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A STUDY OF A MUTATION. IN DROSOPHILA MELANOGASTER.
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Drogophila,melanogaster, comuonly known &as the

fruit or vinegar fiy, has been used in various biologi-
cal experiments since 1905 when Carpenter studied its re-~
actions to light, teo gravity, and te agitation, In 19006
Castle, Carpenter, Clark, llast and Burrcws published the
results of theix investigatiohs on the effect of inbreed-
ing, Their work showed thaet there is no decgrease in the
fertility of an individual as a result of close inbreed-
ing. In 1907 Lutz'rsported the result of some observa-
ticns on the inheritance of a wing-vein medification. In
1910~11 a paper by Delcourt and Guyénet appeared which
dealt with the effect ¢f Tood conditions on Dresophila,
The question of the effect of inbreeding en fertility was
glee studied by loenkbeaus, - He alse made observaticns on
fiie. variations of the sexsratioin seistion to Selsstisn.
This work was publiéhed in 1911,

The work then, up to this {time, had practically
all been of & non=-genetical nature for the value of D,

melanopgaster for genetic werk had net as yel been reslized,

Hewever, withh the appearance of the first mutant the work
Yook a new turn, for this species hes proved to be of in=
estimable velue in the field of geneivics, Firstly, it

thrives under labeoratory conditions; secendly, its short
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1ife cycle wmalkes itS possible 1o raise many generations
in-a com@aratively'shoft.period of time; thirdly, the
chromosome nunber is very small, and, lasily, the form
has given rise teo meny mutations, Through his work with
this fly, Dr, lorgen has brought the chromosome theory of

lieredity to its present stage,

The flies were raised on banana-agar culiture at
crdinary room tempezature. They were removed from the
meting bottles three or four days before the new flies were
expected to hajch aﬁd ne flies were counted after the tenth
day from hatching, since ten days is the Wength of the nor-
mal life cycle, In this way the posSibility of including

flies of & succeeding zeneration was cbviated,

ORIGIN OF MBRANY:

D, melanggaster, as it ocours in nature, has an

almest round eye with a facet nunber ¢f over seven hun-
dred if reared =t 25°C, although the numbey veries with
the temperature, The eye of the mutant known as "Bar® is
& narrow band with a facet number of about one hundred,
When & bar-eyed female ig crossed with a full-eyed mele
the Fl generation consists of female flies with kidney-

shaped eyes and bar-eyed meles (see fig.l), Bar and Full

S

being sex-linked characters, However, at the time of'
7
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making this cress I was under the impression thalt Bar was
completely dominant over Full, as stated in the various ele-
mentary text-bocks at ng-dispasal, and had expected all the
flies to UTe baﬁéeyed. 1, therefeore, brought the fewales
with the kidney-shaped eyes to the attention of Prof, Fo-
berts who, thinking fthat it might be & mutation, teok the
matter vy with Dr, lorgen,

During the summer I wes in qharae.of the Drosc-
Egg&g_stocks and it was my duty td obtain pure stocks of
bar- and full-eyed flies from the flies which had been used
for class work, This necessitated careful examination of
the hybrid flies end it was while thus engaged that @ ob-
served a male fly with an eye which resembled 1o soume ex-
tent the kidnejwshaped eye of the femanles already referred
te, The eye of this male was smaller than that of the fe-
male but it had & slight nick in its aﬁterior margin, Just
about this time Prof, Roberts received a reply from Dr, lior-
gan with the request that some of the kidney-eyed flies be
sent him for examination, These flies were accordingly sent
to him, ‘together with the mele referred to above and his re-
ply fellows:

"The "kidneys" are only the heterozygous femsles
of YBaxh, I you have also obtained & broad
Ber mele it must be one of the other mutations

ol Baxr,"

This was the Tirst intimation that Bar was not fully dominant
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over Full and that the kidnéywshaped eye was therefore only
the hybrid cendition and could not breed true, However,
there reumeined the bread-barred mﬁie with the nick in its
anterier wargin, qhich could not be due to a heterozygous
édendition since the male hes conly one X-chromosome, Subses
guently, more of these peculiar msles were obtoined and com-
parison with diagrams of the variocus bar mutaticns showed

that it differed from any of these, (See fig,l).

The term "mutant" is appliled to an individusl which
varies from the wild type in any character provided the varis=-

tion, which is known as a mutatlon, is of & genetic nature,

i,e, not due to some external force, The wild D, melancgaster,
as stated above, has full red eyes and the first mutant, have-
ing white eyes instead of the normal red eyes, appeared in
1910, and, while there was no indication that this white-~eyed
mitant owed its origin to any peculiarity of the enviromment,
there was, on the other hand, no proof that it had not arisen
as the resgult of sone envifonmenﬁal factor, However, as yeil
there is no evidsnce Lo show that ihere\is any relation bLew
tween & specific external influence and a particular mutation,
How or why mutations arise is, therefore, not known,

There are definite types of mutations, depending on

whether they involve whole chromesomes, sections of chromo=-



b
somes or merely & single locus, In the latter case they are
termed peoint mutations., The other types result from such
phencmena as non-disjunction, tripleidy, tetrapleidy, and de-
ficiency and duplication, but by far the greater nuuber of mu-
tations heve arisen as the result of a change in a single lo-
cus, BSome feour hundred mutatlions are now known in the fruit
fly and they fall inte four linkege groups, coinciding with
the four peirs of chromoscnes,

A point of interest in connection with point or gene
mutations is that certain loci have mutated repeatedly while
ethers have not been ¢bserved te mutate more than once, Among
these more mutable genes is that for Full eye which, so far,
has only given one mutetion, viz, Bar eye, which was discovered
by Tice in 1914 when he found & single mele with narroew eyes,
Bar itself, however, has proved to be cne of the most mutable
ef genes, In 1917, Liay reported that the Bar gene cccasicn-
ally reverts to nermal, Zeleny, in 1920, found that homozy-
gous Bar gave rise to a new and more extreme allelomorph of
Bar which he called ultra-bar, the facet number of which is
conly 25 at 25°C, This latter mutation was also found to re=
vert to Full as well as te Bar, In 1923, Sturtevant and
llorgen put forth the hypothesis that beth reversion and the
production of double-=bar (ultra-bar of Zeleny) are due to un-
ggual crossing=over &t the Bar locus, A further mutation of

the Bar gene known as infra-bar, with a facet number of 320,4
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at 25°C, unlike the other mutetions of the Bar gene which
have been recerded is not due to unequal crossing-over bhut

represents a modification of the Bar gene itself,

THE LUTATION "BEANY - PRELIMINARY CROSSES:

