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LIMNOLOGICAL RELATIONS OF INSECTS TO PLANTS

OF THE GENUS POTAMOGETON

INTRODUCTION

Much remains to be learned concerning the limnological
role of the aguatic flowerlng plants, In the absence of
sdequate studies of the direct dependence of certaln animale
upon them, some jnvestigators have regarded thege plants
only as cover in which some fresh-water animels live., Thus
Shelford (1918) proposed, "One could probably remove all the
larger plants and substitute glass structures of the same
form and surface texture without greatly affecting the im-
mediate food relations". Wesenberg-Lund (1915) and Welch
(1935) support the view that the aquatic flowering plants
are food for animels.

A limited amount of data 1s avallable on relations of
certain vertebrate animals to aquatilc flowering plants.
McAtee (1939), Mertin and Uhler (1939), Bellrose (1941), and
others heve shown the importance of these plents as food of
waterfowl. The literature contalns records of the finding
of plant materisl 1in the stomachs of fishes, but these
records are fragmentary and do not warrent the concluslon
that most fishes feed regulsrly on aquatic plante. A far
richer invertebrate fauna, of which insects constitute an
important part, 1s directly, intimately, and in some lnstances

probably obligatorily related to theee plants, Some



important American contributions to xnowledge of these lnver-
tebrate relatione are those of Hart (1895), dealing with cer-
tain aquatic insectse; Welch (1914a, 1914b, 1916, 1924),
chiefly on ingects of the yellow water lily; Clsassen (1921),
dealing with Typha insects; Frohne (1938, 19392, 1939b, 1939c,
19394), on jnsects of certain emergent hydrophytes; and
Hoffman (1940a, 19L0Ob, 1940c), concerning the Northern
Michigan Donacllnae.

The work on which this paper 1is baged was done in Cheboy-
gen, Emmet, and Presque Isle Counties, Michigan, during the
gummers of 1939, 1940, 1941, 1946, 1947, and 1948, and 1in
Washtenaw and Livingston Countiles, Michigen, during the ace-
demic years 1939-40, 1940-41, 1941 -42, 1945-46, and 1946-L7.
In Cheboygan County, practicelly all lakes and rivers and many
smeller bodies of water were visited, and the more advantageous
stends of vegetation regularly examined. Collectlons were
also made at approximately regular intervalg in Ocqueoc Leake,
Presaue Isle County, and Carp River, Emmet County. In South-
eastern Michigen, plants exsmined were collected chlefly in
Whitmore Lake, Washtenaw and Livingston Counties; Third Sis-
ter Leke, Washtenaw County; and Huron River, Washtenaw County.

I am obligated to Professor Paul S, Welch, under whose
guidance this study wes made. I am also indebted to the
following speclalists for jdentificationg: the late E.T.
Creeson, Jr., formerly of The Academy of Natural Sciences of

Philedelphia; H.W., Capps, R.A. Cushman, A.B. Gahan, P.W. Mason,



c.F.W. Muesebeck, P.W. Oman, and H,K. Townes, all of the
United States National Museum; C.E. Hoffman, the University
of Arkanses; 0O.A. Johannsen, Cornell University; Sherman
Moore, Detroit, Michilgan; G.T. Riegel, Eastern Illinols State
College; H.H. Ross, the Illinois State Natural History sSurvey,

and F.M. Snyder, Orlando, Florida.
LIMNOLOGICAL RELATIONS
Plsnts end Areas Studied

The plants considered in thls paper are Potamogeton al-

pinus Balbis, P. amplifoliue Tuckerm., P. epihydrus Raf.,

P, filiformis Pere., P, follosus var. macellus Fernald, P.

Friegii Rup., P. gramineus L., P. illinoensis Morong, P. natans

L., P. nodosus Poir., P. Ozkesianus Robbins, P. pectinatus L.,

P. praelongus Wulfen., P, pusillus L., E. Richardsonii (Benn.)

Rydb., P. Robbingii Oakes, and P. zosteriformis Fernald. The

nomenclature of Fernald (1932) 1s followed for the linear-
leaved specles, and that of Ogden (1943), for the broad~-leaved
specles, |

The difficult problem of identifying species of Potamo-
geton is well known. I was aided by use of the University of
Michigen herbaria, ©Specimens in the herbarium of the Univer-
gity of Michigen Blologilcal Ststion, Cheboygsn, Mlchigan, will
enable future workers to check my identifications.

The genus Potamogeton constitutes a very important ele-

ment of aquatic vegetation. In the region studied, it 1is the



richest in specles of all genera of submerced flowering plants.
This group is prominent also because of the large size and
great numbers of 1ndividuals, and their almost universal occur-
rence. Qosting (1932) wrote that the genus 1s so variable and
adaptable that some specles may be found in almost any aauatic
habitat in Michigan,

Distributional data for the specles of Potamogeton

studied are summerized in Table 1. The terms "abundant",
Woommon', "rare' refer to relative abundance of different
specles within each body of water,

Bodles of water often differ markedly wlth regoect to

the specles of Potamogeton which they suvpport. The floral

composition also varies 1in different regions within the same
water, The three bogs contalned representatives of a single

specles, P. Qakesglanus, found only in these bogs. P. natans

was found in all waters examined except these bogs. Six
species were found in more than half of all stations regularly
visited. One gpecles was collected in only one body of weater.

Specimens of Potamogeton were sometimes collected 1in

waters other than those listed. Prominent among these are
Black Lake, Burt Lake, Crooked River, Maple River, and Stralts
of Mackinac in the extreme northern part of the Lower Penin-
sula of Michigan, Virtually ell types of habitats in which

plante of the genus cecur in this region were congldered.
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TABLE I

Areas Studied and Specles of Potamogeton Collected

Species of Potamogeton
collected in each area

w
ol oy
@ 1] ol g
= @ -t w| wjw = =~
ot} @]l wjw ﬂ:sal Ojri o
S8l Sia sl m| @l Gt
w] olfials|+] oo w|dl sl Siojal o
2 HEdeE s FaRSienEE o
Areas in which il alatealalol gl o o] ojelelAlaio)l &
Potamogeton L =t s I = e S C
were collected s @ gﬂ-.u =] ddd] glslo mig] =
Emmet County:
Carp River c c ric cle ¢
Cheboygen County:
Bessey Creek cj T c c c c
Black River c rl fal cir! a alelecle|™ ¢
Cheboygan Creek c{c c
Douglas Lake c c! el e |e] ¢ clel Ic c
Indian River c rf |c|l cir} c cleiriclal c
Livingston's Bog c
Munro Lake c c c c r
Nichols! Bog a
Nigger Creek a c c c
Sedge Pools Tr c| ¢ a cl jcje r
Smith's Bog a
Preasque Isle County:
Ocgqueoc Lake T {c ricic c cle! le e
Livingston and
Washtenaw Countles:
Whitmore Lake c clr c |} |eje} jcicy ¢
Washtenaw County:
Huron River a r| ricf aic c{r |c c
Third Sister Lake a c a c

Totals 1 11 2 42910 413339739410
(numbers of areas in which the various specles were collected)

Irirare c:common a!abundant



Insects

In the region sptudied, Potemogeton gspecies support a large

and heterogeneous fauna of insects which are intimately and in
some instances perhaps obligatorily related to the living
plants. Although some specles of thig fauna are found assocl-
ated wlth aquatic plants of several different genera, others,
which seem to occur only in plant structures peculiar to

Potamozeton of certaln gpecles, may De dependent on these

plants. Thirty-two specles naving direct nutritive, protec—
tive, or resplratory relations to plants of the genus Potamo-
geton are listed 1in Table 2. In addition to the identified
species listed, Odonata (Zygoptera and Anisoptera) unidenti-
fied beyond suborder and representing an unknown number of
gpecles hatched from eggs found within these plants.

Insects feed upon 1living Potamogeton in many ways,.

Specimens representing 2 gpecles of Homoptera guck the flulds
from plant tissues. geveral caddis larvae sand chrysomelid
beetles gnaw the stem, root, or flowering peduncle. Agquatic
caterpillars, leaf beetles, and certaln caddls larvae de-
foliate them, Several chironomid larvae and 6 ephydrid lar-
vae mine the leaves and stems.

As eslready observed by Wesenberg-Lund (1915), Frohne
(1938), and others, it would appear that most aguatic phyto-
phagous insects are far less restricted than terrestrial ones

in their selection of food plants. Certain caddlis larvae,




TABLE II

Insects whose Relatlons to Potamogeton were Studied

Order and Genus and Potamogeton Portion of
Family Specles Affected Plant Affected
1., Homoptera Rhopalosiphun natans Floating leaves
Aphiidae nymphaeae (L.) nodosus
2. Homoptere Megamelus devisi natans Floating leaves
Delphacldae Van Duzee (%)
3, Coleoptera Haemonia 1llinoensis Stems, stipules,
Chrysomelidae nigricornis natans roots, leaves,
Kirby Richardsoniil petioles
L, Coleopntera Donacla cinctl- alpinus Roots, leaves
Chrysonelidae cornis Newnman, amplifolius
variety (?) oramineus
natans
Richardsonil
5. Coleoptera Donacla hirtli- alpinus Roots, stipules,
Chrysomelidae collis Kirby amplifolius gstems, leaves
epilhydrus
natans
Richardsonil
6. Trichoptera Ptilostomils amplifolius Leaves
Phryganeldae SD.
7. Trichoptera Leptocellsa amplifoliuse Leaves, stems,
Leptoceridse albida Walker gramineusg gtlipules,
preaelongus petioles
Robbinsil
8. Trichoptera Triesenodes amplifolius Submerged leaves
Leptoceridae injusta (Hagen) Friesii
Richardsonii
Robbinsgil
9. Trichoptera Triaenodes alpinus Submerged leaves
Leptoceridae marginata Sibley :




TABLE II (continued)

Order and Genus and Potamogeton Portion of
Family Specles Affected Plant Affected
10, Trichoptera Trisenodes amplifollius Submerged leaves
Leptoceridae aba Milne
11, Trichoptera Triaenodes amplifollus Submerged leaves
Leptoceridae tarda Milne
12, Lepidoptersa Nymphule natans Tloating leaves
Pyralididae icciusalils
Walker
13. Lepidoptera Nymphula amplifolius Submerged leaves
Pyralidldae obscuralis natans
Grote praelongus
Richardsonii
14, Lepidoptera Nymphula amplifolius Submerged leaves
Pyralididae badliusalls natans (rarely on
Walker praelongus floating lesves)
Richardsoniil
zosterlformls
15, Lepidoptera Nymphula natans Floating leaves
Pyrelldidae 21llionealls
itealls Walker
16. Diptera #Cricotopus smplifolius Submerged leaves
Chironomidae flavives epihydrus
Johannsen illinoensis
praelongus
Richardsonil
Robbinsll
17. Diptera *Cricotopus ampllfolius Floating leaves
Chironomidae elegans natans
Johannsen nodosus
18, Diptera Cricotopus amplifolius Floating leaves
Chironomidae trifasclatus natans
{Panzer) nodosus

# gpecles descriptlion based on specimens reared during this
investigation.




TABLE II (continued)

Order &and Genus and Potamogeton Portion of
Family Speclies Affected Plant Affected
19. Diptera Pclypedilum natans Floating leaves
Chironomidae TP.) illinoense
(Malloch)
20, Diptera #Polypedilum natans Floating leaves
Chironomidae {P.) ophloldes
Townes
21. Diptera Polypedilunm amplifolius Stems, petiloles,
Chironomidae {Pentapedilum) cramineus leaf midribs
sordens natans
(van der Wulp) Richardsonii
Robbinsil
22. Diptera Glyptotendipes amplifolius Stems, petloles,
Chironomidsae {Phytotendipes) oramineus leaf midribs
lobiferus (Say) Robbinsii
23. Diptera #Glyptotendlipes amplifolius Stems, petioles,
Chironomidae (G.) dreisbachl  gramineus leaf midribs
Townes natans
nodogus
praelongus
Richardsonii
Robbinsil
24, Diptera Tanytarsus amplifolius Submerged leaves
Chironomidae TEndochironomus) gramineus
nigcricans illinoensis
(Jonannsen) Richerdsgonii
25, Diptera Hydromyza elpinus Roots
Cordyluridae confluens Loew.
26. Diptera Notiphila alpinus Roots
Ephydridae loewl pectinatus
Cresson Richardsonil

# Species description based partly on specimens reared during
this investigation.
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TABLE II (continued)

Order and Genueg and Potamogeton Portion of
Femily Speciles Affected Plant Affected
27. Diptera Hydrellla alpinus Submerged leaves
Ephydridae crurells amplifolius (rarely in
Coquillett epihydrus floating leaves)
follosus
gramineus
illinoensis
natans
nodosus
praelongus
Richardsonil
zogsterifornls
28, Diptera Hydrellila amplifolius Submerged leaves
Ephydridae pulla gramineus
Cresson Richardsonii
29, Diptera #Hydrellla alpinus Submerged leaves
Ephydrideae Tuctuosa amplifolius (rarely in
Cresson natans floating leaves)
Richardsonil
zosterliformis
30, Divptera *Hydrellia natang Stems, petlioles
Ephydridze bergl Richardsonil
Cresson zosteriformls
31, Diptera *Hydrellla alolnus Submerged leaves
Ephydridae asclita amplifolius
Cresson epihydrus
foliosus
illinoensis
Oalkeslanus
Richardsonii
32, Diptera Hydrellila praelongus Submerged leaves
Ephydridae callginosa
Cresson

* Speciles description based on specimens reared durlng this
investigation.
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for instance, seem to show no cholce elther for specles of
plant or type of plant structure eaten. In the laboratory,
somé devour both plant and enimal matter, terrestrial or aqua-
tic, living or de&d, exhibiting no apparent preferences,

Although some other insects infest Potamogeton of several

specles, they always attack certain types of plant structures
and do not occur on species which lack them, A chironomid
larve mines in thin, flaccid, submerged leaves, It was found

in such leaves of 6 specles of Potamogeton, but was not en-

countered in other portions of these plants, nor in any of

the specles lacking such leaves, Two other chironomids feed
in thick, coriaceous, floating leaves of 3 specles of Potamo-
geton, but neither was found in other tissueg of these plants,
nor in any species which lacks floatling leaves. The glll-less

caterpillar, Nymphule icciusalis, eats floating leaves, and

was bred only from a floating-lesaf Potamogeton. Although the

gill-breathing caterpillars discussed here usually feed on
brosd, submerged leaves, they also attack the floating ones.
Specimens representing 2 épecies were reared from larvae and
pupae found on P, natans, which has no broad submerged leaves.
Under the heading of protective relations, only those
insecte which spend some stage of theilr 1life cycle within the

tigsues of Potamogeton are considered. Insects which simply

geex cover among these plants, rest upon them, feed upon thelr
epiphytic growth, or maintain other less essential relations

to these plants were not studied., Damsel flies and dragonfliles
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of sgeverzl speciles ins=rt thelr eggs into floating leaves
and flowering peduncles. Tiaree chironomids pass their lar-
val and pupel stages in burrowvs in the stems. Defolizating
caterpillare and certaln caddis larvee live in cases made from
oleces of leaf. Leafminlng midges and ephydrids are shelter-
ed by the epidermal layers between which they work.

Tt is believed (Mtller, 1922; Varley, 1937) that cer-
tain insects, including Donacia (Chrysomelidae) and Hydrel-

112 and Notiphila (Ephydridae), obtain oxygen for resplra-.

tion from the intercellular gas spsces of hydrophytes. Al-
though Hoffman (1940c) has demonstrated experimentally that
some Doﬁacfganae cen exist for 21 deys in aguaria without
plants provided the water contains sufficient dissolved oxXy-
gen, he does not deny that the larvae may use oxygen from
air spsces of squatic plante in nature. In the absence of
positive evidence, I tentatively adont the view apparently
held by the majority of investigators, namely, insects whose
trecheal systems terminate in hollow spines which &re usu-
elly found inserted in plant tissue probably get oxygen from
plants, and when such lnsects are isolated from contact with
oxygenated, freely circulating water they may be dependent on
nlants for sufficient oxygen to maintain life.

Hymenopterous parasites of 1insects directly related to

Potamogeton are recorded in Table 3. Insect host and pleant

spacies from which varasites were reared are both specified.
In view of the fact that 55 per cent of the species record-

ed by Frohne (1938) from emergent hydrophytes are parssitic,
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1t is noteworthy theat parasitic species constitute only

22 per cent of this Potamogeton faune. The lower incldence

of parasitlism among insects of this group may be due in part

to relative inesccessibllity in their submerged habltat.
Mzrked differences 1in susceptibility to insect parasit-

ism are apparent within +hie fauna. Of the ten paraslitic

speciles, nlne infest flies of the ephydrid genus Hyvdrellia.

No ingect paraslites were found infesting the midges, beetles,
and caddlis flles.

Tncluding paresites, the total number of species of in-
secte found on each plant is &s followa: P. glplinus, 13;

P. amplifolius, 25; P. epihydrus, ¢: P. filiformis, O; E. fol-

———

tosus, 2; P. Friesii, 1; E. gramineus, 10; P. illinocensis,

5; P. natens, 23; E. nodosus, 6; P. Oakegianus, 3; E. pectin-

atug, 1; P. praelongus, 10; B. pusillus, O; P. Richardsonii,

18: P. Robbinsii, 6; B. zosteriformis, 7.

The relztively small sizes of fesunas harbored by narrow-

leaved specles of Potamogeton seem +to be due lergely to thelr

lack of anatomicel structures essentizl or at least desirable
for the suvport of certain insects. Defoliating caternlllars
end casddie laervae can obtaln more sbundant and more succu-
1ent food snd better meteriels for casemaking from broad-
leaved plents. Insects which mine or channel in brozd sub-
merged or floating leaves could not thrive in the very nar-
row-leaved species of Po%tamogeton. These defoliestors, leaf
miners, end leaf channelers constitute about 60 per cent of

the insects found directly related To Potamogeton. Krecker




Hymenopterous Parasite

10,

Order and
Family

Hymeneptersa
Diapriidae

Hymenoptera
Pteromalidezse

Hymenoptera
Braconidae

Hymenoptera
Braconidae

Hymenoptera
Braconidae

Hymenoptera
Braconidsae
Hymenoptersa

Braconidae

Hymenoptera
Braconidae

Hymenoptera
Braconidae

Hymenoptera
Ichneumonidae

TABLE III

Genus and
Specles

Trichopria
columbiana
TAshmead)

Unidentified

Ademon

niger
(Ashmead)

Chorebidea sp. 1
{species not
described)

Chorebildea sp. 2
Tnot described)

Chorebidella sp.
(not described)

Dacnusa spP.

T—B?'afscribed)

Dacnusa spD. 2
Tnot described)

Dacnusa 8D. 3
(not described)

Cremastus sp.

14

s of Insects Related to Potamogeton

Insect
Host

Hydrellia
cruralls
H. bergl

H 1uctuosa

H. pulla

Hydrellla
cruralis

Hydrellla
eruralils

Hydrelllsa
cruralls

Hydrellla
bergl

Hydrellia
cruralls
H. ascita

Hydrellla
bergl

Hydrellla
luctuosa

Hyvdrellia
agcite

szohula
icciusalls

Potamogzeton on
which Found

alpinus

amplifolius

epihydrus
gramineus

natans
praelongus
Richerdsonii

amplifolius

alpinus
amplifolius
natans
praelongus
zosteriformls

amplifolius

eplhydrus

gramineus

nodosus

preelongus
Richardsonii

natans

alpinus
amplifolius

Qakeslanus

natans

Zzosteriformis

alplinus

zosteriformis

alpinus

Oekeslanus

natans
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(1939), who listed P. pectinatus as having a denser animal

population than P. zosteriformis (as "P. compressug"), in-

cludzd insects and other invertebretes whilch simply seek
cover among these plants. His figures are based on compara-
+ive numbers of animal speclmens found on ten-foot lengths
of the plants examined.

RELATIONS TO WATER

The insects studied in this investigation are adapted
for life in water 1ln diverse ways and to varying degrees.

In some specles, certain stages of the life cycle are passed
in aerial or terrestrlal habitats.

Egges of the speciles consldered in this paper develop
in several media. Those of the Coleoptera, Trichoptera,
Lepidoptera, and Chirocnomldeae occur beneath the surface of
the water, usually attached to leaves, stems, or stipules of
the food plant. Eggs of the aphid occur only on fruit trees,
exposed to the ailr, Odonata eggs are inserted into Potamo-
geton leaves, stems, and flowering peduncles where they are
surrounded by plant tissues. Those of the hymenopterous
parasites are embedded 1in animal (host) tilssues.

Larvaee of mos%t of the species consldered here are able
to remain constantly submerged. Larvae of Trichoptersa,
Chironomidae, and 3 gpecies of Nymphula are provided with
gills by means of which they can obtain dissolved oxygen from
the water., Those of the Ephydridae and the Donaciinae are
equipped with sharp, hollcw splnes with which they can pene-
trate plant *issue and presumably acquire oxygen from the

intercellular gas chambers, Although the aphid, delphacld,

and gilll-less caterpillar are alir breathers, they are able



to 1live submerged for considereble lengths of time, extract-
ing oxygen from the air which enwvelopes their hydrofuge
bodies. Since larvee of parasitic Hymenoptera 1live surround-
ed by animal tlssues, the microhabitats of gguatic srecies
cre aulte simllar to those of species which infest terres-—
triel hoste. It 1is rescsonable, therefore, that parasitic
larvee of terrestrial and aguatic Hymenoptersa do not neces-
carily differ greatly in their sdeptations, and 1t is not

surprising that some genera (including both Trichopria and

Dacnuss) contain bo*h terrestrisl and aquetic specles.

Lervae of the Pyrzlidldae, Ephydridae, and Donaciinae
have little or no ability to swim, and some of the smaller
ones ere quite helpless when they become caught in the surface

film. The specilss of Triaenodes (Trichoptera: Leptoceridae)

swim well, and some suvecles of Chironomidee are falr swimmers.

Nearly all of these larvae subsist on plent tissue in-
gested at or beneath the water's surface, Stem-burroving
midge larvee live principally on plankton, which they coture
in o remcrkable manner.

Midge punee and caddis fly pupee, which breathe by means
of ¢£ille, are truly aquatic. Although the ~upae of other
species encountered elso are normally submerged, the medium
smmediately surroundine them ls gaseous. Moth pupae and
eohydrid pupsae studied in thie invagtigetion die if they are
dissected from thelr cases or puparia and olaced 1in direct

contact with the water.

Various types nf aquatic adaptations characterize adult
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insects of this fauna. Moths, midges, ephydrids, and aphids
rave considerable ablllity to rest on the surface film, and
some are so hydrofuge that they avoid becoming wet even if
submerged. The damsel flies, dragonflies, caddls flies,
parasitlc Hymenoptera, and sone Donacilinase submerge volun-
tarily to ovipoeit. Paracsitic Hymenoptera were obeerved re-
peatedly to remailn beneath the surface of the water for in-
tervals of more than half an hour, and Hoffman (L940b: 263)

stated that 2 of the specles of Donaciinae concerned in this

investigation, Haemonia nigricornis and Donacla hirticollls,
spend almost thelr entire adult lives submerged. Adull
Hymenoptera digcussed here are falrly good swimmers.
HIBERNATION

Most of the insects infesting gsubmerged portions of
plants which remain green throughout the winter pass this
season as larvae on their food plants beneath the ice.
Czddis larvae and stem-burrowing midge larvae are quite
cctive throughout the winter. The caterpillars, ephydrid
larvae, and certailn Donaciinae larvae (Hoffman, 1940b: 270)

become more or less qulescent, Specimens of Chorebidea

sp. and of Ademon niger paes the winter in thelr host lar-

vae. Insects which infest floating leaves occupy some other
habitat during the winter, often passing this season 1in
inactive stages of their 1life cycles, The aphid Rhopa-

losiphum nymohaeae returns to its primsry host, the plum

tree, and hibernates there as a winter egg. According




to Kettisch (1936-37: 260) Cricotopus trifasclatus, &

nidge whose lerva ctiannels in flepating leeves, hibern: tes

eg en egs atteched to & stem or etinule of its food ~lent.

O
Plante of the genus Potamogeton suffer various tynes

of injuries due to infesctation by insects. Hoots are
gnawed by Donacllnze larvee and sunctured by thelr respl-
rsztory spines. The stems of these mlants, besldes belny
snewed by larvae of Trichontera end Donsciinae, heve mines

of Hydrellis larvae, burrowe of chironomid lervae, and

vunctures of »robosces, ovivositors, snd respiretory snines.
The w»nrincipel *tynes of injuries to leaves &re channels,
mines, patches of surfece abrasion, skeletonizetion, series
of small holes, mess defoliation, and punctures of various
tynee. 4As used here, mines &re excevetions made petween the
epldermal leyers and nrogressively lengthened es the larve feaeds.
Eurro-s are short excevetlons between the ewvidermal layers
sheltering l:rvae which do not feed orimerily on »nlant
+igsue. Theyv oven at each end by means of a hole gnewed
through the epidermis. They &are extended only at infre-
quent intervals as larvae grow end reculire more room.
LOCAL DISTRTBUTI N

Striting differences were observed in locel popule-
tion densities of this insect fauna. Relatively few 1n-

cects were found on Potemogeton collected in unsheltered

areac of large and medium sized lakes. Plants found 1in
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smell lakes, bogs, and sheltered coves of larger lakes har-
bored denser populations, end the highest populations of

this fauna were found on the Potamogeton growing in rivers,

creeks, and beach pools., This pattern of local dlstribu-
tion may be caused chiefly by effects of wind and wave ac-
tion on ilnsects in the adult stage. It would not seem that
most insecte are likely to oviposit among plants growing in
open, unsheltered weater except during calm weather. If mo-
derate wind and weve action occurs at any time between the
dates of emergence and ovipositlon, mogt adults which emerge
in these situations are apt to be driven either to the cover
of foliage growing on the shore or into the rough water where

they may be drcwned. The accessibility of Potamocgeton grow-

ing in creeks, river margins, and beach pools %o insects shel-
tered emldst terrestriasl foliage 1s probably the main factor
sccounting for higher infestation of these plants than those
of the same speciles which grow in open, unprotected areas of
lakes.

DATA ON LIFE HISTORIES
Odonsta

It is well known that damsel flies (Zygoptera) and
certain dragonflies (Anisoptera) normally insert thelr eggs
into plant tissues. This hablt was offten observed in Che-—
boygen County, Michigan, where damsel-fly naiads hatched from

egge found in flowering peduncles and stems of Potamogeton

amplifolius, P. gramineus, P. jllinocensis, P. natans, P.




pectinatus, and P, Richsrdsonii, and where other eggs partially

ingerted into floating and submerged leaves of P. natans pro-
quced dragon-fly nalads,., All demsel-fly egrs were completely
covered by plant tiesue, but those of the dragonflles were
exposed in varylng degrees. Since theege naiads are carni-
vorous and not intimately relasted to the plants, they were

not reared.

