
An abstract of the emended thesis on "The mouth-oartz- end 

alimentary canal of Tr-i chopterous larvae in relation to 

their feeding habits." 

4\ detailed study of the larval habitats,food., 

feeding and digestive organs of thirty representative genera 

of Trichoptera has been made. The food has been classified 

according to the mechanical resistance it would offer to 

the feeding organs and it has been shown that the degree of 

carnivorien or vegetcirianien is broadly connected with the slez 

sharpness or bluntness of mandibles0  there is a rre,rk d 

adaptation of fore-gut structure to the kind of food 

ingested, hence in carnivores there is a tendency to 

develop a gizzard-like structure in the oroventriculus. 

The form of the stomodeal valve is elso shovel to be related. 

to the food. 

Histoloew and the type of digestive secretion in 

the gut of about twelve species has been worked out and an 

attempt has been made to correlate their general features 

with the food. Histological structure f the mandibular, 

maxillary and labial glands has been studied in the same 

twelve species as above. Digestive enzymes of the labial 
cf4itita 

glandeiwere also ex-mined. 

Previous theories concerning the correlation of 

morphological characters with feeding habits have been 
discussed. 
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Introduction. 

The British Trichnptera comprise 12 families and 

just over 60 genera. The biology of their aquatic larvae 
•••• 

has excited popular interest from a very long time, yet 

very little attempt has been made in England to study 

their habitat, fend, feeding habits and feeding organs. 

All the information that one can find is not more than a 

few scattered accounts of the damage done to weeds in 

ornamental ponds by these larvae. Slack (1936) has, 

however, very recently studied the food and some of the 

feeding organs of twelve species. But on the Continent 

and in America, studies on the larval food relations 

have been carried out nn a comprehensive scale. The 

earliest accnut of the larval feeding habits, I believe, 

aOpears in Rea ur's 'Historyof Insects' begun in 1734 

(see Miall, 1912,p.238 and 242). After him there is a long 

gap, until at the beginning of the present century Ulmer 

suggested, as a result of his studies, that there might 

be a connection between the feeding habits and the form 

of mandibles. Siltala (1907) went into the question more 

thoroughly, and his theory of the presence or absence of 

medial brushes on mandibles as indicative of the nature 

of larval food, is fmi1iar to all students of Trichopternus 

larvae. In America, the subject of larval feeding has 

been studied by Lloyd (1921) in a very comprehensive manner. 

The old family Hydropsychidae has been dealt with by Noyes 



(1914-15), and the species Brachvcentrus nigrisema Banks, 

by Murphy (1919). Branch in 1922 described the morphology 

of the alimentary canal in three larval ferns and towards 

the close of 1934 Batten edited a magnificant monograph 

which deals with all aspects of the American Trichebtera. 

The purpose of the present paper is to describe 
••• 

the fond, feeding organs, head-glands and the alinentary 

canal of a representative selection of the British 

species and to see if these several factors are correlated 

i's in any way. To facilitate cemparisim between - r; s larva! 

the alimentary system of Hydr psyche larva has been describ. 

ed as the type and descriptions of other larvae have 

been made with reference to it. HYdrepsvc4 was selected 

as type because it occupies a middle position with regard 

to its food and certain features of alimentary canal, 

and also because no other species was available (for 

checking some prints of anatomy) near Peshawar (India) 

where this work was finished. After this, an account of 

fond and alimentary canal of each species is given in 

tura according to its systematic position. This is 

followed by a description of the general features of 

feeding and feeding organs. The account of the mouth-parts 

is deliberately brief since they have been exhaustively 

treated by Rousseau (1921) and ethers. Finally, there 

is a general discussion of the relation of focamix mouth- _ 

parts and gut to the nature of feed. DetailsThf food, 



gut—measurements and enzymes in various species are shown 

nn tables given at the end of this paper. 

Material and Methods. Thirty representative genera 

were selected for study from all thetwelve native families. 

Identification of larval forms is a difficult matter; in 

many cases, therefore, the attempt to identify them was 

not carried beyond the genus. Even here, the tack is not 

always easy. I may quote Orcutt (in Betten, 1934) who 

concludes that "at present the work has not progressed 

far enough to admit of thorough classification even to 

genera". 

The larvae were collected from the following 

localities during different seasons. 

1)  Hampshire. The river Itchen, round Winchester; the 

Test near Romsey and Bnllingtonp the 

Kennet near Newbury. 

2)  Surrey— Ponds and canals near Wisley, Chobham, 

Chertsey, Datchet and Virginia water; 

the Mole. 

3)  Derbyshire— The Dove near Dove Dale. 

4) Westmorland— 	The lake Windermere and the streams in 

the district around it. 

Hampshire was the district mast often visited for cnllectio 

of larvae. 



The nature of larval fond was inferred mainly 
1.4  

from the contents of stomach. Since Trichopternus larvae 

tend to loose their natural preferences and become 

generally omnivorous in captivity, dissections were made 

either of freshly captured specimens or of material 

which was preserved in alcohol directly after capture. 

At least five specimens were studied in every case though 

generally a much higher number. 

For the study of the form of alimentary canal 

dissect nns were made nf freshly killed larvae in a late 

instar. For this purpose larvae had to be kept alive in 

the laboratory. A tank equipped with the appropriate 

weeds was set up and a current of air was kept passing 

through it constantly. The apparatus for forcing the 

air-current through the tank was devised and perfected 

by Brett (1936) and it never once failed during two years' 
awo 

constant use. This arrangement also enabled me, on 

favourable occasions, actually to observe4 the process 

of feeding in some larvae. For th+tudy of mouth parts 

the larvae, were boiled in KOHL  cleared aad preserved in 

clove oil. Mounts in Canada balsam were also made. For 

digestive enzymes the larvae were killed by decapitation. 

Histology of the gut and head-glands was also 

studied, and forms the chief addition to the old thesis. 

Over a dozen species representing all types of feeders 

(carnivorous, omnivorous, phytnphagous and diatom-eaters) 

10,  



were selected for microtomic study, though dissections 

were also made both for head-glands and alimentary 

canal. Double-imbedding of Bouin's-fixed material in 

cloveoil-celloidUt and 58 C. Wax gave fairly good 

serial sections. Since microtomic work was carried nut 

at a time and a place (May-June, Peshawar) where the 

temperature rose far above 100 F. almost every day, 

thin sections (below 8 microns) could not be obtained 

as a rule. Still, the cutting of them was facilitated by 

working the microtome near a block of ice a few hours 

just before and after the sunrise. 

About 30 new camera lucida drawings have been 

added and some old ones deleted. 

The larval habitat was studied in most cases, 

An examination, though rather cursory, was made of the 

flora and fauna imxfound in connection with it, in a 

much studied stretch of the Itchen near Winchester. The 

following plants and animals were recorded from this 

place during a visit in late summer. 

Phanerogans- 

1) Ranunculus aquatilis Linn. 

2) Nasturtium  sp. (water cress) 

3) 11.1,ppuris vulgaris Linn. 

4) Elode, canadense Michx. 

5) Callitriche vaba Linn. 

6) Veronica beccabuwa Linn. 



7) Sium sp. 

8) Phalaris arundinacea Trim. 

9) Lpmna Irioulca Linn. 

Brynphytes- 

1) FrAtinalis sp. 

2) Hvpnum ,p. 

Filamentous Algae- 

1) Cladopharil 

2) Vaucheria 

3) Ultothrix  

4) Oscillatorig 

5) Bulbochaete 

Diatnms- 

1) Gnmphnn ma cnn trictum Ehrenb. 

2) Nmnrphp, nmalis Kutz., 

3) Pragilarka capucina Desmaz., 

4) Navicula spp. 

5) q4;clasigmQ. 

6) .;mxledra, ulaA Ehrenb., 

7) Diatepa_vlagrt BrnY, 

8) lrabellarig, 

9) Cncenneqa Lacenlatum Ehrenb., 

10) Melnsira araaris Monre, 

11) Nkttzschia, 



••• 

12) Rhoicosvhgnia sp. 

Crustacean and Insect fauna- 

1) Cladocera, 

2) Copepoda, 

3) gammarus pulex  

4) AselluA aquaticus  

5) May-fly nymphs, 

6) Sialis  larva, 

7) Chironomid larvae, 

8) Trichopterous larvae, 

Mollusca- 

Limaaea sp. 

Na,  
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The Alimentary System 

aYWOPSYCHE sp. 

A detailed description nf the 

mnuth-parts, head-glands, and 

the alimentary canal '-if the 

selected type - Hydr.psyche. 



JLQ "111( 	- 	- 	 37 	411 ) 

The mandibl S 

ch mandible is a strongly ecl eroti zed appendfee;e 

of the head. In form it is like a hollow pyramid, the 

bese of which is triengula.r and attached to the head-

capsule by two condylic joints. 

The oondyle of the mandible lies on the posterior 

side of the rnendible rise and fits into an acetabulum on 

the heed, end, vice-versa, the condyle of the head fits 

into the lcetebulum of the mandible that lies on its enteric)] 

edge. 

The mandible is primarily 3 biting oreran and since 

it hinge is dicondylic it is oepeble of moving only in 

one plane'-- the transverse ;Anne, it develops strong 

adductor end abductor muscles thigh originate from the 

dorsel wall of the hoed end are inserted on the mandible 

on the anterior ooze of its base threubt the reediacy of two 

tendons. 

The mandibular teeth are di spo 

 

d in tv rows, .;;.; 

 

anterior and posterior, which lie along the mesal side 

of the mandible. The anterior row has /only a single 

apical tooth but the posterior row consists of four teeth, 
deereeet 

Immediately 4oieterior to these latter teeth is a convex mole: 

surface.There is a fringe of strong heir along the outer 

edge of the mandible towards its basal half.  

The structures described so far have a symmetrical 

development on the right and left mandibles, but on the 



moos]. edge of the left mamlible near its molar surface 

is a tuft of hair which is not prey t on the right mandible, 

The point is rather important since the eynesetry of these 

tufts is considered to furnish an index to the type of food 

a larve takes. 

Labrum  

The labrum is essentially a movable preitorel lobe 

of the head lying over the mentibles. In form, it is 

lett  broad and transversely elllpitici scleeite oineu 
7,-eieete 

to the front end of the clypeus by a mlebrane. Geo 	from 

the prostimal anglee of its spipharyngtel surface is a pair 

of short slender selerities celled the torrnae, Me exposed 

surface of the lebrum is grown over eith some email hairs 

but each of its distal angles hes a tuft of heir 'which are 

considerably long. 

The lebrum is capabl• of making both up-nd..don 

and forwa de fal debeekeerd moVenalt This is undoubtedly the 
wee 

result of muscles that inserted en it from the frons 

	 lowereilio 
The lower lip is formed by the union of the teo 

maxillae and the labuimc  and is articulated to the heed 

behind the insertion of the mandibles, The union of maxillae 

and labium is complete in the puiximel regio eat distally they 

remain quite apart from each other 

The base (proximal portion) of e 	maxi1iais 
divided into two parts by e line of flexture 	The more 

IL! 



basal of these perts is the cardo and the other is the 
sties.% 

The stipes has a trensverse and membrenoue 
peerimel eege, and bears, besides two LToues of very long 

heirs, a large maxillary paip Lind a arrlier mesal dice 

which represents the lacinia. The maxillary pale kes 

few heir on it and consists of 5 segnents which Leper 

towards the apex, 

The lebim is a trian6ruler pieces formes by the fuej 

fusion of the tiro S'cond me.xillee. It lies beteeen the 

first mt.-,xillee: end is joined to the posterior veil of the 

head without the mediac of a gu1a(hioh is absent in 

ydrieeeycle.9 Its baais is fo need by the mentors and sulenenteen 

The latter is a trianoile..r plate, the apex of which is 
turned towarde the heed •nd whose beee is united to the 

mentum. eb.e mentum has a squarish formireith a deeply 

biparti,6te distal edge neer which long hairs grow sparsely. 

the apex of the lbuim is formed several fused olementee.. 

the prementum, glossae and earetsloesae1  she palpi of the 

lebeure lie at the sides of the aperture for the labial gland 

and are very short and stumpy. 



glands cnrulected with tho m04litt7DFIrttfit . 	-f°  4-- 4 

Trichnpternus larvae pnssess certain glands 

which, since they open nn their mandibles, maxillae and 

the labium are known respectively aS mandibular, maxillary 

and labial glands. Typically a pair nf glands is developed 

in connection with each pair of the mouth parts but in 

4Y4roppyche the mandibular pair nf gland 4 is absent. 

1:41_,alaada 

These glands are paired, long and tUbular. Each 

lies in the body cavity along-side the gut, and is divided 

into two majnr parts:- the secreting part and the cendue-

ting part. The secreting portion prnduces the subOanea 

from which the larval net is manufactured. The digestive 

function of its secretion is more rw less cemplatelr 
4 

spessed. 

The structure nf the silk gland is quite simple. 

The greater part nf its length consists nf the secreting 

pertien whose wall is rune cell thick and the lumen midi. 
'of 

The nuclei nf the cells composing the gland are An% reund 

and comPact but appear broken nr branched into small 

irregular pieces. The secretion which fills the lumen nf 

the gland entirely is, as seen in mierotomic sections, 

homogenous and deep.staining. 

Bach gland passes into its &seta in the second 

thoracie segment. The nuclei in this region are of the 

ordinarykind being emnpaet and rnund. The duct becomes 



prngressively narrower as it approaches the head and finally 

unites with its fellow nf the nppnsite side to form the 

ailk.pre a in the labium. The structure elf the silk-press 

in Anab^lia has been described in detail by Lucas (13c)3); 

that rlf Hydrnpsyche is nnt very different. It is essentially 

an oblong and selerntized chamber enclosed within the 

united hypnpharynx and prementums its dnraal wall is invogi. 

nated sn that tn an external view it appears dnuble. Several 

muscles which should be able tn dilate the llmen nf the 

silk-press run between the press gad the walls nf the labium 

The labial gland finally ,pens 

WitabAi4A4&1 	the ti) of the loeivat. 

The maxillary gland is cnmparat,vely a 'Ivry small 

glad lying just in front nf the sub-nesnphageal faaglirm. 

It c^nsists If 4 finger-like lnbes, nf which the twn dorsal 

lobes are larger than the ventral nnes. The ducts carrying 

secretions from these lobes unite and open aL the base nf 

the labium. 

The mrixillaxy gland of illidrmiasyche  has been des. 

cribed by hiss (1)10) and Glasgow (1936) but they differ 

from each ether in regarding the gland as double and single 

respectivelys My preparatimns favour Glasgnw's view. 

The gland, very rmughly, would consist nf about 

200 cells. The individual cells are very large and cubnid 

in shape and dispnsed rnund a central c=al The cell pretn.. 



plasm is granular and, in a few cases, is seen tr be 

traversed by a fine intracellular canalicule which runs 
vaI 

tnwards the central canal and probably flnws into it. 

The nucleus is very large and lies tn one side nf the 

intracellular canalicule when the latter is present. it 

seems obvious that the secretinn nf the cells would prur 

into, the central canals and ultimately reach th mouth 

through the aperture nf the gland which lies near the 

base nf the labium. 



The mnrphology of the gut, in sane American and New 

Zealand specie,' has been studied by Noyes (1915), Branch 

(1922) and Glasgow (1936). That nf the EngliSh fnrms dnes nnt 

differ from them in any important respect,  

rhe kre.Org4 WritY 
In front of the true mnuth, which is the beginning nf 

et,mdaeai, there lies a space partially closed in by the 

labrum, mandibles and the united maxillae and labrum. This 

space is termed the pre-nral cavity and serves tn hold and 

nrienate a fnnd mnrsel before passing it intr the true mnuth. 

Since the terminal pnrtinn of the silk glands farms a silk- 

press which is cnmpletely contained within the body nf the 

united hypnpharynx and pfamentum, and, alsn, since it opens 

as far forwards as the tip of the labium, the salivarium 

fnms 	part nf the pre-nral cavity. 

ynre.zut  

The fore-gut nr stomndaeum extends from the mouth xt tK 

the front end nf the mid t which lies in the 3rd thoracic 

segment. It is divisible intro the fnllnwing mnre nr less well 
Ar• 

marked riginns: the Pharynx, crop, prnventriculus (Which is 

peculiar in Hydrnpsyche in developing a gizzard), end the 

stnmndaal valve . The last-named regi nn is hidden to view by 

the foare-gut wails, but is revealed when the latter are 

dissected away. The tissues iihich cmmpose the fore-gut walls 

are, beginmLn.g  from Vie nut4lide)1.0 (1) strands of 



muscles (2) a layer of longitudinal =sole (3) epithelium 

and (4) the intima lining the epithelium. 

Pharynx. The pnrtinn of the fare-gut which lies in the 

head is distinguished as the pharynx, and is cnntinunus 

with the posterior gut-divisions through the fnra-men 

magnum. The brain and the subne phageal.., g1nglinn lie 

about the middle f the pharynx d the eftnnectives 

uniting them go 
	it like a rind. The part of the 

pharynx in front of the brain is wider than the part which 

fralnws it. It is elan mnre heavily supplied with dilator 

muscles that run between it and the wall mf the head. The 

longitudinal muscles are present but much less strmngly 

developed. The epithelium is flat and the boundaries of 

its cells are indistinct. The intima which lines the 

epithelium mn the inner side is quite thin, and both the 

epithelium and the intima are thrown into lmftgitudinal 

folds which allow fnr the expansinn of the gutorimen when 

fond is taken in. 

The crop extends frmm 	sterinr end of the 
head to where the gizzard becnmes 

	
ible 	the walls 

f the prwmatriculus. 	per nc npha. us is not listing 
uishable. The folds nf intima which were sr cnnspicunus in 

the pharynx disappe:.,r, but farm again a the prnventriculu 

is apprnached. The epithelium is flat-celled. The circular 

muscles lie within the loingitudinAl muscles in this  
•-• 

re 	and grqdua y tain stranger development tnwrds 



the nnre posterior reginn. The crop is usually regarded 

as a passive organ for string fend before it is passed 
.00 

NU into the stnmach, but in view nf the strong deveinp-

ment nf the circular muscles and the intimal folds in the 

walls nf its more posterior pnrtinn, it caannt be sn re- - 
garded in Hydropsyche. The proVentriculus appears, tn an 

external views  to form the terminal portion nf the fnre 

gut thnugh actually the terminal pnrtinn is farmed by the 

stnmndeal valve which lies hidden in the mid-gut. It 

lies in the mese - and meta-thorikeic segments and would 

be about a fnurth nf the entire foregut in length. 

The Prnventriculus in Hydrnpsyche is characterized 

by the development nf zissard mechanism in it. The 

gizzar‘d.  is essentially a transformation nf the inngitudi- 
•Ne 

nnl 'nlds mf the intima into about 38 to 41 selerttized 

triangular plates ("teeth") such that their bases lie 
7  

against the wells 	the prnventriculus and their apices 

prnject intn itelumea. The walls nf the prnventriculus 

consist nf the usual muscle-layers,the longitudinal 

lying outside the circular. Cnrresponding with the develop 

-merit nf the teeth, the circular muscles Which gn round 

them attain immense prnpmrtimnS and appear like numernus 

parallel thick rings even to the naked eye. In a lnngi-

tudinal section nf the fore.gut the circular muscles are 

cut across their breadth and it is then seen that the 
thickest nf them lies nppnsite to the epices nf sclern- 



tized plates. Beth in front mad behind this level the 

crnss sections ef the muscle-rings are seen te reduce Zzlie 

gradually in size. The longitudinal muscles are not 

developed so strongly And dm rot make a uniferm layer 

being cut up into several bands running outside the circu-

lar layer. The precise form 2mam ef the gizzard is best 

cemprehended by taking a lnnk at fieu.-1 	have just 

new described it is a triangular plate, but it will be 

seen that the edges of the triangle are not quits 

straight but cilived generaily, and that the apex is not 

where the twn upper sides meet but is formed by nne of 

the aides projecting a little beyond the point nf their 

unien. Moreover, the upper sides exhibit abtuse serrae. 

tiens. Except far a small margin along its twn upper 

sides which retain their ewn brewn colour in strained 

preparations, the main body ef tc tooth takes the 

haematnxylin stain quite well. e;ach tooth, as its night 

diminishes both in front and behind, and it cmmes flush 

with the level nf the gizzard-wall, divides And sub.. 

divides into several ridges which pursue a linear course 

till they merge with the background. Of these ridges, 

these that run backwards (i.e., towards the stemach) are 

grove over with chitu spines at two levels ee that 

we get two well-markee annular bands nf anteriorly 

directed spines before the stemndeal valve is reached. 



The epithelium is differentiated into a rew ef specially 

brnad cells ehich runs beneath the whele length of each 
'61 

teethe 

The stomodeal valve. The stmmedeal epithelium, its intima, 

and some of the associated muscle fibres, instead ef 

stopping short at the beginning of the mid-gut seipfkrtte 

from they outermost muscle-lever, turn in towards thek 

lumen ef the foregut, travels forward for a shert distance 

and then turning back pass demn into the lumen '4' the 

midgut. After running do the mid-gut for some length, 

the whole cemplex is deflected nutwerd, and then trairals 

again till it comes te a final end near the anterior 

extremity of the mid-.gut. This cylinirical prejectien of 

stomodeal wall into the fore-gut and the mid-gut:censtie 

tutes the stomodeal valve. It is thus divisible into two 

parts:- (1), an anterior part, Which lies in the fore-gut 

5nd 2), a posterior part, Which lies in the midegut. 

eeither ofthese two parts, though described as cylindOti 

cal just now, are perfectly cylinderical. The anterior 

portion consists properly of tete discontinuous semicircu-

lar felda, and the posterior portion is usually crumpled 

up and divided by a longitudinal split all along the mid-. 
fto 	 ••• 	up. 

dlee ef its vented surface. In virtue nf the mode of its I 

formation the valve is double-layered. The space between 

the two layers is filled up with bleee and a few longitu-

dinal muscle fibres, and their free surfaces are covered 



with the stemedeal intima, The blood space in the tine 

parts of the valve is continuous aad it looks very 

probable that a contraction or expansion of one part 

would affect the size and the pesItien ef the other, and, 

hence be instrumental in blocking or letting open the 

aperture between the fereegut and the mid-gut. The intima 

f the *nterier part of the stemodeal valve is especially 

thick., end the surface of its semicircular iebes that is 

turned towards the stemedeal wells is grown over with 
••••• 	 'Yr 

leng chitinous spines pointing anteriorly. Abdidging the 

gap between the twe semicircular lobes on the vental 

side is a small hemieftemieml pretruberance on which can 

be seen numereus cuticular dote. In sectien, the epithe- 
Yof 

lial r inn in the semicircular lobes presentS a honey-

combed appearehee. This Is due to the tall epithelial 

cells being cue seeress their breadth. 

The walls of the posterior part ef the stemedeal 

valve are generally very much erumpled lad never perfect-
lr straight. The presence nf muscle fibres in them would 

indicate that, quite apart from their ability to act on 

the anterior portion of the valve threuelh pressure ef 

the fluid contained in the cavity, they can contract 

end obliterate their own inner passages end thus step 
•-••• 	 ••••/ 

the ingress of food frola the fore-gut into the mid-gut. 

en the other hand, they can relax and let the fond pass 

into mid-gut. The free edges of the valve (i.e. edges 



eleng the ventral split and the posterior end) are marked 

by a fairly wide bend ef cuticular dots running alongside 

them. 

The unit-al nf the fere-gut with the mid-gut is 

marked by the presente ef a ring Which is only a few cells 

wide. It is nnt visible from outside as a distinct regien, 

but in sections it is seen to lie just outside the base ef 

the stemndeal valve. Glasgow (1936) cnnsiders this ring tn 

be the terminal portion of the fore-gut and described an 

intima that lines its inner surface. I have not fnund on it 

any intima as described by Glasgow but the cells composing 

this ring are certainly different in shape ad size from 

those of the vetricular epithelium frem which thsy are also 

separated by a physical gap. 

A structureless membrane passes down frem near the - 	_ 
pesterinr-mnet level nf the tm'-deal valve well into the 

•110 	 %if 	op,  

posterior region of the mid-gut and envelopes within itself 

whatever fend there is in the mid.guts The membrane was nnly 

seen in same series ef sections though in ethers it was 

entirely absent. When present, it was never seen tn issue 

from the ring nf cells which lies at the front end of 

the mid-gut. In places, the membrane is seen to consist 

several layers. In all this there is nothing which is net 

reconcilable with the notion nf its being the peritrnphie 

membrane. :3everal authers have described instancesef the 

peribrnphic membrane arising frnre the general surface of 



nf the mid-gut epithelium and its being many-layered. But a 

mare seri'us difficulty in the way nf identifying it as the 

peritrnphic membrane is that here and there along its length 

it shows the presence nf snlitary nuclei. Unless these nuclei 

have just drifted to  t the membrane after detaching themselves 

from the gastric epithelium in the prcess of hnlncrine 
7Yit 

secretion it wnuld be hard tn regardi membrane as peritrnphic 

membrane. 

mid -gu't 

The mid-gut extends from the middle nf the metaPhnrie 

cic segment tn the beginning nf the 6th abdominal segment 

and is abnut qual in length tn the fnr-gut. It is cnmpnsed 
VP. 

nf fmur layers. The nutermnst layer is one nf lnngitudinal 

muscles  inside it lie here and there the much less pnwerfully 

developed circular muscles fibres, then comes the basement 

membrane, and finally there is the layer nf epithelial cells 

Which fr'rms the actual lining nf the mid-gut cavity. Glasgnw 

(1936) has nnt been able tn decide whether circular muscle 

fibres were present in the mid-gut nf Hydrweirche qamm194 

is iewbaland species) but in the Jnglamd species, at any 

rate, they are clearly demnnstrable. 

Coming to grosser differences first, the epithelial 

tissue, which is seen (in lnngitudinal sectinns) to run 
	1 

perfectly straight in anterinr half nf the mid-gut, assumes 

a wavy nutline in the posterior hpaf. The wavy cnntnur is 



not shnwed by the nuter muscle layers se,  that, viewed from 
is 

mitside, the pnsterinr half nf the mid-gut wau1d be without 

annulatinns and appeansquite as smooth as the anterior 
'er 

reginn. This cnnditimn nf the epithelial tissue in the 

pnsterimr reginn nf mid-gut thnuel seen in mnst lnngitudina) 

sections, is by nn means invariably demnnstrable. This wnulc 

seem tn indicate that the wavy appearance was just a phase, 

due tn the contraction nf longitudinal muscle fibres. But 

nn the ether hand the wavy appearance in the pnsterinr 

region nf the mid-gut is a fairly c'nstant feature nf 
nearly all the TAchnpternqs  larvae studied. 

The epithelial cells are nf two kinds:- (1) the 
digestiveells and, (2) the regenerative cells; goblet 

cells were never seen. The digestive cells are quite tall, 

being abut 8 tel 10 times as long as brad. The intercellu-

lar walls are rent always discernable but differences nf 
shade in the stain which protoplasm takes, easily di sting 

uish one cell from the mther. Each cell appears to contain 

several nuclei. This may be due to several superimposed 

cells being viewed at-nnce in thicker sections but this 

state is also apparent in sectinns cut at 4 micrnns. The 
basement membrane is quite thick and, in a few places in 

enme longitudinal sectinns, clear square spaces nf unknown 

nature have been seen just belnw it. Snndgrass (1035, Prim 

-iples nf Insectinrphnlngy) has borrowed a figure ^f the 

mid-gut nf Ptychnptera cnntaminatnr  larva frnm Van Gahush- 



ten (1890) *Ida Shows such spaces but he does net say 
anything about them in the text. The upper surface ef the 
epithelial cells is limIted by the presence of a striated 
berder. rhe striatnns are very minute .1nd run parallel tn 
the lung axis ef a cell in sectien. The striated border is 
generally continuous ever the surface ef the epithelia). 
tissue exceptexcept where secitien prnducts nf a cell (in the 
form of vecicles) escape through it int" the lumen ef the 
mid-gut. The protoplasm is generally granular. The nuclei 

are net confined to any definite level of the epithelial 

cell, but occur anywhere frem the top t- the bettnm. 
recaeionallyo cleer vacuoles are seen near the topmost 
level nd a cell. 

A few nuclei ef snaller than average size are 
fund scattered here And there near the bases ef the 
epithelial cells. It is presumed that they represent the 

regenerative cells which by their preliferatien contiaual 

add tn the epithelium as it degenerates in the course of 

metabnlic activity. The tendency ef the regenerative cells 

to collect into nidi seems lacking in 4ydrepsychs 

DA4NstlyeAAcre1iags  of the spiths4um 

The evidence of digestive secretion is furnished 

by the presence of small garaular vesicles that are pro-

duced and let loose by the epithelial cells into the lumen 

nf the mid-gut. In certain series nf sectiens they were 

found to be very abundant, While in others they were hardly 



- 	7Ktiu 
nnticeable. This would show that the secretion of diges- 

tive vesicles, nr at least an active secretion of them, 

was not a cnntinunus process but cenured only at 

intervals. 

There cannnt be any drub t that at least same 

nf the O secreinn-prnducts escape in a perfectly fluid 

state through the striated bnrder nf epithelium into the 

mid-gut cavity and therefore do not leave any physical 

traces in histningical preparations. For this reason a 

positive evidence of the histological kind would be 
••• 

difficult to obtain for this process. But other processes 

that are cnmmnnly accepted as digestive processes are not 

Zir_ illusive and leave palpable indications nf their 

nccurance. cf suchfi the various types nf vesicular secre-

tinn afford an instance. 

