-58) |

A
7
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TABLE 15. Dens1ty estimates and accompany1ng 95¢ conf1dence T1m1ts
o (in parentneses) for larvae of the 1973-74 cohort of
G. lobiferus in each of the three sub- habitats, and in all
sub-habitats combined. ‘No samples were co]]ected after
Mav 8, 1974. e -

Mumber Per Squaﬁe Meter - -

Date Live Shoots Dead Shoots %akg,BoFtom Total
Aug. 5 23 (0-85) 110 (0-623) 0 133 (0-2707)
S0 57 (0-630) 0 57 (0-630),
1533 (0-147) 142 (30-389) 0 | 175 (44~ 494)
2018 (0-61) . 727 (210-1955) 0 745 (251- -1765).
25 57 (4-168). 815 (497-12528" o 872 (520-1364)
30 52 (10-111) 740 (160-2024) 0 791 (209-1977)
Sept. 4 - 133 (54-234) 1057 (700-1530) 0 | 1191 (764-1769)
10 151 (14-565) 1036 (661-1536) jo' . 1186 (815-1660) ¢
1772 (0-314) 827 (210-2103) 899 (311-1956)
| 24 145:(0-792) 917 (294-2101) 15§§%o 665) 1219 (675-2002)
. Oct. 1 48 (0-189) 811 (257=1904) 0 859 (264-2059)
B 0 (10-536) - 905 (552-1392) 0 99 (570-1612)
NoV. 5 22 (0-75) . 514 (174-1182) 0 . 536 (202-1156)
. Dec. 10 52 (11-108) 407 (383-431) 0 459 (421-498)
Feb. 5 26 (0-77) 430 (282-599) 157 (0-665) , 613 (340-1008)
May 8 . 126 (12-444) = 499 ( | (335-1056)

221- 964) .0 625
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n)ing 95% confidence 1imits

TABLE 16. Density‘éstimates aéﬁ accompa
L (in parcntheses) for larvae of the 1973 cohort of
B G. nr. paripes in-.each of the three sub-habitats, and in
all sub habitats combined. After Auqust 20 the larvae of
" this cohort could not be differentiated accurate]y from
- those of the subsequent cohort.
| Number Per Square Meter .
Déte ‘Live Shoots. . Dead Shoots Lake Bottom Total
June 3 ° 0 13 (0-44) 2515 (0-6832) 2528 (23-43,390)
70 - 78 (0- 398) 1100 (0-3763) ]179 (30-8174)
130 236 (119-417) 943 [0-3867) 1180 (77-5095)
17 8 (0-35) 232 (54-656) 629 (0-2069) 869 (146-2850)
217 4 (0-17) . 228 (141-327) 0 232 (146-349) -
26 10 (0-36) 208 (52-533) 0 219 (58-571)
July 1 ‘12‘(0—53)\ | 49 (64- 255) 472 (0-1578) 633 (77-2317)
© 6 11 (0-48) //7%30 (25-369) 472 (0-1578) = 613 (79-2296)
11 5 (0-21) 117 (6-530) . 472 (0-2012) 594 (32-2363)
16 w 0 213 (129- 311) 472 (0-2012) 685 (74-2236)
"2l 0 208 (88- 360) 314 (0-1337) 523 (47-1906)
26.- 34 (0-151) 104 (50 171) 314 (0-992) 453 (93-1360)
31 0 112 (68-173) 0 , 112 (68-]73)
Aug. 5 .6 (0-27) 81 (42-127) 0 Y 87 (54-132)
10 o 52 (0-665) 0 52 (0-665)
15 7 (0-31) 25 (0-78) 0 . '33 (0-296)
20 0 24 (7- 59) . 0 24 (7-59)

Al
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Density est1I&tes and accompany1ng 959 conf1dence 11m1ts.

TABLE, 17.
) (in parentheses) for larvaa of the 1973-74 cohort of
G. nr. paripes in each of the three sub-habitats, and in
‘all sub-habitats combined. No samples were collected
after May 8, 1974. - SR
' : ‘%f Numbef Per Square Mdter
Date_ LiVe Shoots Dead_Shoots kettom Tota1-
July 31 0. - 6 (0-40) o\\\ 6 (0- 40)
Aug. .5 27 (0-93) 115 ,(5-500) 0 143 (7-895)
10 . 10 (0-33) .68 (25-123) 0 79 (45- 125)
15 22,(0-97) 99 (22-265) N 0 121 (26-373)
20 22 (0-55) 372 (135-822) 0 394 (162-811)
25 63 (4-151) . 466 (233-824)- 0., 529 (257-959)
Y30 30 (0-85) -+ 373 (100-034) 0 ™ 403 (108-1045)
Sept..4 67 (13-142) 556 (360-816) "0 623 (408-910)
1072 (0-195) " 616 (348-1001) 0 . 688 (401-1094"
17 . 18\?@-44) 510 (192-1055) 0 . 528 (205-1078)
: 24 94 ((Ra51) 535 (232-1024) 0. 629 (272-1226)
Oct. "1 52 (0-209) 422 (120- 1073) 0 474 (133-1226)
.15 88 (0-429) 467. (348-597 ¥ 0 555 (395-755)
Nov. 5 10.(0-32) 279 (135-506) 0. :289 (134-546)
Dec. 10 46 (18-81) 251 (172-336) B 0 296 (242-359)
Feb. 5 14°(0-50) - 221 (107-360) S0 235 (137-371)
fay & 44 (10-89) 257 (79-498) 0 301 (117-637) "

wa
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