Rhopalosiphum nymphaeae (Linnaeus) (Homoptera: Aphididae)

The life cycle of Rhopalosiphum nymphaeae ls so well

known that 1t is not necessary to present a detalled account
of i1t here. These aphids live on plum and related fruit
trees as vrimery hosts, often doing considerable damage.

In sumnmer, winged migrants fly to any of a wide variety of

aquatic plants including Nymphes, Nupher, Alisma, Saglttaria,

Potemogeton, Ranunculus, Typha, &and Lemna, which serve as

secondary hoste. Wilson and Vickery (1918) 1list 49 speciles
of vlants on which specimens have been found., On these
plants the aphids often live partially or completely sub-
merged, They are hydrofuge, &and 2ll of the submerged specl-
mens observed in thie study were enclosed in gae bubbles.
Aphids of this speclies often spoil the appeafance of orna-
mentel aquatic plesnts in green houses and 1lily ponds. The
several generations which are produced during spring and
gsummer are made up entirely of ovoviviparous, parthenogene-—
tie females. In autumn, winged individuels migrate to the

primary hoste, where males are produced, mating takes place,

20
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and the females lay overwintering egegs.
Representatives of this specles were collected on the

floating leaves of Potamogeton natans growlng in Nigger

Creek, Cheboygen County, Michigan, on August 6, 1941.., They

slso infested some Nuphar and Szgittaria near the mouth of

thig creek., Additional specimene were taken from the float-
ing leaves of E. netens in Indian River, Cheboygan County,
on August 9, and from floating leaves of P. natans &nd P.
nodosus growing in Lake Mendota, Dane County, VWisconsin, on
August 29, 1941. Speclmens of 211 3 lots were identified as

Rhopelosiphum nymphaeae by P. W. Meson of the United States

Netional Museum, Other aphilds presumsoly belonging to the

game specles were found on floating lesves of P, amplifolius

and P. natans in Whiltmore Lake, Washtenaw and Livingston

Counties, Michlgan,

Megamelus davisl Van Duzee (?) (Homoptera: Delphacildae)

Specles of Megamelus (Delvhacidae; formerly Delphacinae,

Fulgoridae) are known to feed on aquatic plants of several
genera. Au (1941) reported *that one species is a serious
pest of Nymphaea 1in Hawaii, and P, W, QOman stated (personal
correspondence) that speclimens of M. davisl 1in the collection
of the United States Naticnal Museum are recorded as destroy-

ing "Castalia odorsta'.

On June 28, 1942, Delphacidae were found on flozting

lezves of F. natans in Third Sister Lake, Waehtenaw County,
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Michigan. Not prepared to collect nor preserve these insects,

I managed to save only one perfect specimen. This was 1identl-

fied by Oman as & female Megamelus, presumanly daviei Van Duzee.
Since & considerable number of these insects were con-

centrated in this bed of Potamogeton, and since they apveared

to have their probosces inserted in the plants, 1t seems
probable that & gignificant nutritive relationship existse

between P. natans and M. davisl.

Donaciinae (Coleoptera: Chrysomelidae)

Hoffman (1940a, b, c¢) presented conelderable information
concerning the morphology, biology, and limnological rela-
tiong of the Northern Michigen Donaciinae. Observations mede
in thie investigation substantlate many of his statements and
extend the 1list of kxnown food plants of certain specles.

The only Potamogeton on which Hoffman (1940c: 268, 272)

found larvae and pupae of Haemonia nigricornis was P. natans.

Although most of my specimens were also collected on P. na-

tans, some larvae were taken on E. 11linoensis (Sedge Pools,

Douglas Lake, Michigan, July 3, 1941), and other larvae and

pupae were found on P, Richardsonil (Indian River, Cheboygan

County, Michigan, Auguset 9, 1941).

I found cocoons of Donacla hirticollis on the 3 specles

listed by Hoffman, P. natans, P. Richardsonii, and P, ampll-

S

folius, end also on P, alpinus (Nigger Creek, Cheboygen

County, June 20, 1940) and on P. epihyérus (Ocqueoc Lake,




Presque Isle County, Michigen, July 13, 1941)., An egg mass

1dentified by Hoffman as that of D. hirticollis was &also

found on the P. epihydrus listed above.

Hoffman (1940c: 263, 272) took larvae, pupae, and adults
of sn undetermined species of Donacia on E. natans. He ident-
jfied specimens collected 1in this investigation with those
mentioned in his paper (personal correspondence), and stated

that they represent a variety of D. cincticornis. They

differ from the typlcal D. cincticornis in morphology of

adult and of egg mass, and in food plants, habits, and
seasonal behavior.

D. cincticornis var. seems to be the most abundant form

of Donaciinae which feeds on Potamogeton in this region.

Besides being taken on P. natans, the food plant recorded by
Hoffman, specimens of this species were found on P. glpinus
(Nigger Creek, Cheboygen County, June 20, 1940), P. ampli-
folius (Black River, Cheboygan County, July 15, 1940), E.

Richardsonii (Black River, July 15, 1940) and P. gramincus

(Bleck River, July 15, 1940).
Tge masses of this variety are found very commonly on
the lower sidee of floating lesves of P. natans. These

masses are similar in position and genersal arrangement to

those of the typical D. cincticornls, D. proxima, and D,
palmata., Bach 1s located near a small hole cut through the
leaf by the female beetle. The eggs are arranged in 2

semicircles, one Just outside the other, extending approxi-
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mately half way around the hole,

Larvee of this variety are simllar 1in appearance to

+hose of the typical D. gcincticornis. Actively feeding lar-

vae were found repeatedly on subterranean portions of the
stems of P. natans, and once on corresponding structures of
P. e2lpinus.

Cocoong of this form, contalning mature larvae, pupae,
and adults, were collected on subterranean stems of P. natans,

P. Richardsonii, E. amplifolius, and P. gramineus.

Trichoptersa

Although some caddis larvae are carnivorous and some are
herbivorous, others seem to eat plant and animal matter in-
discriminately. Lloyd (1921: 16é) referred to the Phryganel-
dae as omnivorous plant feeders and stated that the first to
pupate in an aquarium are often eaten by their fellows.
Muttkowski (1918) wrote that caddis larvae readlly change
from a phytophagous to a sarcophagous diet. Evidence corro-
borsting these statements was found in the course of this
investigeation,

Since certain caddils larvae readily ezt & wide variety
of materials in aquaria, it 1is difficult to determine what
constitutes their food in nature. The substances eaten by
+hese captive larveae are not necessarily their only netursal
foods. Usually reliable means of determining natural foods

sre difficult to apply to these larvae, While plant tlssues



are often recognizable in fecal pellets and in stomachsg of
freshly captured larvee, 1% is usually impossible to identify

species of Potamogeton from these small fragments. Since lar-

vae of Phryganeidae feed primarily at night, 1t would be very
difficult to observe their feeding in nature.

While it is difficult to determine the natural diets of
these general feeders, it ls even more difficult to judge the
extent to which these larvae depend on each plant, No specles

of Potamogeton is essential for the life, growth, and well

being even of larvae known to feed principally upon i%, if
there is available a sufficlent amount of any other material
upon which the larvae can subsist. Lloyd (1921: 29) wrote

of Phryganea larvae, "Apparently the larvae feed upon green

tissue because of their heabit of lliving among living plants..
.... rather than through any cholce of appetite. In aquaria,
among & mixture of living and dead plents, they displayed no
preference for either sort.'

The list of Trichoptera given in thils paper probably
does not include all the specles in this region which will,

under certszin cilrcumstances, est Potamogeton. Bach caddis

larva listed couvld probably thrive without some of the speciles

of Potamogeton listed as food plants; others possibly could

live quite normally without any Potamogeton.

Ptilostomis sp. (Phryganeidae)

Larvae belonging to the genus Ptilostomis were collected

repeatedly on Potamogeton amplifolius growing in Third Sister
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Lake, Washtenaw County, Michigen, Larvee of this genus are
poorly known. Since adults were not reared, specific identi-
fication of these specimens 1s impossible,

Larvae of Ptllostomls sp. use Potamogeton leaves both for

food and for case-making meterial. Appsrently these larvae
have nocturnal hebits. The morning after they were collected
they were placed in aquaria with a few whole leaves of Pota-

mogeton amplifollus. That evening the leaves were still

whole and undamaged. The next morning, however, many bits of
lesf were cut away. A small portion of the leaf tissue wihich
was removed had been added to the larval cases, and 1t 1s
evident that much of it had been eaten. Repetition of thie
experiment for 5 days, changing leaves each morning, conels-
tently gave results indicating that the larvae carry on their
activities prinecipally at night. This observation supports
the statement of Lloyd (1921: 16) that larvae of the Phry-
ganeidae in general carry on their activities chiefly at
night.

In order to test statements in the llterature that
phrygeneid larvae tend %o be omnivorous, these speclmens
were offered various types of food. They ate leaves, stems

and stioules of Potamogeton, leaves of Populus, and bodiles

of Chironomidee and Tubificidse, exhiblting little if &any
preference whether these tlssues were living, quite freshly

killed, or partly decomnposed.
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Leptocella albida Walker (Leptoceridae)

Larvae of Leptocella slbida were colliected frequently on

leaves of Potamogeton ampnlifolius, P. gramineus, P, praelongus,

and P, Robbingii. They are abundant in Third Sister Lake and

Whitmore La%e, Washtenaw County, Michigan, and were &lsgo col-
lected in Ocqueoc Lake, Presqgue Isle County. Specimens of
+his specles vupated readily in the laboratory, and many
adults were obtained.

In Whitmore Lake their tapered, slightly curved cases
ere made z2lmost entirely of marl, chiefly the encrusting form

found on Potamogeton leaves, held together with sllk. Since

cases of L. alblida taken in most situations are composed prin-
cipally of sand greains, these larvae cannot be regarded as

dependent normally on Potamogeton for thelr case-building

material, It may be that maerl is used only because there 1is

no exposed sand available 1in certain areas of Whitmore Lake.
Larvae of L. alblda were observed to eat submerged

leaves, stems, stipules, and petioles of several specles of

Potamogeton in agquaria. A common type of injury due to these

larvae ig consumption of leaf blades and smaller velns,
leaving coarsely skeletonlzed leaves. Similarly damaged
plants, harboring these larvae, were found in Whitmore and
Third Sister Lakes.

Specimens kept in aquaria durilng winter showed less and
less appetite for leaves, but gnawed many excavations in the

stemg. Their fecal vellets were composed meinly of brown
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plant meterial, probably stem and stioule tissue, They ate
tubificids eszgerly and evidently indulged in some cannlballsm.
Empty larval cases and pieces of larval hesad capsules &and

aprendages were frequently found in the aquarium,

Trisenodes injusta (Hagen) (Leptoceridae)

Larvaee of Trisenodes injusta were found commonly in Third

gister Lake &nd in Huron Rlver, Washtenaw County, Michigan.

They utilize gubmerged leaves of Potamogeton amplifolius and

P. Robbinsli for food and for cege-making materiel. Pupation

end emergence occurred in leboratory aquaria, and several
adults of each sex were reared.

Larvae of Triaenodes seem to be more completely phyto-

phagous than the other genera of Trichoptera consldered in
this paper. Fresh fecal pellets of speclimens Just brought
in from the field are made up almost entirely of green leaf
tigsue. They fed eagerly on green leaves in laboratory
acuaria and were never seen to eat animal metter in any form,
even when the plant food was sparse. They eat leaf tissue

in a manner similar to that of Leptocella alblda, taking

leaf blades and finer veilns and leaving the larger veins.

Trisenodes marginata Sibley (Leptoceridae)

Larvae of Triaenodes marginata were collected repeatedly

in Nigger Creek, Cheboygan County, Michigen, where they were

feeding on the submerged lesves of Potamogeton alpinus.
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Their methods of feeding and case making ére simllar to those
of T. injuste. Like the latter, they seem to be completely
phytophegous, &epvparently eating no animel matter even when
~the supply of plant food was gerlously curtailed. Larvase of
this specles pupated resdily 1in the laboratory, esnd several

imagoes were obtalned.

Trisenodes absa Milne (Leptoceridae)

A single specimen of Triaenodes aba was collected on

Potamogceton amplifolius in Third Sister Lake, Washtenaw

County, Michigan, and reared on the submerged leeves of thils
plant. In food hablits and case building, it seems to be

quite similar to T. injuste and I. marginata.

Trisenodes tarda Milne (Leptoceridae)

A larva of Triaenodes tarde was collected on Potemogeton

amplifolius in Huron River, Washtenaw County, and reared on

the submerged leaves of this plant. In appesarance and hebilts,

thie larve is similar to those of other Triaenodes specles

herein discussed, Like them, 1t seems to be a true herbivore,
Nymphule {(Lepideptera: Pyralididae)

Although +the agquatic Lepidoptera have been regarded with
interest for a long time much remains to be learned concerning
thelr metamorphosis and biology. More than two hundred years

ago Reaumur (1736) wrote a surprisingly thorough paper on the
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habits and adeptations of Nymphula nymphaeata. Other BEurop-

ean zoologists (Buckler, 1876a, 1876b, 1877, 188l; Jeffrey,
1877; M#ller, 1892; Miall, 1895; Willem, 1907; Berg, 1941
ond others) have contributed to the knowledge of nymphuline
caterpillars, and in thie country Peckerd (1884), Hart (1895),
Forbes (1910, 1923), Miller (1912), Welch (1916, 1922, 1924),
ond Welch and Sehon (1928) have investigated these 1nsects
and publighed information concerning them. Many taxonomic
papers have been written in which new specles and varieties
of Nymphulinee &re described, and many notes have been
printed in Journals of agriculture and economic entomology
reporting the depredations of certain nymphuline caterpillars
on cultiveted aguatic and semlaquatic plants and outlining
methode for controlling them. The species of economic im-

portance include lMymphule depunctalis, the Wrice caseworm"

of India, Assam, Malaya, and the Dutch BEast Indies; N, vit-
talis, which often causes serious demare to rice in Japan;

and N, nymphaeate, reported ag& injurious to rice in Italy

and to cultivated water lilies in England.
Some of the European papers clted above record specles

of Potamogeton as food plante of Nymphule larvae, All

species of Nymphula previously reared from Potamogeton in

this country except N. obliteralis Walker were also en-

countered in this study. Hart (1895) reared N. obliteralils

(ag "Hydrocampa obliteralis") from P. natans in the Illinois

River, and his records may form the bagis for statements dY
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Forbes (1910, 1923) that N. obliteralis larvae feed on Pota-

mogeton. My feilure to find this speclies may be due to
1imitations of its range. Welech (1915) does not include

N. obliteralis in his 1list of the Levidoptera of the Douglas

Lake reglon,

In svite of the long standing interest in this group,
some of the larvae remaln completely unknown, and good
characters for dlstinguishing some of the known specles
have not been found. Forbes (1910, 1923) presented pre-
liminary keys to some of the nymrhuline caterpillars of the
Northeastern States. Since larvae of some specles were un-
known, his keys are incomplete. He seoarated the gillled
gpecies from one another chiefly on relastive numbers of gill
filaments. Unfortunately, numbers of filaments may vary
among corresponding gills of various individuals in a brood,
smong succescive segments of a given gapecimen, and even
between the right and left sides of a given segment. Numbers
of filaments also increase as the larvae grows older, and a
description based on a certaln instar does not necessarlly
apply to any other instar,

It would be desirable to find specific characters among
the sclerotized parts of the larvae. These structures would
gseem less likely %o change drastically from one instar to
the next, and have the great additional advantage of being
well preserved and easily studied 1in exuviae as well as 1n

larvae. However, a preliminary exemination of larval



gclerites, made during this investigation, failed to reveal
any good characters for specific determination. Although the
chaetotaxy of several sclerites and the shape of certaln
others is complex enough to seem capable of considerable vari-
stion, these structures apparently vary avout as nuch among
1ndividuals of a given species as between the closely related

specles Nymphula badiusalls and N. obscuralis.

Since reliable characters for distingulshing immature
steges were not found, the specles in this investlgation are
determined only in adult specimens, mature pupae in which
the wing markings of the Tuture adult have become evident,

end eggs and larvae of known ancestry.

Nyvmpohuls icciusslis Walker

Information concerning the immature stages of Nymphula

jocciusalis has been presented by several lnvestigators.

Weleh (1916) reviewed the earlier papers as follows: "Packard
('84, p., 824) figured a larva, which he sucposed to be N.

1ceiuselis. Forbes ('10, pp. 225-6) reared a single larva

through to maturity and reported close correspondence of

deta with those of Packard, but made no mention of the eggs
or early larval instars. Miller ('12, »p. 127-134, 245) made
some observations on this species, described some of the
activities of the larvae, male slight mention of the pupa

and of the eggs, and described the full grown lzarva in con-

siderable detail." He described eggs and flrst instar larvae
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in detail, contributed information concerning oviposition and
development of eggs, and discussed feeding and case-making
activities of the young larvae. Forbes (1923) wrote of this
specles, "Caterpillar in an oblong caée on Potamogeton, sedge,
Lemna, Menyanthes, and other aquatic plants, Cocoon sone-
+ires anchored under water. Moth in August., Cormon every-
vhere, flying over the water &nd along the shore of ponds Y

In this investigation, N. icciusalis were reared from

mature larvae and pupae collected on floating leaves of P.
na+teng in Cheboyvgan County, Michlgen. Larvae and pupae were

not collected on any other species of Potemogeton, but some

of thelr cases were composed partly of P, Friesii, P. gram-

ineus, P. Richardsonii, and Vallisrneria leaves. Adults

emerged in July and August.

Other adulte were collected in the vegetation surround-
ing the Sedge Pools, Dougles Lakxe, Michigan throughout July
end during the firet half of August, 1941, Some of these
specimens were females which either mated in the breeding
cages or had mated before they were captured. They laid
masces of light gray or whitish, elliptical eggs on the
lower surfaces of floating P. natans leaves very near their
margine, as described by Welch (1916: 181-82). These egg
masses, which fit the description given by Welch, were de-
posited without exception during the night. Eggs frequently
overlap in the comwpact masses. Those of some masses averaged

0.45 by 0.60 mm., the size previously reported (Welch, 1916).
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O+thers were larger, one mass of 22 averaging 0.50 by 0.67 mm,

Dying females often deposit diffuse masses of eggs on the
upper sides of floating leaves. A high percentage of such
eg.s usually feils to develop.

BEgegs of N, maculalls Clemens increase in size durlng

development (Welch, 1916), but it seems that this phenomenon

has not been reported for N. icciusalis. Evidence that eggs

of the latter species also increase in size during develop-
ment was obtained from a mass of 46 eggs deposlted on the
night of August 5-6, 1941, When these eggs were measured
5.5 days later they averaged 0.588.mm. long. Just before
hatching, 6 days after these messurements were taken and
11.5 days after oviposition, they averaged 0.1k mm, long.
This increment of 0,025 mm. is only about 0.25 as great as

that (0.099 mm.) reported by Welch (1916) for M. maculalis

eggs. Pernhaps it would be larger if the first set of measure-
ments had been taeken just after the eggs were lald, as his

were,

In one instance, eggs of N. lecciusalis which were laid

in breeding cages in the laboratory hatched 6.5 and 7.5 days
later. Those deposited on the night of July 20-21, 1941, and
those lald the following night all hatched during the day,
July 28. The average egg period seems toO be closer to Welch's
figure of 10-11 days. The unusual speed of development of
these egrs may have been caused by the extreme heat during

the neriod between oviposition and hetching, The temperature
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of surface water 1in Douglas Lake rose from 690 F, on July 20
to 840 P, on July 28, Undoubtedly the increase in temperature
of water in my small rearing dishes was even greater than that
of surface lake water. The aprearance of these egge changed
rapidly in the few houre Just »receding hatching. In the
morning the larvae within were motionless, and only their
ocelli znd tips of thelr maendibles were darkened. Dark color
had appeared in the head capaules and prothoraclc shields
early in the afternoon, and the larvae were wriggling about
with the mandibles in motion, beginning to bresk the egg
membranes and escape.

The first instar larva agrees well with Welch's descrip-
tion and illustration (1916), but head capsules of the specil-
mens I meesured are slightly larger. Welch gave 0.25 mm,. as
mexinun diameter of head of the newly hetched larva. My
specimens, measured 7 days after hatching, had maximum head
widths of 0.27 and 0.28 mm, The body lengths of newly
hatched larvse average about 1.4 mm.

As stated by Welch, cases are made from pleces of leaf
soon after hatching. When alternately discarding and re-
placing the 2 pieces which make up sides of the case, the
larva cuts larger and larger pleces of leaf. Except for in-
crecse in size, there appears to be no significant change 1n
the case nor in method of case construction throughout larval
life,

Duration of first larval instar in aquaria 1is approxi-

metely 7-8 days, and the first molt occurs when larvae are



ebout 2.2 - 2.8 mm. long. Twenty larvae from a single egg

mass were killed in hot water, transferred into alcohol and
measured 7 days after hatching. Thirteen of these had head
capsules with maximum wldths of 0.27 - 0.28 mm,, and body
lengths of 1.8 - 2,.7mm. It seems that these 13 speclimens
were still in first 1instar. The other 7 larvae had head cap-
sgules 0.37 - O.40 mm, wide, and body lengths of 2.2 - 3.2 mm.
These probably had recently undergone their first molt and
were then in the early part of their second instear.

Twelve other larvae from the egg mass mentioned above
were killed in hot water, transferred to alcohol, and meas-
ured 9 dsye after the first 20, and 16 days after hatching.
Maximum head widths of these 12 were 0.32, 0.33, 0.33, 0.35,
0.36, 0.38, 0.38, 0.39, 0.40, 0.43, 0.45, and 0.52 mm. The
first 11, which had body lengths of 2.6 - 3.4 mm., are tenta-
tively assigned to second instar, although thelr head widthe
range both above and below those of that insgtar killed 9 days
earlier. The specimen with head capsule 0,52 mm. wide was L,2
mm. long and probably was in third instar. The larvae remelning
were lost, and no additlonal date are avallable.

Duration of each larval instar 1s evidently quite vari-
able among individuals from a gingle egg mass. ©Slzes of head
capsules usually vary only slightly in first instar larvae
from a single egg meass, bgt the range of sizes increases in

each successive ingtar, and it becomes more difficult to rec-~
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ognize instars from dimensions only in older larvae. Per-
haps limlted space and food supply and other fallures %o du-
plicate the natural environment account for smaller average
gizes of laboratory reared specimens than larvae of corres-
ponding instars collected in nature,

Specimens of N. icciusalls on P. natans remain near the
surface among the fioating leaves throughout all larval in-
stars. In contrast to N. maculalis (Welch, 1916), there is
no significant change in food nor in method of feeding dur-
ing the larval stage, and no migratlon to various parts of
the plant. |

N. icciusalls may be host to certain parasitic Hymenop-

tera., A teneral adult specimen jdentified by R. A, Cushman as
Cremastus sp. (Ichneumonidae) wag found within an iccilusalils
pupa case, together with normal exuviae of the host larva and

empty exoskeleton of the host pupa.

Nymphula badlusalils Walker

Although Nymphule badiusalis ls common throughout the
Northeastern States, its immature stages apparently have re-
mained unknown until now. Forbes (1923) wrote of thls spe-
cies, "Moth in August, Early stages unknown. Common north
of West Virginia and I1l4nois.* Then he listed localities 1n
New York State in which 1t has been collected, Welch (1915)
included the specles in his list of Lepidoptera of the Doug-

lae Lake region, Northern Michigan,
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In this investigation, N, badiusalis were encountered

more commonly than any other Nymphula on Potamogeton. Spe-

cimens were collected in Cheboygen, Presque Isle, and Wash-
tenaw Counties, Michigan, and in Dane County, Wisconsin. A-
dults were reared from larvae and pupae found most commonly
on thin, submerged leavee of P. amplifolius, P. praelongus,

P. Richardsonil, and P. zosteriformis, but they were also

found amidst and evidently feeding upon the coriaceous
floating leaves of P, natans. Their cases were construct-
ed primarily from leaves of the food plants listed, but

they also included leaves of P. gramineus, P. nodosus, Val-

lisneria, and in one lnstance an aspen leaf,
An almost complete life cycle of this specles was ob-
served in the laboratory. Speclmens collected as mature

larvae and kept in aquaria in which P. amplifolius was grow-

ing pupated, emerged, mated, and laid egge. The larvae
which hatehed from these eggs molted twice but died while
8till in the third larval instar,

Activities of the full grown larva follow the general
pattern discussed by varlous investigators for other Nym-
phula caterpillars. Cases are made, in a manner similar to
that of N, maculalis (Welch, 1916), from 2 oval pleocss of
leaf fastened together with silk, The larva extends 1its an-
terior end from the case to feed on Potamogeton leaves and
its posterior end to eject feces, Periocdic vibratory move-

ments simllar to those of N. maculalis (Welch and Sehon,
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1928) produce a current of water through the case, thus re-
newing the supply of oxygenated water,

Berore pupating, the mature larva usually attaches one
end of 1ts case to a Potamogeton stem, below the water's
gurface, at such an angle that 1t resembles a stipule. Then
1t completely closes the case and lines 1t throughout with
closely woven silk, managing gsomehow to exclude water from
within the silken lining, Although pupal cases are simlilar
to larval cases in external appearance, the former differ 1n
being completely closed, more firmly sealed, and fllled with
gase.

Since pupal cases are not transparent, pupae were re-
moved from their cases in order to observe their develop-
ment. Naked pupae which were placed in water half an inch
deep developed normally until almost time for emergence,
then all died, Young pupee are translucent yellow through-
out. Later, as the scales of the future adult develop, pup-
ae become opaque, predominantly white, but showing gradually
more and more distinctly the wing markings of the future a-
dult. At this stage, pupae of the various species encount-
ered in this investigation could be positively identifled
by comparing thelr wing markings with those of identified a-
dult specimens, A mature pupa which had developed apparent

wing markings of N. badiusalls was removed from the water,

and placed on a strip of paper gsuspended in moist atmosphere
less than an inch above the water surface in a closed rear-

ing bottle. Two days later, the adult female emerged nor-



mally. Following thle experience, all pupae were removed

from water and placed 1n moist air as soon as their wing
markings became clearly discernible, where a hlgh percentage
of them emerged normally. Less than half of the young pupae
which were removed from thelr cases and placed directly 1in
air lived long enough to produce adults. If they were not
placed in moist atmosphere, they died apparently from des-
sication; 1f they were, many died from infection with mold.
The best procedure found for observing the development of
pupae is removal of young pupae from their cases into shal-
low water and transfer to moist alr when their wing merkings

become well developed,

Since the opacity of larval and pupal cases makes obser-

vation of pupation difficult, exact duretion of the pupal
stage was not determined. Emergence of a moth 16 days after
the pupa was removed from lts case showe that in some 1in-
stances at least the pupal stage may last at least 16 days.