The commonest method by which the secretion 

products are discharged into the mid.gut cavity is the 

production of buds from the upper surface of the 

epithelial cells. These buds contain deeply staining 

granular matter and after growing to a certain size get 

constricted from the parent cells and float *way into the 

lumen of the mid-gut. A. much less common method is one 

in which the separated bud contains a nucleus in it. This 

latter is evidently not a process of '3our:Lng_o4t  of 

secretion from the body IT the cell, but 	the actual 



removal of an integral part nf the cell itself. The 

processes described above represent what is generally 

accepted as helncrime type nf digestive secretion but 

this tnterpretatinn has been challenged by many cnmpetent 

wnrkers. Clear vacuoles containing a few dark granules 

are also seen in certain epithelial cells during the 

phase nf secretinn*. In a phase nf *intensive eecretien 

the epithelial cells have often (but net always) been 

seen to get reduced in sine. The mid-gut of Eydropsyche 

has nn differentiated gastric caeca. 72ven the cells which 

cempnse the epithelial tissue are uniferm in size and 
itre 

shape (the regenerated cells are, nf course, excepted). 

There are, thus, tn all appearance, nn specialised 

regions or even cells set epart for (1) the secretion of 

digestive juices r (2) the absorption of digested fond 

particles. It may, therefore, be cencluded, that in 

Hydrnpsyche the same cells perfnrm bath functions as the 

occasion demands. 

giadmaUto 

The two majnr divisiens of the hind-gut (which 

are also the most easily recngnieed ones) are the enter-

±.r intestine en d the posterior intestine. The anterior 

intestine which includes the ileum and the onion is a 

tube about half as wide as the mid-gut and its passage 

into the brned, sac-like poOterior intestine is marked 

by a cnnstrictinn. The wa14 of, sthe posterior region of 
_eatteAL  

the rectem are produced into fauramal gills which can be 



pulls* protruded outside nr drawn into the rectum. Just 
over their insertion are muscle bands running between the 

bedy-wall and rectum. There is mu dh confusion regarding 

the terms used by various authors tn describe the parts 

nf the hind-gut. In my descriptinns I follow the terminn-_ 
lngyadopted by i)nn -rocs which I find more enmpreheneive. 

-es 
Malpighien tubules.There are six palpighlan tubul 

Tat) oithem nriginate distinctly separately from the Vent- , 
ral surface nf the gut, but the other fur appear to erise 

in two pairs, right and left, although even here the 

nrifice nf each remains distinct. The region from where 

the malpighian tubules 'pen into the hind-gut is not 

specially distinguished from the adjoining area. It is 

true that the terminal pnrtinn nf the ventricular epithel- 

ia curves slightly int^ the lumen nf the gut but it 

would be hard, \tm imagine that a weak curvature like that 

cnuld act as a 'valve (4 Glasgow's so called pyloric valve 

in RydroPSycha). The adjaoent proctodeal epithelium is 

also. mithout ma anular fold nf any considerable size. A 

pyloric val,ve mast, therefore, be regarded as definitely 
•a• 

absent. in Hydrnpsyche. The epening of each malpighian 

tubule $ Is limited by the epithelium rf the mid-gut on 

its anterior side and by the epithelium of hind-gut on its 

posterior side. The latter forms a distinct protuberance 

on the posterior side of the opening of the malpighian 



tubules and pnssibly serves as a valve try it. 

The malpighise tubulcei itself is a leng, narrow 

and wavy tube lying freely in the bedy-cavity. It travels 

as far forward as the thoracic regimn gad then turning 

back ends semewhere in the hinder regien nf the abdemen. 
is* 

Areas of deep aad lighter colour alternate nn its body 

all au. itssinunus"course. Its wall is cempesed nf a 

single layer of cells in Which the nuclei ere fairly 

large but the inter..cellWar walls are not distinguishable 

There is a. striated border en the mesal surface nf cells 

very much like that seen in the cells of v4ricular 

qpith*lium. Glaegnw (1)33) regards the malpighian tubules 

as out-growth', nf the mid-gut. 

The walls ef the hind-gut consist nf muscle e 

layers en the eutside and e flat epithelium lined mesalAy 

by cuticular intima en the inside. The musculari.s in 

general consists of lengitudinal muscle fibres lying eute 

side the circular fibres but here end there one er the 

ether kind may be missing. 

In the region rf  ileum the epithelium is semee 

what celumner but it is net sr tall as it is in the 

midegut. At the extreme frent and, the cells censtituti*g 

it are abut twice as tall as breed, but very seen the 

two dimensions become eouai and continue thus fnr a 

considerable length of the ileum. The intima in the 

ileum is quite thin. There are six longitudinal folds in 



the wall rf the ileum which are feeble at first but 

become stronger towards its psteririr end. 

In the colon the longitudinal fnlds become very 

thick and compact. Alen the circular muscles develnp 

cOnsiderably end appear to act as a sphincter, The epi-

thelium looses its intercellular walls Ind nuclei attain 

a larger size. The rectum broadens nut atnnce from the 
.01 

point where the colon ends. 

A majot portion of the rectum formgthe rectal 

saes  the walls of Which are irregularly folded. Lrth 

circular and longitudinal muscle fibres are present in 

ita walls. The posterior tkpular region which lc nearly 

devoid of muscularis, is held to the walls of the 1,v;t 

abdominal segment by a pair of lAeral muscle bands. In 

this region the rectal wall is produced into 4 anal 

gills which has the same histningical structure as the 

rectal tube. There cannot be any tuive doubt that the 
Ake 

muscle bandsreferred to just now sarve to draw the 

rectal tube and the assnciated gills into the body of 

the larva. 

The anal opening is situated on the pnaterinr 

edge of the 9th#abdominal segment between the bases of 

anal styles. It is not a definite aperture like the 

mouth, for it would be surrounded by different regions 

of the rectal tube according as the gill1 are extruded, 

or partially or coivlately withdrawn, 



DETAILED STUDY CF HABIT.4 FOOD, AND, 

STRUCTURE OF GUT AND HEAD GLANDS IN 

DIFFERENT TRICHUPTEROUS LARVAE, 



RHICACOPH;IplW  

RHYACuPHTIA,  probably, Dox-ALis  Curt. 

Habitat 

The larvae are found pc,the swiftest parts nf 

Hampshire rivers both in dep end shallow water, most 

generally en the lower and eroded surfaces nf big stones. 

They do not build any nets and gr about in active search 

fnr their prey. In summer, 1935 when some weeds in the 
e 

river Test harboured a host nf Chirmemid larvae, ahvAge- „ 
ajas larvae were nbserved crawling abeut among them, 

though were also present under atenes. It was interesting 

te discover that they did not thew any difference in their 

fend in these two habitats (Table 	). 

The specimens were taken frnm the fallowing rivers 

in Hampshire:- 

(1) The Itchen near-Winchester, 
(2) The Test near hemsey, 
(3) A tributary of the Test tear Bellingten, 
(4) The Luddnn near Basingsteke. 

The haeltel we similar in all c e with the 

exceptien eireac3y n'ted. 

aatit 

The feed is mainly furnished by the insect larvae 

of the streams. The ameunt of vegetable fend taken is 

lahyacephila then is, fer all practical purpnsee 

a purely cernivereus form. The presence nf parasitic pretee 



sem 	egarinae) was noted in many stomachs. 

rat nfut 	" 
The slender fnre-gut ends near the pnsterior 

border nf the second thoracic segment. The mid gut elan 
quite 
is/slender and has twice the length nf the fnre-gut. The 

hind-gut which begins in fifth abdominal segment, has a 

nearly uniform calibre throughout its length, the distinc-

tinattherefere, between the anterior and pnsterinr intes-

'Ines is rather difficult to make externally. ix anal 

gills are present at the end of the gut. 

F re...mutt  

Distinction into oesophaguscrop and proventri-

culus is not quite clear. The fore-gut walls have the 

usual histological structure but the muscularis and intl.-

ma are very thin except near the posterior end where 

both of them attain a relatively strong develnpment.The 

stomndeal valve is double.-layered, but is short and 

leaves a vide aperture. Its intim* is quite thick and 

the epithelium somewhat columnar. 

Apparently, there Is no special ring of cells 

jnining the fore-gut to the mid-gut. 

Mid-zutt  

In the muscularial  the circular fibres hate a 

very feeble develepment. The nidi are compact end occnur 

along the whole length nf the mid-gut. The digestive 



cells are cnIumnar but are somewhat becular in nr't 

having a uniform height. Grnups 'f very tall cells 

(about 12 tn 15 times as high as brnaa) alternate with 

groups of much Shorter cellp (about twice as high as 

broad) . The former grnups are large but the latter are 

quite small units of a few cells each. In virtue of the 

larger and the smaller cell-groups occurring alternate-

ly, the epithelium presents a wavy outline in longitu-

dinal sections. The nuclei lie at about middle height 

in all cells, but, in keeping with the form of each 

kind, they are either drawn nut and elliptical, or just 

round. The mesal surface of the epithelial cells has an 

unusually wide light-staining border in Which striations 

are nnq'llr'74 distinct. A peritrophic membrane wag never 

observed. In neither of the two larvae that were 

sectioned, were the secretion vesicles visible) 

positive information, therefore, cannot be given on the 

type of secretion, in RhyacmohilA. The structure of 

mid-gut wall as represented in sections presents certain 

differences in the two larvae studied which I find 

difficult to understand and reconcile. It is unfortu-

nate that more instances could not be studied to under-

stand the nature of these differences. The differences, 

however, are stated below:- 

(1) in one larva the shorter epithelial cells 

resemble the goblet cells very much and indeed may be 



goblet cells; in the other, no such firm is taken by the 

shorter cells. 

(2) Although it is equally difficult to see the 

basement membrane in either lorva, in one of thimnnume-- 
rous large clear spaces occur regularly beneath the 

epithelium the nature of Which is not clearly understood. 

Small nuclei are present here and there in the substance 

intervening between these spaces which makes one suspect 
iS 

that thi perhaps a peculiar form of connective tissue. 

Hind-tut 

The malpighian tubules are equidistant at their 

insertins and open into an annular fnld at the beginning 

nf the hind-gut. The fold may be taken as representing 

the pyloric region of the hind-gut. As in some other 

forms, the anterior wall of the fmld is formed by a 

slight mesal projection nf the ventricular epithelium, 

and if this projection is to be regarded as the pyloric 

valve, it must be obvious to any-one that it is a valve 

of rather ineffective kind. The rest of the hind-gut 

has the usual kind of flat epithelium, intim& and 

muscularis. The rectum is attached to the body-wall 

between 8th And 9th abdominal segment by means of 

muscular strands Which would, no doubts  be functional 

in retracting the anal gills into the hind-gut. 



Each labial gland has a pair of accessory 

glands at the beginning of it discharge duct. 

Both mandibular and maxillary glands/present. 

Both of them are paired but the maxillary pair is much 

larger then the mandibular. 

Each mandibular gland lies in the lateral side 

of the head capsule near the compound eye. It is a small 

gland consisting of a few long cells grouped round a 

central canal. Each cell is pieced by a fine canalicule 
el 

which is lined by intima and opens into the central 

canal of the gland. The nucleus of each cell lies near 

that end of it which is directed away from the central 

canal. This end of the cell is often curved. The 

protoplasm surrounding the canalicule shnws striations 

which run at right angles to the length of the xutar 

canalicule. Each gland opens near the outer articulation 

of the mandibBle on the head capsule. 

The maxillary gland is also paired. Each gland 

lies near the sagAttal plane of the head just in front 

of the suboesophageal ganglion, but,etravels outwards 

to open near the base nf maxilla. It has same essential 

structure as the mandibular gland but the central canal 

is much wider and the cells surrounding it are more 

regularly arranged. 
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In certain tracts of the Itchen the larvae are 

found in very large numbers on the upper surface of 

stones in shallows where the current is not very swift. 

Completely covered w±bb by their relatively huge and 

dome-shaped cases, they progress in water very slowly 

and, t,  a casual observer, would indeed give the impres. 

sion of being fixed objects. Most of the material was 

taken from Hampshire streams, though some came from the 

Lake Iindermere. 

FOQd 

The major bulk of the gut-contents is formed by 
of 

diatoms„/Which the following forms are noted:. 

(1) Qqmphenenia sp. 
(2) NaVicylgrep. 
(3) A 4Ae! 	evags 
(4) rab larie sp. 

Inside the gut, they t,rm compact masses in aa unrecog-

nisable medium, which may be the solidified secretions 

of gut or some extraneous matter, but very probably the 

former. These mars disintegrate on the touch of 

dissecting instruments mainly into diatoms. Occasionally 

bits nf branching algae (especially Cladophora) are 

noticeable. 

?or nf gut 	*r t+) 

The fore-gut has very delicate walls lying in 



close contact with the nervous systems  'which makes the 

dissection of this region rather/difficult. The regirns  

of phprynx, oesophagus and proventriculus are fairly 

distinct. The folds of stomdeal intima are weekly devalio 

oped. The stemndeal valve is bipartite and thickest, bUt 

leaves a fairly wide gap in the centre. 
40 

There is nothing of histological interest in the 

structure of fore-gut except that the posterior-mOst 

level nf the stomodeal valve, 	
a- 

develops am dispropoetiana -T 

tely thick intima. 

41A1-4qt  

The mid-gut is about three times as 2sMgm long 

as the fore-gut. The ventricular epithelium is boad and 

shorts  and better described 	square than eolUmnar. The 

nuclei are large and round and are generally placed neer 

the base of cell than its middle. The striated border is 

distinct and well developed. The regenerative e' 

occur after comparatively long intervals and gen: 

lie singellyl they do nntt  as a rule, form groups. 

Secretion vesicles containing granular products (but not 

nuclei) are frequently met in the vehtricular ca$1ty, 
vo' 

and sometimes Show a striated border running round them. 

A membrane enveloping frrd is present and although its 

nrigin firm the anterier-moet region nV the mid-gut IS 

r1„-t seen, it is presumed that it is the peritrophic 

membrane. The secretion vesicles are not to be seen insid 



the peritrophic membrane, among the food particles. 0 

Probably they cannot pass the membrane a vesicles and 

have to dissolve their individuality first. 

4pd'aut  

There is nothing unusual in the histolo 

the hind-gut. 

The labial gland is slightly shorter than the 

gut and without accessory glands. 



HYDROPTILIDAE  

SYDROPTILA st. 

Habitdat  

The largest numbers of larvae are found on small-leafed 

weeds, like Water Ranunculus'  Elodea, and some mosses. They are 

difficult to sees  because of their small size, but if a weed 

carrying them is put in a glass jar full of waters  the larvae 

migrate towards the walls and can then be easily caught. They 

are more usually present on the leaves nearest the water 

surface and in slow to fairly swift cutrents. The probable 

reason Why they are not found on broad leaves is that without 

the protection afforded by the small crevices and turnings 

of a small-leafed stems  they would be carried away by the 

force of the stream. They are also frequently found in chinks 

on stones. 

Pang 
Diatnms!  bits of al,gaes  and minute fragments of moss 

debris form most of the fond. A good proportion of the 

stomachs examined was empty. others were filled with one 

solid mass of closely peeked diatnms. on a small leaf-cluster 
so' 

of some moss, a larva was seen browsing. An examination0 of 

the leaves afterwards showed them minutely bitten here and 

there. Preferences  howevers  is shown for diatomaceous fnode 

:61rm mf zuk  4  I) 

The fore-gut is delicate and thin-walled and lies in 

close relation with the anterior part of the nervous system. 



Itt division into the usual stomodeal regions is not distinct, 

The longitudilan folds of th+ntima in the final regionfif of the 

foreegut are distinct but weak, The stomodeal valve is very 

slight, descends only a short distance into the mid-gut and 

leaves a very wide gap in the centre, The mid-gut, which is 

nearly twice as long as the fore-gut, begins near the front 

margink of the second abdominal segment, and ends between the 

sixth and seventh abdominal segments, The malpighian tubules 

are compound and arise by two main stems, right and left, The 

divisions of the hind-gut are not clear, except for the anterior 
46,  

and posterior intestines, the latter showing conspicuous loggi-

tudinal folds inside, HistoiTlyof the gut was not studied. 

The labial gland is about equal to the gut in length and 

its duct dilates into a comparatively large reservoir in the 
•••• 

second thoracic segment, The other head-glands were not studied, 



c T 

11gLopqTAmir,  WITAN1J3 Donny. 

Habitat  

only once in two years did I secure a larva in 

Hampshire. It had cnnstucted a net nn a stnne, in nne of 

the swiftest parts of the iiiver Itchen. All the rest nit 

the larvae were sent from Andermere where I am infmrmed, 
Vir 

they dwell in the swiftest streans amnng Ames. 
Laza 

thing with certainty cmuld be said about the 

nature of the gutwomntents. Most nf the stnmachs examined 
%ow 

were ce:npletely, nr almnst cnmpletely, empty. Debris 

including minute nrgenic particles awl diatnms were seen 

here aad there in the different divisinns mf the gut, but 

it is surprising that much the greeter part nf the gut 

was always empty. It is certain, hnwever, that the larva 

dnes not take in Much insect mr crustacean fnod, fnr 

ntherwise, their remains would surely have been discovered 

in the atnmachs nf the dissected larvae. The fnllnwing 

are th,  cnmemest diatnms found in the fr, c1:. 

1. Navicula (snme species) 

2. 2a4Plaas1ua 

3. 4pnrphot 	 



The aliment 	ewarkable fr r its unifrma 

slender fnre.gut d a very large .d.gut which begins 
at the anterior border r,f the 2nd thoracic s ment and 

n4. 

goes right uptm the pnsterinr border of the 6th abdominal 

segment. There are 5 protrusible anal gills near the 

pmsterimr end rf the hind.gut. 

Fpra.gu  
The xmuscularis mid the lmagit 	

h- 
str gly developed only uptn the level 	 ha 

geal ganglion. Behind that, 	mlds ere hard4 notice. 

able aid the musculeris is weak. oesophagus, crap nr 

even prnventriCuls ia hard tm distinguish from nther 

parts. It is remarkable that even that part of the fnre-

gut where the prnventriculus should lie, has a weak 

musculature and is devoid of longitudinal folds. 

The ate modeal valve has itt anterior part as in 

pifthe4  but the pnsterior pert (whiach is all there 

the valve) develops the largest size in Trichoptera. 

and structure it closely resembles the posterior 

part of  the stnmodeal valve nt'PAPPPAY940, being fnmed 

flf a dnuble layer of epithelium and intimaland having 

a cylindrical body that is split along its mid...ventral 

line. Longitudinal muscle fibres alsn enter in its cnmpo 

sition. As in  rdrnpsvche there is a bine4 space enclosed 

between the two layers that form its body. he valve CIO 

In 



Ttedeubt central the passage of feed fro the inre- to the 

midegut but the reason for deveinping all its great 

propertimns is net understned. It may be interesting to 

note, in passing, that Glasgow (1)36) thnught that the , 
large size of the stomndeal valve of Hydrnosyche, was 

unique among Trichoptera. Lvidently ha had n't studied 

the case rg 1111../onetamuse 

Going round the fereegut near its pnsterinr end 

and attached to it is a unique sbeweneckties  shaped 

structure which is peesibly glandular in nature. The 

'bowl  lies on the ventral aide of the gut and appears 

to open into it by a very slender duct Erna eaah side. 

In sections, each ef it lebee ie seen te be cempnsed 

just 61010 cell enclnaing a relatively large space in 

it. 

The mid-gut is three tiies as long as the ore 

ut • Its walls are cempesed ,f c, lunar epithelium, a 

thick basement meMbrane, a layer e  f longitudinal muscle 

fibres and circular fibres. Between the basement membrane 

and the muscularis clear spaces are sometimes noticeable. 

The epithelium is remarekble in being cnnpmeed 

of three kinds nf cells which are:- (1) the regenerative 

cells, (2) ordinary dig es ive cells of celumnar ferm, 

and (3) clear goblet cells, (seen also by Shinoda 1927). 

The regenerative cells which are hardly anything 



mere then their nuclei dr,  net fermi nidi as a rule, and 

lie scattered along the basement membrane. In a few 

instances, hewever, a tendency for them to came close 

together is apparent, but this, nf ceurse, mpy be due te 

a folding ef the wall ef gut, fnr these rudimentry 

seem associated with the felds. 

The #rdinary digestive cells are celumnar, with 

a striated border en the mesal surface. Their nuclei are 

large and reund, being usually placed at about the 

middle height ef the cells, though sometimes they occur 

near the base else. The goblet cells are much less nume. 

rous than the ordinary digestive cells and occur singly 

along the Whole length of the gut. A goblet cell, has a 

broad, round to evall  upper part 04 which is transparent. 

The lower part is slender as in the ordinary digestive 

cell, and it is in this part that a large round nucleus 

is situated. The upper transparent portion often contains 

a small quantity nf some nonstaining and structureless 

substance which may be the solidified secretion nf the 

goblet cell. 

The basement membrane is quite thick generally, 

but in a few places it attains extraordinary thickness, 
iet 

and irregular empty spaces come to  t b within it, The 

muacularis consists ef longitudinal fibres mainly; the 

circulars are rare and feebly develeped. 

#1.44.,gutA 

The malpighian tubules are almost equidistant 



at their origins but there is a slightly wider distance 

between them on the dnrsal and ventral surfaces than nn 

the right and left which faintly suggests their being-- 
dispnsed in twn grr,ups. The only divisions nf the hind. 

gut that are visible from the outside are the Interinr 

and pnsterimr intestines. Five anal gills are present 

near the pmeterinr end nf the latter. The hind.gut 

presents nothing uncnmainn in its histrangical aspect. 

The labial gland is about nne and a half times 

the gut -length 

The situatinn and the structure nf the maxillary 

is very much the same as in 

Pnlyce4trnpue and a descriptinn of them need not be 

repeated here. .)1,4 
	 ft/ 



Yt.lirpAsi  

ISYDIWPX:a4  
ilbi 

Noyes (1914) has given 	excellent account of 
the bionomics of American Hydroosyciie larvce. Her account 

may lmost 'be entirely epplied to the aiglish species. 

Hydropeyohe larvae prefer to live in the swiftest parts of 

rivers, and can be found in all s-,  sons, thourji in ihinter, 

they tend to mii.g.-Ite towards the d er ,,,nd more inaccessible 
were 

r'gins. Cbl le cti on e swe made from the river Mole in 
Surrey, the bonnet near Newbury, the Itchen and the Test in 

Tininpshire, the :}, ve in Derbyfihire nu the si,x.eams around the 

lake 'cindermere 

beAcncto. 

:kin that there are to species 
hav- Erbitrrily called then 
'I' . Their diutinguithing 

It Ezwene almost cer 
of livdropsyebs2 involved here. 
biatira -;..)kyclie. 'A' :7;1341 
characters fLre is fol ovs:- 

ILYMP qxctcal 
1) Lighter coloured, 
2) Lateral edges of thoracic 

ter0.tes ma.rol'.ned with 
thick black lines whi di are 
slightly wavy in the last two. 

3) The onerl appearance of i ii 
is llice a stall orz whji rltvely 
rew nr7Inches riet,ne stem is 
more noti ceable, 

Ilydropsyche  
1) Colour very dark. 
2) Lines on the lateral 

margins either very 
thin oti --,bsett; more 
strii t. 

3) The ran eh ea are 
more ntanerous and 
form a tuft; the 
stet is less notice- 
able. 



The dat-contents reveal the presence of both 

anima and vegetable material, ,Lh..7.ch differ in proportions 

P, °cording to their availability in the ,-)-,rticular cnviron..,  

the preference of the 1.,A,rva. Of the vegetable 

r•,nd di -,..toms loan 	conspicuous part, and 

rrJetu..-.11y so, for they are prcilyhe sort of vegetation 

valid" would lose -,nchon,se in a -ouift current and be caight 

in the deli tc mevbes of a ilydp:wsyche net. In some 

C 	• the larva also appears to iwve bitt. 

 

off znall ieces 41* 

 

from the leaves and tinder stems of the common water weeds, 

but such instances 04,re comparativ,ly fevi, or the animal 

mItter„ Qiironomid larvae for %, 1,trge part, thou 41 other 

inF,Pct jaryas qnd crustacea are Ivry often incluL‘es.. 

comprehensive account of its food is „iv n by .1,1,1t°,1.1a (1907) 

Noyes. (1915), Lloyd (1921), lack (1936) and 	slitoA,  (1936). 
On the *de, I -would consider jiysiroosxc)v to be omnivorous, 

taking in more vegetAble than -,A.nin3 ,.-4 food.. It h;.s, perhapb, 

preference for animal food, but the avA,labilitif of this 

is :,trictly limited by the obli6Ation to wait for it behind 

veb, intend of kping out in ,ctive smrch for it, 

Fort7L2f crPt 
fhe form of gut, mouth*prte nd the head glanie 

 ban deFtcribed fully befor. 

che Lar , 	once observed  



a Chironomid ',Iry and  proceed. to swallow it. During 
the whole proce the )rey was held by the first pair of 
legf,l, while the labrum protruded beyond the mzidibleo 

hiding them nom sight. i dissection of the host revealed, 

thl-tt, the prey had been suillowea whole. 1r no tiler instance 

--- hyo.ro psyche  att- eked a dead member of its owl specicQ:2., 

snd bit off 4 MO rata from its ilbdortaEr . ../robebly both 

methods of inge ..,•,ti on f: re quite common, as is 45‘) cAriuencecr 

1-y the ex- minp.tion of stomch c ntents of a 1.9.,re.de nuriber 

irst 1-,,rvcie. Noyes (1915) observes, th--5.t the size of food 

y fr,- nents becomes smaller after the/hive passed through 

the - zzard, which she re6ards as , 0-Lading orb /I. Allis 

is most probably true of the Lngli sh forms .1 so . 



PeLYCEITROPODI 

adagaiMeUki Sp, 

Habitat 
The larvae spin nets on stares lying in moderately 

swift to slow streams at a depth of a few inches to two 
or three feet. An excellent account of the habitat and 

deeding habits of the American Polycentrepodidae is given 
by Noyes (1914). Her account applies to the 7ffiglish ferms 
also. 
Fond 

Pnlycentrepus is knewn to be purely carnivereus. 
large proportion of the larvae that were dissected were • 

without any cnntents in their gut. The rest seemed to have 
fed chiefly on insects, (especially Chirenemid larvae). 
Fnrm), nf ;tut 	41 

The most striking features of the food canal are: 

(1) the extreme length of the mitb4gst fore-gut Which 

reaches upto the 3rd abdominal segment, (2) the extreme 
shortness of -the mid-gut, and (3) the presence of a 

gizzard-like organ (formed by the anterior part of the 
stomndeal valve) near the end of the fore-gut. 

Fere-tout  
The fore-gut is divisible into pharynx, an nesepha-

gus Which merges insensibly into the crops  and a very 

short prnventriculus which surreunde the anterior part of 



the stomodeal valve. The homologies of the last two parts 

are uncertain. 

The pharynx is a broad tube which is held to the 

walls of the head by numerous muscle bands. Its walls have 

a strong muscularis in Which the circular fibres are es-

pecially well-developed. The epithelium consists of flat 

cells the mesal surface of which i lined by an intima of 

medium thinkness. The walls of the pharynx are thrown into 

several longitudinal folds. 

The pharynx ends behind the level of the subneso- _ 
phageal ganglion with a distinct constriction Which is 

followed by the oesophagus. The oesophagus has the same 

histological structure as the pharynx but unlike the latter 
e.• 

it has got no attachment with the-body-wall by means of 

muscle bands. Longitudinal folds are present in its walls 

but they are not so strongly developed as in the region 

anterior or posterior to it. 
S./ 

There is no line ef demarcatinn between the oesopha. 

gus and the crop, but after about a third of the distance 

between the pharynx and the proventriculus has passed, the 

longitudinal folds begin to grow strong and become perhaps 

the most sinuous and complicated in the whole series of 

fore-guts of the larval Trichoptera. They fill the lumen of 

the gut completely, and were it not for the distensibility 

of the muscular walls of the latter, it would be hard tn 
••• 

imagine how any food could pass through to the stomach. The 



epithelium accompanies the intima in all its complicated 

course and the bundles of circular muscle fibres increase 
••• 

in thickness as the more posterior regions of the crop are 

approached. Longitudinal muscle fibres are present lapt 
41/ 

they are not developed strongly. 

In the 2nd or 3rd abdominal segment, or in both, 

the crop widens nut into a sac-like structure. The intima 

in it becomes very thin and the longitudinal folds grow 

faint and all but lose their identity. The muscularis 

becomes correspondingly weak. If this is to be regarded 

as forming a definite region by itself it would be diffi-

cult to homologize it with with anything in ilydrousycAe. 

The preventriculus is a smell, narrow and neck-like 

region connecting the last region with the broad mid-gut. 

Its epithelium, intima and the muscularis are all very 

asymmetrically developed. Two of its folds travel horizon 

tally inwards and form the anterior part of the stomodeal 

valve Which is probably homologous with the anterior part 

of the stomodeal valve of bydroDsykke, though it is also s 

possible that these folds are the homologue of HvdropeychaA 

gizzard. The anterior Part of the stomodeal valve is conti-

nuous behind with the posterior part of the stomodeal 

valve Which descends for a much Shorter distance into the 

mid-gut than in HvdreDsyche. 

