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Abstract

The importance of algae and different algal species to the chironomid diet was investigated through
examination of the guts of chironomids taken from 5 locations in Big Bay (Bay of Quinte, Lake Ontario) at
6 times during the ice-free period . A comparison of the density and condition of algal cells at the two ends of
the gut provided information on the digestibility of each algal species and the algal biomass assimilated by the
chironomids. Diatoms and two species of green algae were assimilated over much of the summer, but the blue
green algae were digested only late in the season when their populations were aged and/ or dying . In terms of
energy contribution, diatoms, especially Stephanodiscus spp . and Melosira spp ., were most important in
May (99% of all algal biomass assimilated), August (98%), and Octobr (92%), while the blue green species,
Microcystis aeruginosa, was predominant in September (76%) . Only a few small greens were assimilated in
June and July. The contribution of algae as a food source to chironomid energetics was small, and reached a
maximum in August and September (15%-34%). It is postulated that bacteria are a more important food
source .

Introduction

In conjunction with the study of C. plumosus f.
semireductus energetics in the Bay of Quinte, Lake
Ontario (Johannsson 1980), an investigation was
undertaken the same summer into the importance
of algae and different algal species to the diet of this
chironomid .
The foods of several Chironomus species (C.

modestus, C. decorus, C. remplii, C. tentans, C.
anthracinus, and C. plumosus) have been described
qualitatively as a mixture of dead and live algae
(especially diatoms), detritus with its associated
bacteria, and inorganic matter (Sadler 1935 ; Rodi-
na 1949 ; Provost & Branch 1959 ; Hamilton 1966 ;
J6nasson & Kristiansen 1967 ; Kajak & Warda
1968; Izvekova & Sorokin 1969 ; Margolina 1971 ;
Monakov 1972) . The actual importance of the var-
ious components of the diet, however, has not been
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determined . This knowledge may increase our un-
derstanding of how changes in eutrophy may affect
chironomid populations .

Previous disse tions of the guts of C. p . f. semire-
du tus from the B y of Quinte reve led l rge
num ers of di toms, espe i lly Melosir spp . The
energeti s of C. p . f . semiredu tus w s suspe ted,
therefore, to depend on di toms in gener l, ut
espe i lly on Melosir spp . popul tion dyn mi s .
Results from the study of the hironomid's energet-
i s onform well with the hypothesis of di tom nd,
in p rti ul r Melosir spp ., import n e to the diet
(Joh nnsson 1980) . Chironomid ssimil tion effi-
ien ies were highest during the l tter p rt of Me-

losir spp. nd Melosir spp . - Steph nodis us spp .
m ximum popul tion densities . Assimil tion effi-
ien ies did not orrel te with tot l lg l iom ss in
the w ter olumn indi ting th t some types of
lg e, eg . Chrysophy e e nd Cy nophy e e, were
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not e ten or not ssimil ted .
This study w s designed to determine whether

lg e ontri ute signifi ntly to hironomid energy
requirements, nd whi h spe ies of lg e re ingest-
ed, whi h ssimil ted, nd whi h provide the most
energy over the growing se son. The signifi n e of
the results re onsidered with respe t to hironom-
id energeti s espe i lly s ffe ted y h nges in
lg l ommunity dyn mi s with h nges in eu-

trophy .

Methods nd m teri ls

Study site

The B y of Quinte is 64 km long inlet whi h
ondu ts flow from the Trent nd Moir River

systems into the north-e stern orner of L ke
Ont rio (Fig . 1) . In the eutrophi upper re hes of
the y (Big B y), the w ter is tur id nd uniformly
sh llow (6 m). The ottom sediment is omposed of
org ni lly ri h, un onsolid ted mud . Oxygen lev-
els ne r the ottom in 1978 were usu lly ove 6 mg

• 1-1 (S. Mill rd, pers. omm.) nd the temper ture
of the mud r nged from 2-4 ° C in winter to pprox-
im tely 25 °C in summer. The prin iple enthi
inverte r tes were oligo h etes nd hironomids,
prin ip lly C. p. f. semiredu tus . The ver ge
st nding sto k of hironomids w s 0.913 g sh free
dry weight . m-2 nd they ontri uted 90% of the
nnu l enthi produ tion of 305-314 J . m-z

~Moir River

	

"_J lmon River

3elleville

Big B y

9:_1 km

L ke
Ont rio

Fig. 1 . Lo tion of the B y of Quinte on L ke Ont rio showing
det ils of Big B y nd the s mpling sites (•).