Although adults of N. badiusalis were not found 1ln na-

ture until June, specimens taken as larveae on March 24 and
kept in aquaria at room temperature pupated and emerged as
early as April 21, It seems that emergence normally occurs
only during the evening or night, Most new adults were dls-
covered during early morning examinations of rearing cages.
None ever appeared during the course of the day until 8:25,
8:37, and 8:55 P.M,, Eastern Standard Time, when freshly

emerged adults with unexpanded wings were found. Emerging
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moths leave the larval and pupal exuviae in thelr csases.
Adult N. badiusalls were collected by sweeping the vege-

tation at the north shore cf Douglas Lake, Michigan, 1n late

June, July, and August. No emergence heights were notlced

during thie time. Adults were found in much greater abun-

dance resting in the nettle and Polygonum which encroached

on the west shore of Universlity Bay, Lake Mendotsa, Wisconsin,

on August 29, 1941. All 26 Nymphula collected there were

N. badliusalis.

Mating evidently occurred several times 1in eylindrical
screen rearing cages (7 by 12 jnches) in the laboratory, but
1t was observed on only one occasion. A female which was
discovered freshly emerged at 8:25 P.M,, May 5, 1942, was
found mating with a 2- or 3-day old male at 7:15 the fol-
lowing morning. They stood on a vertical side of the rear-
ing cage facing 1in oppoeite directions, with only the tips
of their abdomens in contact and thelr wings outspread. The
female once moved a few steps forward, dragging the male be-
hind her., At 9:00 A.M,, 10:45 A M., and 11l:45 A M. they were
obgerved thus united in the same poslition, where they pre-
sumably remained in copula for at least 4.5 hours. At 2:15
P.M. they had separated. Following thie mating, the female
1a1d 4B9 eggs, most of which ultimately hateched.

This moth oviposited 25 to 35 hours after emergence and
about 9.5 to 19.5 hours after being last observed in copula,

She laid 441 eggs, 421 of which hatched, during the night
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(between 9:20 P.M, and 7:05 A.M,) of May 6-7. These eggs Wwere
1aid in masses of 39, 100, 121, and 171 Jjuet within the mar-
gin on the under gide and a group of 10 on the upper side of
a plece of paper towel, the only floating object in the
breeding cage.

It seems that females of N. badiusalis normally oviposit

only at night. The one being discussed lald no eggs during
daylight hours of May 7, but deposited a mass of 23, 22 of
which proved fertile, Just beneath the edge of a floating
paper towel between 9:20 P.M., May 7, and 7:05 AM., May 8.
She d41d not oviposit until evening on May 8, but lald a well-
arranged group of 18 just beneath the edge and a dispersed
mass of 7 on the upper side of the floating paper towel Dbe-
tween 940 P.M,, May 8, and 7:15 A.M., May 9, when she
floated dead on the water, Embryos failed to develop in

8 of the 25 eggs deposited during her last night,

Oviposition by a female which emerged in a breéding cage
during the night of July 11-12, 1941 was observed on July 13
at 9:15 P.M. When dlecovered on the morning of July 12, thils
specimen was placed 1n the cage of a male which had been
caught with a net the preceeding day. There was no oviposi-
tion until 9:00 P,M., July 13, when the female was resting
on the center of a floating leaf. A few minutes later she
moved about on the water surface, apparently supporting part
of her weight by resting tarsl on the surface film and part
by constantly fluttering the wings. At 9:15 she was dis-




covered sitting on the edge of a floating P. natans leaf with

ebdomen extended into the water and evidently bent back s0
that 1ts tip was in contact with the lower surface of the
leaf. The wings were extended similar to those of a well
spread speclmen, Except for occaslonal movements a bit to
one side, the moth sat motlonless for at least the next 20
minutes, when there was a 25 minute interruption in my ob-
servations. At 10:00 she had left this leaf and was sitting
in a similar posltion on a second one. Examination of the
first leaf revealed a normally placed mags of 120 eggs near
1te margin on the lower surface. Then the moth's entlre
abdomen appeared above water and 1t was apparent that ovli-
position had ceased. A minute later she moved across the
water in the manner described above and flew up elong the
screen side of the cage., There was no further oviposition
during that night. A normally placed mass of 73 eggs was
found beneath the second leaf, These 193 eggs all hatched.

Information on eggs of N. badiugalis was obtained from
numerous egg magees laid in breeding cages and from others
collected in the field. These masses are normally lald on

the lower surface of a floating Potamogeton leaf, near 1ltse

margin., The eggs are arranged in rows, usually 4, which are
slightly curved, with the concave slde toward the leaf mar-
gin. Occaslonally contiguous egg masses form a band extend-
ing nearly or qulte the entire perimeter of the leaf near

and roughly parallel to its margiln.
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Eggs are elliptical, slightly flattened, about 0.38 -
0.44 mm, wide and 0.53 - 0,60 mm, long. When first laid they
are nearly opaque yellow throughout, ghowing no signs of in-
ternal differentiation,

Weak, partly disabled, or d4dying females sometimes de-
posit eggs on the upper aldee of floating leaves. The female
obeerved oviposliting wetted her wings on the following day
and seemed to be unable QZ fly. That night she lald 2 masses
of 52 and 54 eggs respectively, on the upper gsurface of a P.
natans leaf, all but 2 of which proved fertile, The follow-
ing night she deposited masses of 43, 14, 8, 8, and 2 eggs
on the upper surfaces of leaves, but 24 eggs failed to develop.

"Percentage of viable eggs gradually decreased as each
of the femsles discussed above approached the end of her egg
laying period. This was true of all N. badiusalis which
oviposited in the laboratory.

The period from oviposition to hatehing varlied from 7e5
to 11.5 daye in eggs laid in breeding cages. Within limits
embryonation 1s accelerated by increased temperature. In
egge which hatoh: 11.5 days after oviposition, the first
vague élgns of internal differentiation usually appear when
they are 5,5 days old. There 1s a narrow, curved, poorly
defined region of slightly greater transparency near the
center of each egg. 1In 6.5 day eggs these portions, the
developing bodies of larvae, are more transparent and more

clearly differentiated from the surrounding opaque yellow
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yolk, They are wider, longer, more definite in outline, and
each 1s in the form of a sigmold curve. In 7.5 day eggs eye
spote are vislble close to the more blunt end of each larva,
which is always toward the end of the egg nearer the leaf mar-
gin, As each larva grows within its egg membranes it curves
into an oval position with 1ts head in contact with 1%te pos-
terior end. The ocelll and tips of the mandibles turn black,
and lighter plgment develops in the head, prothoracic shield,
and intersegmental grooves.

Newly hatched larvae are grayish cream color with brown
heads and prothoracic shlelds. Maximum width of head cap-
sules is about 0,28 mm,; total body length, 1.2 or 1.3 mm.

They begin at once to make cases from Potamogeton leaves and

to eat leaves in the same manner as that of mature larvae,
In aquaria they used leaves of P. amplifolius, E. natans,

P. praelongus, and P. Richardsonii for food and for case-

making materilal,

Larvae of N. badiusalle pass the winter on food plants
which live beneath the ice. BSpecimens were collected during
all 12 months. Those taken in winter became active and re-

sumed feeding as soon as they were warmed up to laboratory

temperature,

Nymphula obscuralis Grote

It seems that everything published on the blology and

immature stagese of Nymphula obscuralls ijs based on the ori-
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ginal research of Hart (1895, as “Paraponyx obscuralis®),
who reared adults from larvae and pupae collected on Vallis-

neria and Potamogeton in the Illinois Rilver, He described

and figured the larva and pupa, discussed hablts of the for-
mer, and presented data on seasonal aspects of thils species.
Dyar's descriptlons of larva and pupa (1906) are abridgements
of those of Hart. Since Forbes (1910) did not list this lar-
va among those which he hed collected, his statements (1910,

1923) that it lives on Vvallisnerlia and Potamogeton would seem

to be based on contributions of Hart.
Although previous authors have listed only 2 of their

food plants, larvae of N. obscuralis feed on aquatic plants

of several different specles. After having reared 3 specl-
mens, Hart (1895) concluded, "The ravorite food of the larva

of P. obscuralig 1s the leaf of Vallisneria spiralls, and 1t

has also been found upon Potamogeton nutans®,., I have reared

adults from larvae and pupae found in Cheboygan and Washtenaw

Countles, Michigan, on P. amplifolius, P, natans, P. prae-

longus, P. Richardsonll, and Nuphar advena. Specimens col-

lected as pupae and confined 1n breeding cages emerged,
mated, and laid fertlile eggs, but the larvae which hatched
from these eggs lived for only a few days.

Activities of the full grown larva are similar to those
of other Nymphula caterplllarse. Cases are made, like those
of N. badiusalis, by cutting an oval piece of leaf from a

food plant and fastening 1t loosely with silk to the attached
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portion of the leaf or to another leaf so that the larva 1s
concealed between the two. Later 1t usually cuts the attached
gide along approximately the same outline as the oval plece,
thus obtaining a case which 1t can move about by protruding
the anterior end, orawling at will with the thoraclic legs,
and pulling the case along. Bhelters made of 2 or 3 whole
leaves such as those described by Hart (1895) were not seen,
It seems that such retreats must be used by larvae deprived
of their cases, only as a temporary expedient until new ones
can be cut out.

Construction of the pupal case 1is similar to the process

desceribed above for N. badiusalls. Like the latter, N. obs-

curallis was observed to attach 1ts cease to a stem so that 1t
resembles a stipule., Detached pupal cases floating as those
described by Hart were not observed.

Fewer specimens of N. obscuralis were encountered than

of N. badiusalis, and less information was obtaeined concern-

ing pupee of the former species. Young pupae are translucent
yellow throughout and quite gimilar in appearance to those of
N, badiusalis. Mature pupee can be identified quite readily
because wing markings of the future adult become very dis-
tinet before emergence.
In rearing cages, new adults were discovered in the

morning, and it seems that emergence normally occurs pre-
dominantly if not exclusively during the evening or night.

At least 1, probably 2, females of N. obscuralils mated




in screen rearing cages in the laboratory. A male was dis-
covered August 14, 1941, in a breeding cege contalning a
1iving female first seen the previous morning. The following
morning a second female was found in this cage. After the
older female had been igolated on August 16, normally placed
egg masses were found in both cages. Unfortunately, the

egge in one cage were accidentally destroyed, and thelr fer-
tility remains in doubt,

Oviposition by the younger female mentioned above was
observed on August 21 at 9:45 P,M. No difference was de-
tected between thie process and the oviposition of N, badiu-
salis., Like the latter, moths of N. obscuralis also stand
near the edge of a floating leaf with wings outspread, thrust
the abdomen into the water and back beneath the leaf, and
deposit thelr egg masses on 1ts lower surface near the mar-
gin, It seems that females of N, obscuralis oviposit only
at night.

Egg masses of thls specles appear quite similar to those

of N. badiusalig. They are lald on the lower surface of a

leaf, near its margin, usually arranged in 4 rows which are
almost parellel to the leaf margin. Eggs are shaped and
colored like those of N. badiusalis, but seem to average &
1ittle larger. The 32 measured were 0,43 - 0,50 mm. wide
and 0.56 - 0,63 mm. long. While the yellow egge of N. badiu-

selis and N. obscuralis are easily recognized among the

whitish ones of N, icciugalis, I found no reliable way of

48
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distinguishing them fron each other until the embryo has
staerted to develop.

The developmental period of eggsllald in the laboratory
was 11.5 - 15.5 days. Eggs deposited August 21 hatched before
those laid August 18. The first sign of internal differenti-
ation was barely noticeable in some eggs only 1.5 days old.
These contained C-shaped embryos slightly more transparent
than the surrounding yolk. In 3.5 day eggs each embryo was
longer and splrally coiled through about 5400 with the more
attenuated posterior end at the inside of the coil. The em-

bryo of N. badiusalis at a corresponding stage of development

ig in the shape of a sigmoild curve and lacks this spiral
coiling. In 4,5 day egge the embryo was unchanged in sl:ze
and form but differed in having distinct, pigmented ocellli.
Later, the developing larva partielly uncolls and assumes
the form of an oval with head in contact with posterlor end.
Like the larva of N, badlusalis, 1t becomes heavily pigmented
on ocelli and mandible tips and lightly pigmented on head,
prothoracic shield, and intersegmentad grooves before
hatehing.

Newly hatched larvae are sgimiler in color, shape, and
dimensions to those of N. badiugalis. They did not thrive

in aquaria supplied with leaves of P. praelongue, and little

1nformation about them was obtained,

Larvae of N. obscuralls pass the winter 1in a somewhat

torpid condition on food plants which live beneath the 1ice.
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guech larvae become active and resume feeding when they are

warmed up to laboratory temperature. A specimen taken as &a
mature larva on March 24, 1942, and kept in an aguarium in

which P. amplifolius was growing behaved normally, pupated,
and finally emerged on April 24,

ngghula allionealis itealls Walker

It seems that the immature stages and food plant of

Nymphula allionealis jtealls remain unknown, Welch (1915)

reported the specles from the Douglas Lake region, Michigan,

A single specimen of N, alliornealis iteallis was obtalned
during this investigation, The larva or pupa wag taken, to-
gether wilth geveral specimens of other specles of Nymphula,
on P. natans collected July 9, 1941 in the Sedge Pools, Doug-
las Lake, Michigan., The adult emerged in a breedlng cage

July 28, The case of this specimen was made from P. natans

leaves,
Chironomidae

In this section the nomenclature of Townes (1945) has
been followed for all species within the scope of hlis mono-
graph, with the exception that the well-known family name
WChironomidee® 1s retained in favor of the less famlillar
“Tendipedidae*, Johannsen's nomenclature (1937a, 1942,
1943) 4is followed for the subfamlily Orthocladiinae.

Because of conflicting published statements, it seems

advisable to review the literature before undertaking a dis-
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cussion of the Chironomidae which feed upon Potamogeton.

Frost (1924: 31-32) wrote: ". . . none of the Chironomidae
are true leaf miners . . . because they do not work between
the two epldermal layers of the leaves . . o Cricotopus syl-

vestris Fabr. and Chironomus brasenae Leathers, are the only

xnown species of Chironomidae which feed on living plant
tissue. The others all attach themselves to the leaves by
means of sillk, and feed on algae and dlatoms which may come
thelr way."

It seems that Froet overlooked the fact that Thlenemann
(1909: 146-8) and Gripekoven (1914: 135-6, 209-14) had des-

cribed the habits of a true leaf miner, Cricotopus brevipal-

pie, and the possibllity that subsequent investigatlons

might reveal other leaf miners among undescribed Chironomidae
or among described species whose larvae were unknown, Several
herbivorous specles have been recorded in addition to the 2
1isted as "the only known specles . . . which feed on llving
plent tissue'. Among those whose habits have been known for

many years might be mentioned Tanytarsus quadripunctatus

(Malloch) (as *"Chironomus albistria® Needham, 1908), Chirono-

mus nymphaese Willem (Willem, 1908), Cricotopus trifasclatus

(Penzer) (as ®"C. limnanthemi Kieffer®, Willem, 1910), several

species of Tendipes and Cricotopus dlscussed by Gripekoven

(1914), and the specles of “Chironomus® and "Tanytarsus®

1isted by Moore (1915). Finally, in stating that all other

Chironomidae have the same habitat, mode of attachment and
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food, Frost has overlooked the free living, predaceous Tany-
podinae; those larvae which burrow in living plants, Spongilla
end Plumatella tissues, and bark (Gripekoven, 1914: 133-5,

141-2); the littoral, sublittoral and profundal muck dwellers;
those Diamesinae, Orthocladiinae and others which bulld cases
on the rocks in intertidal zones and swift-flowing streams;

the larvae which live within bodies of senalls (Barnard, 1911);

the Sxmbiocladius and Spaniotoma larvae which llve attached

to May-fly and stone-fly nymphs (Claassen, 1922; Johannsen,
1937a); the terrestrial species whilch live in moss, rotten
wood, potatoes, dung, end humus, some of which feed on root
hairs and have become known as greenhouse peets; and others.
It is convenient to classlfy the chironomid larvae which

ere intimately related to plants of the genus Potamogeton

into 3 groups according to their food habits, although some
differences exist within these groups.

Group 1 comprises the true leaf miners, which make
linear mines between the 2 epldermal layers of the leaves.
Thegse larvae apparently do not spin sllken tubes within
their mines, which they extend almos?t continuously as they
feed on mesophyll tissue. Two of the species included in
thie group were not known prior to thieg study, and other
authors have not recognized thie assemblage. Besldes Crico-

topus brevipalpis Kieffer, the blology of which was pre-

sented by Thienemann (1909) and Gripekoven (1914), it con-

tains C. elegens Johanneen and C., flavipes Johannsen, whose



habites are reported here. Inasmuch as the excavatlons made
by these larvse are the only ones which are comparable 1n
position, extent, and function with those of the terrestrial
insect leaf miners, it seems appropriate to restrict the
term “"mine® to designate only this type of excavation,

Group 2 embraces those larvae which subsist on leaf
tissues, feedling on one epldermis and the mesophyll layer
but leaving the other epidermils intact. Insofar as these
are larvae which live 1in channels produced by thelr feeding
activities, this assemblage equals Gripekoven's "Gruppe 2,
oberfliichlich Minierer", and Leather's Group IV. These lar-
vae live in silken tubes, spun within the channels of all

channeling specles and laden with detritus. Polypedilum

ophioldes Townes, a leaf eater which doces not produce nor

occupy well defined channels, 1s included in this group be-
cause 1t subsists on tissues of upper epldermis and meso-
phyll. Channeling specles included in this assemblage are

Cricotopus trifasclatus (Panzer) and Polypedilum illinoense

(Melloch), the larval hablts of which are discussed here,

and several species previously reported from Potamogeton and

other hydrophytes, such as Cricotopus sylvestris (Fabr.)

(Frost, 1924), a few species of Cricotopus reported by Gripe-

koven (1914), and Polypedilum brasgeniae (Leathers) (Leathers,
1922). Since the word "channel®" clearly denotes superficlaltly

of position, it seeme preferable to such terms as "mine®,
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"half-mine', and "burrow! to designate the usual type of
excavation made by larvae in this group.

Group 3 contalns the net-gpinning plankton eaters,
most of which live in short burrows Just beneath the epl-
dermis of stems or leaves. These excavations, which rare-
1y exceed twilce the lengths of thelr occupants, are orient-
ed longitudinally 1in the plant tissue, and they open at both
ends, usually by means of roughly circular holes gnawed
through the epldermis. A tube of closely woven sllk lines
each burrow throughout, and a conical silken net of rela-
tively open weave 1s usually stretched across 1t Just be-
hind the larva.

Bach specimen of thls group produces a current through
the burrow by dorsoventral -undulations of the body. Some
investlgators have ascribed only a respiratory functlon to
these currents, maintaining that the chironomid subsilsts
primarily on spermatophyte tlssue, It has been demonstra-
ted for at least 9 species, however, that the larva of each
feeds on plankton filtered from the water as 1t passes
through the conlcal net.

Periodically, each larva turns ebout in the burrow, de-
vours net and contents, weaves a new net, again reverses 1ts
position, and resumes rhythmic undulations of the body which
produce a current through the burrow and into the net,

Not all specimens of this group live in stem burrows.

Some silken tubes are spun in folds or rolled edges of
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leaves, and previous investigators have reported them on or
within several types of substrata other than tissues of hy-
drophytes. Wherever they live, chironomids of Group 3 sub-
sigt largely on plankton and detritus filtered from the wat-
er by thelr silken nets. Most of them, which consume little

if any Potamogeton tlssue, are included as dependent on

these plants for protection rather than for food.
This ascsemblage seems to be comparable with Gripekoven's
“Gruppe 1", and with Leather's Group I, It includes Glypto-

tendipes lobiferus (Say), Glyptotendipes dreisbachl Townes,

Polypedilum sordens (Wulp), and Tanytarsus nigricans (Johann-

sen), whose biologles are discussed here; Microtendipes ped-

ellue (De Geer) and Tanytarsus obediens Johannsen, observed

and reported by Leathers (1922); and Glyptotendlpes glaucus

(Mg.), Glyptotendlpes imbecillls (Walk.), and Polypedilum

tritum (Walk.), recorded by Burtt (1940).

Several additional species which probably belong to thie
group have been discussed by Wlllem (1908), Thienemann
(1909), Goetghebuer (1913), Gripekoven (1914), and Wesen-
berg-Lund (1943). However, it will not be certain that these
larvae exhibit all characteristics listed for Group 3 until
their food habits have been adequately investigated. Con-
siderable information might be obtalned by studying them and
other chironomid larvsae, including plant burrowers, burrow-
ers in other substrata, and nonburrowing specles, using the

simple techniques employed here to observe feeding habits.
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The burrows made by these larvae are of the type described
for Group 3. Like larvae of Group 3, larvae of these spe-
cleg also produce currents through their burrowes by means of
dorsoventral undulations of thelr bodles. Although plankton
nets within the burrows were not known and the remarkable
gsequence of feeding activities was not understood, the des-
eriptions of larval activities presented by Willem (1908:
698) and Gripekoven (1914: 137) would fit larvae of Group 3
very well. Willem (1908: 698) actually stated that larvae
1iving in such situatlons feed on plankton which is brought
into their burrows by the currents which they produce,
Characterizations of this group by Gripekoven (1914:
140) as a "typischen Minlergruppe" and by Wesenberg-Lund
(1943: 524) as "die typischen Blattminierer® evidently are
jncorrect. The habits of these larvae differ from those of
typical insect leaf miners in 3 fundamental respects. Their
excavations do not inerease in length at a rate even approx-
imating that of the typical leaf miners, which subsist on
plant tissue and are constantly lengthening their mlnes as
they feed, crawling forward, and leaving 0ld mines of con-
siderable length behind them. They live 1in dead and decom-
posing portions as well as in living parts of the plants.
Burrows of some specles are often found in several types of
substratse other than aquatlc plants, and some attach thelr
gilken tubes superficlally without making any excavatlion.

A mining larva which subsists principally on tlssues
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of the plant which shelters 1t must either extend its excava-
tion at approximately regular and frequent intervals as 1t
feeds, or often abandon 1t and make new excavations. 1In
Thienemann's 11lustration (1909: Fig. 19), reprinted by both
Gripekoven (1914) and Wesenberg-Lund (1943), the sum of the

lengths of 13 Tanytarsus stratiotes burrows is less than

twice the sum of the lengths of the larvae occupying them.
Yet not one empty burrow is shown, Evidently, burrowe which
are extended only as theilr occupants grow and require more
room, as seems to be the case in this group, function more as
havens of refuge and seclusion than as typlcal food milnes.
It follows that larvae which occupy such burrows must have an
important source of food other than the tlssues of plants 1in
which they live.

Leathers (1922: 9) reported on one of the specles known
to live in or on substrata other than tissues of living
plants. He stated that, besldes occurring in nearly all the

submerged aquatics, the "burrows of Chironomus[?lxgtotendi-

pes]lobiferus may be found on floating logs, at the bottomSof

ponds, or attached to stems, stumps, and other perpendicular

surfaces.® Tendipes gripekoveni Kieffer, which Townes (1945)
considers identical with G. lobiferus, 1s recorded by Gripe-

kxoven (1914: 166-8) as occurring in aquatic plants of 4 gen-
era including, "alten abgestorbenen St#cken von Scirpus lac-
ugter," and, "in alten Eichenrinde...und..in Stbcken von

Plumatella fungosa.® While a plankton eating species would
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appear capable of living in or on a variety of substrata, it
1g difficult to concelve of any true leaf milner altering 1ts
food habits so drastically as life in these different sub-
stances would seem %o demand.

Considering the facts mentioned above, 1t seems that
no useful purpose can be served and much confusion and mis-
understanding may result from continued reference to these
species as "leaf miners". Ae an alternative, the term
fpurrower" is suggested. This term has the advantage of ap- .
plicability to species which mzke or adont short, protective
excavations in any type of substratum, thus obviating the
necessity of classifylng any gpecies 1in 2 or more groups
simply because_it 1ives in a variety of substrata.

Larvae of Tanytarsus nigricans (Johannsen) construct

theilr silken tubes between rolled or folded leaves and seem
to subsist partly on plankton end partly on leaf tissue.
Since the plankton 1s obtailned by produclng a current
through the sillken tube in which a cone-shaped net filters
out the particulate matter, and since the larva exhlblts the
typical sequence of feeding activities mentioned above, thie
sepecles 1s placed in Group 3, although 1t differs from most
of the group in lacking the burrowing habit.
METHODS

Larvee of Groups 1 and 2 were brought into the labora-
tory in the leaves 1n which they were feeding, and kept in

culture dishes about 220 mm. 1n diameter and 70 mm. high.
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Fresh leaves were supplled as needed, and aeratlion was main-
tained eilther by continuously bubbling ailr or by a contin-
ous flow of aerated water through the culture dishes. The
1atter method, since it removed all dissolved and particulate
wastes, and held the temperature at a constant, moderate
level, kept the cultures fresher and was more successful.
Thies method, however, required that a cylinder of copper
screening be placed within the culture dish, emerging sllght-
ly above 1its rim, to keep the leaves from flowing out with
the overflowing water. Larvae migrating from one leaf to an-
other were frequently lost even when & screen cylinder of
faeirly fine mesh was used.

In order to observe larval actlvities, a single leaf
was often removed from the culture dish and placed in a fin-
ger bowl or petri dish on the stage of a dissectling micro-
scope. Larvae of Group 2, the leaf chennelers, were studied

almost entirely with reflected light. Cricotopus flavipesa

larvae, which mine in thin, transparent leaves, are more
easlly observed with transmitted 1light. Since larvae of C.
elegans mine 1n thick, nearly opaque leaves, they are not
clearly visible unless a plece of the epidermls covering them
is removed,

Two methods were used to rear these Chironomidae. When
poeitive assoclation of larva, pupa and adult stages was re-
guired, neerly mature pupae, with their last larval exuviae

€441l adhering to their bodles, were carefully removed from
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their mines or channels and pleced $ndividually in test tubes.
Thege tubes, each conteining less than 10 cc. of water, were
loosely stoppered with cotton and placed in a shallow tray

in inclined positlons providing maxlimum gurfece exposure to
serate the water. A gstream of tap water whlch flowed contin-
uously through the tray kept the temperature qulte constant.
TIn order to allow the skeleton of the imago to harden proper-
1y, a tube was not disturbed until at least 24 hours after
emergence, At that time, the adult was usually restling on
the cotton, and the lerval and pupal exuviae were easily re-
covered from the water. These exuviae were dehydrated,
mounted in balsam or clarite, and labelled. The adult was
xilled, pinned, and 1abelled with the same number.