The course of longitudinal folds and, the arrange-

ment of muscle fibres in the terminal part of the crop, 



prnventriculus and the stnmndeal valve is best cnmprehen-
ar 

ded, if all nf thenycnnsidered together: The folds which 

were so complicated only a little distance before, become 

straight and simple at the beginning nf the sac-like 

region (fig. 	). Further down instead of retaining 

a uniform distribution ft the gut-wall, they all converge 

to one side carrying with them the muscularis (fig. 	). 

The posterior end of the sac-like chamber is comparative-

ly very narrow, and into the composition of its walls 

here, only that area from the front enters which carries 

the intimal folds; the rest of it is cut out (fig.  

kat this amaditipca docas mat aaat*Naa fa knew The pro-

ventriculus begins at this point and the muscularis and 

the folds again become uniformly ditributed (fig. )- 1- ). 

But this condition does not continue for longs  for after 

travelling for only a short distance, two adjacent folds 

grow many times their original, size and nearly oblite-

rate the lumen of the prnventriculus. The associated 

muscularis develops to a corresponding thickness beneath 

these folds which at this level are separated by a deep 

cleft. The epithelium associated with these folds becomes 

cnlumner, the individual cells growing upto 20 times as 

tall as broad (fig. 	). The mesal border of the intima 
&tames- 
sclerotized (spinnus plate) ad gives rise to long Spines 

wpiggicKg 

 

opposite the epithelial cells. The base of each 

spine is seen to be imbedded in the intima for some depth. 



- 11rther down, the folds become smaller in size and the cleft 

between them grows deeper; the other folds lose their 

identityCfig. ' 	).At a more posterior level the cleft 

goes still deeper and opens into the mid-gut, for it should 

be noted that the mid-gut does not begin straight behind 

the fore-gut but begins rather on one side of the fore-gut's 

termination. Ultimately the whole stomodeal valve °Eters 

the mid-gut and descends into it for a short distance 

(comparatively, a much shorter distance than in Lixar.psyche) 

When the valve has reached its most posterior level the 

epithelium and the intima turn forward again and come *t,',  

final enda near the anterior wall of the mid-gut. The p_ 
structure of the posterior part of the stomodeal valve is, 

so.  

therefore, essentially the same as in Hyslropsyche. Another 
2=e-se27.-7-anet zyle 

 
Lower  

feature of(Hydropsvche is that the free layer edge of the 

valve is studded with cuticular dots. 

Mig-Okt 

The mid-gut is relatively (to other divisions of the 

gut) the shortest of Trichoptera larvaelbeing less than 

half as long as the fore-gut. The wall of mid-gut is compo-

sed of columnar epithelium outside which a very thin base-

ment membrane can be seen occasionally. In the muscularis, 

both longitudinal and circular muscles are present, though 

the latter are very feebly developed and would be difficult 

to demonstrate. 



The ventricular epithelium consists of two kinds nf 

cells:- the digestive cells and the regenerative cells. The 
digestive cells of the ventricular epithelium are very tall 

thnughrnould be difficult to give an exact ratio of their 
length and the breadth on accnunt:of their very indefinite 

outline. Their height decreases noticeably towards the 
more posterior region of the mid-gut. Compact groups of 

regenerative cells forming nidi he along the whole length 

of the stomach, but it is curious that the digestive cells 
do hot occur between than. Contrary to what obtains in 
most larvae,the digestive cells are confined to the mesa]. 
side of the nidi . By virtue of this arrangement empty 
spaces alternate with the nidi, hence in sections the 

epithelium is not seen as a continuous layer but appears 

broken up into as many parts as nidi present in a section. 

It is almost impossible to trace the outline of an 

individual epithelial cell, for it has hardly any nutline. 
Several differentiated nuclei are present in each group 
of cells over a nidus, and the vacuoles are sn numerous 
in them that their proPoplasm presents a frothy appearance. 

striated border on the mesa]. surface is not seen. 

DAgestive Secretion  

That the process of digestive sectetinn is not 

always going on is evidenced by the absence of secretion 

vesicles in some series of microtomic sections. But Ahen 

the phase nf secretion is on, it is always in a very 



intense form (prnbably the most intense in the Trichoptert 

series) judged from the histological preparations. 

In the first place, it appears that the cell de-
generation as well as cell regeneration is exteremly rapid 
The regenerative cells are actually more numerous than 
the digestive cells and seems to be merging into the 

latter by rapid stages; this would tend to show that 

there was a heavy demand made on the regenerative cells 

in trying to keep up with the katabolic processes. The 
presence of numerous vacuoles in the digestive cells is 
annther indication of the intense pace of the process. 
And, finally, the "secretion vesicles" not merely take 

the form of extruded globules of protoplasm which may be 

nucleated or non-nucleated, hut very often it happens that 
groups of digestive cells get separated off from the 

general epithelium just above the nidi and float away into 
the lumen of the mid-gut. All this histological evidence 
for the rapidity of the digestive processes is corrobora-

ted by the fact that the stomach of Polycentrnpodidae is 
relatively the shortest in Trichnptera and upon dissectiox 

is often found empty of any contents (which means that 
the latter get through the stomach in a very short time). 
Hind-u 

The iltelpighian tubules are equidistant at their 
No,  

insertion on the front end of the hind-gut. The cells 



composing them possess a striated berder nn their mesal 

surface as in Hydrepsyche. 

The hind-gut is distinctly divisible into an 

anterior intestine and a posterior intestine. The 

division of anterior intestine Into ileum and colon is 

net apparent. In the posterior region of the rectum five 

gills are present which can be extruded or retrieved 

into the gut. The composition of the hind-gut wall is 

essentially the same throughout its length, but the 

muscularis and the intima attain greater or lesser 

development in patches. 

The epithelial cells lining the hind-gut have 

cuticular intima en their mesal border and are normally 

quite flat, but just behind the mid-gut, at the level of 

the insertion of malpighian tubules, they become some- 
nod 

what taller and form a distinct region Which projects, 

and even descends, into the gut-lumen for a short die-

teece. This is all there is of the pylorus or the 

pyloric valve. The longitudinal folds are quite feeble 

in the anterior intestine but in. the posterior intestine 

they are more compactly developed and almost fill the 

rectal uavity. The epithelium here is without inter-

cellular walls but has large nuclei . In a limited 

region just in front of the insertion of the anal gills 

the epithelial cells grow smaller and more numerous. 



The bomnlegy nf this region is not certain, but apparent-

ly it is a part nf the rectum. The walls of the gills X 

have the same general structure as the rectum-wall. The 

anus lies between the .nal styles nn the posterior wall 

nf the 9th abdeminal segment. 

He .lands  

It is very curious that in kepegentrepue the left 

salivary glad is considerably shorter than the right ene 

The length ef the right gland is nearly equal tr, that 

the gut. 

i3rth maxillary and mandibular glands (fig.lfg ) 

are present, and are cempesed nf similar kinds nf cells. 

The mandibular glands are paired. Each has a shirt and 

tubular body and lies in the lateral side nf the head 

capsule near the cnmpnund eye. The component cells are 

arranged round a central canal inte vihich the intracillu- _ 
lar canaliculi 'pen. The ethele gland epens en the head 

capsule near the outer angle ef the mandible. 

The maxillary gland is also paired and has the 

same essential structure as the mandibular gland though 

it is built on a much larger scale. Each tube, lies clrse 

tn the medium line for the greater part of its length 

but takes an outward cnurse near its discharging end and 

opens near the base nf the maxilla. 



PLECT4pCNEUIA sp. 

HOLOCENTROPW sp. 

q CYR=  sp. 

jtat 
••• 

Except for one specimen of Ficancentropus Which vas caught 

from a rather swift tributary of the Itchen, all the material 

was received from Windermere. I cannot, therefore, say anythying 

at first hand about the habitat if these generaZ. It is quite 

well-4cnown, however, (Noyes, 1914) that they form nets in stones 

in fairly swift ti slow-moving streams and even in lakes, 

relaa 

The larvae of these three genera di not show any great 

divergence from Poly-centropus in their fond. Except for a 

stray diatom( or pollen grain, vegetable matter in any form 

seems to be completely avoided. Animal find forms almost the 
k 

entire bulk and consists of various insect larvae (ciefly 

Chironomus), small Crustacea, end an occasional fish-egg. 

A look at the tables attached at the sad will give a better 
ve• 

idea if the larval fond. 

FrOu rlfz14 

The form of gut is very similar in all the Poltcentro-

podidae so that the account given fir Polycentropus should 

serve fir the other genera as well. There are, however, slight 

differences among them in the inclination and extent of the 

spirnus plates of the anterior part of the stomodeallualvot  and 



the width of the passage for food running along the vental side 

nf the proventri-ulus. The left labial gland is shorter than the 

right one in all nf them. It is interesting to note that the 

specimen ofHolocentropus caught from the Itchenl harbnured a 

large Nematode parasite in its body-cavity. The gonads in this 

individual were very well developed but the alimentary canal was 

somewhat shrivelled and the left labial gland altogether absent. 



YCEOMYIAE  

PpYCILWA  EMILIA Fabr. 

The larvae dI net make any nets or portable cases. 'Fop 

their dwelling, they constructeitlong, sinumus_tubes of sand, 

particles cemented with their salivary secretion On to the upper 

surface of stones in swift streams. The material here was all 

collected from the River Itchen, near 'Anchester. 

Food 

The greatest volume of gut-contents isnde up of sand 

particles and minute translucent stones, curiously similar to 
those which form the material of their dwellings and cover the 

stones on which the dwellings are constructed.. This material is 

very rich. in diatoms and. smell filamentous algae and there seems 

little doubt that the larvae take it in for that nourishment it 

may contain in the form of diatoms and algae. 

Fprm (IA 'gut  (4L I1-6 4  

The divisions e fore-gut are not very distinct, the 

oesophagus, crop and proventriculus being almost insensibly 
continuous. The walls of the fore-gut are weak'  the circular 

muscles being inconspicuous even in the proventriculus region. 

The longitudinal folds of the intima are more conspicuous in th. 

crop than in the proventriculus. The stomodeal valve is very 

delicate and leaves a wide gap in the centre, The mid-gut, which 

is nearly three times as long as the fore-gut, begins in the 



second thoracic segment and ends near the hinder margin nf the 

fifth abdominal segment. The malpighian tubules are simple and 

arise in two groups mf three each nn the right and left, and 

open ,n an annular fold on the inside of the gut. The hind 
'AV 

divisions are well marked and sn are the longitudinal folds in 

the anterior intestine . The folds continue backwards but become 

feebler in the rectal sac and disappear in the rectal tube, 

There are five anal gills. 

It is unfortunate that histrangy nf the gut was nnt 

studied. In view of the typically diatomaceous food it might 

have been very interesting. 

The labial gland hag the usual type A of accessory glands 

near the base of he discharge duct. 



TIN= sP. 

"...e Windermere. 

As would be expected nf a larva of such small sizes  

Tfmodes live mainly on diatoms, particles of debris and very 

taider (probably because very young) algal filamts. Diatoms 

show a great variety and are often so numerous that they form 

solid masses in the gut. The following are their commonest 

len 

(1) Platama zmlnegt, 

(2) axustaza 

(3) Plavicula  

(4) GomPhopeeri!A, ,;',43.11iIieLztium end 

(5) g=b4LLA BP. 

of gut,  
be' 

The gut is more or less a repetition of Psyc 

nn a miniature scale. The ratio nf fore-gut to mid 

1:2.2. The former is very delicate and opens by a very wide 

apertures  weakly guarded by the stomodeal valve, into the 

mid-gut. The number of anal gills is five. Histology of the 

gut was not studied. 



QJLONTO(I4LIDAL 

OriONIX)(2,11Aiii 	ALBIWRN.6 

Habitat 

The collection as made from the swift streams 

round the lake Winderemere and the Rivers Itchen and 

Test in Hsmpshire, The larvae are most abundant in the 

swiftest to moderately swift but not very deep parts of 

the streams, They can be seen crawling about, among small 

pebbles. on the ri ver-bed, but/ I have seldom seen any of 

them sticking to the water weeds, which are so common in 

the sine environment. In a majority of cases, 1 have 

observed numerous rotifers sticking to the outside of their 

bodies, 

toad 

Odontecerum is mainly carnivorous with a 

marked tendency to become cannibalistic in captivity, 

In nature, it feeds on all sorts of water animzds and 

plants, but the major portion of its food is provided 

by the larvae of Trichoptera, It would also eA, 

Limnaca-like gastropods, 

Form of 1,rut 	94-L9 

The fore-gut is somewhat longer than the mid- 

gut and joins, the latter in the first abdominal segnent, 

Division of the fore-gut into usual regions is quite distinct 

in fresh specimens, 



The stomodeal wall consists of a musculeris in 

hich the circular muscles lie outsideyithe longitudinal, 

flat eaitheliurn ._nd thick intimaleveral longitudinal 

folds run along its inner surface, i'he circular muscles 

attain great strength, especially in the posterior half 

of the fore-gut. Here the longitudinal folds and then 

i.ntima attain great size and pursue an undulating course. 

There can hardly be any doubt that the folds can, by the aotio 

of the circular muscles, meet in the centre of the eut- 

lumen and work upon food in the manner of e gizzard. 

The stomodeal valve is strong and stout, and 

leaves only a narrow aperture in the centre. It resembles 

that of Hydropsyche in developing an exterior part to 

itself. This anterior part, however, is not a specialized 

organ as in llyelmeeyche, but is merely e. collection of 

folds which rise up slightly above the fore-midgut aperture 

before passin down into the mid-gut (fig., ) • ihe posterior 

part of the stomodeal valve descends into the mid-gut for 

a short distance only. A ring of specialized cells uniting 

the stomodeal epithelium to the ventricular epithelium 

is oreeent, 

fhe mid-gut begins in the first abdominal seepent 

end ends near the posterior edge of the sixth, Its wall 

ie composed of the usual layers.. the muccularis, basement 

membrane and the epithelium. The epithelium consists of 

two kinds of cells, the digestive and the regenerative, the 



latter forming nidi. The nidi are very numerous and leave 
little spece between than for the digestive cells. The 

digestive cells are very tall being about 12 times as hieje 

as breed. Their nuclei occour et the middle height and 

there are numerous vacuoles near their mesel edge. Me 

striated bider is not continuous, but seen here end there 

only. 

There are indications of the presence of goblet 

cells but this could not ascertained due to faulty prepara-

tione, I had only one specimen for section-cutting which 
rn 

remained4 cloveoil-celloidin for over two years and had 

become very brittle. Application for fresh materiel from 

England brought wrongly identified larvae, so the matter 

remains uncertain. A membrane envelooing the food was 

also present, at least in patches. 

Secretion vesicles containing granular material 

were also seen here and there. They were not very numerous, 

but their presence indicates holocrine secretion.. This,  

of course, does not exclude the possibility of other types 

of secretion processes going on side by side ith the 

bolo crine. 

The malpighian tubules are equidistent and there 

is a digit swelling in the gut-well where they re inserted. 

Pyloric region is distinct. The ileum and (Aden appear 

to have the usuel histolo6ical structure. The sphincter 

arround the colon is very strong. The walls of the rectal 



sac are loose nd marked -Ai th irreguld.r folds. its 

thelium has broad cells with large nuclei. 

Each labial gland has attached to it a pair of 
small rounded accessory glands near its union with the 

discha.rbe duct. The glands are remarkable Sarbeing white 

and opaque. 

The other head glands could not be studied. 



MuLANNA op. 

Hebttet  

The larvae occur en the silt-bed ef very elnuemeving 
Yof 

streams, but it is rather hard tn spnOt them because they 
are almnst indistinguishable from their back-greund. The 
present cellection was taken from the Railway Canal near 

Kingst,i, and the Itchen near Winchester. 
Peep of guts  ( t(l• 

A shnrt accnunt nf the gut ef Melanna iierea Hagen, 

was given by Betten in 1902. Nething hes been added te nur 

knew/edge nf it since then. It is very unfertunete that 

histelegy nf the gut Ceuld net be studied. due te scarcity 

efpaterial. 

The fere-gut is quite lung and its circular muscles 

ae quite well-developed but bee nme remarkably s•  in the 

reginn of the preventriculus. The latter is a cemparatively 

tough structure and narrows dawn te a neck before joining 

the mid-gut. The longitudinal fnlds nf the intima in the 

fere-get are very pronounced, but in the preventriculus, 

they stid nut perfectly vertically from their bases and 

assume a hard, elate-like term, almost meeting in the 

centre. In one case they even showed a brewnish tinge. 

Enlimaa his tbus made a very near approach te the eenditien 

nf a hard and six-teethed gizzard. The stemedeal valve 

descends same length intr.,  the mideget is fairly strong 



\ 
*d levees Oadium-sized aperture in the centre. 

The mOlgut is about three quarters as long aS the 

%'ers...gut. The malthigiam malpighian tubules are coloured 
-f 

reddish brown right from their bas where they are epui- 
ft/ 

distant and open nn an annulnr fold on the inside of the gut. 

Zxeept for the distinction into anterier and posterior intes-

Ame, the divisions of the bind-gut are not well marked. 

zns% 
Rousseau, who studied the species nn the continent, 

-pro 
regardgthe genus a mainly carnivnrous, Uackl  (1936) X.eaml'  

his study of the genus in Hampshire, concludes that it is 

principally vegetarian, though also faedIng on the Entmns-

traea. Ly results show that the larva is carnivorous in the 

main, feeding upon swill insects and. Crustacea, but also 

taking in plant food in the form of diatoms. I must confess, 

however, that my data. are very scanty. 



LEPTO CRUZ  SW, 

Habil/at 
Collected from the Itchem near Alresford in 

May and July, 1936, 
The usual habitat of these larvae is in the bays 

formed in the banks of the river, which are cut off from 

the more rapidly moving main stream of water. They are 

found crawling about on small pieces of flint at a depth of 

about one foot in the vicinity of the eater Ranunculus or 

other weeds, 

(It is possible that more than one species of 

Leptocerugi  is involved here). 

Food 

LegtoLgrai shows a queer combination of animal 

and vegbtable food, Siltala and Rousseau regard it as 

a purely vegetarian form but if that is true, it is 

probably due to specific environmental and seasonal 

differences. The common Hampshire form shows, on the one 

hand, a great partiality for a diet of water mites 
(Hydracarina) and on the other)  for a kind of food whith 
I have nowhere else seen combined with animal diet, namely, 
sand, diatoms, pollenc grains and various debris. In a 

fair proportion of the stomachs examined, mites formed 

about half the amount of total contents, and in one case, 



a stomach was almost completely filled with them, Most 

larvae, however, are somewhat more vegetarian than 

carnivorous, taking in large amounts of sand, debris, 

diatoms and fine filamentous algae. They are peculiar 

is not caring for tissues of flowering plants and also 

in making the .ocarina almost their only animal food. 

Worm of_gpl ( 	Al-3') 
The fore-gut is not very long and ends near the 

hinder margin of the second thoracic segment. The pharynx 

has well developed folds in its walls which thin down greatly 

in the immediately posterior region, but reappear sooain 

the crop and proventricalus, and attain therein consider. 

able size and complexity. In these regions the circular 

muscles are quite strong and lie inside the longitudinal 

muscle fibres which are rather feeble. The stamodeal 

valve is short and does not descend into the mid-gut for 

a long distance as in EyAraagyja, Nevertheless, it is 

quite thickset and leaves a comparatively narrow aperture 

in its centre. 

The mid.gut is almost twice as long as the fo re- 

gut, and tapers towards its posterior end. In it, the 

epithelial cells are of three kinds; the digestive, the 
goblet, and the regenerative cells. The latter f)onn 
compact nidi which lie quite near esch other alternating 

with small groups of digestive cells whose lower surface 

touches the basement membrane. Not all the digestive cells, 



however, lie in contact with the basement membrane, for 

almost half their numbers lie over (mesally to) the nisi. 

Big vacuoles are present in large numbers near their 

mesal edge and are very often seen being extruded from 

the cells. A striated border or the peritrophic membrane 

is nowhere noticeable. The goblet cells are quite 

numerous. They have the usual form lbeing broad and 

transparent in their mesal half. This part often contains 

a yellowish substance which does not take stain in sections.. 

Digestive ,secretign  Both nucleated and non-nucleated 

vesicles are productid by the digestive cells but the former 

kind are somewhat rare to see. 
Hin4.02t  The hind-gut is divided into a pylorus, ileum, 

colon, rectal sac and a rectal tube and is lined throughout 

by a flat epithelium and a cuticular intima. 

The pylorus is a small but well-defined region 

into which the malpigian tubules open at equal distance 

from each other. There are regular rows of small spines 

on its walls, As in Hydropsychg, the longitudihal folds 

in the ileum walls are slight, but the ileum is, 

comparatively speaking, a very long region in Legtocerus. 
The sphincter between ileum and colon, which is so well-

developed in most Trichoptera, is not very strong here. 

The walls of colon have greatly developed folds which 

almost fill its lumen. The rectum is broad and has 
loose walls. Its epithelial cells are not so flat as in 



colon and have 1-r4 e nuclei and a thick intima„ its 

walls have strong, sinuous longitudinal folds which 

disappear com)letely in the next region, the rect,4 

tube, fhe rectal tube has six groups of small un .1 

frills just anterior to anus, :a.scle bands run between 

the posterior region of rectum and the body-wall nd 

c-,n, undoubtedly, retract the gill4region within the anus, 

when ci.sired, 

The labial eland is r ther short, not exceedinG 

the 9.1imentary canal in length, 

The mandibular gland is very small consisting of 

about a dozen cells and lying in the nuter part of the 

head capsule. 

The maxillary gland is remarkable in having a 

structure intermediate between the glands of prognathous 

larvae and those nf the hypognathnus nes. It resembles 

the latter (Limnophilids and and Sericostnmatids in genera] 

in so far as its cells are brnad-based and pear-shaped, 

but resembles the former (Rhvacnphila, Pnlycentropus and 

Philoeqtamus) in these cells forming collectively a 

compact and tabular bndy. These tubes are of cnurse, much 

smaller and have far fewer cells than the maxillary gland 

tubes nf the prognathous forms but the tendency to form a 

tube in which cells are mare compactly arranged is quite 
. Tke, 9u.,L 

71.1^ eillN7-09e -,nqns in the usual place. 

Both the mandibular and maxillary glands cnnsi4 

pear-shaped cells with the nuclei and the intracellular 

canalicules in their usual place. 



E 
TRIANODES sp..,. 

Habitat  

The larvae are found in fairly swift aad shallow streams, 

attached to the roots of trees, growing from the banks. All 

specimens were taken from a tributary of the river Test, near 

Bollington, except one, which was received from Windermere. 

Fond 

The fond appears to be chiefly fragments of phanerogamous 

weeds. Occasionally, Crustacea have been noticed in the gut, but 

in very small quantities only. Due to the paucity of material, 

a sufficient number of observations could not be taken'  but it 

is hoped that the data put forward here represents the normal 

state of things. 

Form of gut  

Except for the relatively great length of fore-.gut there 

is not much difference in the form of the gut between Triaenodes 

and LeDtocerus. The longitudinal folds of the intima in the fore. 

gut are not very strong and the stomodeal valve leaves quite a 

wide gape in the centre. 

The labial gland is about equal in length to the gut and 

carries a pair of accessory glands at its union with the dis. 

charge duct. The mandibular and maxillary glands were not 

studied. 



Q.1.46TIS sp 

All specimens were received in March from 

bake Windermere, where, it is reported, they live in 

cracks on the under surface of large stones, with a 

substratum of leaf detritus and mud, 

Foul.  
The chief source of food seems to be very 

mall insect larvae and pupae, No trace of vegetable 

matter was seen, A large proportion of stomachs was 

void of food, but, whenever one contained anything, it 

was found to be of animal origin, 

Form of gut  CH 

The extreme length of the fore-gut is remark

has, indeed, to take a zigzag course in order 

to accomodate itself to the shortness of the body, The 

circular muscles and the longitudinal folds of the 

intima which are visible even in dissections, are gm 
very strongly developed, The stomodeal divisions are 

more or less distinct, the crop and proventriculus being 

relatively large, The stomodeal valve is very stout, 

descends for some distance into the mid-gut, and 

leaves a ratter narrow aperture in the centre, The 

epithelium of the fore-gut is flat and is lined by 

a thick intima throughout its length, The pharynx 

is comparatively very broad and extremely well supplied 



with circular and suspensory muscles— an obvious adaptation 
for swallowing large-sized prey, The longitudinal folds are 

large and decrease but silently in the immediately posterior 

region, In the crop and the proventriculus they attain pro-

portions and a complexity not exceeded, perhaps, by any 

other Trichopterous larva, Towards the posterior region 

of the proventriculus the folds stand out straight into 

the lumen of the fore-gut and in cross sections could easily 

be mistaken for the teeth of a gizzard (fig.,), The 

stomodeal valve is strong, muscular and double-la,yed but 

without any anterior part like that of hysiropsyste, It 

opens obliquely into the mid-gut which begins rather at its 

side than directly behind it, It is evident from its form 

that it should easily be able to close the aperture between 

tee fore- and the mid-gut, There is a ring of special cells 

uniting the hind extremity of The fore-gut with the anterior 

end of the mid-gut, 

lue miciltat 

The mid-gut, which i s less than half the length o f 

the fore-gut, is very peculiar in protuding, on one side, 

beyond the point of its union with the stomodaexim, It 

begins near the front margin of the second abdominal Bement 

and ends in the tifth, The epithelium of mid-gut has a 

distinct basement membrane and the nidi are tallish groups 

of regenerative cells between which there is only little 

space left for the functional cells, the latter being confined 



almost solely to the tops of the nidi: The functional 

cells have very indefinite outlines and their tops which 

have an abundance of vacuoles protrude very irregularly 

into the lumen of the mid-gut. In this last respect they 

resemble the epithelial cells of eelycentropu,s very much. 

Numerous goblet cells are also present and have the same 

form as in Leptocerus. 

algeatame_segrekan 
The process could not be studied satisfactorily due 

• to faulty preparations, It seems,(1-ioweveery probable 

that the extremely long and irregular processes of digestive 

cells which nearly meet,g in the gut-lumen those from the 

opposite wall would eventually get separated off the parent 

cells. Also, the very high proportion of nidi seems to suggest 

that the functional cells degenerate very rapidly.... at 

least more rapidly than in the closely allied laRia_oeruz,  
Some actual vesicles were also observed in the gut lumen but 

on account of their bad stain it could not be decided whether 

they contained any nuclei in addition to their granular 

contents. Striateiborder of the digestive cells or the 

Dentrophic immbrane could not be made out, 
Hind-gut 

The terminal portion of the mid-gut epithelium curves 
deeply into the hind-gut lumen, The pyloric region is short 

but distinct and receives the malpighian tubules. Unlike 
most other Trichoptera, the malpighian tubules are not shortly 



"waved", but hrlve large unduiritionr1 and sre without the 

usual reddish pigment. They -re equidistant, but give a 

flase appearance of originating in two groups and go 

forrards and 1p, ckwards tracing a very characteristic pattern. 

As in Leptocerus, the ileum is a leur comparatively large 

region but without lont,ltudinal folus on its walls It is 

continuous behind with a rnthr i911 colon Allah has 

sell-developeu longitudinal folds. The sehinctr at the 

becining of colon is much less strongly developed than in the 

Limnoohilidae. The rectal sac ha s loose folds on its wall 

rut they still retain a general longitudinal direction. 

A pnir of accessory glands marks the union of 

the labial gland iith Its duct, lbe labial gland is 

slightly shorter than the gut in43ngth -  
The maxillary glands consist of long curved cells 

a 	which are mare less free from one another but unite near 

the gland opening. 

The mandibular gland is apparently absent in 

eecetis. 



PHRYGANEIDAE  

PHRYGANEA GRANDIS L. 

Hpbjt 

The larvae are fairly common in some ponds in 

Surrey. They like to dwell near the bottom of water, amid 

thick, submerged vegetation. To obtain them one must 

dvaie deep with a net, and drag t amongst the roots of  

water weeds. They pupate early, so that the best time to 

get them is before the end of May. 

A large number of larvae were also obtained from 

Windermere towards the aad of February, 1936. 

A detailed account of the Habitat and food of the 

American species of Phrvganqa is given, by Lloyd (1921). 

Eacia 
The species is a voracious eater. The average gut-

contents of a full-grown specimen would easily exceed 

twice over that of any ether species that I have studied. 

The fond consists of both animal and vegetable matter. In 

summer when vegetation in its surroundings is more abun-

dant than the animals upon which it preys, plant tissues 

form a greater part of the contents of its gut. In winter, 

the proportion is reversed, and it may even become 

completely carnivorous. The bulk of its vegetable food 

is furnished by bits of leaves end stems of higher plan 

An alga or diatom is rarely included. The animal food 

consists mainly of insect-larvae, especially the Trichop• 



tereus larvae. On occasinns, it has been found tn be 

cannibalistic. 