(Johnson & Brinkhurst 1971). At site ne r the
west end of Big B y prim ry produ tion ver ged
8.11 ± 4.92 mg C . 1 -1 etween M y 1 nd Sep-
tem er 18, 1978 (S . Mill rd, pers . omm.) . Di toms
domin ted the open w ter phytopl nkton om-
munity (K . Ni hols, pers . omm.) st rting in M y
with su essive popul tion m xim of Melosir
spp ., Di tom tenue v r . elong tum, Steph no-
dis us stre , Asterionell formos nd Fr gil ri
pu in . For short period t the end of June

di toms lost their domin n e while sm ll lg l ells
(Dinophy e e nd Cryptomon s) e me un-
d nt. Biom ss dropped to the se son l low t this
time (0.9 mm3 . 1-1 ) . During July Melosir e me
domin nt g in nd rem ined und nt during
August when sever l lue green spe ies of An e-
n loomed . Biom ss pe ked t 14.2 mm 3 . 1 -1 in
e rly August . Lyng y sp . nd Mi ro ystis erugi-
nos were und nt t the eginning of Septem er.
Melosir spp. popul tions in re sed g in in the
l tter p rt of Septem er, nd Os ill tori spp .
pe ked in e rly O to er .

S mple olle tion nd pro essing

Chironomid guts were s mpled on six o sions
during the i e-free period : d tes hosen to orre-
spond to h nges in the lg l ommunity (M y 23,
June 20, July 19, August 2, Septem er 8, O to-
er 18, 1978) (K . Ni holls, pers . omm.). Mud w s

t ken with n Ekm n dredge t 5 equi-dist nt st -
tions long SW-NE tr nse t ross Big B y
(Fig . 1) . Sm ll volumes of mud were immedi tely
sieved extremely slowly nd gently . The first 12
non-prepup l fourth inst r l rv e were removed on
sight nd pl ed in old (o ) dilute Lugol's solu-
tion. This pro edure prevented regurgit tion .

Food p sses dire tly from the esoph gus into the
midgut, the foregut eing virtu lly sent in this
spe ies (Kur zhkousk y 1966) . The hindgut is lso
sm ll nd often devoid of m teri l. Thus, omp ri-
sons of food t the eginning nd end of the midgut
should provide re son le inform tion on the di-
gesti ility nd diet ry import n e of different lg l
spe ies. To disse t the gut, the he d nd l st dom-
in l segment were ut from the ody, the ody w ll
slit lengthwise nd the gut removed to sm ll gl ss
dish ont ining dilute Lugol's solution . A 1 mm
length ( pproxim tely 10% of tot l midgut length)
w s ut from the nterior end of the midgut nd



tr nsferred to drop of w ter. The gut w ll w s
removed nd the dimensions of the food olus re-
orded . The gut ontents were te sed p rt nd the

food slurry nd w shings tr nsferred to vi l nd
preserved with Lugol's . The end of the midgut w s
tre ted simil rly . The gut ontents of 5 (M y 23,
June 20) or 8 (rem ining d tes) hironomids were
pooled per st tion .
The lg e were ounted using n inverted mi ro-

s ope method. At le st 200, though usu lly m ny
more, pie es of lg e were ounted nd 90% (either
of iom ss or of num ers) of ll those ounted were
identified to spe ies. Cell volumes were determined
y rel ting the lg l sh pes to geometri forms. The
lg e in the hironomid gut s mples were l ssified

further y the ondition of their hloropl sts into
int t, disintegr ting nd empty ells .

Assimil tion nd iom ss l ul tions

To determine how effe tively C. p . f. semiredu -
tus ssimil ted e h lg l spe ies found in the gut,
the differen e in the proportions of lg l ells on-
t ining `food' etween the two ends of the midgut
w s l ul ted . C l ul ting ssimil tion this w y
w s possi le s lg l ell w lls rem ined int t
long the length of the gut . For e h lg l spe ies,
the num ers of int t, disintegr ting nd empty
ells, nd the tot l num er of ells were summed

over the five s mpling st tions, tot l of 25 (M y,
June) or 40 (rem ining d tes) hironomids per es-
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tim te. The proportion (P) of ells ont ining `food'
in the front (P F ) nd the end (PE ) of the midgut, nd
the proportion of tot l ells ssimil ted (PA) were

l ul ted s follows :

No. int t ellsF + /2 No. disintegr ting ellsF
P F -

	

(1)
tot l num er ells F

Disintegr ting ells were in luded s sour e of
food for, on ver ge, they should ont in h lf of
their origin l ell ontents .

PE is l ul ted simil rly using the ell ounts
from the end of the midgut .

PA =PF - PE (2)

If PA did not v ry over the se son, the num ers
were summed over the six s mpling periods nd
se son l estim te of PA l ul ted .