The mutaticen to be discussed here has been given
the name of "bean" and was first observed in the summer of
1925 as already described but it was not until the fall jof
the same year that the problem of attempting to find to which
linkage group this character belonged was taken up, Since
the mutation had appeared cnly in mele individuals the na=-
tural assumption was ¢f course that it was & sex-linked
character znd thet if it were crossed with a Bar female it
would reappear in twenty-five per cent, of the individuals
in the Fg generation ag shown in ¥iz,2, Thesge bean-eyed linm
dividuals should, however, all be males, ALL the Temales
should be bar-eyed but only half the males should be barw

eyed, the remsinder being bean-eyed,
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In order to test the velidity of thig assumption the
were nede -
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crosses, excluding Lo.b, give & tLotal of 702 Bar-eyed

to 9l bean-eyed flies, @ ratic of, roughly, 7:1,

Certein discrepancies are apparent in the results of

crosses and can be discussed under the following heads:

len-appearance of bean in EE Generstion of Cross llo,bH,
o bean-eyed msles were obtained in the ¥o gen-
eration of this crosg., Since the parents had not been
preserved it was imgossible te ascertain whether the
male parent had really possessed the mutation, A Bar

male wmight have been used accildentally,

Percentagze of bean-ey

(L‘

f;ius in ¥, Generation,

AP
P

On the essumpition that "bean" wes a spex-linked
recessive, twenty-five per cent, of the Ez gengration,
representing one-half of the total male population, shofild
have been bean-eved, Th the four crosses in which "hean'
appeared in the 32 effepring the number of Yean-eyed indi-
viduals wasg 1o nmnll The total Fg offspring, i.,e, frouw
the four crosses, was not veally large enough to warrant

.

eny definite conélusion but the fac¢t thet ne bean-eyed fe~

ot

males appeared as well as the faet that the besan charagter

did reappear in some of the ¥, males seemed to confirm the

originel assunption

ol

that "bean" was & sex-linked recessive
mutation,

Appearance Q¢bemﬂ eyed flies in ¥, of Cross Io,3.

e e S

Unfertunately the flies from these crosses wers
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not preserved and, therefore, it is not possible to re-exa-
mine them, Bometimes the bar eye shows & slight defect in
its anterior margin, thus resembling the "bean! eyej. and
some such flies may have been classified wrongly as bean-
eyed, The "hean" eye, however, in addition to the defect
in its margin is wider than thé har eye and of a slightly
different shape, (see Pig,l,8.).

These crosses did seem to indicate, however, thet the
mutation was of & genetic nature and it was consequently deemed
advisable to attempt to esitablish & stock of bean-eyed flies be=
fore proceeding with further crosses, for thus far no bean-gyed Ter
male hed appeared among the offspring of tha crosses made, It was
hoped to accomplish this by back-crossing the Fl hybrid female of
a bar~beaﬁ cross Lo a bean-eyed male, for reference to Fig.2 will
show thet if the mutation were a sex-linked recessive the ¥, hybrid
females would carry the gene for "bean" in one X-chromgsome and
Bar in the other XK-chromesome, If this hetsrozygous female were
mated to & bean-eyed male half the females from this cross should
have "obean" eyes since,'as.Fig.j shows, both the X-chromosoues

would carry the gene for "bean'" eye,
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A nunmber of these crosses were mede hut, contrary to expecta-
tion, ne bean-eyed Temales were qbtalned,

At about this time I came upon Dr, Charles Zeleny!'s
paper entitled "Germinal Changes in the Bar-Hyed Race of Droso

E;

phila during the Course of Belection for Yacet INMumber', in which
4 s ?

#In the high facet selection line marked mutaticns have
eccurred which heve yvielded fullesyed individuals in-
di'tjrﬂuishapie fPom the wild ¢nes which Gii;lﬂblly -

ed te ferm the bar stock, These new full-eyed flies

p»_

254G

are genetically of tweo distinct types, 0Oune type is the
Lesult m g reveyse mutatieon invelving the return of
tite bar gene Lo the original full-eye-producing condiw-

vy behavier is gimilar 4o thet of

1 .

tion, Its heredit

:— u’
the wild Dreosopulla in all the t~uL5 thet have been
mede,

bar pene unchange the so-
gyve beling due Lo the formation




of a modifying gene outside of the sex chromosome, This
new gene is effective in preducing full eye when present
in double dose in females heterozygous for the bar gene,
Such full-eyed femmles when crossed with wild full-eyed
males produce males half of whom are ber and females
half of whom are hetereoaygous bax,

"In meles with the bar gene and in femsles homozygous
for bar the double dese of the new gene produces an
eye whioh is nearly Tull but which differs from full in
the presence of & defect at the anterieor margin, Such
an eye may be designated by the term "emarginatel,
Emarginate females when crossed with full wild meles
give meles all of whon are bay and feusles all of whonm
are heterozygous bar, Numerous tests bear out in de-
tail the hypothiesis as stated abeve indicating that
the chromesomal formula for this type of female with &
full eye is 8. = | for the emsrginate-eyed feuale

e

= e % 758
— ,-L-..d e ST SThS Yol 18 te= e ks iy
5 - 5 and for the emarginate-eyed male ==— e

Ixperiments ere under way Lo determide the exact locus
of the new gens," .

The description of Dr, Zeleny's "cmarginate" eye
suggested the somatic appearance of *hean’, Ala&,-“ﬁmarginaﬁe”
first appreared in a male individual but Dr, Zeleny was able,
‘after some difficulty, to obtain the femele, Prof, Roberts ac~
cordingly communigated'with'Dr. Zéieny with é view t0 ascertaine
ing whether the two mutations were the same, An account of the
cresses which had been msde were of course sent to Dr, Zeleny?
wio replied that "bean" was probably a different mutation fronm
Yemorginetel,

It was impossibla to continue fgrther with the problem
at the University of lManitoba because Prof, Roberts hed not the
stocks necessary for fuvther tests, Conseguently, in liay 1926 I
took the bar stock, from which the mutant specimens had arisen,

to Dr, Zeleny's laboratory at the University of Illinois, but be-
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le to digress from the experimental work for a shert

vigalb

time to discuss the cytolegical aspect of the problem,

ok

four pairs of chromesomes,  Of

these one pair is > gex~chrompgsomes, 0Of this pair,

in the cells of the female the two cliromosomes love the same
form while in the cells of the male they differ, one heving &
sme il hook, The second pair of chromosomes is the longest,
the third pair slightly sherter, while the Lourth paly is
very sheort, The chromoscues, a8 they appear in the male and

female cells, are shown in Fig.4. After maturation the ripe

Flf 4 ~ Chyomosomes of D melan pgas‘f‘er.