Feeding  

I have never actually observed a Phryganea 

larva feeding, but the character r)f the fnre-gut content 

shrews that it cuts up its fnnd, whether animal or vege-

table, into small bits, before taking it in. Small 

larval prey is, however, devoured whnle, sometimes, And 

if not always. It was possible tn study the action of 

the stomodeal valve in fresh dissections. It allowed a 

brown fluid to pass from the mid-gut taste the fnre.gut 

which nn doubt helped to soften the fragments of fnnd 

which were usually protected by the exoskeleton of the 

prey. In the region just in front of the stomodeal 

valve, the nature of such fragments was often clear, but 

behind it, they were reduced in size and their character 

was generally lost. This would tend to show that the 

stomodeal valve helps not only in regulating the 

passage of food from the fore-gut to the mid-gut, but 

alsn, to snme extent at least, in mechanically breaking 

down the larger fragments of 	U. 

Form of gut  . 

The alimentary canal nf Phryzane4 interrupta 

Say has been described by Branch (1922) with histnlngi-_ 
cal details, yet dhe omits to mention certain faeture 

which are significant here. For the rest, the two 



species are very similar. 

Fore-gut  
The fore-gut is slightly longer than the mid-gut 

and its divisions into the pharynx, oesophagus, crop and 

the proventriculus are quite well-marked. Inside,the 

stomodeal valve is fairly well developed. The muscularis 

is not uniform, for the longitudinal muscles which are 

inside the circulars in the anterior region of the fore-

gut, come to lie outside them in the posterior part. 

Very often the circular and the longitudinal fibres 

run into each other. Before joining with the mid-gut 

the broad proventriculus suddenly narrows down into a 

neck. The gap thus formed between the fore- and the mid-

gut is spanned by numerous longitudinal muscle strands 

which are continuous in the two divisions of the gut. 
The fore-gut is, of course, lined by a cuticular intima 

throughout its length. 

The pharynx, (particularly that part of it Which 

lies before the brain) has very powerful circular 
fy numerous c /a/or mz-z-Setes 

muscles and is attached to the head-casuletI This is 

quite in in keeping with the very voracious habits of the 

larva which sometimes swallows its prey whole. The 

longitudinal folds in its walls are large and should 

allow great distention of the pharynx. The muscularis 

thins down considerably in the posterior region of the 

pharynx and grow feeble in the cosophagus where the 



longitudinal folds also have a weak deveopmeht. The 

epithelium is flat throughout the fore-gut except in 

certain parts of the stnmodeel valve. The crop is compa—
ratively short and thin-walled. The prnventriculus forms 

so,  

the posterior two-thirds of the fore-gut and has tough 

walls due to the strong develnpment of the muscularis, 
so,  

and longitudinal folds with their intima. The circular 

muscles grow stronger towards the posterior part of the 

prnventriculus but they are particularly well-developed 

in the 'neck' region just in front of the mid-gut. It 

appears almost certain that they hre capable of power-

ful sphincter action. The numerous longitudinal muscle 

bands that span the gap between the fore-gut axed mid-

gut would seem to help in drawing the stoziodeal valve 

more deeply into the mid-gut and thus help the movement 
So,  

of fond into it at the desired moment. 

The stnmndeal valve is strongly developed bgt 
ume 

ha no counterpart of the anterior part of the valve 

vdhich is so noticeably developed in the families 
so,  

4dropsyehidae and Pnlycentropndidae. Essentially, it 

iL; the pnsterior-mnst part of the stnmodeum wall which 

has descended into the mid-gaL.. As in all other larvae, 

it doubles upon itself after travelling a short distaace 

and comes to a final stop near the front aad of the 

mid-gut. The epithelial cells composing it grow very 

tall just before its terminatir,yn. As in Hydrnpsyche 



there is a space enclosed between the two 

valve. 

Mid-eut  

ers of the 

    

ri mid—zab extends from the second to the 8iXth 

abdominal segment acid io somewhat shorter than the fore-

gut in lengthe Its front end is held te the sekeletal 

parts of the anterior thoracic segments and even head by 

means of long strands of muscles which lie Sr mewhat 

loosely in the body cavity. The walls ,e the mid u 

itself consist," of a double muscle layer (longitudinal 

fibres lying outside the circular) and the epithelium. 

The basement membrane is very thin load difficult to 

demonstrate. 

The epithelium consists 	 of two kinds of cells 

- the digestive and the regenerative. The digestive cells 

are very tall, being about 10 times as high as broad. 

For the most part they lie dbove the regenerative centres 

but some also lie between them with their bases touching 

the basement membrane. In the latter kind the nucleus 

lies at about the middle hibight of the cell but in others 

it has no definite position. Vacuoles are present here 

arnd there, but the striated border is almost unbroken 

over most of the mesal surface of the epithelium. The 

regenerative cells form coTpaet and large nidi which lie 

very close to each other along the basement membrene. 

In a nidue the regenerative cells appear to lie atove 



one another in an imbricate manner. The basal regenerative 

cells are hardly anything more than their nuclei, but, as 

they grow upwards, they add protoplasm to the nuclei till 

they assume the form of full fledged digestive cells. 
010 

A delicate membrane enveloping the fond and lying 

a short distance from the mesal surface of the ventricular 

epithelium is present. Its origin could not be traced to 

the front end of the mid-gut but it is very probable that 

it is the peritrophic membrane. 

D.gestive segret;An 

Only a single mid-gut was sectioned and in this 

there was no trace of secretion vesicles of any size or 
No+ 

form. Their absence, however, does not prove that produc-

tion nf secretion vesicles is not of general occurrence 

in g4ryggiln. In keeping withthe absence of secretion 

vesicles the striated border of the ventricular epithelium 

is unbroken . Here and there parasetic Gregarinae are found 

cut across in sections of the mid-gut; at first sight they 

may be mistaken for secretion vesicles but they are mislay 

not So 

4nd-gut  

The hind-gut is peculiar in being held to the 

body-wall by numerous well-defined mesentry.-like sheets. 

It is distinctly divided into an anterior intestine and a 

posterior intestine. The former is subdivided further into 
Nv• 

an ileum and a colon the separation being marked by a 



well developed muscular sphincter. The rectum is a large 

sac-like organ Which occupies the last 2 se eats of 

the abdomen and opens on the outside at the anus between 

the paired anal styles. No anal gills are present. 

The malpighien tubules are equidistant at their 

insertion on the hind-gut and open into a distinct ring 

which, except for its anterior wall, iS composed of the 

hind-gut epithelium (more or less columnerin this 

rt-ion), intima and muscularis. The anterior wall is 
/2t 

formed by the deeply/curved to-epithelium of the mid t* 

The ring is to be distinguished as the pylorus gad behind 

it lie some strong circular muscles which have probably 

a sphincter action. 

Behind the pylorus the epithelium is more or 

less flat in Whole of the hind-gut. The ileum-wall is 
thin, being composed of a fiat epithelium, thin intima 

and a feeble musculature in which both kinds of muscle 

fibres are present. Behind the ileum there is au extreme-

ly powerful band of circular muscles which acts as 

sphincter. The associated intima is also very thick. The 

colon is short and narrow, but has pronounced longitudi- s, 
nal folds on its inside. Its epithelium is squarish in 

sections but just behind the sphincter it grows columnar 

for a very short distance. 

The rectum-wall hap a muscularil in *hien the 

circular fibres are much better developed -then the longi-

tudinal. The epithelium is very flat arid has a thick 



intima. The folds in the rectum wall run both length. 

wise end crosswise. 



q1APHOWLIUS PELLUCIDUS Retz 

&Luz& 
A large number of specimens were taken from a shallow 

and very sluggishly moving canal near Richmond in January 1936 

The shed leaves from the surrounding trees had entirely 

covered the bed of the canal except for a few green plants 

of Callitriche v 4 growing here and there. Specimens were 
L 

alike collected from ponds in surrey, where the environment$ 
NO 	L.  

was more or less similar tr that of Richmond canal. 
NOV. 

Land 
Glyphotaelius shows a marked preference for dead 

0•6 

leaves and stems, as also for the bark, Mich it rasps from 
the dead branches of the higher plants. It is true that most 
of the specimens were collected in winter but green weeds 
were not entirely absent at that time, A few specimens 

collected in June also showed the same preference. Thus, by 

Tar the largest bulk of food is formed by raspings from bark 
and bits of dead leaves and sterns. Sticking to the latter 

are usually a host of epiphytic diatoms and very young algae, 
which form quite satisfactory food. only once was animal 
(Crustacean) material seen included in the gut. The larva 

should therefore be regarded as one of the purest vegetarian 

types. 

ZarsLof mat  Cflp 39- )71 

The fore-gut is short and thin-walled, the circular 

muscles being comparatively weak. The distinction between 



crop and proventriculus is not well marked. The longitudinal 

folds of the intima are only weakly developed. The stomodeal 

waive is merely a circular fringe round a very wide gap 

through with the fore-gut is continuous with the mid-gut. In 

structure,the valve is nothing more than the posterior 

extremity of the stomodeal wall of muscle layers, epithelium 

and intima, which descends for a short distance into the 

mid-gut. At its posterior :end the epithelium and intima turn 

outwards and upwards to envelop completely the muscular part 

nn both sides. The mid-gut which begins near the anterior 

margin of the third  thirdjthoracic segment is more than three times 

as long as the fore-gut and relatively very broad. The two 

ventral malpighian tubules open very b near one mother, the 

rest are equidistant. Immediately behind their insertion there 

is a distinct inward annular fold - the pylorus. The ileum is 

.71ort, and a strong sphincter divides it from the colnn. The 

latter is marked on its inner surface by six strong longitudi-

nal folds which begin near the level of the spincter and run 

backwards and become continuous with certain loosely hanging 

lappets in the rectum. The rectum is much broader than the 

hinder region of the colon and projects forwards over it for 
• 

a short distance in the form of of six closely set pouches 

which are extenmalty held to the colon wall by a few longitu-
dinal muscle bands which span the gap between these two 

divisions of the proctodaeum. A large proportion of the space 



inside the rectal sac is filled by the already Motioned 
4o,  

lappet-like structures Which are continuous with the lringitu-
dinal folds of the colon. These are grown over with long 

processes Whose lower extremities reach back beyond the lappets. 

The rectal pouches Which grow over the colon are internally 

separated from each other by thin septae Which are continuous 
ai( 

with the lappets. There are loose foldszover the wall of the 

rectal sac, but the rectal tube is short arid without folds. 

The labial glands are of the ordinary type. The 

mandibular and maxillary glands were not studied in Glyvhotae-
liqs,  but it is presumed that they are like those of 442Wia.  



NIaggLIA 1j4I-WCA (Leach) Curt. 

HAbitat 

This is perhaps the most common Trichnpernus larva 

in the slow to somewhat swift and shallow streams in Ramp-

shire. In some places in early summer, one almost can not 

see the bed of the stream* for the thick cover of their 

cases ever it. They are usually seen near patches of 

vegetatinn. 

ads  

The fond is entirely vegetable. Bnth dead and 

living material is made use nf but the latter seems to 

preponderate. 0f the vegetable matter, Oater Ranunculus 

appears to form a considerable portion. 

Fnrm of slut  ( 729 
All Limnnphilid larvae have a very similar gut. 

The midi-gut in them attains a very large size and is 

almost always found distended with food. The fare-gut is 

shirt, relatively thin-walled end without a gizzardAlike 

Rvdropsvohe. The stmmodeal valve is very short and leaves 

an extremely wide passage in the centre. The divisions 61 

the hind-gut are always clear and well-developed. A 

pyloric region is very distinct. The valve between colnn 

and rectum has cnmparatively enormous proportions. Anal 

gills are never developed. 

Fare-gut  

The fare-gut extends upto the anterior border of 



the 3rd. thoracic segment. Its walls have the usual 

cempnsitien ef a flat epithelium lined with cuticular 

intima plus a supporting muscularis in Which the lengi-

tudine/ muscles lie outside the circular in some regiens. 

The walls are generally very thin except in the pharynx 

where bbth the muscularis and the folds nf intima are 

cemparatively thick. The longitudinal folds are feeble 

generally and do net obtain strong development even in 

the prnventrieulus. The terminal pnrtien of the stomodeal 
IMO 

wall descends intn the mid-gut for a very short distance 

and form the stomdeal valve. As in all ether Tricheptera 

the valve is dnuble-layered though very little space is 

enclnsed between the two layers. The ^liter nf these two 

layers (epithelium and intima) travels up tn unite with 

the epithelium nf the midegut. The terminal part ef the 

stnmedeal epithelium consists nf very small cells se that 

this region appears like a gap between the stnmedeal 

valve and the vektricular epithelium in longitudinal 

sections. 

Mid-rut 

The mid-gut is very large and extends uptn the 

7th abdominal segment. Its walls are composed nf a mus-

cularis and an epithelial layer resting en a basement 

membrane. 

The epithelium consists nf tee kinds ef 

(1) the digestive cells and (2) the regenerative cells. 



Unlike 4ydrnesvche  the regenerative cells fern Shnrtt  
cnmpact nidi which eccnur along the whale length tlf the 
mid-gut between larger blocks of the digestive cells. 
The digestive cells are tall and cniumnar. Theyhbintaxa 

have a striated border nn their mesal side and their 

basal side rests upnn the basement membrane. The cell,  

walls and the nuclei are distinct, the latter lying at 
abut the middle height of the cent. (kistnIngy nf the 

mid-gut was alsr studied in another Limemnphilid species. 
It agreed with AnOnlia  in all  esential respects; nnly, 

the columnar epithelial cells were shnrter, the nidi 
broader and the circular muscle fibres better deve&nped). 

Digestive secretina 

In the few series of sections that were cut nf 
Anabnlia and the Limns 	referred to alenve, digestive 

secretinn was not seen in a very active phase. A few 
secretions vesicles were noticed here and there just nut-_ 
side the mesal border nf the ventricular epithelium in 
bnth larvae. In a large number mf cases (in bath larvae) 
the vesiclee-M5htaimed nuclei within them, which fact 

tdsjA show that this type of 'secretinn vesicle was 

possibly f+f general occaurance in ether Limnnphilids 
alsn. Vesicles containing granular matter only were also 
seen, though in much less preportinn; this proportion 

would decrease still further if it is considered that 
some nf them may have cnntained a nucleus but the section 



passed across them in a region from which the nucleus was 

absent. 

Ma izighien tubules  

The divisions of the hind-gut in Anabnlia (as 

in all the other Limnnphilids studied) are clear cut and 

perhaps the best developed in Trichptera. 

The Malpighian tubules dn not arise from the 

front end of the hind-gut but from the posterior end of 

the mid-gut. The reason for believing this is that, in 

longitudinal sections of the gut$  the opening of the 

tubules is seen to be limited by ventricular epithelial 

cells on both the anterior and posterior aides. The 

tubules are inserted singally on the gut-wall, but not 

at equal distance from one another; they are disposed in 

3 pairs, two nf which are lateral and one is ventral. 
annular 

	 The Pylzus forms a very distinct/region and is 

very wellA developed. Its anterior wall is formed by the 

In ward-projecting posterior extremity of the ventricular 

epithelium (which also guards the apertures of the 

a142ighian tubules) . The posterior wall of the pylorus 

is formed by a fold at the anterior extremity of the 

britAgut. The epithelial cells in this fold are particu-

larly tall and the associated circular muscle fibres 

are somewhat stronger than those in the immediate 

neighbourhood. 

The ileum is cup-like in form, being very brnad 

in front and tapering sharply behind. Its epithelium is 



flat., longitudinal fold incon.spicuous t  and the rauscula- .. 
-Yis thin. The beginning of colon is marked by the most 

powerful sphincter in the whole 	the alimen tary cenal. 

inside it six longitudinal fold attain huge proportions 

and nearly obliterate the lumen of the colon. 

As in Glyehr%Igteliu‘i,  the posterior of the colon 

is covered over on the outside by a forward growth of the 
rectal sac in the form of six pouches. A gap thus cornea 

•••• 

to he between the walls ef the colon and the anterior end 
No,  

of the rectal Pouches ,Nhich is spanned by muscle bands 

rim:rang between the two organs. The folds of the colon 
•••, 

descend into the ver,:.tal sac for some d'istez.ca and form a 

kind of valve; after that they became continuous with 
the 6 septa Which separate the rectal pouches from each 

other. Prejectiene trem the valve. referred to above, 

hend 	ely Into the cavity of the rectal sac and probab- 
ly afford the surface for harbouring the hest of bacteria 

that are alwa3rs present in this region. The walls of the 
reetel sac consist ef i muscularis and large squarish 

epithelial cells with big nuclei, and a thin intima lining 
•Te 

their mesal edge. The intimm is folded in all directions 

though principally in the directions 	length and 
breadth. The posterior part of the rectum is distinguish-

able as rectal tube and is without any folds. 



The labial gland is of the usual trpo.  

Both the maxillary and mandibular glands of 

Anabolic nervosn have been described in great detail 

by Henseval (1897), I will not, therefore dwell an 

their structure. 

Essentially the mandibular gland consists of 

big long cells which are quite separate from each 

other except near the opening of the gland which is 

near the outer angle of the mandible. Each cell is 

traversed by a fine canalicule lined by intima but 

have not been able to see the ai-tdations around the 

canalicule (as described by Henseval) probably due to 

the trse great thickness of my sections. 

The maxillary glands are composed of cells 

similar to above but they are arranged round a central 

canal, though not very compactly.. They have a fairly 

long discharge duct which opens near the base of the 

maxilla. 



cg4NTAcgapa INCSU.  C' 

Habitat 

Larvae were collected from ponds near Virginia Water, 

Wisley and Chertsey at different seasons nf the year. They 

were generally found attached to dead leaves floating near the 

edges of the ponds. They do not appear to be very common. 

aal 
The greatest proportion of food is formed by fragments 

nf dead and fresh leaves, especially the former. Diatoms and 

sand graills are also included, but they do not seem to be 

deliberately chosea for eating. A Chironomid larva was found 

in one of the seven stomachs examined and formed only a small 

proportion of its contents. 

Form of mit 

The gut does not show any significant difference from 

that of GlvDmtaeliu.S... 



LQFIL 	spp • 

Habitat 

The larvae ace found in great abundance during sprin 

and early summer durcietis the in some of the weedy ponds lad 

slow moving canals of Surrey. They are usually found attached 

to the weeds, especially grasses, not far from the water 

surface. 

Fond 

By far the greatest bulk of food consists of fragments 

cut off from the leaves and stems of the water weeds, both In 

fresh and rotten condition. Raspings from bark are seldom taken 

in and that perhaps accounts for the paucity of diatoms (a - _ 
large proportion of which are epiphytic) in the gut as comPared 

with Glyetintaelius. Algae are some times inculded in food, 

though they form only an infinitesimal part of it. Animal food 

is oaten v4ry exceptionally. The following are the commonest 

diatom forms:. 

(1) Trabellari4 sp. 

(2) GamDhelnema sp. 

(3) Symedra  sp. 

(4) Me clam sp. 

(5) Ammbineura vellucida 

(6) 4vicule, spp. 

(7) Amtgeloha vaXis  

rAisf\nff\ttt 



arm of gut 

Thi does not differ in any esseatial respect from that 

of q;,ylphotaelius. It has been described in detail by Branch 

(1912) but she des not mention the rectal valve4 Which attains 

such enormous development in all the Limnophilidae. 

The head glands, except the labial, were not studied. 



We7-OF 	sp• 

Habitat  

The larvae are often found aggregated together 

under stones in shallow and slow to moderately swift 

streams, though it is byno means uncommon to see them 

crawling about singly among pebbles on the bed. In the 

Hampshire rivers, they may be found as late as the middle 

of October. 

Frnd 

Cf about a dozen larvae collected at different 

places and times, only four contained any food in their 
va. 

guts .such a high proportion or empty guts would tend to 

show that Viesnphvlax has strong food preferences. On the 

other hand, this may be due to their gregarious habits so 

that iffood could not be had by one, the others of the 

same group would not be likely to have had any. The food el 

c,naists largely of fragments of fresh leaves, specially 

of the tiater iianunculus. Some sand grains dad diatoms were 

included, but their total volume was comparatively very 

small. No animal food seems to be taken. 

Lana_U_iutd. 

The fr,rm f the gut is not much different from 

Cilyphotatlue 

 

except that the mid-gut is relatively short 

and the valva between colon and rectum less well-developed 



STOTOPIrfLAX app. 

gibitat  

The larvae are fairly abundant during the middle and 

late summer in the moderately swift parts of the River Itchen. 

They crawl about among the small flints and, since their cases 

are also made from the same material, they merge well with the 

back-ground. Some, however, are also to be found sheltering 

beneath larger stones. A few larvae were also obtained from the 

Lake Windermere. Stenmphylax has often been found to harbour 

a surprisingly large Nematode parasite within its body. 

Food 

The food is almost entirely made up of phanerogams. 

Both dead and living plants are attacked, but the latter, per-

haps, more frequently. Some amount of debris is also taken in, 

probably with the fragments of dead plants. Diatoms are not 

quite Sc. numerous as in Glyphotaelius. occasionally pieces of 

insect skeleton are found in the gut-contents. 

The maxillary and the mandibular glands were not studied. 



iJALLau sip. 

Habitat  

The larvae were taken mainly from the River Itches near 

Winchester. They inhabit the swiftest parts of the river and 

are often seen clinging to weeds. 

az], 

The food is apparently all vegetable. This is interes-

ting, since it is reported Musseaul  1921,page 791) that the 

genus is partly carnivorous, &id in particular Felber (in 

Russeau) states that the species Halesup tesselatAus Rambur 

is highly carnivorous in aquaria* Slack (1936) dissected twenty 

stomachs and found only two which incuded any animal fond. of 
40,  

the seven dissected here, only one contained a few bits of 

insect skeleton. Bits from fresh leaves and stems and even 

bark are taken in and form the largest proportion of food. 

Diatoms, though included, are few and do not seem to be selec-

ted by the larvae. 

Form of zut  

The fore-gut seems to be somewhat more strongly develop-

ed than in Glvpholieelius and ;JimnophIuk.p and its divisions are 

usually distinct. The longitudinal folds of its intima sad the 

stomodeal valve also are stronger. In the hind-gut, the rectal 

valve is not so conspicuous as in GlYPhotaelius 1or the rest 

the gut is much the same as in other LiminoPhilidae. 

The labial gland hes the usual character sad is about 

as long as the gut. The other head glands were not studied. 



ERIC0STOMATIDAE 

PitketriCEITTRIE  quaiuBILT43  Curt. 

H44tat  

The specimens of Brachycentrus Subnubilus were all nbtai- 
411 

ned preserved in alcnhnl from the Natural History Museum. I was 
told that theyr fairly cnmmnn in the river Test, near Rnmsey in 
early summer. I did not chance to s•e any nf them there, though 
I must confess that I went to look for them rather late. But 
very young larvae (possibly of this species) were sometimes 
sticking tn vegetation grnwn from bridges in the swiftest parts 
nf the Itchen, near Winchester, tnwards the and nf July. They 
Make a case Which has a different structure from the full grnwn 
Brachycentrus subaubiltis, but clmsely resembling that nf 
Brachycentrus  nigualma Banks. These larvael since they were in 
the earliest stases, cnuld not very well be cnmpared with the 
full grnwn larvae nf other Trichnptera. Hence their study was 

net attempted. 

Fnnd 
The study nf 0 fnnd has been rather unsatisfactnry l  

being based nn abut 7 specimens, all caught from the same 
Locality and at the same time . The examination of their gut. 
cnntents, hnwever, shrews that they eat both aaimal and vegetable 
fnnd, including in. the former kind small insects and Crustacea, 
and in the latter, leaf - and stem-tissues nf the higher plants 
and diatnms and algae which are prnbaly taken in with sand. 



On the whole, the larva seems to be omnivorous with the 

vegetable diet exceeding the animal. 

A fascinating account is given by Murphy (1919) of the 

larval habits of the American species, Benigrisoma, Which she 

regards as becoming mainly carnivorous after the first six 

weeks of its life. 

Form of gut( 

All dissections were made with alcohol preserved larvae 

and it cannot be said with certainty that no artificial corn- 
inelu-e•-a 

plication was iced by this alcoholic preservation. Only 

seven specimens were available, but all of them showed a 

uniformity of structure. Histology of the gut was not studied 

The pharynx ends with distinct construction end the 

oesophagus passes insensibly into the crop. The relatively 

large proventriculus is distinct, at least in some cases. 

Circular muscles though easily seen, are not very strong. 

The longitudinal folds of the intima are moderately develop- 

ed. Near the posterior end of the proventriculus, the epi- - 
thelium and intima turn forwards, independently of the outer 

gut-wall, and forms a complicated flower-like structure, 

Which is best understood by looking at its diagrams (figs 
/66.,,-Aa-Geor 

). Its petal-like folds pert4oulerly cover the narrow 

aperture of the stomodeal valve. The valve is small in 

circumference and descends only a little distance into the 

mid-gut. 

The mid-gut begins near the front margin of the third 



abdominal segment and ends near the hinder margin of the 

sixth. The malPighian tubules are equi-distant at their 

insertion. The usual four division of the hind-gut are 

distinct and there is also a pyloric region, the posterior 
an 

limit of which is marked by the annular fnid some distance 

behind the malpighian tubules. There are very conspicuous 

folds in the ileum. 

The labial gland is relatively longer than in the 

other Sericostomatidae, being 1.7 times the length of the 

gut. The mandibular and maxillary glands were not studied, 



SERICOSTOMA sp. 

HabAat  

Pericostame, is a ease-building form Which prefers 

to live in slawamaving parts of a river that are about a 

foot deep. The larvae crawl about an mall pebbles an the 

beds af streams, usually in areas which support some 

vegetation. The present collection was taken from the 

rivers Itches and Test in Hampshire, mai the wave between 

Shores of Lake Windermere. 

bud 
In the fifteen cases examined, the greatest pro-

portion of food was made up of cuboid fragments bitten 

off r from the tender parts of water weeds. Since a 

good deal of sand Is often included in the gut, it is 

reasonable to suppose that all the diatoms found are not 

epiphytic. Algae are only rarely taken in and the scar-

city of insect ar arthrapad skeletal fragments would 

indicate that it is only very slightly carnivorous. The 

larvae are therefore mainly vegetarian, feeding an the 

tender portions of the leaves and stems of higher plants, 

Feeding 

A larva was once seen biting at the stem (.4'.  

4mdea in a laboratory tank. The process was watched 

under a binocular and it was found that the stem was 

held between the mandibles, the first and even the 

second pairs of legs helping in this. When the mandibles 



were closed tightly ever the stem, the heal was thrown 

back with a sudden pnwerful)erk, and bit nf the stem was 

tern nff. The labrum kept temch(ng the twig constantly 

in its Upper side and moving forwards and backwards. The 

underelip, which also was mnving forwards and backwards 

as a Whiele, made a final inward movemeat and the cut rIff 

bit disappeared into the meuthe 

FnriliZ ut  (411 

The gut nf  ericn6j2  resembles the gut if 

imnephilidlle very clnsely. The etemedeum is shorty pear-

shaped and thin-welled, and its divisions are net marked 

distinctly except for the pharynx and the stemndeal valve. 

Its epithelium is very flat, the intima very thin, and 

the muscularis poorly developed though the circular fibres 

become quite noticeable just before the stemedeal valve is 

reached. The stnmndeal valve is slight, descends a very 

shoat distance into the mid-gut and leaves a very large 

aperture in the centre. A ring of a few small cells J une  
the fere-gut en 'Li the mid-gut. 

The mid-gut is very large, being mere than 3 times 

the length of the fere-gut and extending from the. *wit 

border r)f the second thoracic segment up te the hind end 

' the sixth abdeminal segment. Its walls are cempesed r)f 

a muscularis Ylengitudinal muscles lying outside the 

eirculers), a thin beeement membrane and an epithelial 

layer ef cells lining the gut-lumen. 



The epithelial cells are nf two kinds:-

regenerative cells, and (2) the digestive cells, the 

rmer are grouped 	nidi, thnugh the latter are not 

sn cnnspicumus as in the Limnnphilidae. In the matter nf 

regememativa cells grouping into nidi,.;-:_LeglerlstnmeLenmes 

midway between Hydrnpsyche and the Limnnphilidae. 

The digestive cells are columnar being about 

6-8 times as high as brnad. The strinted border is well 

developed and for the mnst part is unbronken, A peritrn-

phic membrane, though Ant seen to rriginate from the 

ring nf cells at the hinder extremity nf the c.tnmndeum, 

is present and envelnpes fend within itself. 

4.golisaagcalilaa 
4'esicies floated off into the mid-gut cavity 

were seen here and there in all the series nf sections 

examined. Mnstly, they cnntain granular matter fully, but 

nn rare nccaeinns they were also seen to possess nuclei. 

It shnuld, hewever, be painted out that a large number /41 

nf the parasitic Gregarinae were also present in the 

mid-gut and in sections they appeared very much like 

the secretion vesicles and caused much cnnfusimn. 

TbejeIlpiahian tublAes  

The tubules open rather in the terminal region 

(If the mid-gut than at the place where the mid-gut 

Unites with the hind-gut. They are inserted en the 

mid-gut singally end at equal distance freen one annther; 



IC 

the ventral twn tubules, hewever, are exceptienal and 

Owen clues tngether. Like Aydrneuahe, the cells cempesini 

the tubules have a striated border nn their /nasal edge. 

lks biad=zard. 

The hind-gut is lined threugheut by cuticular 

intima and is distinctly divided inte en anterior intes-

tine and a pesterier intestine. In the anterior intestine 

a pyloric reien is net clearly distinguishable a8 in the 

Limnephilidae, but the ileum Need celnn can be marked out 

very distictly. The pesterier intestine is divisible into 

a large rectal sac and a shert, narrow rectal tube. There 

are nn anal gills. 