In the two inst n es (Mi ro ystis eruginos -
Septem er, Fr gil ri spp . - O to er) where ell
w lls were digested, ssimil tion w s l ul ted y
the differen e in ell num er etween the two ends
of the midgut .
The iom sses (B) ssimil ted y C. p. f . semire-

du tus were l ul ted for e h d te for e h lg l
spe ies :

B = PA

	

. Cell density . Cell volume • Cell Ash-free
dry density

µg • mm3

	

No. . mm-3

	

µ1

	

µg • µl- ~
gut ontents gut ontents

T le 1 . Se son l v ri tion in the und n e of ssimil ted lg l spe ies in the gut of C. p. f. semiredu tus . Me n ± I S .E . (N = 10, ex ept
M. eruginos Sept., N = 5) .

M y 23 June 20 July 19 Aug . 2 Sept. 8 O t . 18

B ill riophy e e
Steph nodis us spp. 628 ± 90 648 ± 127 636 ± 107 398 t 77 519 t 139 252 t 63
S. str e 231 ± 48 312 ± 66 259 ± 45 190 t 58 • 364 t 109 157 t 37
Melosir spp. 12 716 ± 2 995 8 247 ± 1 816 16 067 ± 2 940 16 706 t 2 320 8 323 t 1 241 1 855 t 435
Fr gil ri spp . 2 130 ± 437 6 078 ± 2 765 882 ± 252 716 t 178 322 t 159 8 043 t 1 136
Di tom tenue v r . 6 170 ± 1 648 187 ± 74 85 ± 48 16± 11 26± 14 0t
elong tum

Chlorophy e e
S enedesmus spp . 950 ± 182 1 377 605 829 ± 180 1 660 ± 353 844 ± 256112 ± 2 818 ±
00 ys11's sp . 35 ± 35 224 ± 106 135 ± 89 308 ± 133 757 ± 261 349 ± 109

Cy nophy e e
Mi ro ystis eruginos 0 1 195 373 10 414 141 677 ' 583338 ± 1 12 846 ± 4 231 ± 3 629 ± 42 17 823 ± 8
Aph nothe e l th tr 13 326 ± 9 595 28 755 ± 16 605 279 852 ± 86 074 121 937 ± 30 786 299 703 ± 70 328 87 102 ± 35 052
Coelosph erium spp . 99 ± 87 3 848 ± 3 053 563 ± 258 5 101 ± 3 379 17 507 ± 7 098 18 429 ± 2 253
Os ill tori ( moen ?) 0 105 ± 74 94 ± 33 287 ± 70 212 ± 72 3 158 ± 400
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Cell density . The ver ge num er of ells . mm -3 of
gut ontents w s l ul ted from the num ers of
ells • mm -3 t oth ends of the gut from ll five

s mpling st tions (T le 1) . St nd rd errors r nged
from 13%-100% with those of di toms ver ging
27 .8%, greens, 40.0% nd lue greens, 45 .1% .

Cell volume. The me n ell volumes were ver ged
over the se son s inspe tion of ell sizes of the 20
most ommon lg e reve led no se son l trends .
However, for few spe ies , whose ell size v ried
y more th n 50%, the ver ge volumes were l-
ul ted dire tly from the ells ounted over the

ye r : Os ill tori ( moen ?) M. eruginos , Di -
tyosph erium pul hellum, Pedi strum Bory num,
P. simplex, P. duplex, S enedesmus opoliensis, S .
qu dri ud , S. umin tus, Melosir m igu ,
M. v ri ns, Steph nodis us sp.

Ash free dry density . V lues were l ul ted from
inform tion provided y N lew jko (1966, T -
le 1) . If d t for p rti ul r spe ies were not

given, the v lue of simil r spe ies w s ssigned
(Appendix 1) .

The tot l iom ss ontri uted y lg e to hiro-
nomid energeti s w s summed for e h s mpling
d te nd omp red with hironomid energy int ke
determined y Joh nnsson (1980) . Chironomid s-

simil tion per volume gut ontents w s l ul ted
s ig . mm -3 using Joh nnsson's T le 1 s fol-

lows :

ssimil tion/d y / = d ily

	

• hironomid . 10 3
hironomid

	

ssimil tion

	

weight

(µg . d y')

	

()ug . d y' .
mg')

weight of food = weight of

	

. 24 = gut filling time
p ssed/d y

	

gut ontents

(µg . d y')

	

(µg)

	

(h . d y- ')

	

(h)

Dry weight of gut ontents per volume = 91 ± 9 µg . MM-3
of gut

	

(S. E.)