It wes found, however, that mass rearing resulted 1in
less trouble and less mortallty. This method was used when-
ever a collection was known to contzin only 1 speciles, oOr
when association of larva, pupa and adult stages of all spe-
cles involved was already poslitively established. When pup-
ation began to 6ccur in a culture,‘a kitchen stralner was
inverted over the dish, formling a canopy of fine mesh
screening. A large slze which fitted enugly around the rim
of the culture dish worked especlally well. A tube supply-
ing serated water was introduced through a smell hole in
the scereening. Adult midges rested on the inside of thils
canopy and were collected by removing the water tube and

introducing the tube of an aspirator 1in 1ts place. Although
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these adults were kept allve until their skeletons were hard-
ened, they were usually removed when first noticed and trans-—
ferred to a dry contalner, Those left within the canopy fre-
quently fell into the water and were drowned.

gtem-burrowing larvae were brought into the laboratory
in pleces of plant stems and xept in battery Jars or small
aquarlzs. These species are qulte resistant to the toxic ef-
fecte of decay products, and were easlily maintained in the
laboratory if aeration was suppliled by bubbling alr through
+the vessels. When pupation began, battery Jjars containing
these chironomids were placed in screen rearing cages, the
aeration tube being introduced through a small hole in the
screen. By providing 2 cages for each battery Jar and
shifting the Jar from one to the other each morning, 1t was
possible to make sure that no adult was killed untll 1t was
at least 24 hours old and the exoskeleton was well sclero-
tized. The first morning after emergence had begun, the
jar was removed from cage 1 without disturbing the freshly
emerged adults resting on the screen and placed in cage 2.
The following morning, adults in cage 1 were killed and
pinned, and the battery Jjar was shifted back into it with-
out disturbing the adults in cage 2. When individual rear-
ing was necessary, pbupae were removed from their burrows and
allowed to emerge separately in test tubes 1n the manner de-

gcribed above.

Larvae of Tanytarsus nigricans were brought into the
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laboratory in plents whose folded or curled leaves gheltered
their silken tubes. Like other specles of Group 3, they
proved quilte hearty and required no more attention then that
an alr bubbler be provided in their battery Jar or aquarium,
Individual and mass rearings were conducted 1in the same man-—
ner with this species as with other species of Group 3.
Certain special technlques were required in order to
study the feeding activities of Group 3 larvae. Thelr posi-
tions in the plants would naturally suggest that they prob-
ably subsist malnly on spermatophyte tissue. Stomach enaly-

sis, however, showed 1ittle or no Potamogeton tissue, the

recognizable materlal belng chiefly plankton. The question
of how this plankton 1is obtalned could not be answered wlth-
out securing better visiblility of the larvae than was pPos-
gsible in theilr natural burrows.

Modification of a technlque suggested by Leathers
(1922:4;Fig. 26, p. 56) afforded excellent visibility of
larval activities. Several capillery glass tubes, slightly
larger than the mature larvae, were cemented side by slde to
a rectangular glass cover slip. A similar cover slip was
then cemented to the exposed sildes of these capillery tubes.
This preperation was placed in a watch glass filled with
water, together wlth seversl larvae which had been removed
from their burrows. Within a few hours, most of the larvae
had spun thelr silken tubes wlthin the capillary glass tubes.

They could then be studlied with a microscope by both trans-
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mitted and reflected light, or the preparation containihg
them could be removed from the watch glass and placed 1in a
miniature aquarium mounted in a lantern slide projector
(Berg, 1948), in order to demonstrate larval activitiesAby
projecting images of the larvae onto & screen,

The silk of which the cone-shaped nets are constructed
is quite transparent and invisible in its natural condltlon
even in these glass preparations. Leathers (1922: 5) re-
ported that Ehrlich's acid hematoxylin stalns this substance,
but this stein cannot be used on living materlal. Addition
of a suspension of powdered carmine or ultramarine blue to
the water passing through the net gives 1t a coating of
colored particles. Its exlstence, shape, position and the
fact that larvae devour it and its contents then become evi-
dent. The carmine is only partlially dissolved by digestive
engymee, Both carmine and ultramarine blue, which does not
dissolve to any noticeable degree, are easily recognized
even in small quantities in fecal pellets. Thelr passage
through the transparent bodles of the larvae can be traced
readily, and they give a rellable lndex of progress of par-
ticulate material through the digestive tract. The larvae
suffered no apparent 111 effects from ingesting these stalns,

but they did not eat nets which were too heavily loaded with

either substance,
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Cricotopus elegane Johannsen

It appears that the only published reference to Cricoto-

pus elegans 1s the original description of larva, pupa and

adult stages (Johannsen, 1943), which was based upon speci-
mens I collected and reared 1in thlis investigation.

C. elegans was encountered, May through October, 1n
Livingston, Presque Isle, and Washtenaw Countles, Michigan.
During most larval instars, gpecimens of this speciese mine

in the corlaceous floating leaves of Potamogeton amplifolius,

P. natang, and P. nodosus.

Measurement of the head capsules of 166 C. elegéns lar-
vae (Graph 1) shows that they belong to 4 distinct size
groups composed of 25, 42, 54, and 45 individuals, respect-
ively. The speclmerns measured were collected while they
were in first or in second slize group, then reared in cul-
ture dishes in the laboratory. Larvae which shed head
capsule exuviee of size group 1 had heads of group 2.
Changes from second to third and from third to fourth size
group were also observed. Larvae with heads of group 4 in-
variably pupated at thelr next molt, It appears quite evi-
dent, therefore, that these L4 gize groups correspond to the
last 4 1afva1 instars.

BEggs were not obtained and larval instars could not be
positively identified by observation of hatching and all
subsequent molts. Branch (1923) and Sadler (1935) have ob-

served complete life cycles of "Chironomus eristatus Fabr.".
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and Tendipee tentang (Fabr.) (as "Chironomus tentang Fabr."),

respectively. They'stated that each includes only 4 larval
instars and that head capsule sizes for all specimens of a

given instar are relatively uniform., For convenience in re-

12

11

‘ 1

‘ \ \ /

101214161020!!2426”3082“8.8.‘0“(4““6050“
HEAD CAPSULE LENGTHS IN HUNDREDTHS OF A MILLIMBTER

Graph 1, Distribution of Cricotopus elegans larvae
according to lengths of head capsules.

ferring to instars of C. elegans represented by the L sgize
groups, they may be numbered first, second, third, and fourth,
if 1t is assumed that this species has the same number of

larval instars as "C, cristatus" and T. tentens. The possi-

bility that an unobserved instar may precede the one repre-

gented by size group 1 must be recognlzed, and the tentative



nature of these instar numbers should be borne in mind.

According to Graph 1, mean lengths of larval head cap-
gules along the medlan line from posterior rim to tip of ex-
tended labrum are 0,132 10.0022, 0.214 *0.0010, 0.326 *0.0015,
and 0,467 *0,0024 mm,, for first, second, third, and fourth
instar larvae, respectively. Ranges in head lengths within
the 4 groups are 0.05, 0.06, 0.09, and 0.3 mm,

Increments of growth between means of successive size
grours are not a constant percentage of the smaller mean,
as might be expected on the basis of Dyar's Law, but gradu-
ally decreese. The tnerement between means of slze groups
1 and 2 1s 62 per cent of the mean of group 1; that between
means of groups 2 and 3 1s 52 per cent of the mean of group
2:; and the increment between means of size groups 3 and 4
18 43 per cent of the mean of group 3.

Johannsen (1943) included no figures 1n his description
of immature stages. Since all specimens gsent to hlim were
faded by preservation in alcohol, he does not mention color
petterns characteristic of living material.

Mandible, antenna, and labial plate of the mature larva
are shown in Plate I, Figures 1-4. Since the latter normally
18 quite convex, 1t is impossible to see all of ite teeth
from any angle unless the plate 1is flattened as shown 1n
Figure 4.

Coloring of the larva during late first, second, third,
and early fourth instars 1s unusual and distinctive, The

head is dark brown. Pro- and mesothorax are pale stramlneous,
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Metathorax and first abdominal segment contrast sharply with
these, being much darker with considerable violet color mixed
with brown. Violet pigment gradually fades through the next
3 abdominal segments, which are predominantly brown. Post-
erior to these, olivaceous plgment arises and gradually in-
cresses, and in the last 3 segments this blulsh olilve color
almost completely covers the brown.

Older fourth instar larvae, excluding their daerk brown
head capsules, and young pupae are pale stramineous through-
out. Older pupae show more and more definite markings as
color patterns of future adults develop within. Posterior
end of the pupa 1s shown in Plate I, Flgure 5.

Each leaf infested by larvae of C. elegans usually har-
bors seversl specimens, the number of young larvae per leaf
tending to be higher than that of older specimens. More
than 20 first instar larvae often riddle a leaf with an ir-
regular network of crisscrossing mines., It 1s uncommon,
however, to find more than 3 third instar larvae 1ln one
leaf. Since all young larvae presgent in a group of several
leaves floating close together usually are concentrated in
only 1 or 2 of the leaves, 1t seems likely that eggs are

deposited in masses On Or near Potamogeton leaves, that

newly hatched larvae tend to enter the nearest, most de-
sirable, or most accessible leaf, and roam for short dis-
tancee in search of fresh food as they grow older,

When leaves in which they were collected become brown



and waterlogged, second instar larvae all abandon them within

a few hours and start new mines in neighboring leaves, Thelr

exuviae are left in the mines. Young third instar larvae of-

ten make another short migration, after which they immediately
enter fresh leaves,

Later in the third larval stadium, many specimens forsake
thelr food leaves and swim about for a few houre, often set-
tling on sides or bottom of the rearing dish, before reenter-
ing the plant. Eventually, many of them start mining in
submerged petioles, stems, and midribs. Fourth instar larvae
in laboratory rearing dlshes are usually found in these situ-
ations, Moet specimens which remain 1in leaf blades through-
out the third larval stadium leave this habitat early in the
next stadium, swim about for some time, and enter one of
these thicker portions of the plant. In the laboratory, 2
specimens remained in leaf blade mines during their entire
larval lives and pupated there, The facts that last instar
larvae were not found in the field and that older larvae in
the leboratory abandon the plant and seem to hesltate for a
few hours before reentering 1t may indicate that they do

not normally live on Potamogeton during this stage.

Pupation takes place in the mine, and the pupa remains
there until it is mature and ready for the final molt, about
2.5 days later, Periodlc vertical undulations of 1ts body
presumably cause some circulation of water in the mine and

renew the supply of oxygen., When ready to leave the mlne



the pupa greatly increases the force of these movements and
tears the plant epidermis. Then 1t swims up to the surface
of the water, where the adult emerges. The pupal exuviae
float freely on the water, but those of the last larval
instar remain in the mines,

S8ince young larvae of C. elegans work within the leaf
and leave both epidermal layers intact, they are true miners.
Late in the third stadium, when larvae becomne greater in dla-
meter than the thickness of leaves, those which continue to
1ive in leaf blades begin to gnaw away the lower epldermis,
From then on, they live not as true miners, but as channel-
ers which are protected from above and at the gsides by leaf

tigsue and from below by their detritus-laden silk tubes.

Cricotopus flavipes Johannsen

Larva, pupa and adult stages of Cricotopus flavipes

were described and figured (Johannsen, 1942) from specimens
collected and reared in this investigation,

C. flavipes was encountered in Cheboygan, Presque Isle,
and Washtenaw Counties, Michigen, in June, July, &and August.
The larva makes linear mines in the thin submerged leaves of

Potamogeton amplifolius, P. epihydrus, P. praelongus, and

P. Richardsonili,

Since all immature specimens sent to Johannsen were pre-
gserved in alcohol, he wrote nothing concerning natural colors

of 1iving material. Except for the light brown head capsule,
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larvae of all instars observed are entirely pale yellowlsh
green, Pupae are of the same color when young, but show
colors and markings of the future adult more and more dis-
tinctly as they grow older.

The larva of C. flavipes 1is strikingly modified for 1ts
particular mode of 1life, The leaves in which it mines are
congslderably thinner than the smallest diameter of the larva,
In order to enter the very limlted space between the layers
of leaf epidermis and excavate the thin mesophyll layer,
the anterior end of the larva's head must be much narrower
than the rest of its body. The head capsule 1is wedge-shaped,
jts lateral compression becoming more and more pronounced
toward the anterior end, Certain structures of the head
have unusual shape, slze, and orlentaticn. The lablal plate
1s so strongly convex ventrally thet 1ts most lateral teeth
are invisible in ventral view unless it 1s forcibly flattened
(Johannsen, 1942: Figs. 3 and 4). The mandibles and pre-
mandibles are quite stout; the antennae, very minute,

Due to extreme compression of the head capsule anter-
iorly, bases of the mandibles almost touch each other, Thus
it is impossible for tips of the mandibles to move in a
nearly lateral plane, converging toward each other as they
swing backward, in the manner which is almost general among
larvae of nemocerous Diptera. Mandibles of C. flavipes
move in a plane only & few degrees from the vertical.

Assuming that the leaf 1s in normal position, the larva
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"1ies on its side when it mines. Regardless of leaf position,
however, the larva is oriented with 1its sides in contact with
the 2 epidermal layers. It extends both mandibles, one dor-
gsel to the other, into the mesophyll tissue at the end of the
mine and moves the head ventrally through an are of about
120 degrees, At the end of this stroke the mandibles descend,
one after the other, entering the narrow channel formed by
the conecave dorsal surface of the lablal plate. The head
then swinge dorsally back to the starting position, where
the mandibles are agaln extended and another working stroke
1s started, After making about 10 strokes 1n one direction,
the larvae backs for a dlstance of a few millimeters from the
end of the mine, rolls over, crawls forward ageain, and makes
a similar number of strokes in the opposite direction.

Mines of C. flavipes are readily distingulshed from

those of any Hydrellla specles which might occur in the same

leaves. Since this speciles removes all tlssue between the
epidermal layers, the mined area is left quite transparent
and almost entirely without chlorophyll. This lack of color
end the curved marke left by the mandibles, in groups which
alternate regularly from slide to side, are diagnostic when
contrasted with the relatively uniform pale green color of

Hydrellla mines, Mines of thls specles also differ in their

tendency to be located near and parallel wilth the leaf margin,
All C. flavipee larvae found in leaf mines were in either
last or next to last larval instar, and there 1s good reason

to believe that younger larvae have a different mode of 1life.



On January 28, 1942, some larvae which appear to be C. flavi-
pes in antepenultimate larval instar were found in longitudl-

nal excavetions 1in the stems of P. Robbinsgii which was living

beneath the ice in Whitmeore Lake, Washtenaw County, Mlichigan.
These larvee had the wedge-shaped heads, minute antennae,
markedly convex labiel plates, and other structures charac-
teristic of C. flavipes. Since I was unable to rear them,
rhe tentative identifications of these specimens are based
ﬁpon thelr great sinmilarity to larger larvae of C. flavipes.
Besides providing evidence concerning the mode of hiber-
nation of C. flavipes and the form and habitat of its younger
larvae, the discovery mentioned above supplies indications
that these young larvae may utllize a type of foecd which is
guite unusual among mining insects. Each mine that was
opened contained quantities of algee which were identified

by Wm, Randolph Taylor as Nostoc, Anabaena, Tolypothrix,

Oscillatoria, Schizothrix, and Rhopalodia. These algae

appeared to be alive and in good condition. Since each
mine opened to the exterlior by at least one hole through
the epildermis, it is possible that the larvae brought small
pieces of living filamente into the mines, and that the
algae were growlng as rapidly as they were belng eaten. Un-—-
fortunately, no recognizable material wes found in the
gtomachs of freshly killed larvszae,

Measurement of heed capsules of 70 C. flavipes larvae,

including the small larvae mentioned above, shows that they



belong to 3 distlinct size groups composed of 12, 17, and Ll

1ndividuale, resepectively., The dlmension used is the length
along median line from posterior rim to tip of extended lab-
rum., Heads in the esmallest size group, all larvae collected

in stems of P. Robbinsii in winter, were 0.22 - 0.24 mm,;

average, 0.23 mm, Those in the next group, evidently the
penultimate larval instar, were 0.33 - 0.38 mm,; average,
0.35 mm, Those of the largest size group, which is known
to represent the last larval instar, were 0.50 - 0.60 mm,;
average, 0,55 mm,

Transformationse to last larval instar and to pupa occur
in leaf mines, and exuviae of the last 2 larval instars are
often recoveredvthere. The pupe remains in the mine for a
period of about 2.5 days, at the end of which 1t 1is mature
and ready for the final molt. Then, by beating 1lts body
vigorously in a vertical plane, 1t bresaks through the thin
leaf epidermis and comes up to the surface of the water,

Here the adult emerges, leaving the pupal exuviae floating

on the water surface,

Cricotopus trifasciatus (Panzer)

Cricotopus trifasciatus wes described (as Chironomus

trifasciatus) in 1813. Immature stages were described by

Johannsen (1905, 1937a), Willem (as “Cricotopus limnanthemi",

1910), Goetghebuer (as "C. limnanthemi", 1914), Gripekoven

(as "C. limnenthemi" and “C, Willemi®, 1914), Malloch (1915a),
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and Kettisch (1936-'37). Diagnostic characters of egg, larve
and pupa stages are 11lustrated in these papers.

The biology of C. trifasclatus was first reported by

Willem (1910), who found the larvae channeling in upper sur-

races of floating leaves of Limnanthemum nympholdes at Gend

in Belgium. Later, Gripekoven (1914) found the larvae feed-

ing on leaves of Potamogeton natans end Polygonum amphibium

at Eifel, Germany. Kettisch (1936-'37), who found the lar-
vae feeding on the floating leeves of P, natans at Lunz,
Austria, discussed the biology and metamorphosis in detall.
Thienemann (1933) reported it from Eifel: Schalkenmehrener
Maar, mining in P, natans. Johannsen (1937a) stated that
the specles has a wide distribution in Europe and North
America and that the larvae %, . . perhaps normally, mine in
the leaves of the pond 1ily". It is evident from the fore-

going account that trifasclatus feeds on the leaves of sev-

eral species of aquatic plants.

In econtradiction to these observations, Miller (1941:
Table 14) has included this species with those #living below
the thermocline". Although he did not find the larvae in his
dredgings of profundal bottom materials, he captured 159
emerging adults in tent traps set over deep water and less
then a dozen in similar traps set over shallow water among
floating vegetation (personal correspondence). It 1s pos-
sible that the pupae migrate out to deep water when they

leave the plants Just before emergence,

7



C. trifasciatus was encountered in Cheboygan, Livingston,
Presque Isle and Washtenaw Countles, Michigan, Larvae were
found, May through August, channeling in the corliaceous float-

ing leaves of Potamogeton amplifollus, P. natans, and P.

nodosus.

Larvae enter the leaves from either the upper or the
lower side, subsisting on one eplidermal layer and the meso-
rhyll tissue, but usually leaving the other epidermie intact.
In & few instances in which the larvae had attacked leaves
from their upper surfaces, the leaves were skeletinized so
that only the veins remalned. Once the leaf channel 1is
formed, the larva is protected on 3 sides by leaf tissue,
and on the other side by its detritus-laden sllk tube, within
which it is effectively concealed.

The larva frequently extends the anterlor end of 1ts
body out of its silken tube and eats away the leaf tissue
in irregular patches near the sldes of 1ts channel., When
feeding outslde its channel the larva gnaws approximately
as deep as in extending its channel, usually leaving the fur-
ther epidermis intact. In some ingtances, however, the por-
tion of a leaf near an old channel is completely skeletinized.

Pupation occurs in the larvel channel, and the pupa re-
meins there until it is almost ready for the final molt.
Dorsoventral undulations of its body periodically renew the
supply of oxygenated water in the channel., From l.5 to 3

days after pupation, these movements become more vigorous,
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and the pupa frees ltself, leaving the last larval exuviae 1n
the channel. It swims into open water, where the adult emer-
gee, leaving the pupa exuvia floating freely on the surface.

Mating and oviposlition of C. trifasciatus were described

by Kettisch (1936-'37). According to her, specimens of this
species pass the winter as eggs attached to stems and stl-
pules of P. natans.

T found (as reported by Kettisch, 1936-'37) that the
gspeed of development of eggs, larvae and pupae tends to in-

crease with rising temperatures.,

Polypedilum (Polzpedilum) 11l1incense (Malloch)

Polypedilum 1llinoense was described (as Chironomus

illinoensis, Malloch, 1915a) from adults collected by sweep-
ing vegetation along the bank of a creek at Carbondale,
Illinois. Townes (1945) presented taxonomlc, distributionsal,
and seasonal notes, and placed it in the genus Polypedilum.

Apperently the immature stages of P. illinoense have

not been described. The only published indication of theilr
habitat seems to be that of Miller (1941: Table 14), who in-
cluded them with ®"species living below the thermocline', on
the basgis of having collected emerging adults in tent traps

set over deep water. Larvae of a closely related specles,

P. braseniae (Leathers) channel in the leaves of Brasenia

gschreberi and Nymphaea odorata (Leathers, 1922).

Larvae of P, illinoense were encountered, May through
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October, in Cheboygan and Washtenaw Counties, Michlgan,

feeding on the floating leaves of Potamogeton natans.

The mature larva of P, illinoense 1s pale red or orange,

about 5.5 - 6,5 mm, long., The larval antenna, labial plate,
paralabial plate, and mandible are illustrated in P1l, II,
Figs. 5-7. Facte that the large blade on basal segment of
antenna exceeds the apex of distal antennal segment, and
that medlan pair of teeth on the labial plate are almost or
quite as long as second lateral palr help to distingulsh 1t
from larvae of closely related specles.

The pupa is faintly pigmented throughout, One of 1its
most reliable distingulshing characters is the form of the
comb on posterolateral angle of elghth abdominal segment
(P1. I1I, Fig. 8).

In habits and blology these larvae are very similar to

those of P. braseniae (Leathers, 1922) and Cricotopus tri-

fasciatus, discussed above., All channel 1n floating leaves,

feeding on one epidermls and the mesophyll tissue, elther
leaving the other epidermis lntact or skeletonizing the leaf.
This specles often attacks the leaf on 1ts lower surface,
Sometimes they feed in thelr channels; often they gnaw away
irregular patches of tissue adjacent %o them,

Pupation occurs in silken tubes in the leaf channels,
and the pupae remain there until several hours before thelr
final molt. Then, by vigorous dorsoventral undulations of
the body, they slip completely out of their last larval exu-

viae, out of their silk tubes, and into the open water,
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where they swim about near the surface for a few hours before
the adult emerges.

Miller's recovery of teneral adults in tent traps set
over deep water (1941) may indicate that pupae which develop
in littoral weed beds of lakes normally swim out into the
1imnetic zone after leaving thelr leaf channels. It 1s d4irf-
ficult to conceive of any larva combinlng such totally un-
related habits as to live and feed sometlmes on green,
floating leaves and sometimes below the thermocline, as
1isted in Miller's Table 14, feeding on the limited mater-

jals available for food in the hypolimnion.

Polypedilum (Polypedilum) ophloides Townes

The description (Townes, 1945) of Polypedilum ophioldes

is based in part on specimens reared during this investlga-
tion. Nothing has been published concerning ite immature

stages and blology.

In this study, mature larvae of P. ophioides were en-

countered in late June and early July in the Sedge Pools,
Douglaes Lake, Michigan, where they were feeding on floating
leaves of P. natans.

The mature larva ls pale red, about 5.5 - 6.0 mm, long.
Tts antenna, lablal plate, paralablal plate, and mandlble
(P1. II, Fige. 1-3) furnish valuable characters for recogni-
tion. Larvae of this specles can be distingulshed from those

of the closely related P. illinoense by the shorter medlan




palr of teeth on labial plate, the shorter large blade on
basal gegment of antenna, and by other characters illustrated.
The young pupa is very falntly colored throughout. Later
the thorax and appendages are stramineous, abdomen pastel
green, and compound eyes of the future adult appear as
conspicuous black spots.
Posltion in relation to the leaf and feeding habits of
this specles differ from those of other larvae included 1n
my Group 2, which live 1ln well deflned channels in leaves,

extending them as they feed. Larvae of P, ophlioildes produce

no distinct channels but feed by gnawing away the upper epl-
dermis and mesophyll tissue in irregular patches., Some
correlation may exist between the fact that these larvae
lack the seclusion and protection afforded by such channels
and the fact that they were found only in rolled lateral
edges of young leaves, not exposed on flat leaf surfaces in

the position of P. illinoense and C., trifasclatus larvae,

Pupation occurs in the leaf rolls, and exuviae of the
last instar larva remein there. The mature pupa leaves this
habitat about 2 days later, and swims out into open water,

where emergence of the adult takes place.

Glyptotendipes (Phytotendipes) lobiferus (Say)

Glyptotendipes lobiferus, which was described as *Chir-

onomug lobiferus®, is a relatively well known specles, the

immature stages of which have been described by Johannsen



(1905: 233; 1937b: 37), Malloch (1915a: 430), Leathers (1922:
7-17), and Branch (1931: 154)., Of the several papers dealing

with 1ts biology, Gripekoven (1914, as "Chironomus gripeko-

veni Kieffer®), Leathers (1922), Fellton (1940), end Lindeman
(1941, 1942) are especlally informative, Townes (1945: 136)
elevated the subgenus Glyptotendipes to generic rank, cilted
1iterature dealing with this species (1945: 142-44), and pre-
sented notes on identification and distribution.

I found G. lobiferus in Third Sister Lake and Whiltmore

Leke, Washtenaw and Livingston Counties, Michigan, Some lar-
vae were tsken from burrows in stems of P. amplifolius, and

P. gramineus; others were found in silken tubes 1in rolled or

folded leaves of these species and of P. Robbinsil.

Some doubt may exlst concerning the identity of my specl-

mens., Fourth lateral labial teeth of these larvae are con-—

siderably smaller than those 1llustrated for lobiferus by
Johannsen (1937Db, Fig. 119). Johannsen (Fig. 118) shows 8
spines in the comb at posterolateral corner of elghth ab-
dominal segment of pupa, but on my specimens these combs are
compoged of only 3-6 spines. Accordlng to Johannsen (1937b:
37), the mace-like processes at bases of pupal abdominal ter-
gites 2-6 have lengths of 0.18, 0.21, 0.25, 0.29, and 0,53
mm,, respectively. In 12 pupae collected in Third S8ister
Lake these relative lengths averaged 18: 20: 23: 27: Lo,

The mace-like process on abdominal segment 6, the width to
length ratlio of which averaged 9: 18, is considerably
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shorter than the one illustrated by Johannsen (Fig. 131), in
which this ratio is 9: 24, Although Townes wrote (personal
correspondence) that my adult epecimens "are atypical 1n
being smaller and darker than usual and in having the scar on
the sixth tergite much shorter than usual®, he stated that
these characters are subject to some variation and identifled

the specimens as G. lobiferus.

The remarkable feeding method employed by larvae of Group
3, that of capturing plankton in silken nets spun across the
ends of their tubes, is mentioned above, The conlcal net 1is
spun within and anchored to the silken lining of the burrow
near one end, with 1ts apex directed distally and 1ts open
end nearer the larva., The spinning motion consists of rapid
extensions end retractions of the larva's anterlor end as 1it
slowly rotates, ostensibly to attach strands of the open end
at points all around the circumference of the sillk tube.
After counting these extensions and retractions, Leathers
(1922) concluded that the net 1s composed of 42 - 44 longi-
tudinal ribbons or sheets., He discussed sllk production and
the mechanism of spinning in considerable detall,

The larva turns about after spinning its net, and makes
rhythmic dorsoventral undulations of the body, like swimming
movemente of a leech, which progress backward from the head.
Since the body 1s anchored by posterlior prolegs to sllken

lining of the burrow and cennot move forward, these undule-
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tions force a current backward over the body and gills and
into the open end of the net immedlately behind.