The ileum is pear-shaped 5nd thin-walled. Its 

epithelium censiets nf very small flit cells Wheseintima 

is very thin and does net farm lengitudinel felds ef any 

great size. The passage e celen is guarded by a rather 

strung circular sphincter. In celen, the inngitudinal 

folds attain preminence Feld the muscularis also attains 

better development than in the ileum but the epithelium 

cells remain quite small. 

In the rectal sec, the epithelium creasists nf 

larger but still flat cells and. felds ref the intima adatain 

ebtain quite streng development although they are nn 

lenger strictly lnagitudinal in directirn. The rectal 

tube is witheut fnlds. 



NOTIDOBIA CILIARIS Steph. 

Habitat 

Same as Setricostoma. The larval case and habits resemble 

those of qericostoma so closely that it is difficult to tell 

the difference between the two genera even on a close examinat- 

Food 

This includes a great deal of debris along with the 

usual cuboid fragments of phanerogamus tissue4. Pieces of insect 

skeleton are also inclitded but they form a minor part of the 

total contints of gut. The diatoms and algae form an infinitesi- 

mal proport4n. 

Form of rut  

The form and the ratio of gut divisions is very much the 

same as in Sericostoma. 

The head7glends, except the labial, were not studied. 



SILO sp 

Rabitat  

The larvae are seen g dragging about their flat cases 

on bare strrxes in shallow, fairly swift streams. Collections 

were made from the rivers Itchen and Test and from the Lake 

Windermere. In both the lake and the rivers, they were 

commonest near the banks. 
Food 

The larva taken in large quantitkes of sand Which 

includes diatoms, tiny particles of decaying organic matter 

(mostly nf vegetable origia and short bits of algae. It seems 
to be attracted by bright objects, since the gut frequently 

contains brilliant, coloured stones and particles of mica. 

The organic particles and diatoms, of which the following 
kinds are generally recognisable in the contents of gut, 

appear to form the main source of nourishmenti- , 
(1) Gomphonemalcnnstrictuq 	(2) lilaIsama vagaro 

(2) Rhoicosbhania 	(4) Navicula $pp. 

(5) Amorpha ovalis 	 (6) Trabellaria sp. 
Occasionally pieces of animal matter are also found in the 

stomach, but these are probably taken from a dead and decaying 

host. It appears that the quantity of stomach-contents is much 
less in March than in August in the Windermere specimen(. 
Form pi* gut  

The form of gut resembles that of SeVicnstoma very 



closely. The fore-gut is Short and narrow and its divisinn 
into the usual parts is not distinct. Histnlogically it is a 
replica of the seiinstoma fore-gut. The mid-gut which begins 
in the second thoracic segment and ends near the front margin 
of the seventh abdominal segment, is fully four times as long 
as the fore-gut. The rectum is broad and its anterior and 
projects forward in a blind circular pouch, enveloping to a 
slight extent the ileum, and is held by suspensory muscular 
strands to the body-wall. The rectal tube is very Snort. 

Both the mandibular and. maxillary glands are present 
though the former is very small and consists of a few cells 
only. 

The cells cnmposing both the glands have a similar 
form. They are pear-shaped and their nuclei are confined to 
what would be the base eif the pear; the openings of their 
very conspicuous canalicules lie at the opposite and. 

In the maxillary gland the cells remain more or less 
separte from one another before opening im the central canal. 
The duct of the gland is fairly long and opens near the 

base, (fig 	). 



LEPIDo23T Mk  # 

Jbitaf  
The larvae live in d=).rk brown wooden cases 

vthich are almost quadrangular in section and are found 

lttacheu to the leaVes and stems of ,,,,,ter-vieeds (especially 
jimusturtiaa growing from the banks of the swiftest to 

moderately sift streams in Hampshire. 

jadis 

The food is entirely vegetable, consisting 
mainly of anal cuhoid frgnents, cut off from the higher  

olonts such as, bausturtiurn and 'is.ter Ranunculus. Diatoms 

(lo not sfim to be sbbected itmes of food, though 

quite a numlyJr of them 8et included in it. The commoner 

ones !Ire 	ILlicaa and ,DiateMq v9.14,1A. -;and 

particle also seem to g t mixed with the food. In one 

cr/se alone was nny animal (in v ct) food detected in the 

stowlch 

	 of cut (Iti Lt9 
The proventriculus is not distinctly m rked out 

nd it. circu or muscles are only feebly develooeCt. fhe 

longitudinal fold', though well-defined in the )11f-trynx, 

almst run out of existence further dovon, but reappear 

feebly in the provqntriculus, the storaodeil v live is thin 

ciscend,-- for rf short distance into the mid.sut ttnd le,ives 

A.QAC4 



a wide gap in the centre, The mid-gut, which is thrLe 

times the length of the fore-gut, starts near the front 

margin of the third thoracic segment and ends near the 

hinder margin of the sixth abdominal segnent. The histolo-

gical elements of the mid-gut are not very different from 

those of Seri co stoma. The epi th el i urn i s compo sad of 

digestive end regenerative cells, the letter forming compact 

nidi between groups of digestive cells. The striated 

border of the latter is quite distinct. The basement membri 

and the muscularis are also well-develooed. Some s cre,tion v 

vesicles were noticed in mid-gut sections; most of them 

were composed of granular protoplasm only but a few 

contained nuclei eiso.. tie inttor, ofcourse, are not to 

be regarded as the result of secretion, and this fres been 

explained before, 

The malpighien tubules are di sposea in three 

pairs, one ventral and two lateral, end open between the 

epithelium of mid-gut and that of the hind-gut. 'he 

eptthelial cells of the pylorus are --ost well-developed 

end assume e coluemorform; for the rest of the hind-gut, 

the epithelium is flet-celled. The arrangement of the ---
musculeris, eni thlitIrn and intima is almost identi cal- with 

that of 	jcoQma nd e description of it need not be 

repeated here. 

The labial glands ere about equal in length to 

the gut; the other head-glands were not studied, 



The glands have a structure which is very 

similar to that nf Gil.  The intracellular canalicules, 

hnwever, are much wider and distinctly hnw a much 

refracting tube going up them. This is apparently 

the same structure which Henseval (1397) calls "la 

parni du canal", in LaaDr,4 



Generalfeatures of feeding and digestive nrgans  

Although, in thenry. there exists a necessary 

relation between the form of an organ and the mode of 

its functioning, that is, between its morphology and 

physiology, this relation is not always easy to establish. 

Often, the relation is not very noticdable, but whenever 

there comes to light a. sudden departure from a supposed 

norm in the one sphere, the logic of the inter-relation, 

ship ceopels one to seek for a correlated deviation in 

the ether. As regards the feeding organs of Trichoptera, 

several theories have, in the past, been advanced to 

correlate the differences in feeding habits with 

modifications in the morphology of feeding organs. 

When these larvae first attracted popular 

attention, it was supposed that they were allyhytepha-

geus, but later, when the carnivnreus habits of snore 

species were discovered (Siltala 1907), the differences 

in the sharpness and bluntness of their mandibular teeth 

assumed significance. Still later, the discovery of 

the presence or absence of  setae en the inner sides of 

the mandibles suggested another possible adaptation. 

There are then two main teeters which are involved in 

the problem; en the one hand, there is the feed, which. 

may be animals  dintemaceus, or phanerogamous, er a 

mixture nf these, offering a wide range of mechanical 



and chemical resistance to the feeding nrgsns, and on 

the ether is the whole cnmplex of feeding organs formed 

by the first pair of legs, mandibles, the lower and 

upper lipsl and the various divisions of the alimentary 

canal. In order to appreciate fully the relation 

between these two complementary factors the first step 

would be a proper understanding of the factors themselves, 

or at least of their significant features. Without 

attenpting, therefore, to go into much detail, a 

general account of Trichopterous feeding and the 

alimentary system is given below. 



t VI 4  

The mnuth,iparts nf larval Trichnptera have been 
described in detail by Asseae(1921), Krafka (1923) and 

nthers. I will nnt, therefore, go into them exhaustively, 

but only touch upnn their essential nr significant fea-
tures. The mnuth-parts cemprise:- (1) an upper lip nr 
labrum, (2) a pair of jaws or mandibles and (3) a lower 
lower lip which is a cnmpnund structure, being cnmpnsed 
of the maxillae and the labium. 
Labrum 

The labrum is a transversely elliptical sclerite 
ta,  

with a pair of tnrmae nn its clypeal side and a notch nn 
its free edge; its upper surface is more or less covered 

with hair. It is capable ef bnth up-and-down and forward-
and - backward mnvement. 
Mandibles  

The mandibles generally have a hnllnw, pyrmidal 

body which may become triangular and blade-like in some 

farms (e.g. Oecetis and Phileletammg), and nearly solid 
in others (e.g. sun). They are articulated to the head 

by their breed and triangular base at t pints which 
are, respectively dorsal and ventral. The articulation is 

of the acetabulum and cnndyle type, the dorsal articula-

Ann being formed by the acetabulum being en the mandible 
and the cnndyle on the margi4 nf the head-capsule. In 
the ventral articulation the position f the cnndyle and 
the acetabulum are reversed. The hinge thus being 



dicondylic, mandibular movement is possible in one plane 

only. The power required for the movement is provided by 

the strong abductor and adductor muscles which are inser-

ted on the mandibles by the mediacy of two tendons., 

In those forms which have blade-like mandibles, 

there is either a single long apical tooth only or it is 

followed by a few teeth along the single inner edge, e.g. 

eecetis, Cidontocerum and Philopotaga. 

More usually, however, several pointed and sharp 

teeth lie along two parallel rows, dorsal and ventral in 

position, and also have the prr,minent apical tooth. There 

is a longitudinal depression between the two rows of 

teeth into which the apex of the opposite mandible works. 

A tuft of medial hair may be present near the most basal 

tooth or may be absent eg e.g. Phrxganea and gyairaasyche• 
060.1,  

In some forms the teeth are net pointed and lie/  the thin 

chisel-like apical edge.  Such teeth often have broad 

molar surfaces and tufts of medial hair. The medial hair 

may be present on both mandibles nr may have an unsymmet-

rical arrangement and be absent on one of them as shown 
•-• 

by Siltala, e.g. Anabnlia. 

Finally, there are some mandibles which are 

without any teeth at all. Such are usually very weak and 

brittle, and break even by a mild working of the dissec-

ting instruments upon them. They wf have often a hairy 

inner edge. 



The lower lip 
The lower lip is farmed by the fu 	nf the 

basal regions of the maxillae and leUum. 
The maxilla is fermed by a caede and a stipes 

which are easily identified, and a large transVerse 

piece beyond the latter en Which are carried an inner 

lobe and a palpus the hnmnlegy and precise extent of 

which are net se certain. The palpus may be regarded as 
having four nr five segments accerding as the tranverse 
piece is identified a the palpifer rIr the first segment 

ef the palpus. The inner lobe may be a united galea and 

lacinta mr lacinia enly. 

The labium is a median triangular piece, fermee 

by the fused mentum and sub-mentum wiliCh is attached by 

its base te the cephalic margins  edl_Ueee-a. Its apex 

represents the. fused prementumglessae and paraglessae 

on which the labial glands pa by a atk&lie aperture; 

the labial palpi are one er two segmeated. 

According to Das (1)36), vdin has tried te 

interpret the merphelegy nf the Trichnpternus mnutle-part 
en the basis nf their musculature, the mentum and sub- _ 
meetum are distinct, the latter cerreapending to what 

has generally been called a gula. PaIpifer, according 

tn him, is net develepcd at all, which makes the number 
rf palpal segments five. The inner lobe is made up ef 

the lacinia enly. 
The length nf the maxillary palp is variable. 



The pal may be very leng gad strong as in Rhyaceehila, 

cecetis and folycentrepus nr it may be short and weak 

as in the Limnnphilidae and L;ericestematidae. In the 

f-rmer instances it is denuded nf hair, but in the 

latter (especially in Siln) the palp together with the 

rest nf the under-lip may beceme very hairy. Again the 

paip mny nr may net be capable nf moving independently 

ef the rent of the lnwer lip. The stipes and the labial 

apex are, hewever, quite incapable ef mnving nn their 

ewn, and must reeve with the general body nf the lower 

lip. The mentum may censist ef a single piece er may 

be partially or completely divided, showing the primi-

tive cenditien nf the labium. (e.g. Hydrepvche and Siln: 

Thervic legs 

I  can de ne better thrft qunte crcutt (in Bettei 

1934, P. 67) en this subject. 

"Ifeleh leg censists nf five segtents, nr nf six 

if Nee ceunts, as do Ulmer and seme ether authnrs, 

the additional segment formed between the cexa and 

the bedy.. 464664046 ***** V ***** 6 ****** S* *********** 

The first pair of legs is generally the stoutest 

and dhertest. As indicated by Ulmer, this pair ef 

legs is carried alongside of the head &id is used 

not sn much for lecemetinn, as fnr holding prey 

and for case-building. In most cases the legs are 

pregressively longer 

of these sheuld prove au interesting study". 

the adaptation nf some 



I ;q40.., 14Ci0 Head-gl 	( ands  I 

Typically one pair of glands is associated with 

each pair of the mouth-parts, and is named after the 

particular mouth appendage on which it opens. Their 

discharge ducts usually remain separate, but the ducts 

of the glands Which open on 

always unite be fore npening 

The jabial glands. 

The labial glands  

the labuim (labial glands) 

on the tip of the labuim. 

lying 
are a pair of very large glsndsa 

loneely in the body cavity along side the gut. The 

structure of labial glands has been described in sufficient 

detail in Hv4ropsyche sad since it is typical of labial 

glands of almost all Trichopterous larvae,the description 

need not be repeated here. In some forms, as for example 

Rhmvacnphil4, cdontncerum and Serienstoma .Ithere is a 

pair of small globular accessory glands creanected with 

each labial gland where it passes into its duct. 

Mamillayy and Mandibular aends 

The maxillary and mandibular glands are the 

head-glands proper, for not only their opening but their 

entire body is situated in the head. Their structure in 

some forms has been described in great detail by Lucas 

(1893), Henesvel (1897) and. Russ (1910), although the first 

to mention them was Patten (1884) who, according to all 

subsequent writers on the subject, made the mistake of 
*of 

calling a head-gland of Neophylax "mandibular" while in 



reality it was the maxillary gland. The glands are just 

menti'-ned by Ulmer (in 'ichulze, 1925), id (1936) the 

maxillary gland in the larva of Hydrepsydhe has been 

described by Glasgow quite recently (1936). 

The mandibular glands  

They are a pair of very small glands lying in 

the lateral side of the head capsule near and below the 

compound eyes. Their occurrence is net constant and they 

are absent in some farms e.g. Hvdrepsyche, cecetis, and 

;PheeveaneA. Each gland consists of a few cells only, say, 

from 5 or 6 to 30 or 40 in the different larvae. They teke 

one of the two forms described below: (a) In most larvae 

the cells do not come together very closely and, in 

sectiens, give the appearance of being separate from one 

another. They are, hewelter, united near the discharge orifice 

of the gland Intel which each cell pours its secreti-n. 

The cells composing the gland are rather big and each is 

pierced by a minute canalicule which is lined with inLima. 

Their =G&W are also relatively large and usually lie 

towards the upper (away from the discharge orifice) and of 

the cell. In Lgpidestreaa a. fine cuticular tube runs up the 

canalicule and resembles very much the structure that has 

been called by Henesval "lapar_i du canal" in enabelia. 

(b) In prognathous larvae the cells form a more compact 

and tabular body though they lie in the same situation. 

The intracellular canaliculi are present but are narrower 



read epea into a central canal which runs through the entire 

long axis of the gland. The opening of the gland in 

both types lies near the outer erticulatien of the mandible 

on the head capsule. 

The form, of mandibular gland cells may be 

different in different species but it always closely 

resembles the cells of maxillary gland in the same 

species. In other words, the maxillary aad mandibular 

glands in the sane species are formed by similar cell 

elements. 

re maxillery glaads  

The maxillary glands are paired, each lying 

close to this or the ether side of the sagittal plane 

between the pharynx and the labialgland ducts,just in 

frent of the suboesophageal ganglion. Each is tubular 

in form and invariably attains abigger size than the 

mandibular gland of the same larvel  but becomes especially 

big informs, like 	ephile, Pelvcentrepqs, and 

Philepetames probably due te the pregnatheus condition 

of the head in them. Their big size makes it easy to 

demonstrate them even in diseections. 

Their structure is essentially the same every—

where. The long axis of the gland is provided by a canal 

(the central canal) of ectedermal origin (Patten 1884) 

which is lined by cuticular intima. Going round. the centre 

cansl en all sides are large gland cells each of edlich is 



pierced by a fine canalicule. These intracellular 

canalicules are alas lined by intima and serve to pour 

the secretion of the gland 4 cells intn the central canal. 

fienseval has described (in .i%nebeli) striations in the  
protoplasm just outside of the canalicules which I could 

net see in my sectiens due most probably to their being 

ton thick. 1. hyacophila happily was an exceptien and showed 

the striatiens. The nucleus is a large body in all cases 

and lies near ene end of the cell, most usually the end 

Which is directed away from the central canal. There 

are miner difference, in the various maxillary glands 

the number and shape of the components cells, width, nf 

the central canal and the granulati,m in protoplasm but 

all conform tn the essential plan described above. 

The secretion of the maxillary end, mandibular 

glands has been reported (Henseval 1897) t be an oily 

substance but Which was never chemically tested for 

enzymes. The the minute quantities nf available secretion 

have apparantly been an unsurpassable impediment. 



1,11.eSeiria 

The larval alimentary canal is divided into 

three main regiens, the fere-gut, the mid-gut and the 

hind-gut. 

Fere-gut  

The feregut is almat always a straight tube 

but '-.f very unequal length in different species. It is 

primarily divided into Jima* reginns: - (1) the pharynx, 
(4) 	- - 

(2) the crept  (3) the preventriculus ne/the stemodeal 

valve. The crept  hewever, may sometimes be preceded by 

an mesephague, and in same ferms, the preventriculuai or 

the anterior part mf the stemedeal valve rev, develop a 

a gizzard-like organ near the pesterimr eid ,f the fere- _ 
gut. The different regions enumerated above may nmt be 

strictly heme4amue in the different larvae. They are as 

pointed by Snegrass (Principles nf Insect VOrphelegy, 

1935, pege7544) "Structural adaptatiens tn functional 

differences. 

Liince the terminal part of labial gland is 

completely enclosed within the hypepharynx and prementum, 

the salivarium fermsne part nf the general pre-nral. 

caelty. The mouth leads into the phgrynx, Which is 

strengthened by censpicueus circular muscles, and 

supplied with several dilatnr muscles, originating from 

the head cepsule and the tenterium (fig. 	). The 

pharynx may be divided into anterior and peeterier 



reginne by the brain but the distinctinn is arbitrary, 

since the two parts are continuous and very similar in 

the cnmpnaitinn nil their walls and the strength nf 

their longitudinal fnlds. The posterior pharynx also has 

inserted upon its dorsal surface vertical muscles nrigi- - 
.rating from the head capsule*. An nesnphagus is present 

in se farms but absent in nthers. It is nnt sn muscu-

lar as the pharynx, from which it is also distinguished. 

by the Ines nf longitudinal fnlds in its walls. The 

pharynx, is almost always separated fm the reginn 

fnllnwing it by a constriction in the gut-wall. The 

oesophagus passes imperceptibly into the dilated crnp, 

which may nr nnt be quite distinct from proventriculus. 

The prnventriculus is generally a bread chamber in which 

the folds nf the intima and the muscles are fairly 

strongly develnped. In a few extreme instances it has 

weak walls, but in same cases at the ether extreme it 

develops within it a snlerntized grinding and straining 

organ, as for instance the gizzard of 4vdrnbsyche and 

the anterinr part nf the nesnphageal valve nf Pnlycentrn-

pus. The terminal portion of the fnre-gut may either 

farm a neck befnre joining the mid-gut nr just merge 

with the latter without break in the curve nf the gut- 

nutline. :.;;nmetimes, in the former cnnditinn, the lnngi-- 
tudinal muscles instead r.f travelling frnm the fnre-gut 

t' mid-gut all alnng the gut wall, separate frnm it and 



span the d stance between the two divisions of the gut. 
The stnmndeal valve is essentially the hinder 

end nf the cylindrical wall nf the fnre-gut Which after 

descending into the mid.gut for a longer nr shorter distan-

ce turns up again nn the nutside and cnmes tn a. final end 

near the anterior extermity nf the mid-gut. It is thus a 

bilamellate structure *doh is lined by intima nn both of 

its expnsed surfaces'. It may be a thickset and a pnwerful 

nrgan guarding a nerrmw aperture and capable mf regulating 

the passage nf fond.frnm the fnre to the mid-gut, nr it In 

nay be just a fringe around a comparatively huge aperture 

and incapable of exerting any appreciable influence upon 

the passage of food. in snme forms it becomes complicated 
• r.  

by the addition tn it nf a high cuticularized anterinr part 

which lies in the fnre..gut lumen, nr by gaining an extra-, 
ordinary length (,,f the nriginal (pnsterinr) part. in some 

zones nf the stomndeal valve the epithelial cells becnme 

drawn nut and columnar - a rather unusual develnpment in 

the epithelial cells nf the fnre-gut. 

An intrestitial ring nf cell - s present in all 

trichopternus larvae. it is only a few cells wide and marks 

the uninn If the fnrelkut with the mid-gut. It is regarded 

as the final part nf the fnre-gut ("41a,ag,11, 19:36) althn h 

its* S intimal lining was nnt always evident tn me. The cell 

cnmpnsing it are enlumnar and wail-differentiated but quite 
No, 

different in fnrm from the cells nf the mid-gut epithelium 



frmAhich they are also separated by a physical gap. 

The fnre-gut wall is cneposed of the following 

three layers- (1) the muscularis which is the outermost 

layer, (2) the sip epithelium and, (3) the intima which 

lines the lumen nf the fnregut. 

The muscularis of the fnregut is dnuble, cnnsi 

ting of a circular mad a longitudinal layer.. The arrange-- 
meat of these two layers is by nn means uniform thrnugh-

mut the foregut fra,  although the longitudinal muscles 

generally lie inside the circular muscles, in some 

regions (fnr inatance - the proventriculus of some fnrMS) 

the longitudinals lie outside the circulars. Again the 
kW' 

same layer has net the same strength in the different 

regions of the fare-gut. The circular muscles are almost 

always more strongly developed in the pnaryngeal and 

proventricular regions than in othereplaces; similarly 

- the lnngitudinal muscles have a tendency tn gather 

beneath the lnngitudinal fnlds of the fnre-Eut. In 

addition tr thnse muscles which enter the cnmpnsition nf 

the nre-gut wall, there are suspensory and dilator 

muscles which run between the pharynx and the ekcletr'n 

nf the head. 

The epithelium nf the fore-gut is flat through-

mut with indistinct cell-boundaries. The only exceptions 

to this rule are provided by (1) certain areas of the 

stowedeal valve where the epithelial cells come out tall 



and distinct id (2) the int'estitil ring nf c.1i v ich 

fellows the valve. 

The intima nf the fnre.gut is continunuS with the 

cuticular c/vering f the body at the unuth. it has very 

unequal develnpment in differnt slocies and in. different 

reginns If the fnre-gut in the same species. It is usually 

much better developed in the pharynx and prnventriculus 

than in the crop. often it is thrown int(7, lnngitudinal 

folds that are weak, impermanent structures and open out 

flat 'then the fnre-gut is distended, but in other instan. 

ces they are tall ald powerful, or even smierntized and 

spinnus sr as tn farm a definite organ of the fnre-gut 

(e.g. the gizzard nf livdrnpsychq). The degree of develop-

ment nf the longitudinal folds and that nf the muscularis 

seem to be directly related, fmrwherever the fnlds grew 

in size, the muscularis also becomes powerful, and 

wherever they dwindle in size the uuscularis alan becomes 

weak. 



Mid-gut 

The size of mid-gut varies great 
	

different 

species. In some, it is over three times as long as the 

ore-gut, *bile in others it is less than half the length 

f the fore ..gut. 
The mid-gut is a straight tube of uniform calibre 

not differentiated into eny ':pecialized regions (such as 

hepatic caeca) for the manufacture of digestive secretions 

Its walls are composed of a muscularis and an epithelium 

which lines the mid-gut cavity arid rests upon a basement 

membrane. 

The muscularis is doubleconsisting of an outer 

layer of longitudinal muscle fibres and an inner layer of 

circular fibres. 

The basement membrane is quite thick in most larvae 

but is especially sn in the Limnophilidae. Only in a few 

larvae is it very thin and difficult to see. It has 

peculiar development in some regions of the mid-guts of 

Rhyacm2Atla and PlitlfTntz.,us where it cannot properly be 

called a membrane. It becomes very brnad (as broad as the 

epithelial layer in sections) in both instances, but in 
,or 

mayaarl'ohl,A in addition it develops large clear spaces 

within it and appears to possess nuclei. In ?hilopot4mus  

it Shows, in places, a longitudinal split vthich contains 

nuclei. Al]. this goes against the accepted definition nf 

a basement membrane, thebasement membrane" 	 AhyapoAAila  



and Philepetamus eeuldl  therefore, perhaps, be regarded as 
No. 

, 
a connective tissue layer supporting the mid-gut wail in 

these forms (Snodgrass, 1935, Principle- of insect Morpho-

logy, page 366). 

The epithelium of the mid-gut consists most 

usually of t kinds of cells, VIZ. the digestive cells 

and the regenerative cells, but in some forms (e.g. ?jailor,  

seteeshis gad cecetia) it includes a third kind . the goblet 

cells - emeng its censtituents. 

The digestive cells are celusinar in form and lie 

abeve the basement meMbrane. Their walls may or may net 

be distinct. There is usually ene nucleus in each cell 

but in a few casts at least the cells appear to be multi-

mucleate. Their mesal ends show a striated border in meat ( 

cases. The height of a cell varies greatly in relation to 

its breadth. Usually a cell is 6 to 3 times as high as 
•••Y 

broad but in some nermal instances (Hhvacnnhile) it 207 

become much higher (3-,v, 15 times as high as bread), while 

in others it is quite shorts  Almost square in sections 

LPeeasetus) 

Tha regenerative cells usually form compact groups 

or nidi between the bases nf the digestive cells and lie 

along the basement membrane. But in some cases such as 

X r 	 and Xesssetfek, they occur eingally. In flyeirnD. 

syche they are mere nuclei, while in the other they form 

proper cells. 



The goblet cells ecceur singly ameng the diges-
tive 

 
cells in some farms Naly, e.g. PjeUppetapeee and some 

Leptecerids. They are large cells, the broad upper side ef 

which is transparent and cup-like in feria. The basal side 

is ling and nerrew, and contains the nucleus. They are 

large celie, the bread upper side ef Which is 2iewcamd 

=WAN trsneparent and cup-like in term. The basal side is 

lnng and narrow, and contains the nucleus. They are 

suppesed t- secrete mucilage for the pretectinn nf the 

digestive cells. 

.Peritrephie meLlbrape  

The peritrephic membrane was noticeable in many 

larvae but it was particularly clear in the Serieostomidae 

and the Lirenephilidae. According to seine authors the 

identification of the peritrephic membrane rests wen its 

erigina from the special ring of cells in which the fore-

gut ten1nates aad Which have come to lie within the mid... 

gut walls. If that was the only proof of its identity then 

the membrane which I have described as enveloping the food. 

mass in the various mid-guts can be regarded as peritropbSo 

only with some doubt, for I could never trace it to the 

frent end mf the mid-gut. But according to more recent 

aecounts the peritrephic membrane can also be the product 

of the general surface of the vetricular epithelium. This 

latter view is mere in conformity with facts as I have 

been able to see them in microtomic sections. The membrane 



does net seem to be constantly present even in the same 

species of larva; very prebably it is shed from time to 

time and gnes down the way of feed. 

Iliztattys„ 
It is supposed that the digestive juices Which 

are produced by the vetricular epithelium pass through 

the striated border ef the cells in two whys mainly:-

firstly, by e-zing nut very gradually, in which case they 

will leave ne physical indications ef the drecess in 

histelegical preparatiens (this trpe ef secretion has 

been called merecrine); ecrndly, by preduetng buds from 
the nesal surface into Which digestive secretiens nf the 

cell pour rut later, these buds get censtricted off 

from the prvveli% parent cells and fleet away as vesicles 

into the midegut cavity. When these vesicles ultimathly 

break, they pour their centents ever the feed which is 

tn be digested, (this represents the helncrine type ef 

secretinn). The secretien vesicles are meet usually 

without a striated periphery but in 	it is 

present 

The secretion vesicles can be quite numerous 

in a single micrntrmic Beetien. Ameng them one may arms-

times enef a veeicle Which is nucleated. This, obviously 

could net represent a process ef secgetion, but would 

result from the physical separation of an integral pert 

f a. digestive cell. It is generally believed that such 



vesicles are the Physical indication e,,,f a precess ef 

cell deeeneratien and net secretien. Nevertheless, I have 

included them with the proper secretion vesicles in nrder 

e avid lengthy descriptiene. The data referring te 

digestive secretien ee seen in histelegical preparatinns 

get collected just by the way, in the attempt t., study 

the histmlegy ef the gut. It should net, therefere, be 

expected that the data will be all-cemprehensivee But it 

is, at any rate, hoped that whatever cenclusiens have 

been drawn are valid within the limits that have been 

defined. mere er lesc implicitXy. A study ef the process 

If aluereMere by the e?ithelial cell was not even 

attempted 

Its BiadtquI 
The bin eat is held te the be4yewall by seve-

ral suspensors muscles, the most crnstant ef Which is a 

pair inserted between the rectal sac end the rectal tube. 