	

(N = 19)

volume p ssed/d y = dry weight of food

	

= 91
p ssed/ d y

(mm3 . d y')

	

(hg . d y ')

	

(µg . mm 3 )
ssimil tion/volume = ssimil tion/

	

= volume gut on-
gut ontents

	

d y . hiro-

	

tents p ssed/
nomid

	

d y

( g . mm-3)

	

(µg . d y')

	

(mm3 . d y')

Results

P tterns of lg l ingestion nd ssimil tion

T le 2 summ rizes the inform tion on the lg e
found in the gut ontents of C. p . f. semiredu tus

(mg)

T le 2 . Summ ry of the lg l gener found in the guts of C. p. f. semiredu tus from Big B y nd the digesti ility of the more ommon
lg l spe ies : M y 23-O to er 18, 1978 .

Alg l l ss Gener o served Spe ies ssimil ted Spe ies not ssimil ted

Chlorophy e e 35 Oo ystis sp. Coel strum spp.
S enedesmus spp. Di tyosph erium spp .
S. qu dri ud Gloeo ystis spp .
S. opoliensis Pedi strum spp .

Pl n tonem l uter ornii

B ill riophy e e 24 Di tom tenue v r . elong tum Asterionell formos
Fr gil ri pu in
F. rotonensis
Melosir spp .
Steph nodis us spp .

Cy nophy e e 10 Mi ro ystis eruginos Aph no ps spp .
Aph nothe e l th tr Chroo o us sp.
Coelosph erium spp . Lyng y limneti
Os ill tori ( moen ?) Merismopedi tenuissim

Chrysophy e e 10

Cryptophy e e 3

Dinophy e e 3



T le 3. Se son l v ri tions in the proportion of ssimil ted ells (PA ), the proportion of ells ont ining 'food' in the front of the gut
(P F ) nd the iom ss ssimil ted y the hironomids (B) for lg l spe ies digested y C. p . f. semiredu tus.

** p = F. pu in
rot = F. rotonesis

over the summer of 1978 . T le 3 reports se son l
ell densities, PA'S, PF's, nd B's for ll digested
lg l spe ies, nd Fig. 2, se son l h nges in the

volumes of these lg l spe ies in the hironomid
guts .

More spe ies of Chlorophy e e (greens) were o -
served in the guts th n lg e of ny other l ss .
Chlorophy e e were r rely und nt, however,
nd only two gener were ssimil ted. B ill rio-
phy e e (di toms) were lso ommon nd of the
five most und nt gener , four were ssimil ted ;
the d t for the fifth genus w s in on lusive . Fewer
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gener of Cy nophy e e ( lue greens) were found .
Assimil tion w s dete ted in h lf of the und nt
gener , ut this w s o served only tow rd the l tter
p rt of popul tion looms. Few Chrysophy e e,
Cryptophy e e or Dinophy e e were o served nd
none were ssimil ted .

Tot l lg l iom ss nd the import n e of differ-
ent lg l l sses in the diet ofC. p . f. semiredu tus
v ried throughout the ye r. Greens, not ly S ene-
desmus spp ., were ssimil ted ll summer, ut were
import nt only in June nd July . Other digesti le
lg e were either not v il le (Steph nodis us

M y 23 June 20 July 19 Aug . 2 Sept . 8 O t . 18

B ill riophy e e
Steph nodis us spp. PA 0 .21 0 0 0 .07 0.07 0 .07

P F 0 .21 0.02 0 .05 0 .09 0.10 0 .17
B* 0 .31 0 0 0 .09 0.17 0 .07

Melosir spp . PA 0 .03 0 0 0 .10 0 .04 0
P F 0 .60 0.28 0 .36 0 .52 0.21 0 .19
B 0 .06 0 0 0 .33 0.05 0

Fr gil ri spp . PA 0 .09 0 0 0 0
p rot**

0.27 0 .11
PF 0 .35 0.23 0 .08 0 .01 0.08 0.45 0 .61
B 0.04 0 0 0 0 0.10

Di tom tenue PA 0 .28 0
v r . elong tum PF 0 .43 0

B 0.18 0
Chlorophy e e

S enedesmus spp. P A 0.05-0.13 0 .05-0 .13 0 .05-0 .13 0 .05-0 .13 0.05-0.13 0.05-0 .13
P F 1 .00 0.64 0 .83 0 .74 0.60 1 .00
B <0.01 0 .01 0 .01 0.01 0.01 <0.01

Oo ystis sp . PA 0 0 0 .09 0.09 0 .09
P F 1 .00 1 .00 1 .00 0.95 1 .00
B 0 0 <0.01 <0.01 <0.01