ove contain one-sex-chromosone, or X-chromosoune, &s 1t is

b k!
L

plug three autosoumes, as the other chromo=

soues are teruwed, while the spermatezoa mey contain either an

X=chromosome Qr a Y~chromoscme, as the sex-chromesome with

the hook is designated, plus the three autesomes, Hach chro-
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noseme, at.bertéim stages in the maturation diyisions, can be
seen to be nade up ef_smaller portions sirung together like a
string of besds, bult this appearance of ihe chromosomes 1g
lost in the mature germ cells, The chromosomes are believed
to maintain their identity throughout the resting stages of
the nucleus although the cyteleogical evidenge ¢en this point
is not as yet conclusive, From a genetlc standpoint, however,
thisg is & fundamental reguirement since each chromosome is
believed to be wade up of a definite number of facters or
genes, each with ites cwn locus,  This idea of the chromesoue

hes given rise to the scmewhal erroneous concepticon of unit

®
i

characters, i,e, that each locus is the seat of a given charace

e

ter, Heowever, the concensus of opinien suggests that any given
character mey vepresent either the end-product of the interac-
ticn of many genes oy possibly all the genes, In this process
certoin changes in one of the genes, all the others remsining
quite unchanged, bring about & change in the endw-result, giving
rise in turn teo the mutation, Fer this reason the leocus
responsivle for the chenge in the end-result as been given
the neme of the mutatien,

The determination of the locus of each gene in {the
chromosomes of Dreseophila has been the work, 1o & very great

4

extent, of Prof, T, H, lMorgan and his students, This is deter~

mined by crossing-over experiments, While crossing-over has

X
o
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not been confirmed oytologically it is, one might say, & gene-
tid féct. e no.chSSingpover were te take place then genes
in the-same.chromesomeréntering a cross together should come
out of the cross in the same way, This idea is known zs link-
age, However, these genes do net always remain linked, as wvas
discovered early on in the work by Bateseon and Punnett In sweetl
reas, Briefly, the percentege of crossing-over 18 & messure of
the distance between teo given geres, i,e, if twe genes are close
together the chances of a break cccurring between them are
much smeller than if they are widely separated by intervening
genes, As & result of numerous crossing-over experiments it
has been possible to plot what are known ag "chromesoue mapsh,

that for D, melancgester being shown In Rig,h,

DEUSREINATION, OF LINKAGE GROUP OF A MUTATION:

In order te determine to which linksge group é new
mitant belongs it is crossed with specially made up stocks,
each ¢of which carries & nunber of recessive characters of one
of the linksge groups, These stocks are known es the X-ple,

II-ple, I11I-ple and IV-ple stocks, However, instead of using
the X=ple stock it is much simpler to test for a sex-linked
character by cressing & mutant mele with what is kneﬁn ag &
Double Yellew Non-disjunctlon (YY) femsle, The females of

this stock have thelr twe X~-chromoseomes permanently united

&t one end, as shown in fig.6, @s a result of which at th
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reduction division either polar body of ovum is left without

an X=chroemesonme, Conseduently, the wmales recelve tlhelyr X~

F}g b - Ckromasames of NDH-d!SJunc'ffoﬁ g

chromosoewe Lrom the nele parent, In ordinery sex-linhked in-
heritence the sons inherit theily sgex-linked characters from

the mother since they gei their single X-chromoesome from hex,
out the reverse of course tekes place when the noen-disjuncilon

stock Is used - the sons rew inherit thelr sex-linked characw

ters from the father since they get their X-chromesome from
him, Therefere, if a mutation is sex-linked the ¥, males of

a cross between & nen-disjuncition female end the mutant
should show the mutation, Pig.7 illustrates such a cress,

. . o P Tt P It e e L S N o e
The Il-ple (Second chromdscome complex) stock carries

the folleowing recesssive characters;
1. black (1) - body colour black, veins
black hordered,
2, purple (pr) - purplish-pink eye-colour,

3, curved (c¢) = wings concave belew, thin-
ﬁgx%u@ed, divergent, Hp=
Lifted,
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and & matation 1s & member of the seooﬁd linkage group if it
shows linkege to "bl&qkﬁ or some¢ other mutant already khnown
o be linked to "black!,

The III~ple (Third chromoseme complex) stock car-

ries the fellowing recessive characters:

1

vermilion eye-~colour,

- opague; with age hew
comes derker than velm.
milien or cinnabar,

1, scarlet (st)

2, spineless (ss) - bristles very short,

3. sooty (e®) - an allelemorph of ebony
but net se dark,

4, roughoid (ru)

eye slighly smaller,
rouwgher disarrangeumsent
¢f facets, Slizght
smudge ¢ blackened fa-
cets in lower pert of
eve.
5. hairy (h) - extre hairs along veins

of wings, on scutellum,

en head and on mesopleura,
end & mutation thet shows linkage te "pink" or some other mu-
tation already known t¢ be linked to M"pink" is a menber of
the third linkage groun,

The fourth chromoseome ig very suall morphelogically
and the nuumber of genes known for it at present is only three,
viz, bent, shaven end eyeless, 48 ih the other cases, if a
matation shows Linkage to eny of these cheracters it is na-

turally & member of the fourth linksge group,
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Crossing-over does not ocour in the male snd this

Tact makes it very simple to-dete;miﬁentoxﬁhich EYOUP &n
autesemal mutation belongs_for 8 New, noneseﬁ-linked recegs-
sive will give in the Il‘2
othexr recessives of the group 1o which it belongs,  An example

generation a 2:1:2:0 ratie with any

may meke this clearer, A& certeln mutant_arose which wes called
spineless and proved to e receﬁgive.f_ﬁhen a spiheless Ly
was cressed to a fly with pink.eyés vhe F2 generation resolved
itself into 2 wild-type: 1 pink; 1 spiﬁeless: ¢ pink spineless,
g ratio which showed that spineless is linked %o pink, WVhen,
en the other hand;: spineless ves crosséd:to a black mutent,
black belonging te the'sécqnd group,.the Ty generation geve
the following ratic = 9 wild=type: 5 black: 3 spineless; L
black spineless, which ratio indicetes free assortuent of the
chroresomes and weans thet spineless dags net belong te the
game Linkage group as black, Eigurésfﬁfand 9 1liustrate

this,
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gince the beh&?iaﬂx.of;”ha&ﬁﬁ peinted Yo its being

& sexw-linked recessive the first cf@ss- pade was between it
and a deuwble-yellew rerm&w9ﬂ+ qénadiSJunCtioﬁ femsle with

full eyes, From a cress of this sert then (i,e, noen-disjunc-

tion femsle x bean mele) the sons should all show the "bean®

charscter 8f this gene is a member of the first linkage gr@ug;
Bix such eresges were nade, hiud thP following results:
femeles - full eye
meles - bar'eyg
In all 368 flies we ?u examined but no bean-eyed Iflies were Qbé..
vained, This was -c;.ozi.ciusivg ;_.wooi‘ ’L‘,-“,i.ﬁr—;-.;'b-_-tl‘z.e_ mabation wes 1'1-0-1_: :
& meuber of the first linkage grOuQ."HoWever, since the
Bles Irom this cross weie aarncyed | it furtisr prﬁved-ﬁhﬁ“
the bar gene musy be- _ca:r.‘:z? ield - :‘an'bhe _}’C'—' chromesome of the bePn-—
eved irgi idual and'tkét,such aﬁ iyéivijual must earry- & g&ﬂé
in erie of -Ita aut@éemes which acts &8 a modifier of the bar
gene, The-pxoblém thus ﬁgrr@wed:i?self down teo whether this
medifier wes & member of the second; third or feurth Llinkege
ETOUDS, .