After continuing these movements for a few minutes, the
larva quickly reverses 1lts position in the tube by bringing
1ts head back along the ventral side of 1its body. Then 1t
rotates the anterior end rapidly from side to side, cutting
or tearing the delicate strands at the open end of the net
near their attachment to heavier strands of the permanent
silk tube. Continued rotation closes and twists up the net,
and the larva, with thoraclc prolegs alding the mouth parts,
stuffs net and contents into its mouth.

A short rest period often intervenes between eating the
old net and spinning the new one, and the larva sometimes
maekes a vigorous current-producing motion of short duration
during this interval. The purpose of thls motion was un-—-
known until I noticed that defecation occurs only during this
tine, and fecal pellets are forcibly ejected from the tube by
this current. Since these pellets are thus carried some dis-
tance away from the tube, they are rarely brought in again
by food currents, although these enter via the opening through
which the pellets are expelled,

. Defecatlion is similarly integrated into the sequence of
feeding activities of all other species of this group herein
discussed, and this 1s probably true of 2ll net-splinning
plankton eaters, If defecatlen were indiscriminate, most of

the fecal pellets would be caught in food nets.
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Since these larvae normally defecate only durilng the
relatively short period that their bodies are reversed from
their usual positions in the tube, the statement of Willem

(1908: 698) concerning "Chironomus sparganii Kieffer" geecms

highly questionable. He wrote, "Généralment, la larve est
orientée la téte vers le haut, disposition que favorise
1tevacuation des excréments par l'orifice inférieur¥. Al-

though L.eathers! suggestion (1922) that "Chironomus spar-

ganii' is identical with “C. lobiferus" may be wrong, the

former evidently belongs with lobiferus in Glyptotendipes

(Phytotendipeeg) and probably feeds in the same ways. Willem's

description and 1illustration of the pupa of sparganii include

cheracters found only among specles of Glyptotendipes (Phyto-

tendipes), but he figures the labial plate of the larva as

quite distinct from that of G. lobiferus larvae. His des-

cription of larval activities seems to be a discussion of
net spinning, turning, current producing, and other movenents
of & net-spinning plankton eater written without knowledge
of the food net and the sequence of feeding activities assoc-
jated with it. If this 1s true, usual orientation of larvae
with heads upward indicates that feces are usually evacuated
from the tubes via the upper openings, the fecal pellets
being carried upward by the strong current produced by the
larva just after defecatlion,

To deternine the approximate time spent in each of the

major food-getting activities, 4 larvae were timed with a
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stop watch., Intervals spent spinning nets were 12 - 42
seconds; average of 13 records, 25 seconds. Intervals during
which currents were produced through each net were 2 - 9
minutes; average of 12 intervals, 3 minutes 51 seconds.

After reversing their poslitions 1n the tubes, they loosened
and swallowed the loaded nets in 7 - 40 seconds; average of
13 records, 19 seconds. One larva was slower than others

in all 3 of these activities; another performed all 3 in the
shortest time recorded for each. The times glven by Leathers
(1922) for these 3 activities are less than half a minute,

10 minutes, and 6 seconds, respectively.

The larvae found sheltered by Potamogeton tissues lived

in silken tubee elther in stem burrows or in young leaves
which were still tightly rolled. Since wafer could circulate
freely through é;ch leaf roll, usually entering and leaving
by means of 2 holes gnawed through all leaf layers approxl-
mately the same distance apart as holes opening into stem
burrows, and since larvae removed from such leaf rolls spun
their silken shelters within capillary glass tubes and there
exhibited the characteristlc sequence of feeding activities
described above, 1t seems probabls that these larvae, like
those living in stem burrows, subsist primarily on plankton
and detritus streined from the water by their silken nets.
Yhen leaves once occupled by these larvae mature and unroll,
they present a characteristic appearance, with 2 or more

parallel, transverse rows of small holes, all holes of a Trow
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being approximately the same distance apart.

G. lobiferus larvae live 1in many different situations
and feed by several methods. Leathers (1922: 9) stated that
the larva "is capeble of living in a loose mud burrow and of
collecting and eating 1ts food directly from the surface of
the accumulated debris about 1it, but this 1is not its most
characteristic method of feedlng when living in competition
with other species", Larvae observed in capillary glass
tubes augmented the food obtained from plankton nets by 1in-
gesting particulate matter collected both within and without
their sllken tubes. They frequently fed off inner surfaces
of their silk tubes on materials which entered wilth currents
they produced. Less often, a larva would extend the anter-
jor end of its body to browse about and possibly forage on
periphyton and other materials nearby.

Pupation occurs within the larval silk tube, and the
pupa remains there until the adult 1s well formed withiln,.
Then it breaks out by vigorous dorsoventral undulations and
swime about at the water surface for a short time preceding
emergence. The observed pupal perlod was 1.5 - 2.5 days,
the shorter records having been obtained when the tempera-
ture was higher,

As reported by Fellton (1L940) reared and unmated females
sometimes‘lay sterile eggs. Females whlch were reared and
kept alone in test tubes sometimes deposited eggs during the
night, about 72 hours after emergence, According to the des-

eriptions of Branch (1931) and Fellton (1940), these masses
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were of normal shape, but none of the eggs hatched.

G. lobiferus larvae pass the winter 1n Potamogeton stem

burrows and rolled leaves beneath the ice. When they are
collected and brought into a warm laboratory they are qulte
active, and many feed by means of silken nets., The majJority
of specimene collected in Janusry, February, March, and
April were in last larval instar. These pupated and emer-

ged 10 - 25 days after they were brought in.

Glyptotendipes (Glyptotendipes) dreisbachi Townes

Glyptotendipes dreisbachl was described by Townes

(1945), who designated material reared in this investlgation
as part of the paratypic series. Apparently nothing further
has been published concerning this speciles, and the immature
stages have not been described.

Specimens of G. dreisbachl were encountered in Cheboy-

gan, Livingston, and Washtenaw Counties, Michligan. Larvae
were found throughout the year in burrows in the stems, pet-

ioles, and leaf midrlbs of P. amplifolius, P. gramineus,

P. praelongus, P. Richardsonii, P. Robbinsil, and some aqua-

tic plants of other genera,

The mature larva of G. drelsbachl is pale reddish

orange, about 8-10 mm, long. Antennsa, labial plate, para-
labial plate, and mandible (Pl. I, Figs. 6-9) present char-
acters of value in recognition. Although the convex labial

plate appears in ventral view (Fig. 9) to have only 9 teeth,
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plate appears in ventral view (Fig. 9) to have only 9 teeth,



1t actually has 13, A ventrolateral view (Fig. 7) shows 2
emall teeth near the lateral border which are not visible in
ventral view. This lablal plate differs from that of most

Glyptotendipes larvae in having the median tooth conslider-

ably smaller than the first laterals.

The pupa 1s about 6-8 mm. long. Its respiratory organs
bear many white thresd-like fllaments. The second abdomlnal
tergite has a row of small hooks along the posterior margin.
Abdominal tergites 3-6 each have a median basal, spiked, mace-

like proceass (P1. I, Figs. 10-13) typical of Glyptotendipes

pupae. The comb at posterolateral angle of eighth abdom-
inal segment (Pl1. I, Fig. 14) contrasts with those of most
specles in the genue in being reduced to 2 (sometimes 3)

spines.

Although specimens of G. dreisbachi were encountered
more commonly than those of any.other chironomid speciles
herein discussed and many adults were reared, attempts to get
mating in the laboratory were unsuccessful Just as they were
with other species of Chironomidae. Since fertlle eggs were
not obtalned and the complete 1life cycle was not observed,
my information concerning larval instars 1ls based only upon
existence of distince size groups of larval head capsules
and upon observed transitions of larvae from one group to an-
other. Measurement of 117 head capsules shows that they be-
long to 3 distinet size groups composed of 21, 37, and 59

specimens, respectively. Median lengths of these head cap-
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sules from posterior rim to tip of extended labrum are 0,20~
0.24 mm,, average 0,22 mm.; 0.31-0,40 mm,, average 0,35 mm,;
and 0,52-0.62 mm,, average 0.58 mm, Since observed molts of
smaller larvae always resulted in acquisition by the larva
of & head capsule in the next larger selze group and observed
molts of the largest larvae always resulted in pupation, it
geems quite evident that these 3 size groups correspond to
the last 3 larvel instars.

Lervae of G. drelsbachl, in all 3 1nstars encountered,

exhibit the complex sequence of feeding activities charac-—
teristic of the net-spinning, plankton-eating species which
are here placed in Group 3. It seems that these feedlng
habits are widespread among larvae of this genus. Those of

3 other Glyptotendipes spedlee also are known to capture

their food in silken nets (Leathers, 1922; Burtt, 1940),
and those of still others (Willem, 1908; Gripekoven, 1914;
Goetghebuer, 1919) 1live in similar burrows and probably feed

in this manner,

Seversl larvee were timed with a stop watch to determine

lengths of time spent spinning food nets, produclng currents
through them, and eating them, Nets were spun in 20-58
seconds; average of 28 records, 36 seconds. Intervals spent
producing a current through each net ranged from one mlnute
48 geconds to 8 minutes 20 seconds; average of 23 observa-
tions, 3 minutes 8 aeconds. Animal plankters temporarily

trapped in a food net though not entangled in 1its strands
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were sometimes observed to escape, but the larva's speed in

turning about in the burrow and consuming the loaded net re-
duces loss of this type to a minimum, Nets were eaten in
8-45 geconds; average of 26 records, 20 seconds,.

Many interruptions occur in the sequence of feedlng ac-
tivities assoclated wilth use of plankton nets. When a large
particle enters the burrow, the larva usually ceases 1ts
rhythmic undulations at once, then makes several vigorous and
rapid beats 1in a posterior-to-anterlior direction, producing
a strong counter current which generally ejects the particle.
Since the conicel net immediately collapses and closes,
relatively little of its contents is swept out by these
currents. If the particle is not thus expelled, the chiro-
nomid crawls forward and nips viclously at 1t. This action
usually proves quickly effective against intruding larvae
and other living animals, but fecal pellets may still adhere
to the silken 1lining of the tube. When the larva cannot
dislodge such materials with 1its mandibles and eject them
either by vigorous counter currents or by carrying them to
the entrance in its mandibles, i1t leaves these substances
in the burrow but isolates them from the open tube by spin-
ning a patch of silken lining over them,

Counter currents are also produced by larvae which turn
about to eat theilr food nets but find them very heavily
loaded with carmine or ultramarine blue., A lerva which has

torn such a net loose and stuffed about half of it into the
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mouth often elects 1t a conslderable distance from the bur-
row by releasing 1t while producing & strong posterior-to-
anterior current.

Other alterations of the normal pattern of feediﬁg ac—
tivities have no apparent causes. After producing a current
through the net one chironomid turned about in the burrow,
immediately spun a new net, then broke through 1t, ate the
old net and its contents, spun another net, and resumed the
normal sequence of activitlies. On another occaslon a larva
turned about, spun a new net within the 0ld one, then turned
back and produced a current through both nets. Thilis larva
1eft the outer net the next 2 times 1t turned about to eat
and replace the inner one, but ate both nets the third time
it turned toward then,

A larvae sometimes eats the net, neglects to spin a new
one, then turns about and produces & current through the
burrow. When the larva turns back again 1t usually eats a
bit of debris which adheree to the silk tube approximately
where the net would normally be, and, again neglecting to
spin a net, often turns and repeatedly produces currents
through the burrow with no speclal provision for stralning
out the plankton. While some debrlis adheres to the silk
tube, this is far less efficlent than a plankton net for
retaining food particles., After turning about a few tlmes
without sepinning any net a larva often spins one in the end

of the tube opposlte from that in which nets had been placed
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pefore. Subsequent activities of the larva are all reversed
in direction from previous ones, and food currents enter and
excrement 1s ejected through the opening opposite that pre-
viously used.

By introducing suspensions of materlals having different
colors, the particles of which were caught in food nets and
eaten, information on the gspeed of progress of particulate
meterial through the alimentary tract was obtained. Two
drops of a carmine suspenslion were released near the glass
capillary tube in which a larva was producing a current
through the net, The larva ate the net which was coated
with these particles, and the next 2 nets which were left
uncolored. The fourth net was glven a coating of ultramarine
blue, after which 2 more nets were left uncolored before
carmine was released to color the seventh, As long as 2
nets were left uncolored between each release of stailn,
undissolved particles of stains mixed together very little
in the intestine and most fecal pellets contained only one

color.

Five larvae of G. dreisbachi living in glass tubes so

close together that all were visible in the field of a dis-
gecting microscope were fed alternately on carmine and ultra-
marine blue and watched for 3.5 hours. Undissolved particles
of these stains passed through the alimentary tracts of L
larvae in 35-124 minutesg; average of 34 records, 69 minutes.
Although the fifth larva seemed to go through the motions

of spinning several times, most particles of staln passed



completely through the tube, and it was evident that thils
larva spun no net during the period of observatlon, Since
this specimen fed at frequent intervels on particles of

debris and stein adhering to the silk tube, it was practlically
impossible to keep account of when certain particles were
eaten and to recognize them again 1in fecal pellets. During
these observations I noticed that these larvae defecate,

ag those of G, lobiferus, only after eating the old net,

before spinning the new one, They defecated at intervals
of 7-19 minutes; average of 23 records, 12 minutes.

Marked differences in the activities of these larvae
were apparent. One conslstently ate nets and spun new ones
faster and nearly always produced swifter currents for shor-—
ter perlods of time than the average of the other 3. Two
of the 4 larvae which spun nets continued to place them in
the same ends of theilr tubes throughout the period of ob-
servation. One larva changed the position of the net and
reversed the direction of its activities once; the other,
twice,

A few larvae were observed through a dissecting micro-
gscope whlle enlarging their'stem burrows. A specimen which
had extended one end of its burrow about 5§ mm, beyond the
opening was evidently trying to make & new hole there. The
mouthparts were clearly visible through the thin but yet
unbroken epidermis. Labrum and mandibles all worked agalinst

the labium, which was moved relatively little. When obser-
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vations were resumed after a ghort interruption a new opening
was discovered where the mouthparts had been seen at work,
and the old hole was sealed shut with silk. Suspended car-
mine flowed rapidly into the new opening and collected in a
conical shape behind the larva. When the chironomid turned
about it apparently found the net too heavily loaded with
stain, It attempted to tear the net loose and to force 1%t
from the burrow by vigorous posterior-to-anterior undula-
+ions. Finally giving up these attempte, the larva moved
jts head to and fro across the net, apparently spinning a
patch of sllk over 1t, and left 1t there.

Larvee removed from thelr burrows and placed in a watch
glass with some freshly cut pleces of stem excavated new
burrove in 8-24 hours. These larvae always entered the stem
via some cut edge, then made 1 or 2 holes through the epl-
dermis from the inside.

Some larvae were killed soon after making new burrows,
and thelr stomech contents were analyzed by means of the
sulphuric acid-iodine test for cellulose, to determlne

whether they had ingested Potamogeton tissue. Stomach con-

tents were mixed with 1 or 2 drops of concentrated sulphurio
acid on a glass microscope slide, and a drop of potassium
1odide solution saturated with lodine was stirred into the
mixture. The dark blue color indicating the presence of
cellulose appeared, and microscoplc examination revealed
that this color wasAproduced in regular rows of rectangles

which were easlly recognized as fragments of spermatophyte
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tigsue in which the natural pattern of cell walls remained
intact. Stomach contente of larveae selected at random from
0ld burrows showed little 1f any spermatophyte tissue when
subjected to the same test.

Specimens of G. dreisbachi pass the winter as larvae,

practically all of which are mature, in burrows in the stems
of plants living beneath the ice. Apparently they remein
more or less active throughout this season. All winter spe-
cimens which were observed, even those noticed before the
collection had warmed up to laboratory temperature, were
qulte active, Speclmens collected in winter and kept in
aquaria at laboratory temperature pupated and usually begsan
to emerge 11 days after they were collected.

My earliest record of pupae in nature is based upon 3
gspecimens included with many larvae collected at Third Sister
Lake, Washtenaw County, on April 30, 1941. Emergence usueally
ocours in southern Michigan between May 15 and May 25, and
most burrows in plants collected in late May and early June
are empty.

Small larvae were teken in burrowse in stems, petioles

and leaf midribs of P. praelongus grovwing in Indian River,

Cheboygan County on June 29, 1941. Since head capsules of
the 11 specimens which were immediately killed and measured
all belonged to the smallest size group (0.20-0,24 mm,) men-
tioned above, 1t seems that most or all specimens in this

collection were in an early larval instar. These larvae grew

o4
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glowly in laboratory equaria, Although 5 specimens examined
on July 10 had head capsules in the intermedlate slze group,
5 others stlll had heads in the smallest group. Ten more
larvae . were killed and measured on July 17, aﬁd thelr heads
also were divided evenly between these 2 silze groups. All
heads from speclimens killed in the laboratory on August 7 and
from others collected at Indian River on August 9 were in the
intermediate group (0.21-0.40 mm,). None had molted and
attained the last larval instar when they were examined

again on August Z21.

Larvae collected in Waehtenaw County in September and
October had head capsules in the intermediate and the largest
slze groups. A epecimen in penultimate larval instar was
tsken in Third Sister Lake on November 3, but nearly all
specimens found that late in the season were 1n last larval
instar. It would seem from the facts mentloned above that

G. dreisbachi has only one brood per season in Michlgan,

The pupal period lasts 2-4 daye, and the pupae remaln
within larval stem burrows during most of this time. Emer-
gence occursg during the night, Mature pupae which had left
their stem burrows were often seen ewimming at the surfeace

of the water, but such observations were invariably made at

night.

Polypedilum (Pentapedilum) sordens (Wulp)

Polypedilum sordens was described (as Tanytarsus gsordens)
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from the Netherlands in 1873. It seems that very little has
been published concerning ite biology, and that the lmmature
stages are unknown., Townes (1945: 61-62) placed the specles

in Polypedilum, cited literature dealing with it, eand pre-

sented notes on 1ts identification and distribution.

I found P. sordens in Third Sister Lake, Washtenaw
County, and Whitmore Lake, Washtenaw and Livingston Countles,
Michigen, Larvae were collected from burrows in stems of

P, amplifolius, P. gramineus, P. natans, P. Richardeonil,

and P. Robbinsii. A few were taken in rolled or folded leaves

of all these plants except P. natans. Burtt (1940) reported

that a closely related specles, Polypedilum (Pentapedilum)

tritum (Walker), is also a stem-burrower which feede on
plankton strained from the water by means of a sllken net
spun within the burrow.

Larvae and pupae of P, sordensg are easily distinguished,

even with low magnification, from thoee of the 2 Glyptoten-

dipes species I found in similar stem burrocws. Mature larvae
of all 3 species are pale red-orange, those of P. sordens

about 6.5-8.5 mm, long, while larvze of Glyvptotendlipes are

larger. The head capsule of P. sordeng is depressed and
bears only one group of ocelll on each side. Heads of the

Glyptotendipes species are globold and have 2 distinctly

separate ocelli groups on each silde, Pupae of P, sordens
ere 5-6 mm, long. They lack the consplcuous macellke pro-

cesgses found on abdominal tergites of Glyptotendlpes purae.
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Characters which will help to distinguish P. sordens
larvae and pupae from those of closely related species are
j1lustrated on Plate II, Figures 9-12. Larval antenna (FPig.
11) hae the ring organ near base of first segment. Lablal
plate (Fig. 10) bears 16 teeth of fairly uniform length,
with median pair somewhat heavier then others; paralabial
plates are strikingly long and narrowv. Comb at postero-
lateral angle of eighth abdominal segment of pupa (Fig. 12)
is composed of 4 heavy splnes and many smaller ones.

Since I was not able to observe the whole life cycle
of P. sordens, my informatlon on larval instars is lncom-
plete., Measurement of 81 larval head capsules shows that
they belong to 3 distinct slze groups composed of 13, 21,
end 48 individuals, respectively. The dimension used 1s
median length from posterior rim to tip of extended labrum,
After shedding head capsule exuviae of the smallest slze
group, larvaee had heads belonging to the intermedlate one,.
Changes from intermediate to largest size and from largest
larvae size to pupe were also observed, Evidently these
3 size groups correspond wlith the last 3 larvael instars,
Probably an unobserved lnstar precedes that represented by
the smallest recorded slze group. Heads 1in these 3 slze
groups are 0,18-0,20 mm,, average 0,19 mm.; 0.31-0.36 mn.,
average 0.33 mm.; and 0,46-0,62 mm., average 0.54 mm,

Like other larvae of Group 3, those of P, sordens sub-—

sist partly on plankton and detritus strained from the water




“pby thelr silken nets and partly on materlals gathered outslde
or inside their tubes without ueing any net. Stomach analy-
sis of specimens taken from burrows usually reveals a prepon-
derance of plankton organlsms; larvae living in tubes on
1eaves often contaln more periphyton than plankton, The

stomach of one collected on a leaf of E. Robbinsii at Whit-

more Lake, February 22, 1942, contained at least 25 dlatoms,
a plece of filamentous alga, and 4 small fragments of sperma-—
tovhyte tissue,

Various operations in the sequence of feeding actlvities
were timed with a stop watch, Food nets were spun in 17-50
geconds; average of 16 observatlons, 33 geconds. The inter-
val during which a current was produced through the net was
one minute 20 seconds - 4 minutes 3 seconds; average of 17
records, 2 minutes 24 seconds. After turning about in thelr
tubes, larvae ate nets and their contents 1in 8-18 seconds;
average of 13 observations, 13 seconds.,

Speed of passage of particulate material through the
alimentary tract was determined in the manner described for

G. dreisbachi, by alternately introducing different colored

stains which were caught in food nets and eaten, Each stalin-
loaded net produced a colored maes, the progress of which
could be watched through the partly transparent body of the
larva. Since all particles of a gliven mass were eaten simul-
taneously and since these masses retained their identity wlth

very little mixing of different colored particles within the
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intestine, the interval that each particle was retalned could
be determined quite accurately.

Paerticulate material passed through the alimentary tracts
of 3 larvae in 33-77 minutes; average of 26 records, 57 min-
utes. It may be slgnificant that the shortest intervals were
slways the first ones, when the intestines were relatively
empty. As each allmentary tract filled due to bulk of the
stains, speed of passage through it gradually decreased.
Apparently these stalns did not harm the chironomids serlously
and permanently; all 3 specimens later pupated and emerged.
During these observatlons, I noticed that the larvae defecated
at intervels of 9-16 minutes; average of 18 records, about
11 minutes, or approXimately every third time they turned
and ate thelr nets.

It may be that larvae of E. sordens, particularly those

of earlier instars, are less able than those of G. lobiferus

and G. dreisbachi to penetrate tough epidermis of living

plant stems, Burrowing larvae of the 2 smaller size groups
mentioned above were almost always found in dead, partly de-
composed stems, which they may have entered either by gnaw-
ing through softened epldermils, by penetrating the stem
through breaks in the epidermils, or by occupying burrows

vacated by Glvptotendipes larvae,

Specimens removed from thelr burrows and left in a

fingerbowl with freshly cut pleces of living P. amplifolius

stem entered the stem in several instances, but invariably

did so through a cut end, then penetrated the epldermis from
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within. Once inside the stem it would seem that they could
exert more pressure on the epldermis becauge they can push
beck agaeinst parenchyma as they drive the mouthparts forward.

Leathers stated that G. lobiferus enter Typha stems only

through cuts or breaks, and can penetrate the very tough epi-

dermis of thet plant only from within. However, burrows of

both G. lobiferus and G. dreisbachl, opening through the epi-

dermis at both ends, are commonly found in living Potamogeton

gstems, Evidently these larvae readily penetrate the living

epldermis of Potamogeton from either side.

Like other Chironomidae herein discussed, P. sordens
pupate within larval silk tubes and remain there until mature,
then swim about near the water surface for a few hours pre-
ceding emergence, In those inetances in which both pupation
and emergence were witnessed, the pupal stage lasted 1.5-2.5
days.

Unmated females lald masses of sterile eggs about 3 days
after emergence,

Larvae of P. sordens pass the winter on or within tissues

of Potamogeton beneath the lce., Speclmens representing the

last 3 instars occur in January and February collections, but

fewer lervae of the smaller instars are collected toward springe.

My record of a reared speclmen which emerged on May 3
(Townes, 1945: 62) bears 1little or no relationshlp to the
natural seasonal aspects of this species. Specimens collected

in late winter or early spring as last instar larvae and kept
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in a warm laboratory pupated and emerged 8-24 days later,
Although I have reared adults in March and April as well as

early May, they usually do not appear in nature in Washtenaw

County until late May or early June,

Tanytarsus (Endochironomus) nigricans (Johannsen)

Tanytarsus nigricans was described (as “"Chironomus ni-

gricans") by Johannsen (1905: 219), who included descriptions
and illustrations of the larval and pupal stages. Immature
stages have also been desceribed by Malloch (1915al 234) and
Johannsen (1937b: 34). Notes on 1ts blology were presented
by Richardson (1921: 42; 1925: 381, 418), Bill (1932: 68),
Townes (1938: 172), Miller (1941: 35, hs, 61, 63), and
Lindeman (1942: 435-6)., Townes (1945: 64-5) placed the

speclies in Tanytarsus, cited literature concerning 1it, and

presented notes on 1ts 1dentification and distribution,.

T collected T. nigricans in Huron River and Third Sister

Lake, Washtenaw County, and in Black River, Cheboygan County,
Michigan. Larvae and pupae were found in folds or in rolled

edges of floating and submerged leaves of P, amplifolius, P.

oramineus, P. illinoensis, and P. Richardsonil.

To some extent at least, the larvae obtain food by use
of & net as described above for larvae of Group 3. On one
occasion, all 18 larvae in a rearing dlsh were feeding in

this manner. Like larvae of G, lobiferus 1living in rolled

edges of leaves, T. nigricans larvae usually gnaw holes
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through all leaf layers at the ends of thelr slilk tubes,

These holes allow free circulatilon of water through the tubes,
and the larvae may obtain some nourishment by swallowing the
1eaf tissue which they remove, Leaves once occupled by these
larvae have a characteristlic appearance when they mature and
unroll, bearing many small holes geometrically arranged 1n
transverse rows. Most of the leaf injury of this type prob-

ably 1s caused by T. nigricans. Larvae on flat unrolled

leaves often live within a roll of leaf epidermis which they
presumably peel fronm the mesophyll layer beneath 1%t.

Habits of these larvae differ in some ways from those of
other species in Group 3. They seldom if ever occupy stem
burrows. They obtain much of thelr food, including substan-

tial quantities of Potamogeton leaf tlssue, by foraglng out-

side thelr tubes. Even while using food nets, I. nlgricans

larvae apparently eat some material besides that caught in
the nets, They move the mouth parts almost continuously
while producing currents through their tubes and seem to
catch and devour a portion of thelr food directly.