Cy nophy e e
Mi ro ystis eruginos PA 0 0 0 0.98 0

P F 1 .00 1 .00 1 .00 1 .00 1 .00
B 0 0 0 0.75 0

Aph nothe e l th tr P A 0 0 0 0 0 0.04
P F 1 .00 1 .00 1 .00 1 .00 1 .00 1 .00
B 0 0 0 0 0 <0.01

Coelosph erium spp. PA 0 0 0 0 0 .10
P F 0.92 1 .00 1 .00 0.99 0 .98
B 0 0 0 0 0 .01

Os ill tori ( moen ?) PA 0 0 0 0 0 .02
PF 1 .00 1 .00 1 .00 0.90 1 .00
B 0 0 0 0 0 .01

E Biom ss (µg - mm3 ) 0 .59 0 .01 0 .01 0 .42 0.99 0 .19

* BinugB

	

mm-3
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0

A

spp., Di tom tenue v r . elong tum) or were not
digested (Melosir spp., Fr gil ri spp., Oo ystis
sp ., ll lue greens) t this time. Sin e the PA's of
greens were very low (0 .052-0 .131) lg l ontri u-
tion to hironomid energeti s w s minim l in l te
spring nd e rly summer. Di toms provided the
m jority of ssimil ted lg l iom ss in M y
(99%), August (98%) nd O to er (92%) . The M y
nd August v lues were mongst the l rgest : 20 to

60 times gre ter th n the minim l v lues in June
nd July . All four gener were ssimil ted in M y,
ut the m jority of the iom ss w s o t ined from

Steph nodis us spp . nd D . t. v r . elong tum. Me-
losir spp . ontri uted signifi ntly in August fol-
lowed ySteph nodis us spp; while Fr gil ri spp .
nd Steph nodis us spp . were import nt in O to-
er. Although di toms did not ontri ute the m -

jority of the iom ss in Septem er, Steph nodis us
spp . nd Melosir spp . were ssimil ted in re -

D te (1978)

Fig. 2. Se son l h nges in the tot l ell volumes in the nterior tenth of the midgut for e h of the ten lg l gener ssimil ted y C. p . f.
semiredu tus.
(A) B ill riophy e e : Steph nodis us stre O-O, rem ining Steph nodis us •-9, Mel sir l -A. Fr gil ri o-o, Di tom

•

	

-,,
(B) Chlorophy e e : Seenedesmuse---•, Oo ystis O---O, Cy nophy e e: Mi ro ystise- •, dph nothe e0-O, Coelosph erium

•

	

-., Os ill tori O-O .

son le qu ntities t this time, Blue greens were
present in the guts throughout the ye r ut were
ssimil ted only fter the spe ies h d pe ked in the
w ter olumn, perh ps when the ells were ging or
dying. A ordingly, in Septem er, M. eruginos
w s ne rly tot lly ssimil ted nd ontri uted 76%
of the ssimil ted lg l iom ss . Aph nothe e
l th tr , C elpsph erium spp. nd Os ill tori

( moen ?) were digested to sm ll extent in O to-
er. Thus, host of the lg l iom ss ssimil ted y
hironomids w s o t ined in M y, August nd
Septem er, the m ximum eing in Septem er. The
gener whi h ontri uted the most were Steph no-
dis us, Melosir , Di tomq, Fr gil ri nd Mi ro-
ystis.

4.t#mil l1 n RfJivlen ies

From the d t in T le 3, it is possi le to m ke
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rough estim tes of ssimil tion effi ien ies for the
different spe ies of lg e. The proportion of ells
ssimil ted is omp red with the proportion of ells
ont ining `food' in the front of the midgut. The
loser these v lues re, the gre ter the ssimil tion

effi ien y. The two gener of greens h ve f irly low
ssimil tion effi ien ies ; Oo ystis sp. (when it is
digested 0 .09/ 1 .00 = 9%) nd S enedesmus spp .
(7%-18%) . Di toms, on the other h nd, present
gre t r nge of digesti ility from undete t le to
ne rly 100% : Steph nodis us spp . (M y 98%,
August-O to er 70%), Melosir spp . (M y 5%,
August 19%, Septem er 16%) . Fr gil ri spp .
(M y 25%, O to er F. rotonensis 19%, F. pu i-
n 59%), D. t . v r. elong tum (M y 64%) . In lue
greens levels of ssimil tion, when it o urred, were
low (2%-13%), ex ept for M. eruginos in Sep-
tem er (98%) .