In order to détermimeﬁﬁhethér oesnﬂ wWas & menher

of the second Linkage group & bean-éyed male was cros sed with
a I1I-ple female and the results of these crosses are listed

elow:
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.Sinée_a_numkar of the_beanueyed individuals cer=-
ried -one Qr.maré*of thEaiI‘?lﬂ dhaxacﬁefs it was thus
proved thet the ﬁéan_m@@ifierchuld'nbt be g member of the
second linkage BIOUR, _ﬁig;lp regrgsemts diasgramatically
the cthmesumﬂl_farmuiae_of the classés_from-this Cross agm
suming tha% the'beah gene_mndifiéﬁ ig in either chivemesome

FEL . or IV
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Fig,1l sgiuply shows the §1asses to be expected from
a II-ple X bean-eyed m&le cross, ésguming that the bean modi-
fier is a member of thé §ecdnd linkage group, - None of the
bean=eyed individuals.quId cérry_a@y of the IlI-ple characﬁers
end since such individuals were obtéined the gene for the bean
modifier was eliminated from the séébnd chromosome,

Crossing-over does of course teke place in the few
male but nevertheleSS'ﬁhe bean-eyed_fiies from the above
cross would net show any of the recessive characters because
when they are present iﬁ_thq:chram§§ome devived from the fe-
mele they will be negked q#er Byjthé wild allelomorphs in the

homologous chremoscome from the male, as fig,l2 shows,
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‘The bean modifier now being definitely eliminated

Trom the secend linkage group

8- numbeyr of crosses were nede
with the IlI-ple stock, but the results frow these crosses

were net at flrst-satisfactory In the first cross only §
bean-eyed flies were obtained as agalnst 726 cher'flies and

of these five none cerried mny IIluple characters, Another

cross geve 4 bean-eved £l ea ag against - 99 ether fliles,

o

while & third gave 1 bean-eved fly apainst 897 other flies,
This small proportion of bean-syed flies was very puzzling
but it was thought that it might'be_due o an inbhiviting fac-
tor for Vrougheid, one of thé Iilvple charéctErs, does make_
the eye swmaller end if the sve were m;de smaller it wmight
pessgibly alter its shape at~the sagme time, I, therefore, at-

.

tempted Lo obtain & remgle ultbuut frougheid” but although I

-

obtained &rdiVJduul which did not show the roughoid APRETL -

nce they evidently carried the factor as o reécessive, Iun

&

the meantime, however, & furlther cross with a IIl-ple fenale
carrying "roughold" yielded & much higher prepertion of bearn-~

eyed individuals, some ¢f which carried I1II-ple chareclters
Az some of these besn-eyed flies carried Yroughold! I was

forced to conclude that in the first crosses this could net

s

heve beer the only inhibiting famtor, Tollowing are the re-

t

sults of the III-ple-bean creossges:
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pince sone of'th&.'beapé&eyed izﬁd-iyidma_ls. carg;igd Ii:i.:-...-
ple characters tlhe beéan gene madifier wes thus eliminated
from the third linkage fér if it were & member of this gieup

none of these flies would have carried any of the III-ple

charscters even when crossing-over takes place in the female,

=

63

8 BNOWN

a3

n figures 13 and 14,
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Since the bean gene m&éiﬁier has beeﬁ eliminﬁtéd
from chronmosomes I, II; and 1Ii'it follows_thgt it must be
a menber of the fourth linkage grguﬁ, end crgsses are now -

in progress to determine whether this is so,

HQN-APFEAFANCE OF BEAN-EYED FRUALE:

S¢ fer the question ef the non-appgaianqg of the
bean~eyed female Les been lgnored, Eﬂamin@tiﬁh of the re-
cords will show that no female correspending to the bean-
eved male bas been obtained, ﬁt_first it was ﬁhought that
the bean gene medifier might be linked to.ajlethal factor
and that pOSaibiy close imbreedinglfor gucdessive generations
mighit break down this- linkege, However, five successive
genevetions were bred and-innume#ahle flies examined but”no
bean-eyed femele appeared, Agaih, if the'non—éppearance of
the bean-eyed female were due to this fact the normal I:
sex~ratic should be disturbed and this wes not the cese,

An examination of thﬁ'chﬁmm@sbm&l'fdrmuiae of the
P, classes of the Il-ple crosses mey help to solve the pre-

blem, From the resuljs-of the YY female % bean nale cross

the formule of the bean-

gyed mele is assumed to e
Bt ' -
T

e
e
where B = Bar and Ve = bean, The formulee for the full and

bar~eyed fliss ave known to be;
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ol |

-bDBar Q

v
-+
+
+

-Banrg\

of Fig, L0 will show thet tlie gens for

.

does not eccur in any of the . offspring

condition and the eyes of fthe oifspring

P

vean

pene

1, is recessive te its normel sllelomorph,

b1 2

s
denlr

o

ofF L

ne effect in single dose,
of the F, generatieny (Fig,10,p.27) shows that here

the homezygous condition in twelve

an - enalyveis of which follows:

LY

[

v/

the

and O cerry the gene Ior FTull eye

T

w

Gl ey

the bean medifier in the

hemozygous condition the full-eyed femeles did

not seenm Lo

differ from the neormal full-eyed

nd 8 carry the gene for Full in

thelr gingle X=chromesome but Liere spain these
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full-eyed individuals did net appear te differ

frow the wild type., Howevsr, facel counts were

]

not wade so that it cannot be stated definitely
thet ne change in this respect was effected,
but there was no nicking in the anteriecr margin
ef the eye,