The arrengement nf the prectedeal muscle-layers is more 

irregular than in the ether parts ef the gut, but, 

speaking generally, the lengitudinal layer is outside 

the circular. The hind-gut is lirted threugheut by a 

cuticular intima end its to  mein divisiens are the 

enterier and pesterinr intestines. The fermer is sub-

divided into pylerus, ileum and cmlmn, and the latter 

into a. rectal sac, and a rectal tube. 

The six malpighlen tubules arise in a circle 



eerel 
at the junction ef the hind - and the midegut They be 

free or united, and the wide of their insertion on the 

gut is variable. When free they may spring from the gut-

wall singally, in twos and threes; or some singly and 

ethers in a greup. After travelling for some distance 

from their base, they often acquire reddish brawn colour 

and eehibit along their whole sinuous course deeply pig-

mented and clearer patches alternating with one aanthere 

In, meet species the dorsal pair travels forward and, the 

rest go beekwerds„ and spread round the hind-gut. Meet 

authors regard them as outgrowths of the hind-gut wall, 

but that could not be universally true even in the 

Triehoptera. In some Limnephilide that I have studied, 

their opening is surrounded on all sides by the mid-gut 

cells. In most cases, however, only the anterior part of 

their opening is bounded by the mid-gut cells, the poste-

rior part being guar4ed by cells of the hind-gut. The 

wall of a tubule is only one cell thick and is lined by 

a striated border facing the lurna of the tubule. The 

striated border is very similar to the striated border of 

the mid.gut cells in shape, but the two,  have net been 

found continuous with each other. 

The pyloric region is a short annular area into 

which the malpighian tubules op almost invariably. Its 

epithelial cells are not quite se flat as in the rest of 

the hin&gut but occasionally the cells of its most 



an erin part grew tall goad onlum mod. 	constitute 

what Glasgow (1936) has called the 
	

intrestial 

ring 

The ileum is a broad pear.-Map anmpartment of 

the 	d t which narrows down sharply in the posterior 

direc inn. Its epithelial cells are very flat and the 

longitudinal folds in its walls have may a weak develop.. 

meats A powerfUl sphincter of circular muscle fibres foes 

round the posterior end of the ilea and the anterior 

part of the col6n. 

The colon is a narrow tube ith muscular walls, 

flat epithelium%  and well.deveinped longitudinal folds 

which almnst fill, its cavity. The ithelial cells have 

large nuclei but their walls ere not distinct. 

The rectal sac is generally a broad and sac -like 

reg eel with loose wall .021 WhiCh the folds do not keep 

Any set irectimn. The walls of the col.Nn or their folds 
So,  

sometimes descend into the rectal sac and constitute a 

rectal valve (e.g. Limnophilidae). In some forms which 

have a relatively large rectal sacs  the longitudinal 

proctodeal muscles get separated frnm the gut-wall and 

span the arc between the ileum and the rectal sac. The 

walls of the sac have the same histological composition 
*I10 	%le 	 ti 

as the colon. in snme fnrms the rectum is not much 

broader than the regions preceding or following it. 

The rectal tube is quite cohort and marks the 



end ef the gut. Its walls are cnmpnsed ,f elements And-

lax' try the rectal sae, but it is without may f'1ds. In 

retest thisanu-referm larvae hellew and finger-like gills 

grew nut into the lumen ef the gut frem the place where 

the rectal sac jnins the rectal tUbe. The structure ef 

the rectal gills is the same as the rectum-wall. The 

gills can be extruded with the evagination of the rectal 

tube and drawn in, prnbably, by the action of muscle 

bands -which run between the bedy-wall mad the rectum 

in the last abdeminal segment. 

. 	4 	211 	* 

Wiggleswerth (1934, Insect Physielegy, page 

51) states that "Digestive enzymes ef insects are such 

as might be predicted frem the nature nf their fnnd". 

Accordingly eight species, including ammegst them 

carnivernus, nmnivnrnus end phytnphagnus farms were 

selected fer a study ef their digestive enzymes tn see 

if these showed any significant differences. Labial 

glands, fere-guts and mid-guts were tested separately 

far such enzymes as amylase, invertase, trypsin, pepsin, 

erepsin, and lipase. The results are given in a more 

complete form in the table 

In view of the fact that living British 

caddis larvae could net be obtained in India, the ana-

lysis nf the secretion ef their mandibular and maxillary 

glands was nnt even attempted. 



(aaagijag13,41,4:41_17,1L111Eaclail 
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The fond nf Trichopternus larvae is very 

diverse. It can be divided into several classes according 

to the quality of mechanical resistance it would offer 

to the mouth-parts in catching, tearing, holding, or 

ingesting it, or dealing with it in any other manner. 

The classification attempted here it will be seen, runs 

more or less closely parallel to a more 'natural' ordering. 

Class 1 Fnnd material consisting generally of 

minute particles, not needing to be torn from a parental 

bndy. This includes diatoms, fragments of algae, debris 
So,  

matter, and also sand. 

Class II Fragments nf plant tissue torn from 

a parental body. They may be fresh or dead and rotten. 

In the latter case they often have a host of epiphytic 

diatoms and algae upon them. 

ClsjssIII Food material capable of moving way  

and escaping from the larval organs of ingestion. This 

includes small-sized animals like insect larvae and pupae, 

minute crustacea, acarina and the gastropod Limnaea. 

Class IV A mixture of classes II and III, and 

in rare instances of classes 1 and III. 



DISCIZSI0N 

(a) General 
Slack (1936), investigating the fond of caddis 

larvae comes to the conclusion that they are All more or 
less omnivorous; that, of the several "nominally" phyto-
phagus types, only a few are"purely" phytophagus. It is 
snmewhat ironical that although I have found even these 

"purely" phytophagus types to be omnivorous, in his 
sense, I do not agree with his conclusions. The distinc-
tion between carnivorksm and vegetarianism in the 
Trichopterous larvae is a real one and should not be 
merged into a diffuse omnivoriam by quoting isolated 
instances of phytophagus larvae eating animal diet or 

a 
vice-versa. Not that there exist any rigid boundries 
between the two modes nf life. an the contrary, I am 

inclined to think that it is qyite normal for a vegeta- - 
Tian to attack and devour small prey occasionally, sad 
for a carnivore occasionally to eat plant tissues. What 
defines carnivorism is not an absolute restraint from 
vegetable diet, but an overwhelming preponderance of 

hrAt A Gk 
animal over plant foncl, when both kinds are available 
in the environment. It is not so much the exclusion of 

•-• 

a certain xf kind of food as rather a positive, preferen-
ce in the other direction which determines carnivorism 
or vegetarianism. It would be confusing, to say the 



least, if, for instance, Phrvganea and Triaenedes were 

both labelled omnivorous because the latter also takes 
wp, 

very small quantities of animal food. Quantitative 

differences do matter and it is important that they 

should, in some way, be implied in the definitions. 

There is, besides, the danger of basing conclusions on 

too scanty data, or data relating to a restricted k 
6' 

locality, or only one season. This I say with the full' 

that my data also are meagre, too meagre perhaps, in 

several places. Nevertheless, it is very reasonable to 

call forms like Stenophvlax phytophagus even if they 

do occasionally feed upon animal material. This is valid 

because the stomach of StenmphvlaX, in all seasons and 

environments, a preponclerauce of vegetable fond over 

the animal . In the same way 'omnivorous' is that type 

which most often ingests nearly equal amounts of both 

kinds of food or if there is excess of one kind, in 

some individuals or seasons, it is approximately balan. 

ced by an opposite excess in others. Similarly for the 

'carnivorous' types. 

Here I would like to make another rather 

important point concerning the valume of different 

foods in the gut. When juAging their proportions, it 
should be remembered, that equal volumes of arthropod 
and phanerogam material would indicate that the amount 



f the former was much greeter to start with. The soft 

parts of an arthropod dissolve out and the remaining 

skeletal pieces get compressed Into a much smaller 

volume as they Pass along the gut. This does not seem 

to happen with the cellulose framework of phaneroga-

mnus tissues. 
'40 

(b) The foad and 1,he Seeding argans 

The mandibles shnw a great variety of form 

which is often clearly related to the nature of food. 

In the forms that take in food which is made up of 

small particles like diatoms and algal fragments, or 

Is mixed with abundant sand grains and debris, (ffod 

of class I), in short, the forms which utilise food 

that does not require to be torn from a parental body 

or sub-divided any further, the mandibles are generally 

weak, their teeth *enerally blunt or even absent 

and /or there are developed prominent combs of setae 

nn their inner sides. The maxillary palpi are very 

short and stout and/or comparatively very hairy and, 

apparently incapable of any independent movement. The 

mouth-parts are adopted more for sifting a generally 

granular matter and pushing it into the mouth than for 

anything else. Users of fond of this kind, include Ula) 

Aa.aDetus, Glnssnsoma,   2sychnmyi  ) liAn4ss) 

and, perhaps, Prtilnpntamlas. The first three agree in 



having mandibles without teeth 	and extremely abort 

maxillary palpi. Silo has, in addition, prominent hairy 

fringes to the mandibles Hydroptila  and Psycliemyia  have 

just one or two blunt teeth and a very hairy under lip. 

Tinodes seems exceptional and positive knowledge regar-

ding the fond of PhilDbotarmAs is so meagre that nothing 

could really be said about the function of its mouthparts• 
,v> 

They closely resemble those of the carnivorous Alvlactothi's 

la but it should be seen that their maxillary palpi are 

relatively more hairy and though quite as long, are 

definitely weaker. 

In the forms that live mainly by tearing morsels 

from phanerogarnous weeds, the mandibles are chisel-shaped, 

with a few blunt teeth confined to the apex. Below the 

teeth,the mandible is generally scooped out so that the 

apex becomes wedge-shaped. Beneath this is the more solid 

part, the inner side of which acts a0 a molar surface. A 

short tuft of hair is usually present on the mesal side 

of the mandibles as has been pointed out by Siltala (1907) 

The generally hairy maxillary palpi are short but not 

stout like those of the first group. A few that were seen 

in action, appeared capable only of a trembling movement 

on their own, otherwise they moved with the rest of the 

underlip. Lh Sertgostomg  it was seen that the 	portion 

of food intended to be bitten off is held tightly between 

the mandibles, the head is then thrown back with a power- 



ful jerk and the portion is bitten off. To this group 

belong Limonophilidae and Sericostomatiae generally. 

- 
	In the highly carnivorous forms like the Poly-

Centropodidae, Rhyacolohila and Oeceteis, the mandibles 

are comparatively slender, flat, aadiblade-like, and the 

mandibular teeth are very Sharp and disposed along the 

inner edge. The sharpest of the series is usually a 

long apical one which appears to be better adapted for 

holding the prey than ghe teeth which follow it. These 

latter are usually disposed in two ill-defined rows with 

a cavity between them and seem to be used rather for 

cutting and tearing. The thinness of inner edge hardly 

allows for any molar surface. The maxillae are long, 

almost without hair and quite capable nf independent 

mnvement. In a few instances I have seen them actually 

close over the prey and help to hold it. 

Forms like Phrmganea, Hydroosvohe, Mmlanna4  

Qdontncerum and some Leptocerids have an intermediate 

development as regards the form of mandibles sharpness 

of their teeth, the length and mobility of maxilla sad 

the general hairiness of the underlip. The mandibular 

teeth are usually disposed in two rows for cutting 
Ya• 

action but a molar surface is also present. The apical 

tooth may attain extraordinary Prnminencelas for example, 

in Odontocerum. 

of course,it has always been known. that the 



Trichmpterous mandibles may be sharp or blunt, according 

to the nature of larval food. But what was not known or 

only half known, is the fact that there is, more or 

less, a complete gradation of forms from the sharpest to 

the bluntest mandibles which goes nearly parallel with a 

corresponding gradation of food.s. The function of pro-

fusely hairy mandibles or lower lip has not been pointed 

out except in a very recent paper by Slack (1936) . Simi 

larly it was not known what purpose was precisely served 

by the long maxillae in the carnivorous Trichoptera. 

Possibly, there is also some difference in. the form of 

teeth betweeb those species vihich more usually swallow 

their prey Whole and those which cut it up into bits 

before ingesting. The mandibles of Rhy4c010414ii,amd 

odontocerum bear only a single long apical tooth, which 

probably can do nothing more than just catch and hold 

the prey. It would be interesting to know- whether they 

swallned their prey whole oftener than do other carni-

vorous or partly carnivorous forms. I have not got enough 

data to say anything definite about it, but some Trichop-

tera (e.g. 4hyacop4ila) do appear to swallow their prey 

whole very often. 

5iltala (1907) has advanced a theory bearing on 

the relation of food mid mandibles. He considers that;.. 

(a) the larvae with medial brushes of setae on both 

mandibles are phytophaguus, 



(b) those with brushes only on the left mandible 

are either:- 

(1) omniVornus, or 
(ii) phytophaUs, or 
(iii) carnivorous and 

(c) those with no brushes on either are:- 

(i) darniVorous, or 
(ii) omnivorous. 

But for the singles  rather doubtful, instance 

of Philnpotaripoi  I have come gicross no exceptions to 

this rule. However!  I have this criticism to offer that 

when the presence of a certain morphological feature is 

equally associated with (a) carnivorous (b) omnivorous 

and (c) phytophagivas habits in such a large proportion 

as six nut of twelve families, and with (a) carnivorous 

and (b) oniiivorous habits in. the case of aanther four, 

its use as an indicator of habits is limited. But the 

theory has its merits. It holds true in those instances 

where certain members have deviated from the normal fond 

of their family and have also exhibited a corresponding 

eccentricity in their mandibular structure. It more than 

justifies itself there. 

Siltala's theory has unjustly been criticised 

by slack (1936), mainly, it seems to me, because he has 

failed to understand it properly. I quote eaack:- 

"Silfvenius advances the theory that larvae having 

brushes nn both mandibles are primarily phytophagtius 



those possessing one on the left mandible only are 

omnivorous and those without brushes carnivorous". 

Nnw that is not exactly what iltala said his actual 

view are quoted above. The root of Slack's misinterprets,. 

tion seems to be that he does not want to distinguish 

between aa omnivorous group and a group of forms which are 
•m, 

severally carnivorous, phytophagous or omnivorous. Ando(is 

more, for him, even the slightest deviation from a unifor-

mly pure diet makes a larva omnivorous. I have discussed 

the matter more fully under the heading of food. 

Weisenburg-Lund's theory (1913) which seeks to 

correlate the more or the less anterior position of eyes 
40,  

with carnivorism or vegetarianism respectively, has been 

ably discussed by Slack (1936) and I have hardly aaything 

of value to add to his criticism, except that PhilnuAta- , 
aus. and Psychomyia, which are non-carnivorous forms, have 

an advanced anterior position of eyes on the head capsules, 

and Odontocerum and Molanna which are fairly carnivorous 

have them as far backward as the Limnophtlid Halesus. I 

would venture to suggest here that the position of eyes 

is perhaps more directly connected with the hypognathous 

or prognathous condition of the he. than with fond. 

Martynov (1930), in his study of the Trichoptera 

of China end Eastern Tibet, holds the view that the 

Annulipalpia are "mainly carnivorous" and that the 

Integripalpia are "phytophamis by preference". He does 



not give the data on which he has based this conclusion. 

But I may point out that his view cannot be held true in 

the case of British forms, at least. The Annulipalpia in 

Rngland include the Rhyacnphilidae, Pnlycentropdidae, 

Hydropsychidae, Philoptamidae, Psycho4idee and the 

Hydroptilidae. of these six families the last three are 

almost purly non-carnivorous. odobtoceridae and Molannidae 

which he puts under Integripalpia andudophytnphagous by 

preOence" shnia a very marked preference for animal food. 

The firqt thoracic leas  

Although the study of adaptations of the first 

legs promised to be interesting, I have not studied therp 

except in a few instances, and even then not in great 

detail. In Brachycentrus aizrismma, Murphy (1919) has 

made a detailed study of the larval fnod and the way in 

Which the legs help to catch prey. dhe thinks that the 

rows of spines on their femora are an adaptation for 

carnivorous feeding. In Molanna and odor 	Which 

are carnivorous in. about an equal degree, I find that 

the powerful spines on the tibiae of the one are similar 

to those nf the other, in the case nf the first two legs. 

In the non-carnivorous and debris-eating 

Philopntamils, the legs are without many spines and the 
a 

claws almost insignificant; in Psychnmyia there is/still 

further degeneration, perhaps, on account of the addition-

al restriction to movement of legs, entailed by life in 



narrow galleries. The imnnphilids, who have to tear fend 

from phanerogamus, have strong legs, but are not provi-

ded with as sharp claws as in Phrygancao  for instance. 

Thus, the length and sharpness of claws can, perhaps, 

be generally related to the way of obtaining frond, but 

it should be noted that in R 	which highly 

carnivorous, the claws are not particularly anng or 

sharp, and in some phytophagnus Leptncerids they ate 

markedly so. The truth is that the legs are put to a 

greater variety of use and have to be exposed to a more 

diverse environment than are the mouth-parts, and it 

may not be very easy to study the effect of the isolated 

factor nf feeding upon them. 

(c) Tile fond and digestive  amens  

Branch (1922) states that "The lack of 

convolutions as are notmal in the alimentary canals of 

insects which are herbivorous, is unusual - There are a 

few semi-carnivorous species but even here there is no 

variation from the above condition". Though she is 

right about the fact of the alimentary canal being 

straight in almost all Trichpterous larvae she is far 

frog being Sc, in her implication that the gut nf the 

carnivorous types does not vary in gross characters 

from that of the herbivorous ones. They differ in many 

respects but I shall discuss the ratio which the length 

of the main divisions of gut bear to each other, first. 



Friedrich Kruger (1926), shows that in certain Syrphid 

larvae the ratio between the length of mid-gut and hind-

gut has a bearing on the type of fond the larvae consume 

I too find a similar correlation food and the ratio 
mid-gut to fore-gut. l'i,ore correctly, it is the length of 

mid-gut relative to the entire alimentary canal which 

should be our index but I have compared it constantly 

with the fore-gut because the length of the latter is 
also significant and I want to bring out certain other 
relations between the fore - and the mid-guts as well 

(Table 	). 
It appears that the mid-gut is relatively the 

longest in those forms Which generally take in such food 

as would tax the digestive capacity of the larvae to the 
uttermost. For istance, in 6i1n, Wiyglotaeli4A, Philnpp  
tamus, 4cpetus and Psychnmyi4 the mid-gut is nearly 

three to four times as long as the fore-gut. These 

genera are mostly diatom-feeders and Glvphotaelius,  is 

Should be remembered, subsists chiefly upon ilecaying  

vegetable matter besides a relatively large amount of 

diatoms. Sericnstnmatinaet  Liemophilidae, Xtvaconhila, 

Leptncerus and HydirnWits  have a mid-gut from nearly 
3 to nearly 2 times as long as the fnre-gut, and they 

are in the main a phanerogam-eating class. It will have 

been noticed that it includes two very marked excel)-

tinns, viz. Rhyacnnhi1" and Hvdrontil . These two forms 



placed here Sn near together should really occupy the two 

opposite ends nf the list, one being the nest purely car- _ _ 
nivornus form I knnw and the other being the diatom feeder 

in the main. The eccentricity of Rhva,coDitAla may partly 

be explained being its being the mnst primitive member nf 

the order. I remain unable to account for the other excep-

tion. Leptncerus is a case which should, and does, occur a 

little on this side of the limit of the next, nmnivorous, 

group which includes Ettighys_entrus, Hydropsyche, QamtEa- 

cerum, 	nn4 and. Egan. In these latter genera the 

mid-gut from being slightly longer than the fore...gut, 

becomes reduced to three quarters as lnrld. Ttiaanodes  

forms the upper limit of this group, though it should have 

been somewhere near the lower limit of the previous sec-

tinn. In the last group, which includes Ceceti9, Pnlycenttro  

	 Plectrocnemiel  Cv lus, and HnlocentrnPus, the mid-gut 

is reduced still further, becoming from 6/10 to 3/10 of 

the fore-gut. The larvae included herein are the carnivores 

Raz excellence. 



Although there are indications that some food is 

digested in the fore-gut yet the mid-gift must be regarded 

as the main site where the digestive process/take place. 

And since digestion is primarily the function of the epildie-

lial cells, it is reasonable to cnielate the differences of 

their form and differences of the type of food which usually 

come in contact with them. Accordingly the form of ventricu-

lar epithelium in about a dozen larvae, including Rhyacophila 

EalYagatrPt14 and Reeetis.  among the carnivores; qdontrocerum, 

Phryganea, Leetocerus,  and Hydrqpsyche  among the omnivorous 
•••• 

fnrms;4.2erie,oatnma,  	pidostnma, ilaaDealta and an un-

identified Limnnphilid aunng the phanernganteaters; and 

Agapetus  and S ilo  among the diatom feeders, was examined. 

Philnientamus  was also studied though nothing is khown about 

the kind of food it eats. It is unfortunate that specimens 
and 

of Mnlanna, Brachycentrue‘ odontncerum (English species of 
not 

course) could/be had in India inspite of effortt. 
The height of a digestive epithelial cell relative tn 

its breadth varies greatly in different larvae and appears 
to be roughly related to the type of food. It is very short 

r 
in diatom eaters but increases progressively in phaneogam 

feeders and the omnivorous and carnivorous groups. In .6.gppetul 

the height of the functional epithelial cells is so short 

that they appear squarish in sections while in ailz they may 

be only two to three times as high as brnad. In those Lin'io-

ph1ids 
 

abd Sericnstnmatids (phanerogam feeders mainly) which 

were studied, the height of cells was generally about 5 or 6 



times their breadth. In the Omnivorous Hvdropsyche it 

rises to nearly 8 times and in Phry)zanta and Qontncerum 

even higher than that The climax is marked by the 

digestive cells of the carnivorous PolycentroDus,smd 
oecetts and Rhyacol2bil where they may be 15 times or 
- as 

more/high as broad. It is true that cell walls in Po cen— 

troDuss and Oecetts are very indistinct end the ratio of 
So,  

height to breadth difficult to fix, but the thickness of 
So -me 

41.4=axtent cells is visible near the nidi and the point to 

which the cellular processes reach in the lumen affords 
a rough measure of their height. The height of cells in 

the carnivores was sometimes perhaps accentuated due to a 

phase of secretion being on but even in series of sections 

which showed that the 0486 was in abeyance their height 
remained relatively greater than in the other types. The 

only serious objection which can be brought against this 
r4t4e. correlation being generally twice is that the data are 

not extensive enough. Nevertheless,the relation holds 
gond in all the studied instances and there is nothing to 

indicate that it would not stand if the study were extended 
Another difference in the form of digestive cells 

Is that their outline is much more clearly defined in the 

phytophagous forms than in the carnivorous ones. The 
omnivorous forms have either intermediate development 
or lean towards one side or the other. 

Theltenerative cells are grouped n compact 



nidi in most cases, but in rare instances (e.g. Hydropsyclle 

they remain separate and lie scattered along the basement 

metbrane. The formation of nidi or its lack does not seem 

tn be related to the type of fond. Hydrnpsyche, 	 

Philopot 2 and Aaanelas may be said to lack nidi (the 

last 3 possess them in a very rudimentary form), yet 

their fond shows enormous differences of quality. 

The relative size and frequency of nidi, however, 

seems more clearly related to certain types of food. It 

appears that the larvae with the smallest nidi are diatom 

feeders. In the diatom eating AP:apetus and 	for 

instance, the nidi are very small, only rarely becoming 

two or three-celled. Most Sericostomatids and all Limno-

philids have relatively bigger and broad-based nidi, 

4 or 5, or even more cells naidaftxintx entering into 

the composition of a nidus. In the omnivorous groups 

(Hydropsyche excepted) the nidi are bigger and/or more 

numerous. Cases of Phrvganqa  and Odontocerum almost border 

on the next group which includes the highly carnivorous 

fnrms. In the carnivorous Polycentro-aus,  Ballagaatrazgl 

and Oecetus the nidi are most numerous, tallish and quite 

large sized too. They are so numerous, indeed, that in 

these forms there is hardly any spadt.left between them 

for the digestive cells. The case of Rhyacnaila is some—

what irregular and approximates the omnivorous group 

more closely. 



The pace of degeneration limed or secretion processes 

is another character which differs widely in the larvae 

nf different feeding habits. Everything indicates that 
these processes are very intense in the carnivores but 

slaw down as one passes nn tn the omnivnrnus And phytnpha-

gus larvae. In Oggfetis,  Holneentknua l  and Pnlycentpnbus  

the inner margins of digestive cells is sf. nail nf vacu*les 

that it appears like froth nn a substratum of nidi; 

striated bnrder disappears and lnng, irregular and tnngue 
like processes of the cell protoplasm project intn lumen 

nf mid-gut and nearly meet those from the nppnsite sides 

and secretion vesicles grow very abudant and include amnng 

themselves ,4 multinucleate) and small masses Which may 

contain nuclei . Also, the tall imbricate nidi suggest as 
if the regenerative cells were transforming into the 

functional cells very rapidly in order to keep pace with 

the katabnlic prncesses. In shnrt,everything prints to 

the digestive nr katabolic prncesses being very rapid. 

This cnnclusinn is strengthened by the fact that the 

stnmach nf carnivnre4 is very ften found empty on dissec-__ 
tingjprnbably the fend gets thrnugh it very rapidly. 

In nmnivnrnus and phytnph9gus groups the pace of 

digestive and/nr degenerative processes must be slower 

than in the carnivnres as is evidenced by the smaller 

number of secretion vesicles and the symmetrical farm of 

digestive cells in them. It might perhaps be argued that 



the greater speed nf these processes in the carnivores 

was the result of the much smaller size nf their stomachs 

and not of the kind of food they ate, but then it would be 

remembered that the size of the stomach is directly 

related to the kind of fond, and hence it would be quite 

right to affirm that the nature of fend affects the pace 

of digestive processes. 

Secretinn vesicles containing densely grenulat 

matter were seen in most rf the larvae examined. The 

presence nf such vesicles indicates What is generally 

called hnlocrine type nf secretion. Their absence in a 

series of sections, hnwever, is no proof that they are 

not produced by the sectinned speciesIfnr the production 

nf vesicles is known to be a periodic activity, appearing 

and disappearing with time. ihele a particular gut was gime( 

fixed secretirnmay have been in abeyance. It seems very . _ 

probable therefore that the hnlncrine type nf secretion 

is common to all Trichopterous larvae and gnes on side 

by side with the merncrine type nf secretion. 

No definite relation between the presence ra's 

absence nf peritrophic membrane and the kind nf fnnd was 

discoverable. The membrane is very delicate and failure 

to see it any instance may be due to the faulty 

technique. Still it was found more constantly in the 

Sericostnmatidae and the Limophilidae which feed mainly 

rn the phanerngamnus tissues than in other families. 



Perhaps due to the short length nf stnmndaeum in them the 

hard (vascular tissue) fragments nffond are not adequate-

ly softened before passing into the mid-gut, the delicate 

epithelium of which would need some protection against 
too 

their rough edges arid corners.lience in them the peritrn- 
is developed somewhat strnngly. The membrane

phic membrane was never seen in the highly carnivorous _ 
Polycentrnpndidae, Rhyacophi:4 or Legetis.  Itsabsence in 

Qecetts.,  in. common with LePtnevus and ilailnpntamus may 

mAx perhaps be explained by the compensatory actin of 

goblet cells which are fund in the mid-guts nf these 

forms. They are said to secrete mucilage which protects 

the epithelial cells from injury by mechanical impact. 



"The primary function nf strrnndaeuin appears tn 

be mechanical." 5nedgres3arinciples nf Insect Anrphelngy 

1935) %  My own  impression from the dissections nf fere-guts 

is else mere er less the sme. It would seem that certain kt 

kinds of feed need greater manipulatien than ethers prepa- 
%a/ 

ratery to passing into the mid-gut. The structure ef 

mid-gut is delicete and it can best effect a chemical 

reduction nf feed if that has previously undergone some 

physical reductien. Diatoms And breken algal filaments 

are naturally small ennug ; the vegetable mersels, 1 presume 

nre always cut, to the optimum size at their very seurce; 

it is the mebile„ struggling prey threetening tn break free 

till the very last mement, Which  would ften necessitate 

its being swellewed hole nr in excessivelybieces. The 

stemndeum, therefere, acquires a greater length, and a still 

greater cemplexity ref its intimal fnide in the carnivrres 

tn cempensate for hurried swallowing rind the consequent 
•••• 

lack ef that thoroughness ef molar masticetien Which is s 
Nor 

characteristic ef.the phytnphegeus reup. Hence, it is in 

the predacious types that the fere-gut develops the most 

cemplicated internal structure in Tricheptera. Every feature 

in it seems adapted. try exert physical pressure en the feed 

end te withheld it frr as long as enssible. Its great length)  

the superior develeement mf its circular muscles, the 

complexity ;end strength ref its felds, the frequent presence 

ef a gizzard, er the anterior part of the stmmedeal valve 



functioning like a gizzard, the tickset firm elf the 

stemedeel valve and the narrow perture it leaves in the 

centre, all print towards this. It is true that here and 

there a feature my be incompletely develeped, but on the 

whele, all purely carnivorous types id carnivores nf e 

htth degree, tend to realize them to a very great extent. 