Import n e of lg l iom ss to hironomid ener-
geti s

When the energy o t ined from lg e is om-
p red with th t required y the hironomids, it is
o vious th t lg e provide only sm ll, nd t

Alg l iom ss
ssimil ted

(µg dry wt .
mm 3 GC)

0.555
0 .009

0 .012

0 .427

0 .988

0.105

t

* GC = Gut ontents
** Num ers l ul ted ssuming 10 9 teri • mg dry weight 1 nd 93% ssimil tion effi ien y .

24 3

times insignifi nt, portion of the energy require-
ments (T le 4) . Alg l ontri ution r nged from
15%-34% in August nd Septem er, to 8% in July,
4% in M y, 2% in O to er nd 1% in June . It must
e remem ered th t there is l rge error f tor in

these estim tes due to the l rge v ri ility in spe ies
density within the s mples (T le 1) nd to the
rude m nner of l ul ting ssimil tion effi ien y .

It is their onsistently low level th t is import nt .

Dis ussion

Ev lu tion of methods

This te hnique llows the ssessment of det ils of
feeding of in situ nim ls under norm l onditions .
In this methodology it is ssumed th t on ver ge
disintegr ting ells ont in 50% of the edi le ell
ontents of n int t ell nd th t digestion did not

o ur in the re s of the midgut whi h were
s mpled (/loth of the extreme nterior nd poste-
rior ends of the gut) . This first ssumption is re -
son le, the se ond m y underestim te digestion
slightly . The m jor sour e of error in this method is

T le 4 . The se son l lg l iom sses ssimil ted y C. p. f . semiredu tus re omp red with the tot l iom ss requirements of the
hironomids s determined y Joh nnsson (1980) . The on entr tions of teri required to m ke up the differen es in iom sses re

reported . The d t from the two studies were not olle ted on the s me d ys ( lthough during the s me summer) . Therefore, l ul tions
were m de using d t from dj ent s mpling d tes s indi ted y rrows .

Chironomid
iom ss

requirement
(µg dry wt .
mm' GC*)

M y 10 13 .06
23

June 20
July 13 2 .10

19
26 3 .44

Aug . 2
9 5 .42

23 2.72
Sept . 5

8
20 2 .90

O t . 2 5 .37
18 5 .77

Alg l
ontri ution

to iom ss
requirement

Biom ss
missing
(µg dry wt .
mm- ' GC)

No . teri • mm3
required to provide
missing iom ss**
(106)

(%)

4 .3 12 .50 13 .40

0 .6 2 .09 2 .25

6 .4 3 .22 3 .47

7 .9 4 .99 5 .36
15 .6 2 .29 2 .46

34 .1 1 .91 2 .05
2 .0 5 .26 5 .66
1 .8 5 .66 6 .09
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the n tur l v ri ility present in the d t . This
v ri ility is due to the sm ll volumes of gut n -
lyzed, the l rge num er of different lg l spe ies
present in the s mples nd the n tur l hetergeneity
of the food sour e. In the n lysis this v ri ility
w s gre tly redu ed y pooling the d t from ll the
hironomids on e h s mpling d te .

Rel tive import n e of different lg l l sses

Di toms re the most import nt group of lg e
in the diet of C. p . f. semiredu tus. They re un-
d nt in the guts mu h of the ye r nd, s o served in
m ny other inverte r tes, etter ssimil ted th n
lg e from other l sses (K j k -& W rd 1968 ;
H rgr ve 1970 ; Fen hell 1972; Moore 1977 , , ) .
Their energy ontri ution v ries se son lly de-
pending on und n e, proportion of ells ont in-
ing `food', spe ies omposition nd ssimil tion ef-
fi ien ies. In terms of tot l energy ontri uted to
the hironomid diet, the om in tion of these f -
tors me ns th t (I) hironomids o t in most of
their energy from di toms in M y nd August, (2)
Melosir is not the gre t food sour e expe ted y
inspe tion of the gut ontents e use it is not
ssimil ted well espe i lly in M y, lthough it is
und nt in the gut throughout the se son, nd (3)

Steph nodis us, y virtue of its presen e through-
out the ye r, its high ssimil tion effi ien y, nd
l rge size, is the most import nt lg l spe ies in
hironomid energeti s .
K j k nd W rd (1968) found th t Melosir

spp. w s ssimil ted y C. plumosus in Pol nd,
where s we found the spe ies in the B y of Quinte
(M. m igu , M. gr nul t , M. v ri ns, M. isl n-
di nd Melosir sp .) to e poorly digested y C. p .
f. semiredu tus. Melosir is widely dispersed ge-
nus nd spe ies m y differ from one p rt of the
world to nother. Moore (1977 ) dis ussed the ne-
essity of working t the spe ies level when investi-

g ting feeding, nd used inform tion on N vi ul
( nother di tom) to illustr te the diversity of spe-
ies within genus . N vi ul displ yed wide r nge

of sh pes, sizes, sili on ontent, orn ment tion nd
h it t preferen e. Perh ps something s simple s
differen es in sili on ontent ffe ts digesti ility . It
m y lso e th t the two hironomids, lthough
very losely rel ted, do not h ve the s me feeding

ilities . Inf nte (1973) found th t D phni pulex
nd D. longispin ould not ssimil te the s me

lg equ lly well. Wh tever the re son, Melosir is
not well digested in this study nd only ontri utes
signifi ntly to ssimil ted iom ss in August when
it is very und nt nd its P F is high .