3. Nes, 9, 10, 13 and 14 carry the gene for Full
in one Xéchromesome and the Bar gene in the
other, There is always conslderable variation
in the shape of the eye of sguch hybrid femsles

and it is therefore impossible to estimete the

- Nk ry -

the bean gene, if any, in these

’_.J
o
Q
ct
(%)
L
ot

4, Tos, 11, 12, 15 and 16 represent meles which
cerry the Bar geme in their single X-chromo=
some and these individusls are presumably the.
bean-eyed males obtained,
In view of this, then, it_is net surprising
thet ne bean-eyed females were obtained, Further light
mey, however, be thrown on the question by ) remexamning-
tien of the vesults of the first crosses mede, i,e. between

the bar-eyed female and the bean-eyed mele, as shown in fig,

15,
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There is nothing unusual about the ¥y offspring
but in the'Fz generatian_thare are two individuals, cne male
and one female, which have the besn gene medifier in the
homezygous condition, lNevertheless, no bean-eyed females
were obtained from these crosses. A contrast of the chromo-
semal constitution of these two indifiduals is intveresting,
In the case of the Teuanle, the Bar-gene is present in both
Ymchromosomes giving & ratio of 1 Ber gene to 1 bean gene,
In the mele, on the eother hand, with only one Bar gene in
its single X-chromesome, the ratic is 1 Bar gene te 2 bean
genes, Since ne bean-eyed females wgre obtained it is pos~-
gible that this may'bBche explenatien of their nonwappesr-
ance, It may well be that the bean modifier cannot gain ex-
pression in the face of the two Bar genes of the female,

Wnen the Bar-bean cross wes coriginally mede a ratic
of 1 beanweyed ILly t§ 3 Bar-eyed flies wes expected as 1l was
assumed thet bean vias @ sexelinked recessgive, However, from
Fig,15 it will be seen. that the ratio. of bean-~eyed flies to
ber-eyed flies should be 117 and a reference 1o the resulis
of these crosses (see »,7) will show that this retic is very
closely approximated, which would seem to confirm the assump=

tione steted aboves
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RATIO OF BEAN-BYED FLINS 10 REST OF POPULATION:

g Another point that reﬁminﬁ io be cong ldered is ﬁﬁe_
percént&ge ¢of bean-eyed flies cbtained in the various crosses.
In the case of the II-ple crosses, Pig,l0 shows that the ra-
tio should be 1 bean-eyved mele fly to 15 other flies and an
exemination of the resﬁlts from the Il-ﬁleebean crosses shows
that in some of the oiasses this'ratio.ié-almost obtained,
(bee p.25). A total of 7,679 flies were examined, of whiph
461 were bean-eyed males, which gives a ratic of 1:16. It is
very probable that if more crosses had been made, &nd conse=
quently more flies examined, the 1:15 ratio would have been
obteined,

As has already been stated, the number of bean-
eyved meles obiained from the first III-ple X bean crosses
wes very small but later crosses gave a much higher propor=-
tion,

With regard to the YY-bean crosses, so far only the
¥, generation has been considered, Hdwever, when these F,'s
are permitted teo interbreed, a nuuber 6f vean-eyed males are
found smong the F2 generation and, as Fig,l6 shows, the ratio
of such flies to the other flies should be 1:7, Actuslly, in
a cress of this type;-a:ratio of 138 was obtained, as shown

below:
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LHE BIAN GIID A8 b NODIRIIR OF 1T ;.?.ULL BT

It tﬂe bean geﬁeﬁggted a8 & modifier of the Tull
gene &g well as of the Bar.gene the propertien of hean-eyved
meles in all the crosses ”thd have to be much hxbher “rd
it is therefore very unlikely thet this is so, _HaWever? a
nunber of besnmeyed males vere obsefved wh;ch ha@-ﬁ_vexy
mucb.Widér eye then the erdinary bean-eyed fly and these
were mated ta-nenudisjuncﬁién feﬁales, The fellowing re-

sults were obitained;

As the meles were bareer,d-$t dndicated that the X-chromo-
some of the parent had carried the Bar and not the Full

Sene,

Mhe gquestion of the detcrn navion of the locus 6f
& gene has alreadv been digcussed, As stated, the distance
betwe

Therefere, if

¥
{":

en the genes determines’ the smount of crossing~over,
the locus of ¢ne of these genes is known the
locus of the other gene can be calculated from the amount

of crosgsing-over that has teken place, this being propor-

Rt
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tional to the distance between the two genes, Crossing-

over, however, only cccurs in the femele and since no bean-

gyved females can be cbtained it is impessible to determine

the locus of this medifying gene,

CONCLUSIOQI 3

La

2,

Ja

Bean is not sex-linked,

Bean is.a modifier of the Bar gene but only geains
expression in the maele because here there is only
one Bar gene while in the female theze are two
Bar 3énes, |
Bean does not act as a meodifier of the Full gene,
This bean géne modifier has been eliminsted from
the first, second and thirvd linkege groups., It
must, therefore, be & meimber of the fourth link-
age group. _

The locus of the bean mbdifier cennot be determined
because cressing-over 600uré only in the female

and there are no bean-eyed females,
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A SYSTEUATIC STUDY OF THE LENCHUS OF VESL: ,13-1 %l\zé;m

The leudlhea or leeches are annelkids whichioccur
in hoth fresh and salt water as well as on land, However,
by fex the greater number, are inhabitauts of ditches, poals,
ponds, lakes and streams, DSome of the fresh-water species

are known to leave the weater in search of earthworme and on

e

K

Heemopis le t*;Dll% terrestris, has been ¢Qund several miles

om water, Permanent umrr@@brl 1 ieecueﬁ are repoyrbed Trowm
vericous points in Asia, Austr”“' and South America, In the

Himalsyas they sre found in great abundance in the lower

ranges and attain ah altitliude of ere thousand Teetl sbove sea

level, The marine species are for the most paxrt perimenent

In this paper only the fresh-water leeches will be
discussed, Very few laokes are without a few species of
leecheg end they are mast-qommgnly found in associstion with
verious species of snalls, dnsect larvae and other annelids,
They are for the most yart'nOCturﬁal and during the day sre
to be found beneath-stmn&s, ameng plants or in the mud, The i
food consists of bleoed and other animel julces and they are
therefore semi-parasitlc,  Some, howevery alre nearly perma 5nt

parasites, They attack fish, frags, turtles, snails, and

eccasionally fresh-water mussels, Several species will dtlack



25
man,

The leeches :egresénﬁed in the collection were talken
at various points in ﬁznitcba, Saskétchewan, Alberta and_Brita-
ish Columbia, Collecting for any_léngth of time was, howevei,-
enly done at Jdasper Park, Alta, AL some of the peints a stop' 
of only an hour oy so/was,made and the collection is, there-
fore, only suggestive of whai'way be found, TFurther work is
certain to reveal meny morve species, The present collection
does, however, establish the oecurrencé.of the common species
from ceast to coast of Canada, The.more novthern lekes still
remain practically untouched and the northern limits of these
speclies is consequently unknown,

Of the four families of Noxrth American fresh-water
leeches only three have beén'fouhd or reported for Western
Candda, the family Ichthyobdellidae being.aé yet unrepresented,
The following are bthe species found:

I, Femily Glossiphonidae
A, Genus.Helobdella K, Blanchafd 1896,
l. ¥, giagnalis

B, Genus Glessiphonia Johnston 1816,

2. G, complanata

3¢ G, heterogclita

C. Genus Placobdella R, Blanchard 1093,

4i B, rugoss

D, Genus Theromyzon Puilippl 1867,

5. 1. ococidentalis
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11, F&mily-ﬂirudimid&s
B, Genus meveodeWWs'Verrill 1872,

-
5 2l decora-

W I A B
¥, Genus Haemopis Bavigny 1820,

7. H. prandis

[ .ﬂqu mnmww&«

88 uarme LLS

e

T B W S A B O B

9, I, plunbeous

111, Fanily hrﬁ@bd LA dae
3, Genus Hrpobdells Blainville 1818,

7
5

sl

H, Genus ez nelagsxs Verrill 1872,

11, X, obscurs
» " muu&-mﬂ- w»efa Wi

T, Genus D¢na R, B*@HChﬁﬂdplS?Q.

12, D, parve,

s...lm.mm;m

3

As many of the organs and paris are of systematic

.

value, it may be of interest Lo disuuss, briefly, the var=
ious systems, but fimst of all the duestion 0£ annulatieon
will be dénsidered, The body is made up of a number of
annuli but, unlike the condition in, for exauple, the earth-
wornm, the external annulatien dees not correspond to ithe
real metamerism, Hach trus somite is made up of . a number

of apnuli Tut this nwnber differs in the verious types of

leeches, The number of somités, however, 1s the same Lfor
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all species, viz, thirty-four,  The gu&hex«of anngli in 8 so-
mite varies in different paris of dhe body but what are known
es "oomplete somites’ are to Ye found in the middle of the
bedy., In the Glossiphonidee the nunber varies Irom two %o
six but mest of the speciles, i,e, thﬁse of the more conmon
genera, are essentially triznmulate, The complete somites. of
the Hirudinidae and ﬁ%&pdbdellidaE'hame-fiﬁe annuli, akthough’

in some of the geners of the latter famil viz, Hephelopsis
bl

and Dina, annulus b6 is enlarged and subdivided, These

differences are illustrated in figs.l, 2, .3 and 4,
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Tha-maéqu;&riﬁyaﬁém_is.w§1if§éﬁeloped and ganaigﬁs:
of two layers of muscié fibres,'thé inﬁéi_ibngifudih&i?-ﬁhéf
-euter cirecular, The:e:are also dorsﬁeventrai fibxes_paSSing
vertically between the npouches of-the.c#op and radial fibres
extending from the wall of the alimentery cenal to the'bédy
wall, . e _ .
Respiratioﬁjis almast.entirely yaerrmsd by the

skin there being no special vespiratory organs, In two

marine genevs, Branchellion and Ozobranchus, however, gills

gre present on certain.somités‘ The capillaries are vefy_
close to the cuticle and the bhlood is thus brought inbe close
velation with the survounding waﬁer‘_'. .
The circulatory system consists iﬁ.general of
seven longitudinal blaﬁd_vessels, fromeﬁich branches.péss
Lo’ the verdous grgans; breaking ﬁp.eveﬂiu&lly'into capillaries
in the integument, the nephridia, et¢; 
The diga@ﬁi#é:sysﬁem cunsistafbf the alimentary
cenal, differentiated into a number'bf-ﬁarta, and the séli~
very glands, The mdﬁth, waich is situated ventrslly, "is, in
the Bhyncheobdellae, a.nﬁre pere in_thg:qral sucker, while
in the Gnathobdell&e_it is_larg3'and_aegupiesfpraoﬁically the.
eritive Gavity of the Sucker, The sucker iteelf is reddced

to & mere 1ip. (See fizs.5 and 6):
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Frg.";—- Surface yiew oF median
faw of H. wavmovatis

F:z.s - Mouth and Oral sueker
of Haewmapis plumbegus

Fag.s-

Suf‘r‘qgr. view ﬂ.f- median
jaw of Haewmopes lateralis.




3 8‘.
In-socue of the meﬁhérs of “the letter sub-order
the meuth is prgvided with three "jgwsu_ The free edge of
each Jeaw is curved and covered with chitin which, in

Mecrobdella decora, is Linely noltched there being about

sixty-five teeth, In the genus Heemopis the teelh are

muech cosrser, I, marmoratis having twelve to sixteen pairs

and I, lateralis twenty to twenty-five, as shown in figs.
7 and 8, |

The mouth leads into a muscular pharynx, luscles
pess from this region to the_bgdy wg;l and by their conbrac-
tion inecrease the cavity and suck in the blood from the
wounds made Wy the jaws, In the Ruynchobdellee the pharynx
can we protruded and is term&d.é probescis, Opening inte
the pharynx are a layge huunber of unicelluler glands, the
salivary glands, which secreie & flﬁi&'which prevents the
ceagulation of the bleed takgn f:am the host,

The stomach or erop follows the pharynx end forms
the largest portion of the alimentary canal, It variesiin
the different groups in accerdence with the habits of the
leech, In those species wiliich subsist on the bleed of othex
animals the crop has & nunber of diﬁerticula known as the
gastric caeca. Incthe Glossiphonidee the number varies

from six %o nine palrs, In the generaz Helobdella and Glessi-

pronie the caeca are unbrancned but in the genera Placobdella '



e
and Theromyzon they are oftanfmuch_braﬂchea,_ In the Hirudini-

dee; the Femily va which the true bleodsuckers beleng, the

caeca vary considerdbly, lbcrobdella decors has about bi*hteen

pairs, the last of which is very long. Iﬁ.ﬁge?opls ma“mon@ﬁ%g

end H, lateralis, along The entire length of the siomach are
numerous small pouches with o very lerge pair at the posterdior

end, In H, plumbeous and H, prandis, there is hardly any if-

: =
e -
el ] - Lo St

dication of diverticula and even {he posterier pair is very
short, fThese differences ay@ _lTqu ated in figures 9, L0
and Ll,  The stemech of the Trpobdellidae, including the

geunera Erpobdells, INephelousis and Dina, is quite straight

and simple, Peing withoul any dlv rﬁicula, ag shown in fig

The intestine, in the true bloodsuckers, may alsa

have diverticula, which are terimed the intestinal caeca,

z

4]

45

iy
i
51)
‘-——’

Otlurn¢¢ai'the inﬁestina is = simple tube, ths
pogterior portion of wihiilch 13 gometines differventiated when
it ds celled the rectuu, Either intestine or rectum onen to
the exterdior through. a small pore, the anus, zituated mid-