Near the silken tubes of T. nigricansg larvee, patches of

leaf area which are white, devold of chlorophyll, and some-
times completely skeletonized result from consumption of leaf
tigsue in these areas by the larvae, Application of the sul-
phuric acid-iodine test for cellulgse (mentioned previously)
to stomach contents and fecal pellets of larvae almost always

resulted in production of the posltlve dark blue color, Thils
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color was often 8o well localized that 1t congtituted a 4if-
ferentiating staln, revealing portions of undigested cell
walls which were st11l arranged in normal patterns and clearly
recognizable as spermatorhyte leaf tissue,

Pupation occurs within the larval silk tube, and the
pupa stays there antil almost ready for the final molt. Then
1t leaves thils refuge and swlms about near the water surface
for a short time preceding emergence.

Lindeman (1942: 436) suggested that T, nigricans over-

winters in the egg stage 1in Cedar Bog Leake, Minnesota.
There is reason to belleve, however, that larvae of this
species pass the winter beneath the ice in Third Sister Lake.
Larvee in last ilnstar were abundant there during September,
October, and November, 1941, and other mature larvae were
collected there on March 30, 1942, about 2 weeks after the
jce on the lake had melted.

Emergence occurred at Third Sister Lake on May 3, 1942.

On that date adult T. nigricans were flying near the lake

shore, and others emerged in a pail of P. amplifolius while

enroute from the leke to the laboratory. Adults may be
reared in the laboratory during sessons when no emergence
occurs in nsture. Many were reared in connection with un-

successful attempts to get mating in the laboratory during
December, 1941.
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Hydrellis (Diptera: Ephydridae)

It appears that the genus Hydrellla has been reported

from all zoogeographlc regions except the Neotreplcal.
Cresson (1932) published taxonomic notes on 32 species from
gsuch widely separated reglons as Australia, Formosa, South
Africa, Europe, and North America, and his subsequent des-
criptions include two specles from Hawaii (Cresson, 1936).
Becker (1926) discussed 35 European specles and presented a
bibliography of papers on the biology and immature stages of
csome of them. Cresson (1944) gave distributional notes and
keys to 35 Rearctic specles, and the taxonomy presented by

him 1s followed in this paper.

All Hydrellila larvae of known habite are phytophagous.
Thoge of most specles mine in leaves and stems of agquatic
plants, but others attack terrestriel plants, especially the
grasses., Some larvae, such as those of H. griseola Fallen

(De Ong, 1922, 28 H. scepularis Loew; Wilke, 1924; Kbrtung,

1931) and H. nasturtii Collin (Marchall, 1903, as H. ranun-—

cull Heliday; Collin, 1928; Taylor, 1928; Veysiere, 1933)
mine in the leaves of grains and water cress and sometimes
assume economic importance. Hendel (1926), Hering (1935~
'37), and Hennig (1943) reviewed the knowledge concerning
immature stages of European Hydrellia.

The larvae of 5 European species of Hydrellla are known

to live on Potamogeton. Thienemann (1916) reported Hydrellia

chrysostoma Meigen from P. lucens and H. nlgripes Meigen from




P. erispus. Mf#ller (1922) found H. nigripes mining 1n both

P. lucens and P. perfollatus. Brocher (1910) reared H. mo-

desta Loew from an unspecified specles of Potamogeton, and

Thienemann (1916) found what was possibly the same specles
mining in the leaves of P. natans. Hering (1930) described

H. potamogeti from material "aue Minen an Potamogeton erzo-

gen“; and (1935-'37) also reported H. chrysostoma, H. nigri-

pes, and H, fascltibia v. Roser from Potamogeton. Wesenberg-

Lund (1943) reported H. modesta from P. natans.
Very little has been publighed concerning ilmmature

stages of North American Hydrellia. Malloch (1915b) figured

the puparium and posterior part of the larva of H. griseola

var. scepularis Loew, and reported that the larva mines 1in

Penicum. From a single specimen, Johannsen (1935) described

the puparium of H, griseole var, hypoleuca Loew, but was

unable either to distingulsh it from that of varlety scapu-
laris or to name the food plant. Johannsen also described
briefly a puparium believed to be that of H. cruralls

Coquillet, and 1llustrated parts of the larva of Hyvdrellla

sp. None of the scattered references to the occurrence of

Nearctic Hydrelllia larvaee in Potamogeton (Moore, 1915; Frost,

1924; Cresson, 1934, 1944; Johannsen, 1935) specifically
identifies both the fly and its food plant.
In the present investlgation more than 800 specimens of

Hydrellia were reared from larvae and pupsae found in Potamo-

geton. These flies represent 6 species, of which H. gruralis
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Coquillet, H. pulle Cresson, and H., caliginosa Cresson were

known before this study wae underteken, and H. bergi Cresson,
H. ascita Cresson, and H. luctuosa Cresson have been des-
eribed since from speclmens which I reared.

Eggs which were observed, those of H. bergi, H. cruralls,
and H. pulla, are elongate, cylindrical, measuring approxi-
mately 0.5 x 0.15 mm, All have irregular longitudinal fur-
roweg in the chorion, snd each possesses a bell-sahaped pro-
jectlion bearing the micropyle near one end,

Mature Hydrellia larvae examined in thils study, those of

H. ascita, H. bergi, H. cruralis, H. luctuosa, and H. pulle,
are similer in some respects. All are approximately cylindri-
cal and tapered toward both ends. In the third (1Lest larval)
instar, they range from 2.5 x 0.5 mm, to 6,0 x 1,0 :1im, All
are metapneustlic, the only spiracles being slit-lilke openings
near the tips of two sharp, hollow spines at the posterior
ende of their bodies. Larvae are usually found with these
spines inserted into plant tissue. Presumably they obtaln
oxygen from the intercellular gas spaces of plants by this
means. The sclerotized anal plate, bearing a median longl-
tudinal ensel slit, 1is on the ventral surface a short dlstance
anterior to these spines. On the ventral surface, anterior
to the anal plate, there are elght well defined and consplcu-
ous spinulose areas used in locomotlon (the "creeping welts"
of authors). Anterior to them, 3 less prominent spinulose

areas become progressively smaller and more diffuse toward



the anterior end. The pharyngeal skeletons are relatively
simple, and each bears a single mouth hook. This condition
may not be constant for the genus, since Williasms (1938) re-

fers to the Y“palr of mouth hoocks" of H. williamsi, and

Wesenberg-Lund (1943) mentions the "Paar kleinen Mundhaken"
of H. modestsa. Anterior splracles apparently are lacking.

A pailr of 3-Jointed sensory projections (the "antennae' of
various authors) are borne near the anterior end of the
body. Below these, Just anterior to the mouth hooks, there
is a pair of aingle-jointed tubercles which may also have a
gsensory function. All larvee possess SOme spilnules or setae
in sddition to those on the creeping welts, but their slzes,
numbers, and distribution patterns differ in larvae of
different speciles,

Puparia of all specles reared are light brown, subcylin-
drical, shorter and thicker than the larvae. They are 2.4 -
L.,8% mm. in length and 0.7-1.5 mm. 1in maximum brezdth, Ves-—
tiges of the larval respiratory spines, anal plates, creeping
welts, and setal patterns are evident, and each puparium con-
+*aine & larval pharyngeal skeleton and mouth hook. Puparla

of H. ascita, H. bergl, and H. caliginosa differ from the

other 3 specles in belng narrower and more elongate, taper-
ing slowly and gradually toward the posterilor end, and having
the respiratory spines terminal. Puparia of H. cruralils,

H. pulla, and H. luctuosa are more compact and taper more
abruptly to their posterlor ends. Theilr respiratory splnes

are subterminal, and thelr anal plates are more or less
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concave posteriorly. Emerging Hydrellla open their puparia

by pushing of f an anterodorsal portion including the terga
of approximately the 3 thoracic segments. No corresponding
ventral portion 1e detached nor even loosened as 1n the case
of emerging muscold flies.

Newly emerged flies of these 5 gpecies are hydrofuge,
and they experlence 1ittle difficulty in getting up through
the surface film. They crawl up on some floating or emer-
gent objlect and rest there for about 5 minutes, meanwhile
brushing their bodles, especially theilr wrinkled wings, with
their feet. Then the wings expand rapidly, reaching full
size in zbout 45 seconds. They remain soft and useless for
s few minutes after expandinge. Adult flies alight and walk

on the surface film without cetting wet.

All Hydrelllas mines encountered in this study are 1lin-

ear, and they contain no conspicuous frass. Those in leafl

blades are usually near the midrib and parallel with 1t,

Kevy to Larvae and Puparia of Hydrellla

Which Infest Potamogeton in Michigan

A. Larva relatively broad, maximum breadth about 16 per cent
of length, shape similar to that of H. cruralis (Pl. IIT,
Fig. 8); puparium (Pl. V, Flgs. 1, 4, 5) fairly compact,
with respiratory spilnes subterminal; dorsal setae at
lezst in intersegmental grooves of all abdominal segments,
apparent with low power of compound microscope, pharyn-

geal skeleton (Pl. IV, Figs. 1, L, 5) with relatively



long, narrow shank, dimension between its ventral projec-
tions at least 2.3 times the breadth midway between pro-
Jectlions.

B. Small species, mature larvae less than L,8 mm, long;
puparium (Pl. V, Fig. 1) 3.5 x 1.1l mm, or gsmaller,
tapered more gradually posteriorly than anteriorly,
posterior margin of anal plate only slightly concave;
dorsal setae abundant, generally dispersed, in 1ir-
regular transverse rows, pharyngeal skeleton (p1. IV,
Fig. 1) pigmented throughout, with dorsal rods
opague blacK.eeececceeecsene I ..H. luctuosa.

BB. Larger species, mature larva more then 4.8 mm. long;
puvarium (Pl1. V, Fige. 4, 5) 3.5 x 1.0 mm, or larger,
ovelid, abruptly tapered at both ends, posterior mar-
gin of anal plate strongly concave; dorsal setae
fewer, concentrated in or near intersegmental grooves;

pharyngeal eskeleton (Pl. IV, Figs. Ly, 5) less ex-—
tensively pigmented, with dorsal rods colorless.....C

C. Mature larva (Pl, III, Fig. 8) leaf green; pu-
parium (Pl1. V, Fig. 4) constricted between seg-
ments laterally, ziving it scalloped appearance;
dorsal abdominal setae confined to narrow bands
in intersegmental grooves; pharyngeal skeleton
(P1. IV, Fig. 4) usually colored as shown, rarely

almost as light as that of H. pulla..H. cruralis.
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CC. Mature larva grayish cream color; puparium (P1.
Vv, Fig. 5) without scalloped appearance, little
1f any constriction between segments; bands of
dorsal abdominal setae wider, composed of dis-
tinct transverse rows; pharyngeal skeleton (P1.
Iv, Fig. 5) always very sparsely plgmented.....
csscave s S I ce....e0He pulla
AA. Larve relatively narrow, maximum breadth about 9 per cent
of length, shape similar to that of H. bergi (P1. III,
Fig. 1); puparium (Pl. V, Figs. 2, 3) elongate, tapered
gradually to posterior end, with respilratory splnes ter-
minal; most abdominal segments usually without dorsal
setse; vharyngeal skeleton (Pl. IV, Figs. 2, 3, 6) with
relatively short, stout shank, dimension between 1lts ven-—
tral projectlions less than 2.3 times the breadth midway
between projectionB.....cccc e
D. Larger specles, puparium (P1. V, Fig. 3) usually more
than 3.7 mm. long; pharyngeal skeleton (P1., IV, Fig.
3) with distinct hump above cheliform spot, opadque
black pigment contlnuous from cheliform spot poster-
iorly to dorsoventral fork, ventral rods longer than
portion anterior to dorsoventral fork; mouth hook
gtout. Miner in stems and petioles but not 1in leaf
bladeB..ceeoesessocs teceseesceseasncsaseseseoHe boergl
DD. Smaller species, puparium (Pl, V, Fig. 2) usually less

than 3.7 mm, long; pharyngeal skeleton (p1, IV, Figs.
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2, 6) without hump above chellform spot, usually lack-
ing opaque black pigment behind cheliform spot, vené—
ral rods no longer (usually considerably shorter) than
portion anterior to dorsoventral fork; mouth hook
narrower. Miners in leaf blades ONlV..coveeecesee-Bb
E. Dorsal setae lacking on all abdominal segments
except Tirst 2 and last; pharyngeal ékeleton
(P1. IV, Fig. 2) with only diffuse pligment be-
hind cheliform spob.....c.cceveveere.. .H. asclta
EE. Dorsal setae at least in intersegmental grooves
of all abdominal segments; pharyngeal skeleton
(P1., IV, Fig. 6) with opague black pigment con-

t+inuous from cheliform spot posterlorly to dor-

gsoventral fork., Rare on Potamogeton in Michigan.

Larva not obgerved................H. caliginosa

Hydrellia cruralis Coquillet

The literature contains 5 records of Hydrelllisa larvae

mining in Potamogeton which probably refer to H. cruralils.

Moore (1915), working near Ithaca, New York, found the leaves

of P. amplifolius mined by Hydrellia larvae, Frost (1924)

cited Moore's work and stated, "Hydrellia n. sp. . . . mines

in the leaves of P. amplifolius". Johannsen (1935) identi-

fied a single specimen presumably reared by Moore as Hydrel-

lia cruralie. Johannsen suggested, however, that thlis specil-

men might have been incorrectly labelled, and this record
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remains in doubt. Creseson (1934) reported specimens of this

specles reared from Potamogeton sp. by Miss Gertrude Auxler,

at Marlington, West Virginia. Cresson (1944) wrote of H.
cruralis, "A relatlvely common northern specles and which has
been bred from pondweed in Michigen." While not so stated,
1+ seems probable that this lest record 1ls based on material
reared in this jnvestigation and sent to Cresson for identi-
fication on September 1, 1940, March 18, 1941, and October
27, 19u41.

During this study, H. eruralis was encountered more fre-—

quently than any other specliles of Hydrellila. Immature specimens

were collected in Cheboygan, Emmet, Presque Isle, and Wash-
tenaw Counties, Mlchigan. Larvae and pupae were found 1in the

leaves of Potamogeton alpinus, P. amplifolius, P. eplhydrus,

P. foliosus, P. oramineus, P. illinocensis, E. natans, P. nodo-

sus, P. praelongus, P. Richardsonii, and PE. zosteriformis,

In order of decreasing extent of infestation, the species which
hsrbored the greatest numbera of H. eruralis were P. amplifo-

lius, P. Richardsonii, P. praelongus, P. gramineus, P. illin-

oensis, and P. nodosus.

Egeg: (P1. III, Fig. 5) Elongste, cylindrical, rounded
at both ends; 0.5 - 0.6 x 0.12 - 0.17 mm.; central yolk mass
opaque, cream color or faintly yellow; peripvheral translu-
cent zone wider at both ends; chorion delicately sculptured

with irregular longitudinal furrows, micropyle terminel with
lips flared, bell-shaped.



Firet Instar Larva (living): Cylindrical and tapering
abruptly at both ends; length 0.8 - 1.5 mm.; color unifornm
throughout; at first cream color, later becoming greenlsh;
creeping welts relatively large, consplicuous; pharyngeal
gkeleton 0.15 - 0.19 mm. long, lightly pigmented throughout,
darkly pigmented 1in same areas &s those of third instar phar-
yngeal skeleton.

Second Instar Larvsa (1iving): Shape unchanged except
creeplng welts relatively less consplcuous; length 1.5 - 3.0
mm,; color, leaf green; pharyngeal skeleton 0.27 - 0.29 mm.
long, color pattern same as that of third instar pharyngeal
skeleton.

Third Instar Larva (living): (Pl1. III, Fig. 8) Length
3.0 - 5.5 or 6.0 mm.; breadth 0.7 - 1.0 mm. ; color usually
green, but variable, tends to meteh color of leaf; ventral
setal pattern similar to that of puparium (P1. vV, Fig. 4);
dorsal setae in transverse rows confined to intersegnental
furrows; setae dispersed laterally; each creeplng welt fusi-
form, bearing 8-13 ilrregular transverse rows of spinules (Pl.
III, Fig. 6); anal plate ovoid; anal and postanal regions arm-
ed with svinules which become heavier end often double poster-
iorly; terminal respiratory gepines set on small paplllae; an-—
terior end (P1. III, Fig. 7) supplied with palred, 3-segment-
ed inferior tubercles, single median mouth hook, end post-oral
tuft of fine hairs; pharyngeal skeleton (Pl. IV, Fig. 4) 0.40

- 0.62 mm. long, usually dark anteriorly as shown, but rarely
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almost as light as that of H. pulls (pP1. IV, Fig. 5), slight
hump above cheliform black spot.

Puparium: (P1. V, Fig. L) 3.5 - 4.5 x 1,1 - 1.5 mm.;
transparent golden brown; ovold, subcylindrical, with lat-
erally distinct intersegmental furrows giving opuparium scal-
loped appearance, setal pattern as shown and as discussed for
larve; anal plate crescent shaped with rounded ends; respir-
story spines subterminal; pharyngeal skeleton (P1. IV, Fig.
4) as described for third instar larva; pupa within green-
ish, becoming olivaceous gray shortly before emergence.

Eggs ere deposited on or in the emergent portions of
food plants. They are usually lald eide by side in compact
messes onhe layver deep, with all eggs of a mass oriented 1in
the same direction. Apparently the female attempts to lay
eggs in a concealed or protected situation. In breedlng
cages, most of the eggs were inserted into exposed inter-
cellular alr spaces in broken midribs of leaves and into
torn openings in o0ld mines. Others were found on strips of
paper hanging over the water, on floating leaves, and, in a
few instances, floating unattached., The oviposition which
wes observed was always at the surface of the water. In
nature, egg masses were found 1n folds of leaves, in curled
stipules, and on atems.

Within limits, speed of development lncreases with
rising temperature. After one to five daye of embryon-

ation the completely formed larva 1is visible through the
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egg shell., The active pharyngeal skeleton 1is particularly
apparent.

From 2 to 7 days after the egg 1s leld, the larve cuts
e slit in one end of the egg shell and emerges. It bores
directly into the leaf znd begins to mine in the mesophyll
between the upper end lover epldermis. In 2 or 3 days the
larve has grovn to a length of 1.5 mm,, and the first molt
occure. The exuviae, including the vharyngeel skeleton, are
left in the mlne,

Mines of H. cruralis in thin, submerged leaves of Pota-
mogeton are equally visible from either side, and are most
readlily seen by examining the leaves with transmitted light.
Minee in coriaceous floating leaves are Just within the lower
epidermis and are viglble only from the lower side by use of
reflected 1light,

The larva selects fresh food. If the leaf in which 1%t 1is
mining dies, it cuts through the epidermis, migrates to a
greener leaf, end starts a new mine, Six second instar larvae
which were mining in a leaf that had begun to turn brown en-
tered a fresh, green leaf within 12 hours after it had been
sunplled.

That selection of newer, greener leaves also occurs 1n

nature is evident from repeated observations on Potamogeton

Richardsonii. A lower leaf often has a mine which contains

the cast exoskeleton of the first instar larva. The mine in

the leaf immediately above it contailns exuviae of the second
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instar larva. The next leaf 1s mined but emoty, and the
fourth leaf contains the mature lerve or the puparium,

Under laboratory conditions, the duration of the se-
cond instar is about 5 - 8 days; that of the third 1nster,
epproximetely 10 - 18 days. Then the mature larve usuvally
takes a position where the mine 1s in contact with the
midrib. The respiratory spines are ineerted into the
midrib, the body 1s contracted to assume the proportions
of the puparium, and the body wall sclerotizes in this posli-
tion. Two days later, the greenish puba is visible within
+he traneparent brown puparium. Ten - 14 days usually e-
lapse between cessatlion of larval movement and emergence of
the adult. During unusually hot weather, a group of &adults
once emerged only 8 days after cessation of larval movement,.

Emergence and early activitles of the adult, observed
during daylight hours ranging from 10:00 AM,., to 5:00 P.M.,
are as described for all 5 svecies in the introductory sec-
tion. Young flles, prodded to test thelr avolding reactions
15 minutes after emergence, escaped only by walking and by
darting an inch or two. 8lnce they could be forced to fall,
1t is evident that they could not fly effeetively. Thils
would geem to indicate that flies emerging in rough water
must suffer considereble hazard of drowning. Twenty-filve
minutes after emergence they flew readlly and well.

The adult feeds on Potamogeton leaves, chewlng small

holes in them. Scotland (1934) and Williame (1938) report-
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ed similer habits in closely related specles of Evhydridae.

However the fly 1s not exclusively vhytophagous. They often
dismember and devour the bodies of other flies which die in

the rearing bottle.

The reared flies mated within 24 hours after emergence,
and lald eges within 24 hours after mating. The 1life cycle
was completed several times in the laboratory. It had a
duration of 32 - 53 days; average of 2l records, 41 days.

In nature, the first adults of the season seem to
appear at about the 24th of Meay in Washtenaw County, Mich-
igan and cen be found continuously until approximately the
middle of October. Thus, at least 3 generatlons per sea-
eon are possible. However, no distinct emergence helghts
were observed. It seems that all stages of the 1life cycle
may be found on any date during late spring, summer, and
early autumn. A single plant from a summer collection may
herbor eggs, lervee of all three instars, pupae, and empty
puparia.

Larvae of H. cruralis were collected throughout the

winter in green leaves of P, amplifolius, the winter form

of which was described by Moore (1915) as follows: "In P.

amplifolius the tip ends of the brenches function as pro-

pagative structures . . . . These structures appear in the
autumn developing only at the tips of branches. The inter-
nodes zre short and thick and densely packed with starch.

At the end there are a few partially unfolded leaves whilch
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continue to grow slowly or, at least, remain green all
winter. These rapidly expend when the roots develop in
the spring and the entire structure forms an effective and
rapld means of propagation.'

When other leaves of the food plant turn brown and
begin to disintegrate in autumn some larvae migrate to
these propagative structures and enter the new leaves,
They become less and less actlive as the water cools, fin-
ally reaching a state of quiescence, Speclmens represent-
ing 211 3 larval instars were found thus hibernating 1in
plants beneath the lce, but no other stages of the life
cycle were collected during the winter. Speclimens col-—
1ected as larvae in midwinter and placed in an aquarium
at laboratory temperature soon became actlve, resumed
feeding, pupated, emerged, mated, and laild fertlle eggs.
Tn one instance, the larvae which hetched from such win-
ter eggs were also reared to maturity.

M#iiler (1922), failing to find the young larvae

of H. flavicornis, speculated on where and how young

Hydrellia larvae live. Willlams (1938) watched the de-

velopment of a single laboratory-hatched specimen of H,

wllliamsi, but to date very little is Xnown concerning

the biology of young Hydrellia larvae of any species.

Observations on laboratory-hatched and wlld speci-
mens of H. cruralis indicate that fallure to find first

and second instar larvae of Hydrellla in nature is pro-




bably due chiefly to the great difficulty involved in seelng
them., They match the color and optical density of leaves 80
perfectly that 1t is ver& difficult to find them even by care-
fully examining each leaf with a dissecting microscope. Af-
ter the lerva has been located by detectling movements of its
minute pharyngeal skeleton and mouth hook it usually takes a
few more seconds of careful scrutiny to distinguish the out-
line of its body.

The problem 1is further complicated in fresh winter col-
lections because the torpld larvae make no movements which
might disclose thelr presence. Within 24 hours after winter
collectione have been brought into the laboratory some lar-—-
vae can usually be found actively mining in the rolled lower
regions of pertially opened leaves., Careful examinatlon usu-
ally results in finding only a small fraction of the larvae
present, however, and 1t seems advisable to keep all winter
collections 1n aquaria at room temperature for 3 weekse before

making a final check for the presence of Hydrellia.

Some P. amplifolius, collected under 1ce 12 inches thilck
at Third Sister Lake, January 9, 1941, was carefully examined
after it had stood in a warm laboratory for 24 hours. Four
actively mining larvae of H, cruralils, 3 in third and 1 in
second instar, were found and put into a rearing bottle. The
examined plant material was placed 1n an aquarium which was
freshly made up with tap water and kept at laboratory tempere-

ture. On Jenuary 29, 20 days after the collectlion was made,
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a reexamination of the growing plants revealed 11 third in-
star larvae and 23 puparia of H. cruralis.
Hymenopterous parasites of 5 speciles were reared from

puparia of H. gruralis. The braconids Ademon niger (Ashmead)

and Chorebidea sp. 1, and the diapriid Trichoprie columbiana

(Ashmead) were encountered occaslonally to commonly during
their respectlve seasons, Single speclimens representing

Chorebidella sp. and an unidentified genus of the family

Pteromalidae were also obtained,

Hydrellia pulle Cresson

Johannsen (1935) stated that Moore had reared a specimen

of Hydrellia pulla from Potamogeton near Ithaca, New York.

The only other published note concerning the biology of this
specles appears to be that of Cresson (1944), who wrote, A
gecarce northern specles, assoclated with pondweed". This
record was probably based partly on Johannegen's published
statement, and partly on meterial reared in this investlga-
tion and sent to Cresson for jdentification on September 1,
1940, March 18, 1941, end October 27, 1941,

Specimens of this specles were collected in Cheboygan
and Washtenaw Counties, Mlchlgan. Larvae mine in the leaves

of Potemogeton amplifolius, P. gremineus, and P. Richardsonil,

Egg: (P1. I, Filg. 4) General shape like that of H. cru-
ralis except for greater thickness, and end opposlte micro-

pyle 1is pointed; 0.57-0.65 x 0,18-0.22 mm.; central yolk mass
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opaque, grayish brown color of variable intensity; gsurrounded
by narrow translucent zone; longitudinal sculpturing of chor-—
ion more vague and obscure than on H. cruralls eggs; terminal
micropyle projection longer than that of H. cruralls.

First Instar Larva (living): Cylindrical and tapering
abruptly at ends, with creeping welts consplcuous, protruding;
length 1,0-1.8 mm.; color grayish cream throughout; apparent-
1y l2-segmented; pharyngeal skeleton 0.18-0.,22 mm, long, dark-
ly pigmented in same areas as those of third instar pharyngeal
gskeleton, with diffuse pigment throughout all other reglons.

Second Instar Larva (living): Color and shape unchanged
except creeping welts less conspicuous; length 1.8-3.5 mm.;
pharyngeal skeleton 0.28-0.35 mm, long, with color pattern
gsame as that of third instar larva (Pl. IV, Fig. 5).