Greens re poorly ssimil ted. Other nim ls
lso h ve trou le digesting greens, presum ly e-
use of their tough ellulose w ll (Brown 1960 ;

K j k & W rd 1968; Mon kov 1972; Inf nte
1973; Moore 1977 ) .

Blue greens re ommonly nother poor food
sour e (K j k & W rd 1968; H rgr ve 1970 ;
Arnold 1971 ; Fen hel 1972). They were only uti-
lized y C. p. f. semiredu tus in the utumn fter the
popul tions h d pe ked nd when m ny ells were
presum ly old or dying . Therefore, unlike di toms
whi h re und nt nd v il le s food over long
periods of time in the B y of Quinte, lue greens
m y e suit le for food only for short periods
depending on their r te of de y. Be use of the
long interv ls etween s mpling d tes, the energy
ontri uted y lue greens is not well deline ted y

this study . Blue greens gener lly re h high popul -
tion levels in l te summer ; nd onsequently, their
energy input to the hironomid diet should o ur
prin ip lly in the utumn .

Chironomid energy requirements

Chironomids require mu h more energy th n
th t provided y lg e t ll times of the ye r (T -
le 4). The ltern te food sour es re teri ,

some protozo ns nd free org ni mole ules . B -
teri seem the more likely sour e. A diet of teri
is suffi ient for the growth nd emergen e of
C. plumosus in the l or tory (Rodin 1949), nd

teri h ve een shown to influen e the site sele -
tion of Chironomus lugu ris in Bl xter Lough
(M L hl n & Di kinson 1977). Furthermore,
Rodin (1963) noted th t teri often surround
living lg e, nd Smyley & Collins (1975) showed
th t nother nim l, Ceriod phni qu dr ngul
n onsume l rge mounts of living lg e ut lives

on the teri sso i ted with them, not on the
lg e per se .
To ssess the potenti l of teri lone to pro-

vide the rem ining energy, the num er of teri
required . mm-3 gut ontents w s l ul ted for
e h s mpling d te using the onversion, 10 9 te-
ri • mg' teri l dry weight, nd hironomid
ssimil tion effi ien y of teri of 93% (T le 4) .



The ssimil tion effi ien y w s estim ted y Jo-
h nnsson nd R o (unpu lished d t ) from pl te
ounts t ken t the two ends of the midgut : the

foregut is virtu lly sent nd the hindgut is on-
t min ted y teri from the M lphigi n tu-
ules. A tot l of five hironomids from Big B y

were ex mined. The effi ien y is simil r to v lues
quoted for other detritivores (H rgr ve 1970 ; Fen-
hel 1972) .
The l ul tions indi te th t etween 2.2 nd

13 .4 X 10 6 teri . mm-3 of food must e ingest-
ed. These v lues re not unre son le . Pl te ounts
from the front of the midgut of C. plumosus nd C .
p. f. semiredu tus from Big B y h d density of
1 .74 ± 0 .58 X 104 teri . mm3 (R ± ISE (N =
10)) on August 24, 1977 (Joh nnsson & R o, un-
pu l. d t ) . Pl te ounts, espe i lly those of surf e
sediments, whi h re very simil r to gut ontents,
gre tly underestim te teri l num ers. R o &
Burnison (1976) found th t densities determined y
pl te ounts were etween 1 nd 50% (R o, unpu l .
d t ) of densities done y dire t ounts. Over e k
(1974) found the effi ien y of pl te ounts to e
even less if omp red with s nning ele tron mi ro-
s ope ounts. Corre tion of pl te ounts from hi-
ronomid guts y 102 would in re se the denisty to
=1 .74 X 10 6 . However, this is still n underestim te .
As in the lg l disse tions, the first tenth of the gut
w s t ken to est lish initi l onditions. Assimil -
tion of teri is very r pid, however, nd the
density of teri dropped 78% etween the first
nd se ond tenth of the gut . Cle rly pproxim tely