.‘

dorsally on or near the Qdd"" between the body and caudal

sucker,
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The excretory sy's::t-.e:ﬁ_:_ ¢ 'c;»ﬁs;i‘:‘g 8 of & peir of ri"é’-};xl_irfi% '
dia in esch somite except uhagejat;tﬁe,&ntﬁrid:_and,ﬁdster;_
ior ends. Ihe nephridia Q"Eé?'?? to the outside through & swAll

'pore, the nephridiagare} on#ﬁhe féntx 1 slde af the mody,
Iégqhea 3xe:hﬁgiﬁu roalclc _he male and femsle re-
prqductive_o:gamﬂ being in the_ e lﬁulVidu l 63@89hfé§~ ;

tilization, however, takes place, Tﬂe QT‘&IS of the mele

consist qf =) varyiﬂg:ﬂmeer of pairs (5 to 11) of testes,

o

each series being coxrecned by m-'ws.degerems; ]?hs-assenﬁial_;f-

femsle organs consist of & pair of ovaries, ;ram eahh of
whiech a short eviduct passes ocut, The eu¢ta1 aperture ,_ef
which the mele pore is Situated nere an&eriariyl are Se@ﬁ‘

PR
naGe

(53]

gd by frem oue be lee anau7i In the varicus species od

'gelaoaella and - ?lmcobdmll& t¢ 'e.are-th annull intervering

between these pores, as shown in fig,12; in Glossiphonis

13,
o
o

2

=
¥

heterocllt

is omly"ane:annulus'betWeeh vhese apertures

but-in QA¢EFEE£?£§EQ there ax twa. In the Hirudinlidee the

R

pores are gex exﬁbe; by Live anhulirand in the ﬂrpohdﬁllia&m

the ﬂuﬁbﬂr'thiGS ﬂfuwr%wo.n&i%hreefaﬂdianeah&lf.. It is e

in LWJQPLDPP“S ﬁascurd-cﬁd'@ﬁg&@ﬁﬁﬁﬁﬁmgyrcﬁa&m-Dut three and

A g

ene-half ina Din% parya., ﬁﬁee.figs,lQ, 13 and 14).




st.n.- Genital apertuces of th.n- Genta\ apertures of
Haermopis marmoraty

Placobdella Sp-

an‘.q- Genital apertores

of Dima parva.
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In the specieq oi Eﬂumqy}s tkefe ig cousidergble

_dllference in the rexaﬁxonq of tle varmeus org L8 compr¢a—'
ing the reproducitive system, as sﬂovn 1n Tiguves 1H, 16 and: -
17. .- '
. The form.c£ the atriam qf-thg groups of the Temily
Erp&ﬁﬂsllidae is 0f_gaﬁgric'value, aq sﬁéWﬁ in fi&s.;8+21¢;-
. he Glossighonidae cexzy thelr young in membrenous
éapsuleé attached to the ventexr, The eggn of the Ich*%;oo—
dellidae, the leudi;idae, and the urpoodellldae are 1a&d in

~chitinoid cocoons in which the young develop.
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The'neﬁVGus;éystpm q§ﬂsis£S-of a;qefigs of paired
5&ﬁ;lia connected EQ déubie”nefv§s@ Phere is a pair of .
ganglia Yo sach somite and t?e arnu1u$ in'whiéh the ganglia
occur is tewxmed the neupal qnaulas . Three pedrs @f nerves
pasg from eachh pair of-ﬁ&ﬂgli& Lo the otnex ahnuli of the s0-
mite, :

The_pﬂinciiQL'senSﬁ-QrganS areftﬁé;eyes, the number
of ‘which is often of sgaclfic value;_ In the Eh;ﬂ“ﬂoﬁdeL
the nunber wvaries from ane_té fcﬁr P&irﬁg-ﬂﬁ shown in Tigures
22=25 in the GnFthoude¢l‘ - the ﬂuMQe* v511as¥f:cﬁ.$hree e
five pairs, belng ﬁhreé_@r'foﬁr_gaira-in;ehe Erﬁpbdellidae
and five-pairg-iﬁ-ﬁae ﬁirudinidae..aé shiown ;ﬁ figures 26-28
In addition to the eyés, ﬁhlbb are Hert*culcr sensitive o

changes in the intensity OEHligﬂt, tlere are seﬂsillaé which

are usually Bound on the neural annuli (see figs,1-3) and
papillae which are sither metameric or nomumgﬁameric, round
oxr conical, The body os & whole:se;zﬁ to be sensitive W

-

wave movements and light stimuli,
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A descrivtion, with full synonymy, of the leeches

which have been collected follows;

L. Helobdella stagnalis (Linn,)1758.

Hirude stagnalis Linnaeus 1758,

Hirude bioculats Bergmann 1757,

GLossiphonie stegnelis (Linn,) Johuston 1816,

Clepsine modesta Verrill 1872,

Helobdells stagnalis Blancherd 1896.

This leech, one oI the mest commonly found,ls a
quite small, iﬁcenspicuous.aninml; Usuwally it is only
slightly pigumented end blends into the stones to whiech it
is almost invarisbly attached, Its distinguishing feature
is the presence, on the dorsum of the twellth annulus, of a
small, round, iight brown, chitineid plate which merks the
position of the nuchal glaand,

The anterior end of this leecl is definitely
narrower, the bedy widening graduslly as It passes back-
watds., The ground coleour in all specinmens is creany anﬁ,
while in some individuals there is scarcely any pigmenta-
tion, in the majority of cases the posterior twe-ihirds of
the body is covered with either fine, dark stippling or
with 1light green bleotckes, giving & green tinge to the

animal,



The gingle

he aﬂlly pigmented, The

Bingte annulug, Yo papillae ubve
the specimens, —Hy.stapnalis does
creeper, When disturred it rolils

the bottem, Ite fooed consisis of

larvae, sneils and small bivalves,

genital pores are BETDEY

been observed on any

19,
prominent, being
pareted by 8

gf

net swim but is &

inte a ball and sinks to
smell annelids, insect

Specimens have zlse been

found on the dead bedies of crustacemns, frogs and fish, and
when gorvged with blodd the six pairs of gasiric caeca can

be seen wery clearly,

This leech has been

- Logan wust, lan,

Pelican Leke, lEn

Falcon River [?Eugh,ﬂﬂn;)

Wascanailake (Regina,Pask,)

Chesteruere Lalke ‘,l

]

ey ALta

Vermillion Lelkes _
\Banes,

Shewatlons Ieke (Prince Rupert,

found a8t

the following polnte;

B.C.)

Diver Ieke, (Wellington, Vencouver Is.)