Third Instar Larva (living): Color and shape unchanged,
the latter like that of H. cruralis (Pl. III, Fig. 8); length
3,5-6,6 mm,; breadth 0.8-1.1 mm,; ventral esetal pattern siml-
lar to that of puparium (P1, V, Fig. 5); transverse rovs of
dorsal setae tend to concentrate toward intersegmental fur-
rows, but more dispersed than on H. eruralis; setal rows
curved and running in various directions laterally; posterior
end similar to that of H. cruralis, (P1., III, Fig. 6) with
terminal respiratory splnes short, anal plate ovolgd, but no
heavy, double spilnules on postanal reglon; anterior end
ghaped like that of H. crurallis, with 3-segmented antennae,

one-segmented inferlor tubercles, single medlan mouth hook
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and postoral tuft of fine halrs; pharyngeal skeleton and
mouth hook (Pl. IV, Fig. 5) 1light colored, and lacking hump
above chelliform black spot, pharyngeal sclerite 0.50-0,65
mm, long,.

pPuparium: (Pl. V, Fig. 5) 3.5-4.5 x 1.0-1.5 mm.; trans-—
parent light brown; ovoid, subecylindrical, lacking distinct
intersegmental furrows and scalloped appearance of H. cruralis;
setal pattern as shown and as discussed for larva; anal plate
slightly concave posteriorly with bluntly rounded ends, and
not so erescent shaped as on H. cruralls; respiratory spines
subterminal; pharyngeal skeleton (P1, IV, Fig. 5) as described
for third instar larva; pupa light colored, appearing yellow-
1gh brown through brown puparium, then turning darker and be-
coming almost black shortly before emergence,

Eggs were found in nature during June, July, and August
on floating or emergent porticns of food plants. They are
usually laid, like those of H. cruralis, slde by side in com-
paoct masses one layer deep, often in such concealed situations
as folds of leaves, ends of old mines, and 1in sheathing sti-
pules. In the laboratory, they were laid on emergent parts
of the food plant, free on the water surface, and stuck to
the side of the rearing bottle.

Embryonation is accelerated by increased temperature.
From 2 to 4 days after ovipositlon, the active larva becomes

visible through the egg membranes., The eggs hatch in 4L to 6

days.



The newly hatched larve enters a leaf and begins to mlne
et once. In 4 to 8 days 1t has grown to a length of about
2,2 mm.,, and the first molt occurs. Six to 10 days later,
the larva molts again. The exuvliae, inecluding pharyngeal
akeletons, of the flrst two insgtars are left in the mine,

Remarkable concentrations of Hydrellla sometimes result

from the larva's tendency to migrate into younger, greener

leaves. Three young leaves of P, amplifolius collected May

3, 1942, at Third Sister Lake, Washtenaw County, Michigan,
contained 8, 10, and 12 puparia, respectlvely. Eech plant
was composed of several tattered, brown leaves formed the
previous sutumn and one or two new green ones. Mines in the
old leaves were empty, the larvae having migrated into the
new leaves.

Under laboratory condltions, the duration of third 1n-
ster 1s approximately 8-15 days. Then the larva usually eX-—
tends the mine into contact with the midridb and parallel with
1t, inserts the resplratory spines into the midrib, and con-
tracts the body to assume the slze and shape of the puparlum,
The body well sclerotizes, end 2 days later the light colored
pupa is visible within the puparium., Ten to 15 days usually
elapse between cessatlion of larvel movement and emergence of
the adult.

It may be that emergence, which was observed repeatedly
through a disesecting microscopse, is hastened by radlatlons

from the microscope lamp. A remarkably high percentage of
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emergences were witnessed when compared with the percentage
of time that puparia were under observation, In thls process
there asre intervals of activity and of rest, The imago grips
the wall of the puparium with all 6 tarsi and pushes forward
until an anterodorsel portion of the puparium ("dorsocephalic
cap" of authors) 1s detached and the fly crawls out.

Newly emerged adults are unable to fly until a few min-
utes after their wings have expended. Young, flightless
adults of H. pulla avold the heat and intense light of the
microecope lamp by erawling onto the shaded sides of avall-
able objects. Adult flies in the rearing bottle exhibited
the amctlvitles described in the general section and for H.
cruralis.

Leboratory reared H. pulla mated and lald eggs within 48
hours after emergence, Life cycles observed had a duration
of 3L4-55 days; average of 7 records, L3 days.

Seasonal aspects of H. pulla are sglmllar to those re-
ported above for H. cruralis. Adults are found in Washtenaw
County, Michigan, continuously from late May through early
October. No emergence helghts were observed, This specles
passes the winter as a torpld larva in the leaves of 1its
food plants.

Apparently H. pulla is much less susceptlible to parasl-

tism than any other species of Hydrellia studled in thils in-

vestigation., Although H. pulla was often observed closely

assoclated with H, cruralis, the 2 braconid parasites Chore-

[
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bidea and Ademon, so freguently reared from the latter, were
never encountered in puparla of the former.l‘ The only specles
of paracite reared from puparia of H, pulla was the dlapriid

Trichopria columbiana (Ashmead).z'

Hydrellia luctuosa Cresson

Hydrellia luctuosa was described (Cresson, 1942) fron

specimens which I reared during this study. It appears that
the only other published note on this species 1s that of
Cresson (1944), who wrote, "A rare specles from Michlgan,
reared from pondweed". It seems probable that this record
was based solely upon the type serles which was reared durlng

the summer of 1941 and sent to Cresson during October of

———_—_—-———————-_————————————-—————-——-———

alis were found in a single leaf of P. amplifolius collected

in Third Sister Lake, Washtenaw County, Michigan, May 3,
1942. There was no case of parssitism among the 80 H. pullsa
puparis in this collection, but 12 of the 71 H. crurelis
puparia harbored braconld parasltes,

2. Tt is evident that Hydrellia may be used as food by

figshes. The stomach of a bluegill (Lepomis macrochira)

caught by R.C. Ball in Third Sister Lake, August 13, 1640,
contained 7 puparia all of which I examined and identifiled
as H. pulla, In another blueglll stomach, puparia of both

H. pulla and H. cruralis were found.
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that year.

Specimens of H. luctuosa were collected in several loca-
1ities in Cheboygan County, Michlgan. In the order of pre-
ference, the food plants of this specles seem to be Potamoge-

ton alpinus, P. zosteriformis, P. Richardsonii, P. amplifol-

jus, and P. natans, infestatlon of P. amplifolius and P. na-

tans beilng relatively uncommon.,

Egg and first instar larva unknown.

Second Instar Lerva (living): 2.0-3.2 mm, long; rela-
tively stout; graylsh cream color; pharyngeal skeleton simi-
l1ar to that of third instar lerva (Pl. IV, Fig. 1) in shape
and color, 0.26-0.31 mm, long.

Third Instar Larva (1living): Shape and color unchanged,
similar to those of H. pulla; about 4.2 X 0.6 mm,; ventral
setal pattern as shown for puparium (P1. V, Fig. 1); dorsal
and laterel setae abundant, in irregular transverse I'OWE,
generally dispersed; pharyngeal ekeleton (Pl1. IV, Fig., 1)
slender, heavily plgmented, 0.40-0,48 mm, long.

Puperium: (Pl. V, Fig. 1) Transparent brown; 2.7=3.6 x
0.,7-1.1 mm,; taper toward posterior end more abrupt than that
of H. bergi and H. ascita, not so abrupt as H. cruralis and
H. pulla; respiratory spines subterminal; setal pattern as
shown and described for larva; enclosed pharyngeal skeleton
(P1. IV, Fig. 1) as described for larva.

The eggs were not found in nature, and attempts to secure

them from reared flles were unsuccessful.
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The larvae mine in the mesophyll layer between the upper
and lower epldermis of thin submerged leaves, When, rarely,
they mine in floating leaves they work Jjust within the lower
epidermis and are vislble only from the under slde.

Little is known about the seasonal behavior of H. luctu-
osa. Puperle appeared in nature as early as July 3 in 1941,
and both larvae and puparia could be found throughout July
and August.

H. luctuosa 1s paresitised by *the diapriid Trichopria

columbiana, and by the braconld Dacnusa sp. 2.

Hydrellia bergl Cresson

Hydrellia bergl wes described (Cresson, 1941) from

specimens reared in this investigetion. The only other pub-
lished reference to this specliles seems %o be that of Cresson
(1944), who wrote, "Not a common specles, and known only
from Michigan, where it has been bred from pondweed®. Thils
record of Cresson 1is probably based upon the type series
which was sent to him on September 1, 1940, and upon another
lot of specimens sent for jdentification on October 27, 1941.

Specimens of H. bergi were céllected in Cheboygan,
Presque Isle, and Washtenaw Counties, Michigen. Learvae and
pupae were extracted from longitudinal mines Just beneath
the epidermis of stems, quill-like submerged leaves, and

petioles of Potamogeton natans, but were not found in leaf

blades. A few larvae were also collected from mines in stems
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of P. Richardsonil and P. zosteriformis.

Eges (P1, III, Fig. 3) Elongate, cylindrical, with ends
more nearly truncate than tlhiose of H. cruralis end H. pulla;
0.6-0.7 X 0,17-0.,20 mm.; longitudinal sculpturing of chorion
very evident on exposed side of egg, but obscure on attached
gide; micropyle inconsylcuous, subterminal, on exposed side.

First Instar Larva:l (known from exuviae only) Pharyn-
geal skeleton and mouth hook shaped and colored like that of
£1ird instar larva (Pl. IV, Fig. 3); pharyngeal sclerite
0.16-0.18 mm, long.

Second Instar Larva (1iving): Shape similar to third in-
star larva (Pl1. III, Filg. 1), relatively narrower than that
of H. cruralis; length 1.5-3,0 mm.; color greenish yellow;
pharyngeal skeleton similar to that of third instar lerva ex-
cept for emall size; pharyngeal gclerite 0.25-0.,27 mm, long.

Third Instar Larvae (1living): (P1. III, Fig. 1) Relatively
narrower and more elongate than that of H. cruralis, H. pulla,
and H, luctuosg; 5,2 x 0,58 mm,; color predominantly greenish
vellow, with 1intestinal contents often showing through as a
deep brown, surrounded by yellow orange area; ventral setal
pattern similar to that of puparium (Pl. V, Fig. 3); setae
cenerally distributed over dorsal and lateral surfaces of
pseudocephalic segment (p1. III, Fig. 2); posteriorly, dorsal
and latersl setse occur only in bands 1n intersegmental fur-
rows; the bands gradually become narrower posteriorly, the

last one which completely girdles larva belng in furrow



between first and second abdomninal segments; on following seg-

ments setae almost solely ventrel, except on last, which 1s
completely girdled by somewhat larger spinules; anterilor end
provided with structures illustrated and discussed under H.
crurelis; pharyngeal skeleton and mouth hook (P1L, IV, Flg. 3)
relatively stout, with definite hump above cheliform spot,
the posterior boundary of which 1s obscured by concentration

of black pigment; wvharyngeal sclerite 0, 42=0,52 mm. long;

posterior end more gradually tapered than that of H. cruralis,

with relatively longer respiratory spines; anal plate ovold.

Puparium: (Pl. V, Fig. 3) 3.5-4.5 x 0.8-1.0 mm,; btrans-—
varent light brown; dlstinctly more elonzgate and more gradu-
elly tapered posteriorly than that of H. cruralis, H. vulla,
and H., luctuose; respiratory splnes terminal; anal plates
ovoid with no concavity of posterlor margin; getal pattern
as shown and as described for larva; enclosed pharyngeal
skeleton and mouth hook as figured and described for larva;
pupa light colored at first, then developlng pigment 1n com-
pound eyes, then in body generally, becoming predominantly
black before emergence.

Eggs of H. bergl were deposited in the laboratory on
stems of P. natans and ettached to the side of the rearing
bottle., In nature a sinilar egg mase was found attached to
a stipule of P. natans. Unfortunately, none of these eggs
hatched, and no information was obtained concerning embryon-

ation, hatching, nor the newly hatched larva.
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In biologilcal aspects, larvae of H. bergl seem quite
gimilar to those of H. crureslis and H. pulla. Since the
stems in which they mine are thick and opaque, these larvae
cannot be found by exemination of plants with transmitted
light. ©Some mlnes can be located because the epldermis cov-
ering them appears gomewhat collapsed, and larvae were found
only after opening such mines. Puparia can often be detected
without dissec*tion of plant tlesue because the epildermls over
tnem bulges outward and the dark color of mature pupae 1is
often vieible through the epldermis.

Just before pupation the larve provides for emergence of
the adult by cutting a U-shaped incision in the epidermis of
fhe stem. A similer provision is made by the larva of Hydro-

myze confluens Loew (Needham, 1908; Welch, 191k4a), a scato-

phagid species which pupates 1n petioles of the yellow water
1ily. The incislons made by the larvae of these two gpecles
are similer in several respects, They are always cut in the
epidermis covering the enterior ends of puparia, Both types
are of such form as to produce 1ids whilch open readily when
gentle pressure 1s applied from within, Both types of 1lids
are atteched along the side nearest the posterlior end of the
puparium.

Provisions for emergence ln the two gpecles differ 1in

the following respects: (1) The incision made by H. confluens

is in the shape of an arc extending approximately two thirds

the circumference of an circle (Welch, 19148) and has con-
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vergent ends; the inclslon made by H. bergi produces a
U-shaped 1id which 1s elongated in the longitudinal axis of
the puparium and has parallel or slightly divergent ends.
(2) The epidermal lncision made by HE. bergi ls contlinuous,
leaving no strands of tlssue to hold the 1id closed untill
the time of emergence. (3) Since H. bergi pupates Just be-
neath the epidermis, there 1s no passage communicating be-
tween puparium and epldermal incision like that provided by

H, confluens, which pupates deeper withiln the plant tissue.

H. bergl 1is the only species of Hydrellila hereln dis-—

cussed which provides for emergence of the adult in the man-—
ner described above. This 1s probably correlated with the
fact that all other species of the genus reared during thils
investigation pupate in leaves, the epldermie of which is
relatively thin and delicate and easily ruptured by the
escaping imago.

In a few instances, puparia of this specles were found
with only their resplratory spines and posterior ends em-—

bedded in the Potamogeton stem, the grester part of these

puparia protruding nakedly 1nto the water. Such uncovered
puparia were invarliably found in leaf axils, where they
looked very much like axillary buds. Ferez (1901) described

a similar habilt in what appears to be a specles of Hydrellla

living on P. pectinatum in Europe.

In seasonal aspects, H. bergl 1s similar to the other

species of Hydrellla discussed here. Emergence 1s not in
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well defined broods, but seems to be continuous thfoughout
the summey. Both larvae and pupae were found in &all 8 col-
lections of P. natans spread through 2 summer months 1in 1940
as follows: June 10, 20, 29, July 7, 20, 28, August 1, 9.
Apparently this species passes the winter as a larva on the
food plant. Larvae were taken in Washtenaw County, Michigan
on May 3, 1941, ceveral weeks before adults were collected

in nature,

Braconidae of 3 specles, Ademon niger (Ashmead), Chore-

bidea sp. 2, and Dacnusa s8D. 1, and the dlaprild Trichoprla

columbiana (Ashmead) were reared from puparia of this fly.

Hydrellia asclta Cresson

Hydrellla ascllta was described (Cresson, 1942) from

flies which I reared during this study. Apparently the only
; other published reference to this specles 1is that of Cresson
(1944), who‘wrote, WBred from pondweed in Michigan. Rare."
Although not so stated, 1t seems likely that this record of
Cregson 1g based entirely upon the type serles which was
reared during the summer of 1941, and gsent to him for 1identl-
fication on October 27, 1941,

Specimens were found in Nigger Creek, Cheboygan County,
Michigan. Larvae mine in thin, submerged leaves of Potamo-

geton alpinus, the mines being equally vislble from elther

side of the leaf. Puparila which I am unable to distinguish

from those of H. asclta were found on P. amplifolius, P.




ancgustifolius, P. epihydrus, P. foliosus, P. illinoensis, E.

——

Oakesianus, P. Richardsonil, and P, zosteriformis. Cresson

included only the flles reared from P. alpinus in his type
series, however, and 1lndicated (unpublished correspondence)
that the others probably represent elther a variety of H.
agcita or an undescribed specles,

Egg and first instar larva unknown.

Second Instar Larva (living): Similar to third instar
larva in shape and color; length 1.2-2.4 mm.; pharyngeal
skeleton similar to that of third instar larva (Pl. IV, Fig.
2) in shape and color, 0.24-0.26 mm, long.

Third Instar Larva (living): Quite similar to H. Dbergl
(P1. III, Fig. 1) in shape, color, and setal patterns, but
smaller; 2.4-5,0 x 0.,6-0.8 mm,.; pharyngeal skeleton and
mouth hook as shown (Pl. IV, Fig. 2), 0.35-0.49 mm. long.

Puparium: (Pl, V, Fig, 2) Very similar to that of H.
bergl in shape, color, and setal patterns, but smaller; 2.8-
3,7 mm, long; enclosed pharyngeal skeleton and mouth hook as
11lus+rated (P1. IV, Fig. 2) and described for larva; pupa

at first light, becoming dark gray before emergence.

Egg masses resembling those of other species of Hydrellla

were found on P. alpinus., BSince the source of these eggs is
unknown, and since they falled to hatch, their identity re-

mainse in doubt,

Mines of H., asclta in thin, submerged leaves are equally

vislible from eilther side and most readily found by exanina-

tion of leaves with transmitted 1light.
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Little 1s known concerning the seasonal aspects of thls
gpecies. Puparla were collected on August 21, 1941, Larvae
and puparla were collected during the last half of July and
first half of August, 1946,

H. ascita 1s parasitised by two specles of Braconidae:

Dacnuse 8p. 3, and Chorebidella sp.

Hyvdrellia callginosa Cresson

Hydrellia caliginosa was described (Cresson 1936) from

gpecimens collected on the yellow water 1l1ily in Malne. The
only published reference to the blology of this specles ap-
pears to be that of Cresson (1944), who wrote, "A rare spe-
cies from Maine and Michigen. It ls associated with spatter
dock and pondweed.' Whlle not so stated, 1t seems probable
that the latter record is based upon a single speclmen
reared in this study and sent to Cresson for identification
on October 27, 1941,

The puparium of the specimen referred to above was eX-

fracted from a mine in a leaf of P. praelongug taken at

Ocqueoc Lake, Presque Isle County, Michigan, on July 13,

1941, Since this speclmen 1s the only H. calliginosa amnong

the hundreds of Hydrellis encountered during this study, 1t

appears that the specles either is rare in Michigen or that
it normally infests some other plant,
No further informetion was obtailned concerning the

biology of this specles. Neither egg nor larva was observed,
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Puparium: Trensparent brown; 3.45 x 0.95 mm.; elongate
and taepering gradually to the poeterior end like those of
H. bergl and H. asclta; respliratory splines terminal; dorsal
setae at lezst in intersegmental grooves of 211 abdominal
segments; ventral setal pattern similar to that of H. asclta
(P1. V, Fig. 2); pharyngeal skeleton (Pl. IV, Fig. 6) 0.46
mm., long, shaped somewhat like theat of H. ascita but more

extensilvely pigmented, opeaque black pigment continuous from

cheliform spot back to dorsoventral fork,

Notiphila loewl Cresson (Diptera: Ephydridae)

Several European authors (M#ller, 1922; Varley, 1937;
lennig, 1943; and others) have contributed to knowledge of

the biology and metamorprhosis of Notiphila. It seems that

larvae and pupae of most specles live in the soll in bottoms
of lakes, ponds, and streams and have sharp, hollow poster-
ior respiratory splnes by means of which they obtaln oxygen
from the intercellular gas spaces of aquatlic plants.
Apparently, very little is known about the lmmature

steges of Notiphila in this country. Johannsen (1935)

omitted the genus from hls key to larvae and puparia of adqua-
+ic Ephydridae and wrote, "Though the larvae of at least some
members of . . . Notiphila . . . are aguatile, they either

have not been described at all or have not been described 1in

sufficient detail to be included 1in the ebove key. The eggs

of Notiphila are laid on water plants." Cresson (1944, 1946),
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who presented blological notes on many of the Ephydridae,

discuesed (1946) 21 specles of Notiphile, but ventured no

statement regarding thelr biology and immature stages. Con-
cerning N. loewl, he wrote, "A relatively common speciles from
Canada, Maine, New Hampshire, Michigan, Minnesota, Ohilo,
I1linois, Tennescee, Florids, Wyoming, Colorado, Utah, and
Washington®,

In the present study, a few larvae and many puparia of
N. loewi were found attached to the roote of P, alpinus &and

P. Bichardsonili in several 1locelities in Cheboygan County,

Michigan. Puperla were also found on roots of P. pectinatus

in Cheboygan County.

Egg and immature larva unknown,

Mature Larva (living): (P1. VI, Fig. 1) Elongate, cylin-
driecal, tepered toward both ends; about 8.0 x 1.2 mm.; light
gray; cegments not distinct;: no creeping welts apparent;
metapneustic wilth posterior spiracles in the form of slits
near the tips of 2 hollow terminal splnes; anterlor end wilth
paired, 3-segmented antennae, jnferior tubercles, and mouth
hooks; pharyngeal skeleton (Pl, VI, Flg. 2) composed of
pharyngeal and hypostomal sclerites, colored as shown and
bearing 2 mouth hooks; pharyngeal sclerlte about 0.64 mm,
long, with lateral halves connected together by anterodorsal
bridge and both dorsal rods forked posterilorly.

Puperium: (Pl1. VI, Fig. 3) Cylindrical and tapered more

gradually to posterlor than to anterior end; transpearent
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brown; L4.,6-5.,1 x 1,4-1.7 mm,; terminal resplratory spines
conspicuous, about 0.18 mm, long; anal plate extendlng around
epproximately one-half the circumference of puparium, and
besring anus as midventral, longitudinal slit; enclosed
pharyngeal skeleton as figured (P1L, VI, Fig. 2) and as des-—
cribed for larva; living pupa at first light colored, later
dark brown, with red color of compound eyes conspicuous.
Little information was obtained concerning blologicel
aspects of N. loewl, Nothing was observed to indicate that

the larvse feed on Potamogeton tissues., The form of the

respiratory splnes and the fact that larvae and puparla were

found thus attached to Potamogeton roots suggest that these

flies may be dependent on plants for oxygen supply during

their larval and pupal stages.

Hydromyza confluens Loew (Diptera: Cordyluridae)

studles on Hydromyza confluens (Scatophagildae) by

Needham (1908) and Welch (191l4a, 1917) have revealed that

1ts normal food plant 1s the yellow water 1lily. They re- ‘
ported that the larva lives withiln 1ily petloles, feeds on

petiole tissues, and produces gall-like swellings., Pupatlon

occurs within the cavity excavated by the larva, the pu-

perium being completely covered by plant tissue,

A puparium which I found attached by its posterior res-

piratory plates to the roots of Potamogeton alpinus in Nigger

Creek, Cheboygan County, Michigan, June 25, 1946, was detached

from the root and placed on moist cotton in a rearing bottle.
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The freshly emerged male imago was discovered 13 days later,
at 7:37 A,M, After this specimen had stroked the wings and
body, 8tamped around, and rubbed the tarsi together for 1k

minutes, the wings expanded rather suddenly. This specimen,
dry and in very good condition, was killed and pinned 2 days

later, and has been identified as Hydromyza confluens Loew

by Fred M. Snyder, of Orlando, Florilda.

Except for the posterior respiratory plates, which were
covered by plant tlssue, the major portion of this pupsarium
projected into the flocculent, black silt bottom in & manner

similar to that of Notiphila loewi (P1. VI, Fig. 3). It 1is

evident that the respiratory plates were well embedded 1in
plent tisspe beceuse the puparium remained attached to the
root and ﬁ%s pulled up through the silt with the plant.

Under these unusual circumstances, development apparently

had proceeded normally.

Trichopria columbiana (Ashmead) (Hymenopteral Diapriidae)

Although ante serve as hosts of some species (Kiefer,

1916), moet Trichopria are internal parasites of Diptera

which represent many famlilies and inhabit wldely separated

geogravhic regions. African Trichopria have been reared

from Trypetidae (Rev. Appl. Ent., 1914), Stratiomyldae (Cros,
1935), Drosophilidae (Priesner, 1940), and Glossinidee
(Nixon, 1940). Other specles parasitize Micropezidae puparila

in South Americe (Ogloblin, 1934) and the Solomon Islands
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(Berg, 1947), and Javanese Trichopria have been reared from

syrphidae (Kieffer, 1907), Stratiomyidae (Bischoff, 1932),
and Tachinidae (Ferritre, 1933). Roberte (1935) and Scot-

1and (1939) reported Trichopria from Sarcophagidae and

Ephydridae puparia in this country.

Habite of the various Trichopria specles differ greatly.

According to Clausen (1940), most specles of this genus ovi-

poeit in fly puparia, but T. stratiomylae (Cros, 1935) in-

fests and kills the larva of its host. Some Trichopria de-

velop singly, only one parasite belng produced in each host.
Females of other species either lay several eggs in each
vietim or lay eggs each of which develops by polyembryony
into several specimens. Roberts (1935) got an average of

23 Trichopria adults from each parasitized sarcophagld pu-

parium, and Cros (1935) obtailned 293 parasltes from one host.
Apparently most specles of this genus and thelr hosts are
terrestrial insects, but Bischoff (1932) and others have
called attention to several which are aquatilc,

Although Trichopria columblana was described (as Diapria

columbiana Ashmead, 1893) more than half a century ago,

nothing has appeared in the literature concerning its blology
and host relations.

Specimens of T. columblansa were encountered in Cheboygan,

Presque Isle, and Washtenaw Counties, Michigan., Adults were

reared from puparia of Hydrellila bergl, H. crurelis, H. luc-

tuosa and H. pulla which were found 1in Potamogeton alpinus,




P. amplifolius, E. epihydrus, P. gramineus, P. natans, E.

praelongus, and P. Richardsonii. No host puparium was found

to produce more than one speclmen of T. columbiana.

The larva of T. columbiana differs from all other Hydrel-

1lia parasites encountered in 1ts fallure to consume all tlse-

sue within the puparium. An internal parasite, 1t leaves
the hostl's body wall inteect except at the site of its exit.
Presence of this hollow shell of host tissue within the pu-

parium readily distinguishes puparia vacated by T. columblana

from those which have ylelded elther Hydrellla or any ofther

species of parasite.

Wing buds, legs, bristles, and other pupal structures
prove that the remalins in some puparia are excavated bodies
of fly pupae. However, the majority of host remains lack
+hese characteristic pupal structures, end it is evident

+hat thecge represent elther Hvdrellia killed during the pre-

pupa stage (Snodgrass, 1924) or larvae of Braconidae known
to parasitize these flies, There seems %o be a sharp de-

crease 1n the yield of braconld parasites as well as that of

Hydrellia in late July or early August each year, as adults

of T, columbiana begln to emerge. On the other hand, second-

ary parasitism can hardly eccount for all the host remains
which lack pupal structures, since these remalns are rela-
tively rmuch more numerous than puparila which yleld braconld

parasites durlng any season.

Adults of T. columbiana emerge Dby cutting a roughly
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circular hole with theilr mandibles through the Hydrellla pu-

pariun. Although these emergence holes were not in the same
position 1in all puparia, they were located so that part of
+he dorsocevrhalic cap was removed in all 108 puparieae examined.

Ovipositing females of T. columbiena freely enter the

water in search of hosts. Their bodies seem to be covered
with a hydrofuge, oily film which enables them to submerge
without danger of permanent wetting.