40% of teri must h ve ssimil ted in the first
tenth efore initi l onditions were est lished .
Corre ting for this error, the on entr tion of -
teri ingested Aug. 24, 1977 must h ve een loser
to 2 .9 X 10 6 . mm3 . This density is lose to the
estim ted 2.46 X 106 teri . mm3 required to
fulfill hironomid energy requirements on Aug . 23,
1978. The role of teri is further endorsed y C.
p . f . semiredu tus feeding h its . It pro esses food
t r tes (4 .6-4 .8 • ody weight . d y-] t 22.0-

24.5 ° C (Joh nnsson 1980)) simil r to those of
freshw ter deposit feeding inverte r tes ( f. H r-
gr ve 1972, T le 2) . Thus, teri m y well e n
import nt nd perh ps the prin ip l food sour e of
C. p. f. semiredu tus from the B y of Quinte .

B teri l popul tion densities t the mud w ter
interf e, however, m y e rel ted to events in the
lg l ommunity, for Joh nnsson (1980) found hi-
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ronomid ssimil tion effi ien y to e highest dur-
ing the l tter p rt of Melosir nd Melosir -
Steph nodis us popul tion m xim . Cle rly n

umul tion of dying lg e on the sediment should
produ e in re sed teri l popul tions in this re-
gion. As e rly s 1944, Weeks noted th t surf e
sediment ero es showed popul tion in re ses fol-
lowing periods of phytopl nkton m xim in West-
ern L ke Erie .

Effe ts of h nging eutrophy

De re sed phosphorus lo dings to the B y of
Quinte m y llow some de-eutrophi tion of the
system. Less eutrophied systems re h r terized
y lower tot l lg l iom sses, l rger Crysophy-
e en popul tions in l te June-e rly July nd the

repl ement of loom-forming lue greens with
non- loom forming spe ies in August nd Sep-
tem er ( f. Dillon et l. 1978) . Joh nnsson (1980)
ssessed the effe t of these h nges in the lg l
ommunity on the hironomid popul tion, ssum-

ing th t lg e were the prin ip l food sour e. In
light of the present study, the interpret tion must e
h nged. Firstly, in re se in the Crysophy e en
popul tions w s elieved to e enefi i l to the
newly h t hed pl nktoni l rv e. Crysophy e ens
were not und nt in the guts of the mud-dwelling
4th inst r l rv e nd some int t ells were found t
oth ends of the gut . Therefore, their import n e s
food sour e for young l rv e n not e re dily
ssumed: detrit l p rti les in the w ter olumn

might e import nt. Se ondly, longer summer
di tom loom w s thought to e enefi i l for hi-
ronomid growth while de re se in tot l lg l io-
m ss (prin ip lly di toms), non- enefi i l. Al-
though this is still true, these lg e ontri uted only
6%-15% of the iom ss ssimil ted y C. p . f .
semiredu tus, nd therefore these h nges re less
import nt. Thirdly, the effe t of the h nge in dom-
in n e mongst the lue green lg l spe ies is not
known, e use C. p . f . semiredu tus digested oth
loom-forming nd non- loom forming spe ies .
Consequently h nges in the lg l ommunity,

per se, with h nges in eutrophy m y e of minor
import n e to hironomid energeti s. The effe t of
h nging eutrophy on teri l produ tion, s o -
served t the mud-w ter interf e, is pro ly of
more onsequen e. However, to the extent th t

teri l produ tion is linked to lg l ommunity
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dyn mi s the l tter reg ins its import n e. The re-
l tionship is presum ly expressed through the de-
y h r teristi s of the domin nt lg l spe ies
nd the tot l iom ss nd se son l distri ution of

de ying lg e .

Summ ry

1 . Mem ers of 85 gener of lg e were ingested,
only 10 gener were definitely ssimil ted, nd
10 definitely not ssimil ted. The other lg e
were present only o sion lly or in very low
num ers .

2. Four gener e h of B ill riophy e e nd Cy -
nophy e e nd two gener of Chlorophy e e
were ssimil ted .

3. B ill riophy e e, p rti ul rly, Steph nodis us
spp nd Melosir spp, ontri uted the m jority
of lg l iom ss ssimil ted y the hironomids
in M y (99%), August (98%) nd O to er (92%),
while the y nophy e en Mi ro ystis spp on-
tri uted (76%) in Septem er .

4. At their pe k, lg e ontri uted only 15%-34%
of hironomid energy requirements . It is sug-
gested th t teri m y supply the rem inder .
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Appendix 1 . Ash-free dry weight v lues of lg e used in iom ss
l ul tions . V lues for some lg were derived from inform -

tion pu lished y N lew jko (1966) . Rem ining v lues were
ssigned y simil rity of lg l spe ies .
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