Take for instance the development nf sclerntized 

apparntus fergrinding fond situated just above the aperture 

between the fere-gut end the mid-gut. This my be prmvided . 	_ 
by a true e  zzerd7  rr by the scleretizetien nf the leterier 

part nf the strndel vAlve, er just by a thickening n'i! the 

preventriculer fnldse The instance nf a true gizzard is 

met in gydrepsyche,  that nf the scleretizatinn of the anterinr 

part nf  the stemedeel valve in the Pelycentreeedidee, and 

whilefle specific grinding ergen is present in 	  

edontecertim, and acetis,  yet in them the langitudinal folds 

in the region where the gizzard should have been, are 

developed OSostrengly end into such definite plate-like 

structures that they vinuld dx appear tn do elmest all that 

a gizzafd could de. BraCkypentrue mekes up for the defi-_ 
ciency ef e gizzard by eyivelving the complicated structure 

at the eesterier ndef its fret that I have already 
••• 

mentinned. and which prebebly is the hemelegue nf the enterier 

part nf the stemedeal valve ef Hydrepsvciee. Thus, the 

stnmndeaum which has to deal with animal feed, preducee •near 

its posterior extremity, in one form nr ether, sae 



mechen 
	

for breaking 4ap fend lad/nr retarding its passage. 

In all carnivores the stmendeal valve is very strong 

and, az shr.wri by linyes (1914) end snme nf my nwn nbservatinn 

nn naaleu, helps tn break dnwn the fn-d still further. 

The aperture in its centre is elww cnmparatively narrow 

and wnuld allow only the mere finely divided fnnd tn get 

thrnugh. 

The significance of An extremely inng stnmndeel 

valve in larvae nf such diverse feeding habits as Hvdrreesyche  

is not quite clear. In Hydrnpsyele  it may, 

perhaps, be considered to fall in the gener 1 ectheme r,f a 

mechnniim which wnuld retard the passage nf fend from fare-

gut to mid-gut but in Philnetnmus its presence seems 

unaccnuntable. The glandular structure round the fnre-gut 

nf Tliilngntemus presents annther very unusual feature. 

The relntinn nf the length ref fnre-gut etaribh feeding 

habits cnmes nut very clearly when the latter differ from 

thnse nf nearly related species. in Zesetis, Which is hig 
4tfro '114- 

predaci ous 'Jet s sn long that it has tn be cnnvniuted in 

* 

nrder tn accnmndate itself to the shnrtness nf the Leptnceran 

Tendy. :gain, in the nmnivnrnus B 
	

the fnre-gut 

length is much greater than in the other sericnstnmetids 

which ereoll nf them almnst cnmpletely vegetarian. einrphy 

(1919) has recorded some very interesting nbservatinns nn 

the feeding nf this larva,appamntly withnut realizing their 

full significance. he mentinns that the larva feeds in its 

early stages nn diatnms And algae and later nn changes nver 

and P-e 



to la animal diet. :.he also states that the length nf mid-

gut becnmes cnmparetively short in the elder larvae 

Yet she dues net seem te realize, g that the two changes are 

mutually related. 

41(yacephila is exceptienal threugheut, and I cen 

de nething mere to explain its eccentricity than to point 

eut egein its extreme primitiveness. 

The frre -gut f vegetarian larvae is generally 

cove( 
the intima, e weekly developed/ fringe-like temedeal valve 

which descends only for a, very shert distance into the mid-

gut, leaves the wide aperture between the fere-and mid-eut 

almost whelly unpretected. Everything here points te the 

stemedaeum being only indirectly irepertent, being, as a matter 

nf fact, merely en inlet te the stomach. This type is well 

represented in the Limnephilidae end Sericestematidae in 

general. 

Between these t7in extremes are a number ef inter-

mediate forms like Phryg.enele, Leete.eerell. and 2Aenteeertu 

etc., in which either all these features obtain a medium 

development er else they show e few characters from each 

nf the extreme greups. et must, hewever, be remembered that 

nowhere in, the series is there a. otherp beundary where one 

group finishes and the ether begins.. Like the range nf feeding 

habits they merge imperceptibly into each ethe 

ehert, without well marked sub-divisiens nr strong folds nf 



The malpighian tubules originate in diverse ways, 

singly, with compound stems, or in groups. None of these 

patterns seems to be related with the feeding habits. 

	

The ratio of 	t-gut to fore-gut is commonly 

greatest in the phytophagous larvae, it decreases genera113 
through 	the omnivorous group and comes to a minimum in 

the carnivorous Pnlycentropndidae. The divisions of hind-
gut are somewhat better marked in the phanerogam-feeders, 

and in the Limnophilidae the rectal valve assumes relative- 
- 	 v 	 V 

ly enormous proportions. 
The length of labial gland lsat when compared 

with that of gut does not bring to light any significant 
relations. As will be shown later, the digestive functions 

of the labial gland secretions have been suppressed more 

or less completely in order to give place to the function 

of the net-spinning and base-building. The presence or 

absence nf accessory glands on them does not seem to be 

correlated with the nature of food. These are present both 
in the carnivorous forms like Rhyacot,hil, and Odontocerum 

and phytophagous fnrmslike Seri,costnma, and Psychomyia,  and 
conversely, they are absent in such diverse feeders as the 

Limnophilidae, Hydrobsyche aid Mnlanna. It is curious that 

in the Pnlycentrnpndidae the left labial gland is shorter 

than the right. 



With regard to the maxillary and the mandibular 

glands I must say that I have not been able to discover 

any  correlation between them End the feeding habits. 

The mandibular glands are always much smaller 

than the maxillary glands in size and may be altogether 

absent in srene forms e.g. Hydro-psyche and eeetis.They 

are reported to be lacking in a species of Limnephileis 

also (Henselieel 1897). Their absence in larvae of such 

diverse feeding habits as abeve, would tend to show that 

they are unrelated to the type of fond a larva takes in. 
ler 

Similarly they are present in larvae, far too mr to be 

listed here, who utilize very different kinds of fond. 

The maxillary glands are present in all larvae 

except rhrmeenee, their presence or absence, therefore, 
1.4 

could net be related te the type n f food. They have, 

hewever, a comparatively strong development, in prognathous 

larvee and r‘n e is tempted to relate this feature to a 

carnivorous habit, but prognathous Philepoetamus (about 

the food of which we have no positive information , but 

which is certainly non—carnivorous) presents a serious 

exceptien. Besides, the maxillary gland of oecetis is 

not tubul •cletti 6 Lotaidy afhtMe4 

Henseval (1897) regarded them a3 in some way, 

compensating for the general absence of Gilson s glands 

(Gilson 1896) in the thorax of Trichoptereus larvae, lie 

showed that 	 the thoracic giars were -eresent, 



as for example in!hryganea, the head-glands were totally 

absent. If the cnnclusion is true, then the head-glands 

and theiVnily secretion must be regarded as aiding the 

tubicnlnus habits nf the Trichnpternus larvae. But, 

unhappily this can not be regarded as true, fnr the 

head-glands are best developed in precisely those forms 

which gn through life without caaes. 

A Chemical analysis of the secretion of the 
might 

head-glands 	c/settle whether or not they are related 

with feeding habits, but this has not been attempted by 

anyone so far; the difficulty of getting the secreti-n 

fluid in sufficient qulntities being a hitherto unsurpass-

ed difficulty. 



Corning to a consideration of the secretion of 

enzymes I find that there is a marked tendency of all the 

species examined, to suppress, more nr less completely, 

the digestive functions of the labial glands. This may be 

explained by the importance of its secretion in net-

spinning and case-building, which seems to occupy this 

gland so entirely as to leave nn room for the digestive 

functions. The only digestive secretion found in the 

labial gland of a carnivore is in Pn3jcentrepus.  There 

very weak amylase wao found, but nn invertase . In this 

cennectien l it may be significant that Pelycaprebus  shows 

a marked morphological eccentricity in Itslabial glands, 

the right one being much longer than the left. nether or 

net there is also a functional difference between the 

two, I am unable to say at present. 

The vegetarian Trichnptera generally dhow i a weak 

secretion of amylase and invertase in the labial gland. I 

assume that a vegetarian's fond contains more Carbohydratel 

than a carnivore's. But this alone would not account for 

the lack of this secretion in the carnivore's labial glandf 

as can be seen from the case of the omnivorous net-spinninj 

HydrepsveAe l  which shows nn labial gland enzymes, and 

the case-building cdantreeerum,  which has a weak amylase. 

Another very interesting difference between the 

carnivorous and vegetarian forms is that the former 

possess a pepsix4 which, though generally weak, is quite 

strong in Rhyacephila. As this secretion seems to be very 



rare in insects, the result was verified by two methnds, 

which yielded identical results, and it seems therefnre, 

quite safe to Imaisaw conclude that pepsin does occur 

in the carnivorous Trichoptera. No pepsin was ever 

found in the vegetarians. 

Speaking broadly, it would appear that there is 

a transition from vegetarian farms Whose labial glands 

secrete amylase and invertase but whose gut lacks pepsin 

tn carnivorous fnrins with nn enzymes secreted by the 

labial glands but a strong pepsin by the gut.(i"k 11) 

All tests were carried nut at a constant pH value 

, It is perhaps signific.t that the gut nf carni-

vnrnus larvae is mnre often fund to be empty than in 

vegetarian forms. This suggests that digestion is much 

quicker in the fnrmer. Alan, the gut in vegetarians is 

generally broader, which may mean that they have tn 

eat a greater quantity nf fond than the carnivnrnus 

larvae for normal living, but on the ether hand, it may 

only be the result nf the first cnndition, viz., the 

retention rf fond in the stomach fnr longer perinds. 

"It has sometimes been said that the fnrms 

which live in rapid water are largely carnivorous and 

these in standing water phytophagous" Davis (in Betten, 

134, P. 961. I do not know who made this statement 

originally but I find several nntabie exceptions tn 

this, and my nbservatinns nn habitat are confirmed by 

those nf Sleight (1913). Thu' Lepidn tnma, Silo Halesus 



Psychomyia, and Philopotamus, which are all non-

carnivorous forms live in very swift streams. Conversely 

Phryzanea, Molanna and Polycentropus live in still or 

slow-moving water, yet they are carnivorous to a very 

considerable degree. I would, therefore, conclude with 

Siltala that the feeding habits are connected more 

with distinctions of natural relationship than those 

of habitat. 



ff-tutzmars_ancLswjahltauta. 

(1) A detailed study has been made of the larval 

habitat, food, feeding and digestive organs of thirty 

genera taken from all the twelve British families of 

Trichoptera. 
••• 

(2) A classification of food'  according to the 

mechanical resistance it offers to the feeding organs, 

is attempted. 

(3) The degree of carnivorism or vegetarianism 

is broadly connected with the sharpness or bluntness of 

the mandibles, and the greater length and mobility or 

the shortness and immobility of the maxillary palpi. 

(4) There is some indication that the form of 

first legs is related to the nature of the food. 

(b) The mandibular, maxillary and labial glands 

have been studied. Their forthdoes not appear to be 

related With the larval feeding habits. 

(6) There is a strong tendency to suppress the 

digestive functions of the labial glands in both the 

carnivorous and vegetarian forms, though there are some 

minor differences between the two types. 

(7) The mid-gut is very long in the purest vege-

tariens and short in the purest carnivore& Between these 

two extremes there is a series of intergradatinns which 

runs more or less parallel to the series of food-classes, 

(8) The epithelial cells seem related to the 



kind of fond. In carnivores they are much taller than in 
others; the nidi are also bigger in them. When goblet 
cells are present the peritrnphic membrane is absent. 

(9) Almost all studied larvae show a holncrine 
type of digestive secretion. In the carnivores, however, 

the pace of this process is much quicker than in others. 
(10) The fore-gut, the function of which appears 

to be predominantly mechanical, is very long in the 
purest carnivores and its intima is thrown into stout and 

complicated folds; often a 'gizardlIke' structure is 

present. In the purely vegetarian larvae the fore-gut is 
Ng, 

short and weak. Between the two extremes there are 

intermediate forms. 

(ii) The stomndeal valve is generally stout in 

the carnivores and the aperture it guards is narrow. Its 

anterior part sometimes forms a "gizzard-like" structure 

in the fnre-gut. In the vegetarians the aperture is very 

wide and the stomndeal valve generally weak. 

(12) Previous theories concerning the correla,. 

tinn of morpholog*cal characters with feeding habits are 

discussed. 
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TABLito 	ANALYSIS,. 



13. 

14.33 24.3.36 
(20 specimens) 

The Itchen 
near Anchester 

REXACOPHILA, probably, DORBALIS  

Sate loocality 

1.  28.4.35 Aiver Kennet 
Near Newburry. 

2.  29.5.35 The Itchen neElr 
Amchester. 

3.  29.5.35 

4.  15.4.35 

5.  25.12.35 The Test-near 
BnIlingtnn. 

6.  24.3.36 The Itchen near 
winchester. 

f  

Lo 5s of insects and other 
chitinou pieces only. 

Empty. 

Unrecognisable Whitish jelly* 
like substance, nn plant 
tissues evident. 

Limbst -mandibles and other 
chitinnus plates from the 
bndies - nf insects form the 
bulk; one small bit of leaf. 
tissue and a few diatoms 
fnrming an infinitesimal 
part of the whnle. 

F,ntive body of a Chirmomid 
worm; a few bits of insect 
skeleton; the rest unrecog-
nisable. 

Whole bodies of insect ilLIMai 
larvae; nn vegetable parti-
cles. 

Empty. 

Empty. 

Mainly - , animal, including 
limbs of Crustacea. 

Empty. 

Almost entirely animal, in. 
eluding Trichopterous 
larvae (mairUyAgapetus), 
Chirnnomid larvae, Dipterous 
pupae and small Crustacea; 
diatoms and sand grains in 
negligible amount; no bits 
of phanerngams or filamen-
tous algae. 

7. 	111 

8,9,10 	" 
(3 specimens) 
11. 21.6.36 

12.  

The Ludden near 
Basingstoke. 

U 



(Cnntinued) 
Convarison 	gut-contralts from twn different habitats. 

(1. The weeds-covered with Chirnnomid larvae, and 2. the under 
surface nr stones). 

DOe 
	 CnntqqAa_ng_aarg  

• 2 .6 .35 	Upon weeds 	recoisable but vegetable 
tissues definitely absent. 
Heads and limbs nf :::111I2ngaid larvae 
in large numbers; - nne bit nf alga 
and numerous diatomsr infinitesi 
Mal FIS compared with animal fnod. 
Heads, limbs and cuticular shields 
frnm-the bndies nf insects; 
diatoms not very numernus. 

4 
plus sand grains. 

6,0004104011011010.11,111W404#404.0 

Under stnnes. Mainly steletnns nf heads and 
limbs frnm incects. 

“ 	A bit nf leaf-tissue; a few 
di atnms 
Unree rgnis able but no 
tissues. 

I 
	 nimalmtter including a Whnie 

chirnmdimid larva. 

fl 

5 • 



aad said grains. 

Diatoms the commnner ones 
were:' 	- 
(1) Goplphonema sp. 
(2) N vicula-Sp. 
(3) Aft. 	s 
(4) xabearia spi  aad 
sand g 

Greater part unrecognisable; 
a brunching alga; some 
diatos. 

Diatoms and the mass in which 
they are-entangled; 
a few shortbits of algae; 
numerous very, bright siliceous 
particles; Tabellaria floc-
culosa. 

if 

Diaboas and the mass in which 
they are - embedded; 
a few short bit 4r of algae. 

The greatest bulk is fnm,od 
by the mass in which the 
diatolas are enmeshed; 
diatnms; a few bits of algae. 

Very numerous diatoms fnrming 
the major portion of contelito; 
a few bits nf algae. 

1. 

Ptstt 41qa1ita 

4.8.35 The Itchen ner 
inchester. 

4.• • 25.12.35 The Test near 
Bnllingtnn 

25.12.36 

4.  31.3.36 The Itchen near 
Winchester 

5.  tl ft 

8. 

7.  ft ft 

8.  4 1 



4y1 

Date  

1. 	11.5.35 The Itchen near 
-inchater. 

5.8.36 

Cnnteats nf Rut  

Unrecognisable,(probably 
the coagulated secretions 
of stomach). 

Nothing recognisable except 
a few diatoms. 

A solid masa of closely 
packed diatoms formed-  the 
aatire bulk (Amoroha,ovAljs  

mind 	cniARtrActqm 
arc the comonest iorms 

0 	 It 

5. It 	 ft 
	

It 

6. 17.8.36 
	

Diatoms; ninute bits of' 
moss leaves; fragments of 
algae. 

'7 	• 26.8 • 

8« 

9. .Nothing recogni&ible except 
ff,r a few diatoms. 



PHILePUTplE MONTALU  

Date 	Locality 	Contents of  

MaLleh 36 Windermere ampty, except for some sand, mud 
(treads) 	and din:toms 

2.  

3.  

4.  

It 

81 

It 

Pt 

5.  Emery ±',r thegreater partt  mune, 
roue diatoms-fOrming a sraid mass 
with Sand 	monest diatoms are 
(1) GnMPhone2.4. (2) Navicula and 
(3) tillarfaLLI flY4is.* 

6.  28.4.36 Empty. 

7.  Empty. 

8.  
ft 

Empty, except for some corky 
matter and mud. 

Empty, vrcept In one small 
region 14hidh is filled with sand 
and diatnms. 

10.  May, 36 Empty, except for some mud and 
diatoms. 

11.  tl it ft 

12.  It II 

13.  



iUL 	)ate  

A Chironmmid larva, small pieces 
nf cuticle; a bit nf green alga. 

. 

1. 9.4.35 RivkQ Mole - 
nept' Kingston. 

23.4,35 Aiver Kenz.et 
near Newbur' 

4.  

5.  

8.  

9.  

10.  

11.  
19. 

13.  

14.  

tt 

9.6.35 

It 

9.6.35 

ft 

0 

River Test 
near Hmsey. 

River Itchen 
near ':inches 

knimal matter :* 
half the bulk; 
algae; 
Diatnms; 
sand graintlp 

mnre thnn 

Alga; and diatoms pepnderata nvex 
animal matter. 

Algaeand diatoms preponderate over 
crustacean and insect matter. 

Insect ..x2c1 algal material in 

allost equal proportinns. 

Crustacean, and vegetable material 
about equal. 

Sand grains form the major bulk; 
insect and crustacean material; 
numerous dintomsj a bit nf 
stem*tissue. 

mpty. 

Insect mat, al Lnrmed the bulk; 
branching algae and diatoms 
numernur3. 

Insect material predominant; 
r. about a small bits nf stem.tissue. 

Chiefly insect and CArustacean ma 
matter; one small bit of alga. 



18. 
ft 

19. 25.10.35 The Itchen 
near '1,4inchester 

20. 28.11.35 

2,1. 26.11.35 

- 	A 
Wisley pond 
Surrey 
A tributary of 
the Test -near 
3n llingtnn 

22. 	 It 

• 17. 243.8.35 Ambleside 

23. 

tAf 

Mainly insect and crustacean 
material. 
Bits of phanerogam- tiasue form( 
the bulk; next in order of 
magnitude come diatoms, and 
sand particles. 
Insect material f ruled the. 	A 
bulk; several kinds of branche 
and unbranched _ ae; bite of 
phanerogam leaf 1  nd stem - 
tissue. 
Empty except frr a few bits 
leaf.tissue. 
Fragments of insect limbs 
formed the bulk; several - kinds 
of algae; bits of phanero.gam 
tissue; diatoms., 
Phanerogam Ilarstimulasetasiditi L'; SU( 
form the bulk;ref debris. 
PhanerogamILleaf-and stem.. 
tissues preponderate; ins ec ts 
and crustacean material; a few 
di ateNT1S 
Phanerogam leaf-and stem. 
tissues form by far the largest 
part; insect material; diatoms; 
sandgrains. 

Nrt 	Date 	Lc lity 
15 	,f3 35 River Itchen 

near inches er 
16 • 24.S.35 a small river 

near A shbilurrie 

24. 	11.36 	eotiand 	 CI 

26.  
27.  

The Itchen 
near ,I.nchester 

Algae form the bulk; fragments 
of insect skeleton; diatoms. 

Bits ed' phanerogam tissue; 
algae; diatoms. 



nn t 

Ilatu 	.1d.agaglx 	I,pRents  nf zut4. 

1. 	26.8.35 Ambleside 	Pieces of itsect skeleton one the 
bulk; branched and unbranthed 
algae, afew bits of- leave and stems 
nf higher plants; snore diatoms* 
y„due (mainly unbranched)-fOrm the 
bulk; chironoadd heads; some 
diatnms; and particles. 

Phan 	em bits form the bulk; 
unbranthed and branched algae; 
sand particles. 

Pieces of insect skeleton fnsm 
the bulk; algae; sere diatom. 

Algae mad pieces nf-insect skeleton 
in about equal proportions. 

d deal of sand is included in all. 

im...m4,4,010404.0 0#00p..WWW 

1. 	26.8.E Amb.aside der sgamnus bite farm the bulk; 
dilvtool A sand particles. 

uabranched algae of several kinds 
form the bulk; several chironomid 
he •s; bits of phanerngametissues; 
sand particles. 

Algae; pieces of insect skeleton 
in nearly equal vnlume; diatnms; 
sand grains. 

4. 	11 	 ft 	Pieces of insect skeletnn form the 
major-bulk; algae; bits of phana. 
regwieu$ leaves and st s; diatnms; 
sand grains. 

mose.r...womail OW*640.*00 

1Z 

4. 	f1 

ro 

tcH 



Plitt :44. _to 

PCLYC2TRQPU sp. 

LagmliU4 

22 36n bits ,f animal tissue 
felrm bulk; sand grains; 
nne diatnm. 

to 

it 

Fragments nf insect skele-
tms including chiAlid 

A heads. 

Empty. 

4. 	20.8.36 

22 bo 

7 . 

Fragments nf insect skeleton 
especially Chironnmid heads 
fnrm the bulk; sand grains. 

Lake 	Fragments of insect skele- 
Windermere 	tnn entirely. 

1, 	5.8.35 	The Itchen 
near Winchester 

The Itchen 	-EzaPtiY* 
near Amchester 

It 



pluveranvatiii 

44QTRocI-XLI 

Locality 

1. 

24 

3. 

6.  

7.  

8.  

9.  

10 

March, 1936 
RQ 

It 

I@ 

RP 

31 

PZ 

Windermere 
31 

3t 

!t 

e and uarecognisable. 

now:cents of insect skeleton 
firm the entire bulk. 
Meagre and, unrecognisable* 

tt 

Lggs, (of 	presumably) 

Bedy-of a mayfly nymph seems 
to form the entire bulk. 

Broken pieces of insect limbs 
fe-rmed the satire bulk. 

Meagre and unrecognisable. 
fs 

Broken pieces 	 insect limbs 
corm the k; s, 
unrecognisa 3.s .ter. 



CYMM sp 

c4Ite 	LaQ,Alta 	tzatt. 

rch 1936 Windermere 	P. few Chirnnrcid heads; zin* an 
egg eq.' a'me fifth; unrecngnistiblq 
matter* 

V 	 el 	EglAY9 
V 	Unrecognisable -whitish mati  

melst prnbably nf 1rn1rigiñ• 

Empty* 

UnreBeIgniSAble whitish-matter 
farms the bulk; a Chiranemid 
her0 sand grains. 

Unreengnisable whitiah matter 
Prins the bulk; Crustacean 
akolor.,-.ns; 	chirnnmmid head. 



lis.• Rata LstealitY 	gatIstatiL-ALZA 
1. 

2 

4 

7 , 

10.  

11.  

March 1936 

ft 

U 

ts 

PC 

11 

ft 

10 .11.36 

Windermere 

gg 

ft 

r,  

ft 

1! 

The Itch en 

Heads of Chironomid larvae form 
the bulk; skeletons of small 
Cructacoa. 

Empty. 
0keletons-of insects (including 
a-number of Chironomid beRds) 
form the =job bulks  Cstacea; 
sand grains. 

11 

$1 

Pieces of Chironomid larvae; 
small Crustac ea; sand grains; 
diat fling • 

11 

EalPti • 
A few Chiron/mid heads are 

near inch ester the only recognisable obj ecte. 



25.7.3G The Itchen 
near inch 

and fore the h'.:lk 
a 4,, ' 
apuq a 

less and 
ice• 

PYCH9LIT4A  ape 

Lt• 	rautitilat 	geinUlatt$' I 

sand mixed with debris Pa-ma 
thebulks 
T 	small frezments of phane- 
rogemous leate-tissue; 
Diatoms, sovera:.. kinds; 
Algae) 
Unrecognisable dark brown 
particles nf organic aatter. 

Sand -forms the bulk; 	algae 
distoms; short and slender / 

IL 

U 

a. 

4. 	tt 

6• 



.4:  • _ firl1)12:' 
	

ape 

NoData  e  

12.  

Linree r•gni sable. 

Diatoms form ratanst the v?nnie 
nf bulk and include the 
follmwing fmrlas:.• 
(a) , ulna  
(b) p * crvntalcep4a4.4  
(c) erTr a.. • 	crinstrigta 
(d)  
(e)  #4.1 - 	

4.41:a  
; 

a few strands nr the tenderest 
septate algae. 

Diatoms fs,rm the bulk; debris 
matter; a few very tcnder 
(yewng) strands n f green septate 
algae. 

Debris fnrtza the bulk; di.atnrns 
ezpecia/ly irazilaria  
few ;;tends eNf ver;,,  tunder algae. 

Diatrals frrin 'the bulk; debris. 

plus Brie frago. 
meatsnf algae 

1. 1..r:.arch t  1936 Lake 
.inflermere 

2. 
44 

3. 
t7, 	 iV 

e • 



PPOirfroCtUltr: 

Data 	r ,ogality  

1. 22.3.35 Ambieside 

II 

It 

'"24:r."-• 4 3 .36 

grIPLAWG4-ath 

/lead capsules or: 44;I:ral kinds 
nf insects including Trichnpera; 
Limbs, anal styles and chitinms 
shields TAilich definitely belong 
to Trichopera; bits nf a limaaes-
like gastrnpnd; bits nf -hard 
stem tisw.le, almnst wnoden; 
sand 
The bulk nf first and second 
items exceeds by far all nth 
items put togeta.cl'. 

Brnken bits of insect skeleton 
form almnst the attire bulk; 
sand grains. 

Bits nf a limnaea.like gastropod 
farm by Car the-major bulk; 
bits of hard-w6nden stern tissue; 
parasitic prntnzna (Gregarinae); 
sand particles but nn diatnms. 

Bits nflimnmphilid larva 
the fnre.gut cnmplotelyr 
a few bite nf the skeletons nf 
insects; grairt nf sand in the 
hind-gut. 

Bits of insect limbs and bndtes 
vihich prngressively is their 
fnrm as they travel backwards. 

Beads-of insect larvae 
bits eif leaf ti33ue; - 
bits of chalk steoes; other 
inorgnaic particles. 

-rt 

C. 

7., 

it 

Itt 

8. 	t I 	 t I 



Anrecngnisable matter firmed 
the bulk; a few pieces of tam 
insect skelotimn; dintnms. 
M.cces of insect skeletnn 
fern the bulk; 2nd 
Include1. 
unrecngnisable trite lnmse 
mos, prnbably aecrcthns ref 
9twLch)  fn the entire bulk. 
Pieces nf insect skeletmn 
fo,rned by fax the greatast 
bulk; savd grains; diatonic 

ft 

A few pieces of Crustacean 
skeletnn lying in a ifhitiah 
unrecepgnierible mass; 
nuAarow diatnias. 

D.,Irjat 	1acity 

*• 	nr1E;%E 
1. 	10.5.35 

	
The Itchen 
near Winchester 

7.. 	25.11.35 	Cenal near 
i& icy 

	

6.6.36 	The ltchen 
near '3inche3ter 

5.  
6. 

If 



tt 

; 
uLai 	 Loehlity 

1. 	.36 The Ugh= near 
Winchester 

17 07. , 

tt 

9. 

10. 

ll•  

'att.or forms the bulk; 
Aains; diatoms. 

Tissues frmm phanermgams; 
t*ew strnads of algae; 

diatmils • 
Debris forms the bulk; diatoms 
the common ones are Navicula 
aud GomOhonama. 

Unrecognisable. 

F.aad containing a larze-pr 
tion of unrecognisable ovenic 
mattor tormsthe bulk bm, 
of 2 or 3 aearina; di at 
tins algal 6t: Beds. 

,f seariao form 
tdre bulk; sand; 

of aearina 	the 
debris; diat 	fine 
algal filar 

Sand, with a large proportion 
f doep brmun organic matter 
mixed with it, forms the bulk 
diatoms; ,-,11 plAnts. 

and with org,_Inic matter forr s 
the bulk; bodies of ocarina; 
dintnras. 

0 

411 



Bits 
the 
seen 

rogam-tissues 
fibs c 	ve cm a*. 