Emergence and ovipositlon of T. columblana were observed

in the laboratory under a dlssecting microscope, A female

Trichopria was observed moving around within a Hydrellla pu-

parium and cutting an emergence hole. When the hole was
large enough she came out, experiencing some difficulty in
freeing her abdomen from some waste material 1n the puparium,
Then, stending on the vacated ruparium at least an inch be-
low *+he water surface, she brushed and preened her body and
wings with the tarsl as other freshly emerged insects 4o 1in
the air, dielodging some bubbles which adnhered to her body.
Presently she left the empty puparium and swam about
with hner legs, holding the wings motlionless over her abdomen.
The emvelope of alr which enclosed the mid-region of her
body and presumably suppllied oxygen for respiration tended
to buoy her up, and her body was constantly held at a down-
ward angle so that the swimming motions would counteract thils
tendency. After swimming for 10 or 12 minutes, she encount-

ered a puparium which contained a Hydrellia pupa. For at
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least 5 minutes, she walked around on this puparium, fre-
quently touching 1t with her antennae. Then, standing wlth
rhe tip of her abdomen over the center of the puparium, she
suddenly lowered her abdomen, vilerced the puparium with her
ovipositor, and seemed to make at leaost 6 more vigorous
thrusts.

Leaving this puparium, she swam around for several min-
utes, found another puparium, and repeated the performance.
Then she came to0 the surfsace and crawled out into the air.
No nmoisture was seen on her body, and she flew away after
resting only 1 or 2 seconds, At lezst 30 minutes had elapsed
between energence and the ftime she left the water,

A few days later, at 11:08 A.M., another Trichopria fe-

male was observed standing on an empty puparium beneath the
water surface, preening herself and strailghtening her wlings
with her hind tarsi. Since this rearing bottle had been
checked a few minutes earlier, it is evident that she had
just emerged. She swam about making no attempt to come to
the surface., Although she spent much time walking around on

some well matured Hydrellla puparia, feeling them with her

antennae, she did not oviposit in them. Forty-six minutes
later, she came to the surface and qulckly flew away.
Considering the great scarcity of males during late

summer, 1t seems probable that eggas leid by unmated females

of T. columbliana are capable of developling parthenogenetlic-

ally., Of the 137 adult speclmens examined in this investi-
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gation, 136 are females . There 3is no previous reccrd of any

male specimen of T. columblana, and thls sex remains undes-—

oribed. Sanders (1911) found that eggs lald by virgin fe-

maleg of the cloeely »elated Dliapria conica develop parthe—

nogenetically into males.,

This specles was not reared from puparia produced by
hibernating larvae of +the host nor from puparia collected 1in
the spring. Adults emexrged during the last week of July,

Auguet, and September fronm Hydxellla which had been collected

ag larvae or pupae dur-ing the summer. This may indicate that

T. columbiana hibernates as an adult and does not resume ac-

tivity early enough to parassitize the first Hydrelllia of the

season.
Pteromal i1dae (Hymenoptera)

A single specimen representing the family Pteromalidae,
but unidentified ae to ggenus, was reared from material col-
lected in Cheboygan County, Michilgen, in August, 1940, The

adult emerged from a puparium of Hydrellia cruralls which had

been extrected from a mine in Potamogeton amplifolilus.

Ademon niger (Ashmeasad) (Hymenoptera: Braconidae)

Information which hsas been presented (Rousseau, 1907;

Schulz, 1907, 1910; Heymons und Kuhlgatz, 1909) on the biol-

ogyv of European species of Ademon stresses their aquatic

habits and adaptations . Apparently A. decrescens 1s the only




specles whose host relatlons are known, It has been resred

(Thienemann, 1916) from puparia of Hydrellia chrysostoma &and

H. nigripes, and (Vaysiére,_1933) H. nasturtii.

Considerably less 1s known concerning the blology of
Ademon species on this continent. It seems that very little
has been published about the blology &nd nothing concerning
host assoclations of A. niger, Gahan (1915) stated that a-

dults were collected on duckweed (Lemna). Analostznia tenul-

pes, which C. F. W. Muesebeck considers synonymous with A,
niger (personal correespondence), was described (Viereck,
1916) from 3 females collected by sweeplng over agquatic vege-
tation near Washington, D. C.

Immeture specimens of A. niger were collected in Cheboy-
gen and Washtenaw Counties, Michlgan. Adults were reared

from puparia of Hydrellia cruralls, H. bergi, and H. ascite,

found in Potamogeton amplifolius, P. natans, P. aloinus, P.

praelongus, and P. zosteriformis,

Observations made during this investigation tend to sup-
port most of the statemente of Gahan (1915) regarding host
relations of the Opiinae. He wrote, ". . . the egg of the
parasite is apparently in all cases deposited in or upon the
host larva in one of 1its immature stages. In all instances
observed, the host larva completed its development and as-—
sumed the pupal stage before being killled by the paresite,.
The parasitic larva then underwent its transformation in the
puvarium and emerged at about the time when the adult fly

would have emerged."
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A. niger was reared repeatedly from Hydrellla which pu-

pated in closed rearing bottles 1n the laboratory. Some of

the infesgted Hydrellis were collected as lmmature larvae. In

all cases, infestation in the laboratory was imposgssible.

Infested larvae complete their growth and form normal
puparia. True pupatlion, however, doeg not occur, After for-
mation of *the host puparium, the narasltic larve feeds and
develops so rapidly that the entire hogt 1is consumed before
the transformation from prevunal (Snodgrass, 1924) to pupal
stage. About four days after the vuparium is formed the ma-
ture parasitic larva can be seen moving about slowly within
it. These larvae are gray with conspicunus spots of chaiky,
ovaque white., Less than 24 hours later, the lightly plgmen-
ted pupa 1s visible. Approximately 11 to 15 days elapse be-
tween formation of *the host puparium and emer:ience of the
adult oparsasite,.

The imago of A. nilger escapes from the host puparium by

cutting a roughly circular emergence hole with 1ts mandibles.

Thig hole is larger than thet made by Trichopris columbilana

end 1t is usually cut through the posterior part of the_dor—
sal cepvphallc cap &nd through the pupariunm immediately behind
it. When, rarely, this oarasite develops 1in & reversed posi-
tion in the vpuparium, 1t may emerge by cutting a hole near
the posterior end.

A pupsrium which has yielded A.nilger can be readlly i-
Aentified by its contents and by the slze and shape of the

emergence hole. This specles leaves only 1its transparent
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1srval and pupal exuvize and relatively large, dark, compact,
subevlindrical mass of excrement. This mass, the waste met-

erisl which accumuletes in the hind gut of the rarasite dur-

1

ing 1ts learvel and pupel ste

28, 1ls epested Just before emer-

"

rence.
Avparently A. niger passes the winter within the host

1arva. Three speclimens were reared from Hydrelilsa collected

as lervee in Third Sister L:kxe, Washtenaw County, Michlgen,
on March 30, 1942, It seems extremely unlikely that adults
of A. niger were avallsble to infest these larvae during the
two-week intervel between melting of the ice cover and col-
lection of this materiel, If adults of the parasite had
gpent the winter in hibernation 1t appesars improbable that
thev would emerge in *%tile snow &nd cold weather which persis-
ted et that time. Adulte wefe not observed in nature in

wushtenaw County until the last weekx of May.

A. niger swims like A. decrescens (Rousseau, 19C7), us-

ing only the lege and holdin: the wvings mectionless over the
ebdomen. One specimen was observed to stay under weter con-
tinuously for 35 mirutes, alternately swimning and walking on
+the substratum. A bubdble of =ir enclosed the mid-region of
its body beneatii the bases of 1lts wings.

The body of A. nlger seemes *to be covered with a hydro-

fuge olly film, Specimens emerging from the water apovear

dry and are able to fly ilmmedis*ely.

146



147

Chorebidea (Hymenoptera: Braconidae)

Insects of the genus Chorebidea (Chorebus of authors,

but not of Heliday) have not been recorded previously from
North America. The 2 new species designated here as Chore-

bidea sp. 1 end Chorebildee sp. 2 will be described in G. T.

Riegel's forthcoming revision of certain genera of Dacnusi-
nae.

European papers concerning biclogy of Chorebides (Rous-

seau, 19G7; Schulz, 1907, 1910; Morley, 1924) all stress
their agquatic hablfts &and adaptations. The only recorded host
relationships 1in theAgenus seem to be those of C. najadum and

C. natator, both of which were reered (Thienemann, 1916) from

Hydrellia chrysostoma which were mining in Potamogeton luc-

erig .

Specimens of Choreblidea sp. 1 were collected in Cheboy-

gan, Emmet, and Washtenaw Counties, Michigaen., Adults were

reared from puparis of Hydrellie cruralils found in Potamoge-

ton amplifolius, P. epihydrus, P. gremineus, P. nodosus, P.

praelongus, and P. Richardsonlii.

Adult perasites apparently oviposit into young larveae
of their hosts. Several specimens ware reared from Hydrel-
1ia which were collected ss immature larvae and kept in

gscreened conteiners in the lsboratory. The Hydrellia larva

completes its growth and forms a normel puparium. Then the
paracitic larva feeds and develops so© rapidly that its host

1s consumed without attaining the pupal stage. Lecs than 3




days after the puparium 1s formed the mature Chorebldea lar-

va is viseible within 1t. This larve 1is 1light pearl gray,
eppearing brownlish through the transparent brown puparium.

No host tissue can be seen at this time, and the absence of
jts charscteristic green color provides an easy means of mac-
rogcopically distingulshing parasitized puparia, About 24

hours later the Chorebidea pupe is vieible. It appears light

brown at first, but becomes much dearker as it metures. In
those instances in which both events were observed 10 to 15
days elapsed between formation of the host puparlium and emer-

cence of the adult Chorebldea.

Emergence of Chorebidea sp. 1 was observed through a

dissecting microscopre. A speclmen which was ready to emerge
weas discovered exerting pressure with 1its head and thus be-
ginning to loosen the dorsocephalic cap of the host puparium,
A1l 6 legs obtained anchorage on the wall of the puparium
end pushed simultaneously. The large mandlbles opened and
closed vigorously but without damaging nor even contacting
the pupariunm wall, There were intervals of rest and of ac-~

tivity. As the Chorebldea pushed the dorsocephalic cap com-

pletely free 1t popped out of the puparilum, broke through
the esurface film immediately, and flew away less than a
gecond after it left the water,

A puparium which has ylelded Chorebidea sp. 1 can be

1dentifled easlly by its contents and by the emergence hole,

Like Ademon niger, this specles consumes the entire host,

leaving only 1ts own exuviae and a dark, compact, subcylin-
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drical mass of fecal materiel in the puparium, However, the

emergence apertures of 74 puparia vacated by Chorebidea sp. 1

were found without exception to be of the type made by push-

ing off the intact dorsocephalic cap. The fecal mass is not

always present 1in vaceted puparia. It may in some instances

be voilded after emerience, OT 1t mey drop out of some ruparia
following escape of the paracsite.

Chorebides sp. 1 passes the winter within the host larva.

Adults were reared from puparia formed by Hydrellla larvae

which were collected in plants l1iving beneath the ice 1in
Third Sister Leake, Washtenaw County, in January, February,
and March. These larvse had evidently become infected be-
fore the lake surface froze the previous sautumn.

Adults of Chorebidea sp. 2 were resred from puparia of

Hydrellis bergl found in P. natans and P. Richardsonii in

Cheboygan County, Michigen. This specles is quite similar

+p sp. 1 in biology, nhost relationships, mode of emergence,
end appearance of its vacated puparia. Both species seem
nighly specific in selection of hosts. Although 5 gpecies of

Hydrellla were often found closely associated snd many Chor-

ebidea were reared from them, all specimens of sp. 1 ceame

from H. crurelis, and all sp. 2 came from H. bergi.

Chorebidells sp. (Hymenoptera: Braconidae)

G. T. Riegel (1947) erected the genus Chorebidella to

recelve the speciles under discussion here, and showed 1n hils



key how 1t differs from closely related genera of Dacnusinae,

Morphological characters of Chorebidea and Chaenusa are

combined in Chorebidella, and it is of interest that specles

of all 3 genera have been reared from Hydrellia. European

specles of Chaenusa were reared from Hydrellia by Thilenemann

(1916) and Karny (1934).

Specimens of Chorebidella sp. were collected in Cheboy-

gan and Washtenaw Countiles, Michigan. Two adults were rear-

ed from puparia of Hydrellla ascita taken from mines in Pot-

amogeton alpinus, and one from H. cruralls taken from P. am-

plifolius. The parasitized puparia were collected on August

21, 1941 and May 3, 1942,
Dacnusa (Hymenoptera: Braconidae)

Species of the genus Dacnuse (Dacnusinae) whose host re-
lationships are known are parasitic in phytoprhagous Diptera.
The majority of these dipterous hosts belong to the family
Agromyzidae and are leaf miners in terrestrial plante. In-
cluded in the list of hosts are a few specles of gall-form-
ing Agromyzidae and some leaf-éining species belonging to the
families Drosophilidese (Gahan, 1913; Frost, 1924), Antho-
myiidae (Frost, 1924), Ephydridae (Ruschka und Thienemann,
1913), Chloropidae (Rev. Appl. Ent., 1927) and Psllidae
(Nixon, 1937).

Two European specles of Dacnusa, one of which parasitizes

specles of Hydrellia, are known to have agquatic habits and
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adaptations. Rousseau (1907) and Schulz (1907, 1910) dis-

cussed the swimming motions of D, rousseaul. D. obscuripes

hag been reared from Hydrellia sp. mining in Potamogeton na-

tans (Ruschkxa und Thienemann, 1913; Thienemann, 1916),

Three species of Dacnusa wWere reared from Hydrellla pu-

paria during this investigation, Since none of these &are
described, it 1s not possible to refer %to them with specific
names. Bach seems to be restricted to a single host species.
They will be identified here as Dacnusa sb. 1, the specles

-

reared from puparia of H. bergl; Dacnusa sp. 2, which 1s

parasitic in H. luctuosa; and Dacnusa sp. 3, reared from pu-
paria of H., asclta.

Dacnuse sp. 1 was collected in Cheboygen County, Michi-
gan, during June, July, and AfAugust, More than 70 adults were

reared from puvaria of Hydrellle bergl extracted from mines

in Potamogeton natans and P, zosteriformis. None was obtain-

ed from Hydrellla of the other l4 species often closely assoc-

iated with H. bergl.
Dacnusa sp. 1 lays 1ts eggs in the larvae of its host.

It was reared repeatedly from Hydrellisa which were collected

as larvae and kept in closed rearing bottles. Infected lar-
vae complete thelr growth and form normal puparia. Then the
parasitic larva develops rapidly, killling and entirely don-
suming the host while 1t is in the prepupal stage. About 2
davs after formation of the host puparium, the mature para-

gitic larva is visible moving about within it. The larva 1s
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light gray, appesring brownish through the transparent brown
puparium. In eanother 24 hours, the Dacnusa pupa 1s visible.
The pupa 1s light brown at first, but gradually turns darker
as it matures. The adult varasite emerges 12 to 15 days af-
ter formation of the host puparium.

The imago of Dacnusgs sp. 1 escapes by cutting a trans-
verse slit around approximately half the clrcumference of the
metathoracic segment of the puparium. This gl1t is not near-
1y wide enough to allow egress of the parasite, which must
bend and temporarily deform the puparium in forcing 1ts way
out. In about half of the puparia examined the uncut arc of
the metathoracic segment was broken during emergence, and the
anterior end of the puparium was detached intact.

Puparia which have ylelded Dacnusa sD. 1l are readlly
distinguished from those vacated by the host fly or by any
other parasite. Whether or not the anterior end of the pu-
parium breaks off, the emergence aperature of this specles 1s
qulte charascteristic. Together with the ftransparent larval
and pupal exuviae of Dacnusa, & compact fecal mass simllar to

those left by Ademon niger and Chorebidea sp. is usually

found wlthin the puparium.
A female Decnusa sp. 1 which was observed under a dig-
secting microscope remalned submerged continuously for more

than half an hour, apparently oviposlting 1n Hydrellia which

were mining the stems of P. natans. BShe traversed the length

of each stem, touching it with her antennae at short inter-
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vals throughout 1ts length. The last few segnments of the an-
tennae were laild flat against the sten, moved ahead a few
millimeters, and agaln pressed ageinst 1it. When they touched
a spot within which a host larva was mining, the parasite
walked forward until the tip of her abdomen was opposite this
point, then suddenly thrust her ovipositor through the plant
epidermis and sresumably into the host larva. She apparent-
1y oviposited 1n pupae &s well as larvee, but these eggs
probebly falled to develoo. No Dacnusa was reared from a
puperium xnown to contain a host pupe.

Ags this female left one stem and attempted to walk a-
long the smooth glass bottom of the reering bottle to an-
other stem, she lost her footing and was carried upward by
a large bubble which adhered b=neath her wings. She count-
erscted *this busyant effect by swirming vigorouély downward
with 11 six legs, her wings being held motionless over her
sbdomen. Then she encountered another plece of mined stem
and repeated her earlier performance,

Then she finslly came to the surface, she broke through
+he surface Tilm essily, appeared dry at once, and flew away
within 1 or 2 seconds.

Dacnusa sp. 2 was collected in Cheboygen County, Mich-
igan, during July and August. Adults were reared from pup-

aris of Hvdrellla luctuose extracted from mines in Potamo-—

ceton alpinus and P. zosteriformis.




Like those of Dacnusa sp. 1, speclmens of this specles
lay thelr eggs in larvae of +the hos%t, which comvlete their
growth and form normal puparia before showing eny effects of
paresitism. The parasitic larvae then kill and consume the
hocste while they are in the prepupal stage.

In speed of development and appearance of larva and pupe

Dacnusa sp. 2 1s similar to Dacnusa SD. 1 but somewhat smal-

ler. Like sp. 1, i1t consumes all hos®T tissues and leaves on-
1y its own exuviae and a compact fecal mass within the pupar-
jum. However, this species differs in ite method of emergence.
Instead of cutting the puparium with 4its mendibles, 1t escap-
es like the host fly, by pushing off the dorsocephalic cap.

Decnusa sp. 3 was collected in Cheboygen County, Mich-
igan, during August. Adults were reared from puperia of

Hydrellla ascltea extrscted from mines in Potamogeton alpinus.

Although adults of this gpecles are easily distinguish-
ed from those of sp. 2, these 2 specles are gquite similar in
size, speed of development, appearance of larvae and pupa, and
me+hod of escape from the host puparium.

It seems probable that metamorphoses of fhe 3 Dacnusa
species discussed here are gynchronized wilth metamorphoses

of thelr hosts in a manner similar to that of D. areolarls

(Haviland, 1922). Haviland stated that the larva of D.

areolaris remains in its first inster within a troohic mem-

brane until the mature host larva ceases feeding and pre-

pares to pupate., Then 1its development to the aault stage

15
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takes place in a period equal to +he puparium stage of the
nost. The mandibles of vparasitic hymenopterous larvae in
general are beftter adapted for prehension than for masti-
cation, and some break down host tissue by a kind of exter-
nal digestion before feedlng upon it. As vointed out by
Havilend, however, thoss which delay their development un-
£11 the host organs disintegrate to reorganize into pupal
structures acquire a semiliguid dlet without predigesting

+the host tissue,.

SUMMARY

1. Limnological relestions of insects %o nlants repre-

senting 17 species of Potamogeton were studied in 5 counties

in the Lower Peninsula of Michlgan.

2. 1Insects of 42 species reared from Potamogeton are

1listed and the host plants of each recorded. Approximate-

ly 64 per cent of this feuna is phytovhagous; the remainder

includes parasites, insects protected by living within Pota-

mogeton tissues, and insects which drew oxygen from these
nlants.

3, The iden%tifled insects directly related to Pota-
mogeton belong to 32 specieg, including 17 species of Dip-
tera (chiefly Chironomidae and Ephydridese), 6 speclies of
Trichoptera, 4 of Lepidoptera, 3 of Coleoptera, and 2 spe-

cies of Homoptera. Odonate (Zygoptera and Anisoptera) un-—

identified beyond suborder and representing an unknown number
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of species hatched from egys found within the plants. Para-
sitic Hymenoptera of 10 species, at least 6 of which remain
undecseribed, were resred from the insects directly related

to Potamogeton.

L., The totsl number of species of insects found assoc-

1eted with each »nlent is as follows: E. alpinus, 13; E. am-

plifolius, 25; P. epihydrus, 6; P. filiformis, O; P. foliosus,

2; P. Freisii, 1; P. gramineus, 10; P. illinoensis, 5; P. nat-

ans, 23; P. nodosus, 6; P. Qakesianus, 3; E. pectinatus, 1;

P. praelongus, 10; P. pusillus, O; B. Richsrdsonii, 18; P.

Robbinsil, 6; P. zosteriformis, 7.

5. Plants of the genus Potamogeton suffer injuries of

various types due to infestation by these insects. The phy-
tophegous specles mine, channel, skeletonize or entirely con-
sume lesveg; burrow in, or gnaw away superficleal patches of
stens, roots, or flowering peduncles; or suck plant Julces.
Injuries from insects seeking shelter within plant tlssues
include etem-burrows of Chironomidse lervae, punchures from
ovipositors of Odonata, and defoliatlon by case-making lar-
vee of Lepoidoptera and Trichovtera. Larvee of Ephydridae
(Dipters) and Donasciinae (Coleoptera) plerce the epidermis
when they insert their respiratory spines to obtaln oxygen,
6. The biology of insectes found associated with Eota-
moge*on is treated in some detall. Variocus degrees of a-

guatic adaptation sre 1llustrated by Potamogeton insects.

Representetives of most of the specles studied hibernate as
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larvee, on or within host plente living beneath the 1ice.
striking differences in loceal vopulation densities of the in-
cect Tauna are presented. The Chironomidae are classified
here into 3 grouvs on the besils of thelr relations to the
nlants.

7, Immature stages of certailn specles are described and
illustraeted for the firet time. Attention is given to early
stages representing 7 species of Diptera recently described
from specimens reered in connection with fthis investigation
and to those of some other species the adults of which were
described previously. A key is presented to larvae and pup-

cris of Hyvdrelliaz (Evhydridee) found on Potamogeton.

8. Potamogeton specles supvort & lsrge and heterogen-

eous aseemblage of insects which are directly, intimately,
and in some instances probably obligatorily related to these

wlante.

o
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PLATE I

Distinguishing characters of Cricotopus

elegans and Glyptotendipes dreisbachl larvae
and pupae (GhironomidaeE

Flg. 1. Cricotopus elegans: Right mandible of larva
in dorsal view,

Fig. 2. C. elegans: Antenna of larva.

Fig. 3. C. elegans: Labial plate of larva in normal
convex shape. -

Fig. 4. C. elegans: Labial plate of larva, flattened.

Fig. 5. C. elegans: Ninth and part of eighth abdominal
segments of pupa,

Fig. 6. Glyptotendipes drelsbachi: Antenna of larva.

Fig. 7. G. dreisbachi: Labial plate of larva in
right ventrolateral view.

Fig. 8. G. dreisbachi: Right mandible of larva
in dorsal view,

Fig. 9. G. drelsbachi: Labial plate and right para-
lablal plate of larva in ventral view.

Fig. 10 - 13. @G. dreilsbachi: Mace-like processes on
' abdominal segments 3 - 6 of pupa,
respectively,

Fig. 14, G. dreisbachi: Comb at right posterolateral
angle of elghth abdominal segment of

pupa,
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PLATE II

Dietinguishing characters of Polypedilum
larvae and pupae (Chironomidae) ,

1.
2.

3.

kL,

5.

6.
7.

8.

9.

10,

1l.

iz,

Polypedilum ophioldes: Antenna of larva.

P. ophioides: Labial plate and right para-
Jablal plate of larva in ventral view,

P. ophioides: Right mandible of larva in
dorsal view.

P. ophioides: Comb at right posterolateral
angle of eighth abdominal segment of pupa.

Polypedilum illinoenses Labial plate and right
paralabial plate of larva in ventral view,

P. illinoense: Antenna of larva.

P. illinoense: Right mandlble of larva 1ln
dorsal view,

P. illinoensge: Comb at right posterolateral
angle of elghth abdominal segment of pupa.

Polypedilum sordens? Left mandible of larva
in dorsal view,

P. sordens: Lablal plate and right paralablal
plate of larva in ventral view,

P. sordens: Antenna of larva.

P. sordens: Comb at right posterolateral angle
of eighth abdominal segment of pupa.
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PLATE III
Eggs and larvae of Hydrellia (Ephydridae)

1, Hydrellla bergil: Lateral view of whole larva,
a. rl. Anal plate.

Ce W, Creeping welt.
P. 8. Pharyngeal skeleton.
r. 8p. Respiratory spine.

2. H. bergl?: Lateral view of anterlor end.of larva.
a. Antenna,
i. t. Inferior tubercle.
m, h, Mouth hook,

3. H. bergi: Egg.

k. Hydrellia pullat! Egg.
m, Micropyle.

5. Hydrellia cruralisg: Egg.

6. H. cruralis: Ventral view of posterior end
of larva.

a. pl. Anal plate,

a, 8. Anal slit,

Ce. W, Cresping welt.

T's 8P Respiratory spine.,

7. H. cruralis: Lateral view of anterior end
of larva,

8. H. cruralis: Lateral view of whole larva.
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PLATE IV

Pharyngeal skeletons and mouth hooks of
Hydrellla (Ephydrideae)

Fig. 1. Hydrellia luctuosa.
8.

Ce Cheliform spot.
. r. Dorsal rods.

m. h, Mouth hook.

Ve To Ventral rods.-

Fig. 2. Hydrellia asclta.

Fig. 3. Hydrellia bergi.
Fig. 4. Hydrellia crureslis.

Fig. 5. Hydrellila pulla.
a. Pe. Length of portion of pharyngeal
skeleton anterior to dorso-
ventral fork.

l. Total length of pharyngeal
skeleton,

8. Breadth of shank,

V. Do Dimension between ventral pro-
Jections.

Ve To Length of ventral rods.

Fig. 6. Hydrellia caliginosa.






PLATE V

Puparia of Hydrellia (Ephydridae)

Fig. 1. Hydrellia luctuosa.

a. plo Anal plate.
Ce W. Vestige of larval creeping welt.
r. 8p. Respiratory spines.

Fig. 2. Hydrellia ascita.

Fig. 3. Hydrellia bergi.

Fig. 4. Hydrellia cruralis. | w i
Fig. 5. Hydrellia pulla. |
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PLATE VI

Immature stages of Notiphila loewi (Ephydridae)

Fig. 1. Lateral view of larva.

Fig. 2. Pharyngeal skéieton and mouth hooks,

h. sc. Hypostomal sclerlte.
m., h. Mouth hooks.
P. 8C. Pharyngeal sclerite, showling

o total length.
Fig. 3. Lateral view of puparium, attached to root.

e Be Ploe Anal plate .
P. B. Pharyngeal skeleton.
r. Root of Potamogeton.

r. 8p. Reapiratory spines,
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