0114tY 

Lake 	Bits mf phomermgam tissues fmnn 
Windermere the bulk; limbs r)f some Crustaceat 
Tributary of Bits of phenerogammitissues fmrm 
the Test 	-the entire bulk. 
neer Bollington 

lao•Iate 

1. August '35 

4• 
	17.7.36 

3 
	IS 	 re 

gLAi4 sp. 

Lake 	npty. 
Amdermere 

Pc qw o: insect skeletmn 
fmrmed the entire bulk. 

A whole Chironsmidlams vi 
the head formed the entire bulk. 

Empty. 
Pieces of insect skeletrn 
fmrmed the entire bulk. 

Entirely animal, included thc 
anal honks mf n clnetis larva. 
.1":1:apty.  

It 

1.'; • 

1. Auguat 1935 

2. March 1936 

, • 

4.  

5 • 



i. lgt&a 

agraara44;a!‘ 

1,15%‘lita 
1.  26.5.35 Clambham,Surrey 

2.  

3.  7 .35 'Windermere 

4.  10 .11 .35 f!)urrey 

5.  91.11.35 Wis1ey,Lurrey 

Contents of zut 

Empty. 
Vegetable aatirely - mainly 
small brown bits of -dead 
leaves and stems amesng %dila 
are scattered bits of green 
tissue.-Parasatic greagaimae 
are also present. 
Limbs, plates of exoskeleton 
and tracheal tubes of insects 
tin= the suputrixaptackrat maj or 
bulk; said grains. 

Fragmests of Trichopterous -
bodies entirely fill the fore. 
gut; the contents of the mid-
gut semi...liquid and unrecog-
nisable; in the hind-gut they 
are-hardened but still un-
recognisable. 
Limbs, skeletal plates, gills1  
lateral - line fringe$ and anal 
styles of Trichnpetous larvae 
f6rm the entire bulk of the 
fore-gut contents; framents -
of a Pyganea larva are also 
rec 	ii aablé. 

6,7,8. 7.3.36 Windermere 	Hainly -aaimal tissues - - some 
chironomid larvae swallowed 
Whole; amount of vegetable 
matter very 8:1E111; parasitic 
gregarinae. 

9. 	7.3.36 	 Bnth mIimal lad vegetable 
matter but the former (mainly 
insect larvae) preponderates. 



G7..,YRFIc.v,TA gal 

ft 

le 

5.l..6 Canal -near 
Richmond 

Is 	 U 

anita.usga_af guy 

R spings from bark r dead twigs 
and bit of dead low,ies Znrm the 
largest bulk; numerous strands nf 
8Scillstoria$; several diatnms 
Qoaptnam, CyMbellm -a deep brom 
fluid pervading the fore,4and mid. 
guts; same living-prntozoa; lnrge 
number nfOjaklm-fragzents 
carrying epiphytic qomphonesis„. 

Raspings from the bark of dead 
twigs fIld fragments of dead leaves 
and stems form the largest bulk;: 
spiral thickenings of vascular 
cells detached from the cells 
fairly numerous; a colony r,f yaya 
algal filawats; diatnms; a few 
living protozoa. 

easpings from bark of dead t\Ags, 
bits of deal leateand stern. 
tissues form the largest bulk; 
sand particles; diatoms - a fowl 
algal filaments . a few; a few 
living protozoa. 

Rasping from bark,bits of dead 
leaveri aad stems-fnrm th largeet 
bulk; very numerous diatows, pro. 
bab.ly-epiphytic4, Affit .1-4,t.1--, Saga. 
4rate21eis preus etc.; a few 
green algae, minwing from bits nf 
dead leaves. 

Raspings nf bark and bits of 
vascular tissue form the largest 
bulk; bits of green algae; nume-
rous diatnms seen -sticking to ether 
kinds of vegetation, mostly 
Cyobella and. 	 

Raspings of bark,-bits of let:N-
and stem-tissue form the largest 
bulk; a fe,:q diatnts; -pollen grains; 
fragments of glaanhora carrying 
epiphytic 

'to 

Ek•ptLa` 
1. 15.1.M eanal-nsar 

Richmond 



leontinued) 

3. 

9.  

10.  

i. 

14.  

15.  

16.  

17.  

18.  

#7s 	16 

ft 

ft 

ft 

0 	'lit 	3r4 a4, • 

27.5.36 

jeaccOla 
Pond near 
Chertsey 

Vt 

•1 

ft 

Pond nenr 
"Intch.9t 

cmittektts  raLzzg 

buikryoung algae; diatoms; 
numerous Gregarinae. 

Bits of dead 	leror;am tiss4es 
form the bulk; body nr a cruta-
cean; debris. 

Bits of phenerogn tissue timm 
from bark, stem and dead leaves 
form bulk; debris. 

Bits of bark, leaf and stem-
tissue form the bulk; ne 
Gregarinae; epiphytic amphonemq 
nn frawmeitts of C74adriPhora. 

plus a few diatows. 

nit fro7! dead 	stens and 
bark form the balk; a few bits of 
green ti$suc; pnlleu grnIns; a 
-Pow diatomz. 

Bitn from dead 15vcs; et c=: and 
bmrk form-the saajor bulir. epiphy-
tic gamoohnaello. ,N; fragments of 
Caali-jheTto 

Bits of-deaa leaves, stems end 
barks form the bulk; lew Vits of 
greaa duck-veed; bits ,f green 
algae; diat6ms Deemids and 
;51214kalas  mostly eplphytL. 

ef-deea 1Avec, stem v/1,1 
barks farm the largest bulk; 
strands of yauch3ria5 diatras; 
;Tc4.11:1=c0 

Bits mf dead leaves, stems and 
bark for the 1.9rEst bulk; bits" 
ellgae; dint=s; ;.pnres; c=d 
pax-ticles. 

ft 

Bits nf dead phanerogaros and of 
duck mead leaves form the largest 



I I 

?nnd near 
Cherts ey 

Zalarkts r flat 

Fragments nf fresh and dead 
leaves f6rm the bulk; a few - 
strands of algae; a few diatnms 
(Am,rpha nvalis mainly). 

U 

t 

FrfAum,alts nf fresh and dead 
phanerngam.tissue-fMrm-the bulk; 
pieces nf a Trichoptermus larva; 
a few strands nf Vaucheria. 

Fragmmtd of fresh and dead 
leaves form the entire bulk. 

Fraomants nf dead mid fresh 
phanerngam-tissues form the bulk; 
an entire chirnnnmid larva;a 
few snnd grlins; a few diatoms. 

Fragments-nf dead phanemgam. 
tissues form the bulk; some 

CeLPOTAULIIE  

„aila 	lecQUAsr  

1. 	13.5.35 Lake near 
Virginia Witter 

10.11.35 

t 

I I 

Pesnd near 



URA ;Ala 

1 • 10.4.35 

3. 1.6.35 

4.7. 15.4.35 

8. 9.6.35 

?.5.35 

10.  II 

11.  25.2.36 

12.  

13.  tt 

14.  It 

kotoza;US44 

i?orid. near 
Asley• 

The Itchen 
Winchester -
(a very slew/ 
mnving side 
stream) 

Pnnd near 
Wisley 

ieUld near 
Zortsey 

;t 

15.34. 18.3.36 iindermere 
(20 specimens) 

Cnntent, of ,vut 

Discnboured fragments of leaves 
and stems of phanerngallous weeds. 

No,  

Both green and disanlnured bits  
leaf.and stem-tissues form the 
bulk; a dhironomid heal. 

-AMU 
Bits ofphanerOgam-t 	both 
green and discoloured fnrm)the 
bulk; a few mins algae and 
diatnms. 

Bits of leaf-and stem-tissues; 
numerous diatoms, a few strands of 
algae; sand grains. 

" except algae. 

It 

Both green inn discoloured bits 
of leaf- and stem-tissues form the 
bulk; bits of insect organs; dk 
diatoms. 

Bits of leaf-and stem-tissues 
form the bulk; a few diatoms. 

" plus some algal fragments' 

Bits mf dead-leaves and stems 
mostly but 6.nme green also; 
numernus diatoms. 

Fragmtats of fresh and old phane-
rogamnus leaf-and stem-tissues 
formed almost the entire bulk; 
bo4y-nf a single lepidostoma loran 
diatoms are numerous And of-consi 
-erable variety but would-form au 
infinitesimal proportion of the 
first iten, the following are the 



(,Crintinu d)  

Ea; Da sa 	Ioncality 	 Criptentq o.f gut  

commnnest fnrms:m 
(a) Tabellaria (b) Gm: honema 
(c)YPgilt.I.*4 (d)'  

(e) Amtlaineulux  (f) a c 
(s) Mnorpha nvalis (h) Cymbella. 

CAC"' 

AAA13(34,A NE141.V3A, 

31.5.35 The Itchen 	FrEgments-  of green 
near Winches- tissues form ,:a.tir±st, (in:tire bulk.; 
ter 	a few diatnns 

9.6.35 

near 
Alreajord 

3. 	ii 

Fragments of green leafe-tissua 
form the bulk; debris; s 
particles; diatoms. 

Frarsments of green and discrinurei 
lel:X.6nd stern-tissues form the 
entire bulk. 

4. 	17.5.35 The Itch 	Sand forms the bulk; fragments of 
near winches ter dead leaves-over-grnwn with algae 

green bits of the water Ranuncu. 
lus leaves; a few diatoms. 

T1). 

5. 27.5.35 
	Fragments of discoloured and - 

green leaf-and stem.tissues form 
almost th entire bulk; some 
diatoms 

6. Apri1,36 Scotland 	Frtvaents-of leaves and stems; 
SelMO diatoms. 

7 • 



Sp. 

iopcality 
L. A 
	trees in 

Derbyshire 
ft 
	

ft 

ft 'fragments of leaves (Renunaua 
lua aquatilis) form the 
greateot bulk; a few s,clud 
grains; a few diatoms. 

A -few bits of lesf.tissue$ 
f#7,Irm the satire bulk. 

5. 'I 	1936 The Itch=  
near Winchester 

rat - ,f leafiikaad stem-
tissues fra''m the eatire bulk. 

ft 

fit 

some fragments mf leaves-
(Raunculus ostustilis) formed 
the hulk; a few smnd graine. 

ft 

7: Mig.l9 
	

ft 

U 

9 • 	ft 
	

ft 

11 
	

ft 
	

ft 



SP • 

ft in& 42.4  

1Lg 	16.11.,: 	The Itchea 	Bits of 3omg6mad stem-tiammo 
n ar Auch ter Burin tilts bulk; smad gratuity* 

a tow diatom. 

Bits of leaf.',id stem.. a 
fora 	vihich include 
Ranunculus aquatilis end mess; 
diatoms; sand grains. 

Fragments of bark 
leaves of pbanerog 
send grains • 

Lake Winder.. 	Bits of leaft.and stera..tissues; 
mere 	*mad grains, diatoms. 

Discoloured End green fragments 
of leaves and stems of phanero.. 
gems ferm bulk; debris matter; 
pieces of insect skeleton; 
numerous diatoms. 

Disoollured fregmeits of phme.. 
regain tissue-form the bulk; 
debris; diatoms. 

4. 	til 

6c 

7. 

o g 

4.36 	$ eftland 

Discoloured frients o 
tissues f6rm-the bt 
s mandibles eif a Lino
d larva; diatoms. 

Fragments of leaf-and sten-tiss. 
ues form bulk; pieces nf insect 
skeleton; sand grains. 

10. 



The Teat 
near Pao • 4,:t, 

Bits elf stem.and leaf-tissues form 
bulk; send; 

1. wrier 
1934 

2* 47 

3. July The Itchen 
1936 near in 

cheater 

Fragments elf phanerngam leaves ax 
stems form the bulk; a few diateo 

Bits mf bark stem-and leaf..tissual 
especially the lastsfmrm ths-bak 
diatoms . including Amorrtha.  availl 
Gyrmsigmall  Cacconemalaneeelitig; 
and Pragilaria capucilma 

4, 	 111 

, 
6 

"plus a few pieces 
nf insect ekel 

Oalg0.0MeWMON4000,1  

115,4WicENTAus  Itttil,t1„ 

 

3.  

11 

Limbs rf insects said Crustassa fe+r 
bulk; a few bits of ph000rom 
tie ue; a few parasitic Gragarinse 

Bits 'f phameragammtissue4 fmrm tin 
bulk; sand particles. 

d particles; fragments ofi.neew 
and Crustacean b,dies; bits of 

••.! phanermig tissues; a few dieter 

4,  • 

sits nf phanerneam tissues; bits 
mf insect war Crustacean bodies, 

ual in bulk t4 previous item; 

diatems; Cla 	 nra one strand* 



aemilaWlai* 	a;. 

La. 	alga 	Locality 	Qoutents of gm& 

11.5.35 The Itchen 
near Win. 
cheater 

2.  

3.  

9.6.36 
ft 

4.  4.3.35 

26.12.35 A tributary 
the Testi 
Lmill 	tnn 

7 

5.  ?.3.36 Lake 
indermere 

U 

Cubnid bits of leaf-end $tem. 
tissues fnrm the bulk a few 
fragments nf insect e aletnn; 
sad sand grans. 
Bits nf leaves and 
Bits nf leaf-mad stem.tissues 
form the bulk; a few fragments 
nf insect skeletnn. 
Cubnid bits mf leaf-and stem. 
tissue fnrm the bulk; sand 
grains; a few diatnms. 
'.iand grains; bits nf leaf-end 
stern-tissue; algal Memento; 
a few diatmms. 
Bits nf leaf-stem-tissues and 
bark form the bulk; diatnms; a 
few algal strands; sand grains. 
Bits nf leaf-, stern-and bark-
tissues Perm bulk; a few frag. 
meats of insect skeletnn; sand 
grains; dintnms. 
Cubnid bits if leaf-and stem-
tissues form the bulk; a few 
algal strands. 
Cubnid bits nf leaf-and stem. 
tissues of higher pleats fel= 
the entire bulk.  
Bits mf phaneregamAissues fnrm 
almnst the eatire bulk; a few 
sand grains. 

41 

Bits nf anerngam.tiesue fn a 
the whale bulk; parasitic 
Gr arinae. 

4? 	 Bits -X leaf-and stem tissues 
fnrm the lAhnle bulk. 



3. 

.fin nt  

Bits n 	d stemmtissues 
fnrm the lahnie bulk. 

tt 
	

ti 

00#004a44000 (as* 

EcT 	A CILI1U414 

indermere Broken skeleton piece ,,f insects 
fora the 404 _or bulk; ebris 
phenergam tissue; diatnaa. 

BM of phanerczaat tixsues 
the bulk debris; diatna; • 

plus ea  6*rains. 

Bits of phanerogam tissues form 
the bak; pieces of Insect 
skeleton; debris; broken algal 
filaments; sand grains; a few 
dirt n:: 

Bits of phanerngam ties 	f-alat 114 
the bulk debris; diatoms; send 
amine • 



eip 

• 

1 	5.5.35 	The Itehim 
near Winchester 

20 

a. 
4, 23.8.35 Lake 

Igindermer 
6. 	it 

ft 

11 

100 	 trt 

11. 28•S*35 
	

11 

'4:and - form the bulk; klgae; 
diatr,ms* 

Diatoms; 

diatoms 

A single stria eNt*, alga only. 

Unree 	a able 
Diem= make tie balk 
10* filameate; Oganie 
portions* 
Bulk is formed 
WA matter; puss 
origin; sand* 

Fine particles n 
matter .  form the 
Skeleton of an inS 
rand, diatoms* 

Flesh of sore animal; pieces 
of inseet'- skeletorg; djatoms1  
chiefly aomvh,tnemat  kravicula 
end Iliati.sma va3gaxe a few 
strands If 
Sand mixed v th-particles of 
debris 0.- diatoms form the 
bulk* 

Sand; 
Diatoms Eicospheni, 
Gomphonema  cnstrictua 
Diatcma 

Sand forms the 
organic partial 
Sand fcrms-the built 
very nwaorous • 

animal 

0 



nuedl  

add 
	idoeality 

7.3403 Lek. 
Wind vs 

riCalt!=ULar-1114 

Am^un, mf crwGents ma re. very 
small bits of phatietam..tissue 
fmrm the bulk; very numernus algal 
Meisalts; diatoms; particle of 
mica. 

Amount rf cnntents is m agre; 
Biatmms embedded in brittle 
masses form the bulkl r,rganic matt 
..er, small bright stilnes sand 
grains end particles ml , "ca; a 
few algal filaments. 

.. 41. .. 	 ...... 

laVIDOST94%  anal 

The Test Romer 
to mf gree 	leeves form the 

; a few limbs of insect. 

L. • The Itches 
neer Item 

Breen gr4mEnt,s 	eat-and stem.. 
tissues fmrm the 	ire bulk. 

Abbas 

3.36 Lake 
Windermere 

4.  

5.  14.5.36 The Itehsn Bulk fmrmed by bits cut off "rem 
near viineheeter the leaveS -ft f water Ranunculus; 

a few diatoms. 

Fragments of Phanerogammus leaf 
and stem tissues fnrm the bulk; 
diatmms; sand grains. 

ft tM 



TABLES SHOWING RAyio OF GUT-DIVISIONS. 



RHYACOPHILA,  probably, DORSAL'S  

No • Hind-gut Mid-gut Fore-gut 

2.  

3.  
4.  

5.  

6.  

13 
19 

16 

17 
19 

7 

32 

37 
31 

12 
32 
18 

13.5 
14 

13.5 
11 
19 

12 

Total 91 162 

Ratio 1.2 2 1 

LGAPETUS ep 

No 	Fore-gut 	Mid-gut 
No- 

Hind-gut 

1.  

2.  

3.  
4.  

12.5 

32 

23 

7.5 

23 
4 

42 

12 

10.5 

22 

14 
4 

Total 	50.5 	14 	 75 

Ratio 	1 	2.9 	1.8 



No 

RYDROPTIL4  

Fore-gut 

ep 

Hind-gut 

1. 5 9 4.5 

2. 6 10.5 4 

3. 6.5 10. 3 

4. 5 8 3 

5. 3.5 6.5 2.5 

6. 3.5 7.5 3 

Total 29.5 51.5 20 

Ratio 1 1.7 .7 

No. 

PHII OPOTAMUS 	MONTANUS 
Rind-gut Fore-gut Mid-gut 

1.  11 36 8 

2.  9 34 6.5 

3.  9 32 6.5 

4.  9 32 6.5 

5.  23.5 ,86 21.5 

6.  15 32 12 

7.  16.5 51.5 16 

_8. 18 38 11 
Total 111 341.5 88 

Ratio 1 3 .8 



No Hind-gut !Aid-gut Fore-gut 

8 
9 

1,  

2. 
So 

4.  

10.5 
13,5 

12 
13 
12 
14.5 

51.5 T otal 

Ratio 

44 

.9 .7 

No, Mi d-gut Fore-gut Hind-gut 

HYDROPSYCHE  IA 

0031111t...0112.0.,  

HYDROPSYCHE  

1 • 10.75 11 6.5 

2.  7.75 5 4.25 

3.  7 7 4.5 

4.  8.75 7.75 6. 

Teltal 34,2 30 .8 21.2 

Ratio .6 



No .  

PoLYCENTROP115 sp. 

Mid-gut Hind-gut F r5r. e -gut 

1.  
2.  

3.  

44. 

25 

15 

21 
9.5 

6.5 

19 

10,5 

10.5 

Tntal 84 37 40 

Ratio 1 .47 .5 

No . 

PLECTROCNEMIA sp 

tidgut Hin d.gut Fnre -gut 

1 . 21. 9 9 

2. 61 25 22 

3 . 24 12 6 

4. 24 11 6.5 

Total 130 57 43.5 

Ratio 1 .44 133 



l'IOLOCMiTROPUS  ap • 

No. 	Etre-gut 	Mid-gut 	Hind-gut 

1. 43 	13.5 	19 

2. 45 	15 	18 

Total 
	

88 
	28.5 
	37 

Ratio 	1 	 .32 	.4 

21MIUM, sP 

No , 	Fore.•gut 	Mid.gut 	Hind-gut 

1. 34 14 15 

2, 65 20 27 

3.  42 16.5 18 

4.  35 10 12 

Total 176 60.5 72 

Ratio 1 .34 



No, 

PSYCH 	IA giEILLA 

Hind-gut Fore-gut Mid-gut 

1.  6.  19 7.5 

2.  22 59 27 

3 6 15 7.5 

Total 93 42 

Ratio 2.7 1-.2 

No 

2.1.4.,01Ld 

F or e —gut 

sP• 

Mid—gut Hind—gut 

1.  15 23 15 

2.  5 16.5 3.5 

3 4.5 9.5 4 

40 3 6.5 3.5 

5. 19 38.5 18 

6. 3.5 8 4 

7. 6 13 7.5 

8. 3.5 9 4 

9. 5 10 5.5 

Total 64.5 139 70 

Ratio 1 2.2 1.1 



No. 

pUNTOCXRUM ALBICURNB 

Hind-gut Fore-gut 	Mid-gut 

$ 14 23 19 18 

2. 19 18 15 

3 . 50 34 31 

4.  28 32 18 

5.  22 16 14 

Total 142 119 96 

Ratio 1 84 .7 

MN= sP• 

No. Fore-gut Mid-gut Hind-gut 

1.  21 15 22 

2.  29 31 24 

3.  47.5 28.5 33 

Total 97.5 74.5 79 

Ratio 	1 	.76 



No. 

UTTO QFRUS 	spp. 

Hind-gut Fore-gut 	Mid-gut. 

1.  8 15 7 

2.  7 13 5.5 

3* 10 19 6.5 

4. 7 13 6 

Total 32 60 25 

Ratio 1 1.9 

No Fore-gut 

TRWIERc= sp. 
Hind-gut Mid-gut 

1.  12 16 8 

2.  16 20 12.5 

Total 28 36 20.5 

Ratio 1 1,3 



46.5 	37.5 Total 	100 

.46 	.37 1 Ratio 

PHRYGANEA GRAND IS  

Mid-gut 
••• 

Hind-gut Fore gut No • 

QECETI4  sp. 

No. 	Fore.gut 	Mid-gut 	Hind-gut 
MIIII4M1.....14.00.••••...alk 	  

1. 9.5 	3.5 	3.5 

2. 9 	4 	3.5 

3. 21 	10 	8 

4. 48 	24 	18 

5. 12.5 	5 	4.5 
••••••11•11.411•MIIMONIN 

......0.11••• ••••••••••.10.10  

15 6 10 

2. 13.5 6 8 

3. 10.5 9.5 10 

4. 12.5 8.5 8.5 

5. 14 14.5 11 

6. 21. 17 15 

7. 40 33 28 

Total 126.5 94.5 90.5 

Ratio 	1 	 .75 	.7 

4111...1111101910•••••••••••.... 



GLYPH
in  
IXLIUS PELLUCIDUS  

No.  Fore-gut Mid gut Hind-gut 

1. 14 47 12 

2. 15 61 19 

3. 14 46 20 

4. 18 48 20 

5. 17 56 20 

Total 78 258 91 

Ratio 1 3.3 1.2 

No • 

COLPOTAULIUS 	IC ,US 

Hind-gut Fore-gut Mid-gut 

1.  16 40 14 

2.  15 32 16 

3.  9 26 9 

Total 40 98 39 
•••• 

Ratin 1 2.5 1 



LIMpPHILM spp. 

No* 	Fore-gut 	Mid-gut 	Hind-gut 

1. 23 	59 	14 

2. 9 	19 	3 

	

3, 	9 	20 	7 

	

4. 	11 	26 	10 

Total 
	

52 	124 	39 
.~.1.11.111 

Ratio 
	1 	2.4 	*75 

11•MVIIIMAivraaiMIMA 

ANABOLIA  NERVOSA 

No. 
rmaw•IMIN.a...111111.11.111• 

Fore-gut Mid-gut Hind-gut 

1. 10 30 10 

2. 10 25 14 

3. 10 32 9 

4' 10 26 13 

5. 13 31 17 

Total 53 144 63 

Ratio 1 2.7 1.2 



MESONYLAX  sp. 

No . Fore-gut Mid-gut Hind-gut 

1. 13 22 12 

2. 14 22 16 

3. 10.5 21 11 

4. 12 28 13 

5. 9.5 20 9.5 

Total 59 113 61.5 

Ratio 1 2 1 

STEqoPHYLAX  sp. 

No Fore-gut Mid-gut Rind-gut 

1. 31 55 28 

2. 15 2? 13 

3. 13 25 10 

4. 13 29 13 

5. 16 28 20 

Total 88 164 84 

Ratio 1 1.9 1 



HAJZSUS sp 

d Mid-gut 

1. 20 42 20 

2. 19 44 15 

3.  14 16 

4. 36 63 40 

5. 16 29 13 

Total 105 202 104 

Ratio 1 1 

C 

  

   

Fore 	ut d Hind-gut 

1.  24 16 

2.  20 23 18 

36  19 19 18 

4.  25 22 22 

5.  23 20 16 

Total 107 108 

Ratio 



F,ERTC0STQMA  8p, 

No. 
4,14111.4101011.PRISTIMM••••••... 

1 

, 	. inre-gut 

17 

Mid-gut Hind-gut 
ax,M, anyme 

57 17 

2.  LI 10.5 3 

3.  11 4.5 

• 4 5 19 5.6 

5. 16 5 

6. 6.25 17 5 

Total 

Ratio 

40.?5 	130.5 	40.1 

 

 

3 .2 

     

.1.11.few 	 

No. 

NoTpoBIA al-LIAa",s 

Hind-gut Fore-gut Mid-gut 

1.  

4.0.011.4.9.% 

12 35 13 

2.  7.5 22 7 

3.  14.5 46 16 

Total 34 103 36 

Ratio 



- * 

a I 

Hind-gut Fore-gut Mid-gut 
4.0.0.3•0111amehr 

1. 5 19 7.5 

2, 4.5 22 9 

2. 5.5 20 7 

5.5 22.5 6.5 

= • 6 24 8 

6, 6 23 7 

Total 32•5 130.5 45 

Rati 1 4 14,1 

No. 

LalDoSTuMA 	HIRTUM 

Hind.-gut Fore-gut Fid-gut 
/AM ....IMO1101110011611101110100.KKOM., M.* 	 4,110.4.111.10.0611.11•114011111111 

1, 3 17 5 

2. 5,5 15.5 5 

3, 6 18 

04, 6 21 

5* 6 18 8.5 

6. 8 PA 9.5 

7,, 8 21 7. 

Total 	45,5 	134,5 
	

52 

Patim 
	 1,1 



NeastlidIPMP,...,4,1+9,1P.,M0.1.4./-04* 

• Larva FW-gut ?id-gut 

1. :..a 1 4 1.4 
2. G1yphtae1juB 1 3.3 1.2 

3. 6ericnatnma 1 3.2 1 

4. Nntidnbia 1 3 1 

5. Philopnteaus 1 v8 

6. Lepidoatoaa 1 3 1.1 

7. Agapetus 1 2.9 1.8 

8 . 	Psychomyia 1 2.7 1.2 

9. Crapntaulius 1 2.5 1 

10. Anabolia 1 2.7 1.2 

11. Limnmphilus 1 2.4 .75 

12. Tinndes 1 2.2 1.1 

13. Mesnphylax 1 2 1 

14. Halesus 1 2 1 

15. Stenmphylax 1 1.9 1 

16. Rhyaonphila 1 2 1.2 

17. Leptncerus 1 1.9 .8 

18. Hydrr5ptila 1 1.7 .7 
19. Triaanodea 1 1.3 .7 
Brachycentrus 1 1 .8 

21. Hydrnpsyche (A) 1 .9 .7 
22. Hydrnpsyche (B) 1 .9 .6 

23. odantocerum 1 .84 .7 

24. Molaana 1 .76 .8 

25. Phryganea 1 .75 .6 



No. Larva Fnre-gut Mid-gut Hindgut 

26.  Pnlycentrnpus 1 .47 .5 

27.  oecetis .46 .37 

28.  Plectrocnemia 1 .44 .33 

29.  Cyrnus .34 .4 

30.  Holncentrnpus .32 .4 



7713L I  
TABLE OF ENZYMES FOUND IN THE LARVAE 

Species. 	Secreting 	Amylase Invertase Trypsin Pepsin Erepsin Lipase. 
organ 

PHYACUILILA 	LABIAL 
gland 

fore-gut 

Mid-gut 

PoLYCENTROPUS Labial 
gland 
Fore-gut 

Mid-gut 

HYDROPSYCHE 	Labial 
gland 

Fore-gut 

Mid-gut 

oDUNTOCERUM 	Labial 
gland 

Fore-gut 

Mid-gut 

STYMPHYLAX 	Labial 
gland 

Fore-gut 

Mid-gut 

MESoPHYLAX 	Labial 
gland. 

Fore-gut 

Mid-gut 

ANABoLIA 	Labial 
gland 

Fore-gut 

Mid-gut 

GLYPHoTAKLTUs Labial 
gland 

Fore-gut 

Mid-gut 

—  

- - 	- 	- 	Asymmetrical. 
gland.The right 
gland which is 

	

+ 	+ 	? 	± 	much longer than 
the left contain 

	

+ + 	+ 	± 	+ 	amylase but it 
is not certain 

	

+ 	- 	- 	 whether the left = contains any or 
nnne. 

+ 	+ 

The fore-gut it-
self probably 
does not secrete 
enyzmes in any 
of the larvae. 

Explanation of 
signst 
+ * present 

++ = strong 

weak 

very weak 

absent 
• 

IWO 

7 

+ + 

dmi 
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