Sproat Leke (Vencouver Eslgra)
Tuktukun Cresk (Departure Bay,

Little gualidum River (Van

Jasper Park, Alta, - Lekes Caledonis,

Big Trefoil, a lake north

of Geikie,

Vencouver Is, )

couver Is,)

Harjeorile, Pyremid,

and Pyramid Cr,
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;2. GlQ““lyﬂgﬂlm.GGJplanabm LLiﬁm;J’l?58,_

Hirudo c@m@iunaua Mlnua US ?h8

C¢gp$1qe BleiuR$ V£m$lllHI8?4§

In -the adult stage G, cam) ;*ata ~dg very sagily

'recaﬁnisahle-because of'the tﬁo dark llnes uﬂu Ft wdf@uﬁ

- the ueuJLly llbht o“clb&ound of tha deSvl

E’J

clearly again

- surlface of the ﬁody.- This specles ig larger_aad more rebust

dividuals do geeour, Glcder eﬁmuin bian.shnﬁs t*“t the b@dy:
is stippled with fine davk :a.,m"os The 1-’?:‘_.’4-;31"_‘115-1@-1 lines
peferzed to abe#e aze dark brown and qfé interrupted by the
white papillae which docul an:ﬁhe'neural,agnuli, Thase
lines uaually uotummae abqut the leval of bke geCﬁnd el Df_
eyes znd diverge es they paSﬁ"b@dhﬁards.- Oﬁteﬂ they become

e

- guite faint towards

Lo
i

the-@ostéfi@f.end of the bady, The
ventral surfece is usuallv'li 'ﬁéf_and the longitudinal Lines
seew toe diverge mure;'.*he thrga'pairs'of eves Iorm two

nearly parallel liﬁes_elﬁhaugh-in éom@ épediﬁens the first-

palr ave very cln @ to*etper;. The genital apesrtures are

n
{44]

parated by twio annuli, _There gre of lesst four series of
papillae, offen ¢ix ob seven;
Young individusls do not present ag caarmcnhrlsu

tic an a@ﬁearanue; The green pigMenﬁ:is_noﬁ present and



gy
tlie longiﬁudinai lines_aye-ﬁot as prominént‘ The body of:f'
tliese young specimens is; thever? very trensparent.ang the -
seven pairs of caeca show:véry clearly when filled'ﬁﬁﬁh-
blood, '

Specimens of G, complanate have been taken at the

following poin‘bé:
Logan West, llan,
Peloon River (Weugh,len,)
Sheal lake ("."fa,i_.l.g.gl;r.,__ Hang)
Victoria Beach,.iéke;ﬁiﬂnipeg,
Leke Winnipegosis, (Cormorant Is,)
Pelican Iake (Finette, lian,)
Leke of the Woods (iinaki, Ont,)
Wescana Lake (Regina, Sask,)

Chestermere Lake (Calgary, Alta,)

Johnston Iake (Banff,_ﬂlta,)

Jasper Perk - Lekes Beauvert, Blg Trefoil, Harjorie,
laligne; Iris, a lake north of Gelkie, &@&nd in

Caledonla and Pyramid Creeks,

Little Qualicum River (Vancouver Islend),

 §

3. Glossiphonis hetercclita (Linn,)

Hirude hetercclita Linnaeus (L761)

Hirudo nyelinas O, F, Illler 1774,

Clepsine hyeline lloguin-Tandon 1826,

Like H, stagnslis this is & very inconspieuous

enimal for it is not heevily pigmented, The ground coleur
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ig white with yellowish spots, The body Is translucent and
when.the gaatric caeca are full of olood the animal appears
as a bright red spet, Of the six pairs of caeca the first
five ocre simple but the sixth pair which are much longer
have three side branches,

The distinguishing feature of this specles is
thie syes, of which there are three ﬁairs. These are ar-
ranged in three groups of twoe end form a triangular figure,
The genltel apertures are separated by one annulus,

G, heteroclits would seem to be much less coumon

the lakes of Western Ceanada thaﬁ the twoe Glossiphonids
just described foy it was taken la st spring for the first
gime in Falcon Eiver and Bhoal Iake, net having been found
the previous sunmer at Jesper Park viere the collecting

extended over several menths, It has not been reported

from any other poinits in VWestern Cenada,

he colour of this leech varies ITrom quite &

brizht green to very dark with scattered yellow ox crange
spots, llost specimens heve foyr papillae on the neursl
ennuli, except those at the anterior end, in addition to

those occurring indiscriminately over the body, The specie-



mens from Maldigre Ielke differed Trom thc others in being

of & uniform dull LI&Qr e ﬂ@d being wit hout vapillae,

The bedy of this fapﬁr_c_ies ig very soft and tre s
lucent, ~The Four pairs of eyes, sgriaily ﬁmrr ged, axre
the distinguishimg.feﬁture, The genital apertures sre
sepereted by twe annuli,

This speciles, while it has been found mere ofiten

than

e A N )

G, heteroclita, cannet be sald to be common end ve xy
revely Wwere more than one or twe specimens taken at a time,

It weg found at the following points:
£-F

Falcon River ( Waugh, lan, )

Pelicen lake (Ninetie, lan,)

k)

Ieke of the Woods (;1nh.i Qut, )

Skeolkum Take  (Wawa recu s T, )

Chestermere Iake (L leary, Alta,)

Jagper Park, Alta, = Lekes erJQ*i@, Little Trefoil,
mli

el " e e 2
Talbol end 1

o
n

Ea €y

Diver Leke, (Wellington, Vencouver Islond),

5. Plsggbdella rugosa (Verrill) 1874,

Clepsine ¢rrnats ver., rugosa Verrill 1874,

Placobdells rugesa lMeore 1901,

This species is one of the largest of the

A

Glessiphenids, The wrough sppesrance pf the body is a
very striking feature snd is due to the large nunber of

cutanecus papillse thet cover it, These papillae are



for the mest part lazxge and conical, There sre five series
witich eccuy Qﬁ the neural “vpu1¢, in additien to many
smaller enes the vositions of which arve variable,

In colour P, rugess is @ mame;cx_;esa uniform du};

brown or green, ?@ry_yquﬁg s§acim@ﬁs=awe & Ldght ereen,
There is a black, medi ian dorsal stripe which is interrupted

by the presence of the ?aplll&eq-

| .The'eyeﬁ are fairiy sxiall and-contigucusa ‘Both -
the oral and ¢asudal suckers are well d ""ElO})GQ. The 'gge_n.i‘-.
tal pores are aeyarated by twe annuli, |

Owing to lts dull calou i g and ﬁﬂo Tect thet

it can eéssume & very 2%t cred pcmi len this leech udght
be overleoked easily s i L'I.e d..% :u: wall witlhh the stones
o

bo which it is usually found attaehed,

P, rugesa has been cellected at the fellowing

Falcen River (Waugh, lian, )
Felican leke, Ninette, lan,)
Leke Winnipeg (Victeria Beach, lan,)

Skookum Loke (Wewanesa, lan,)

Near Beavel Lake, Alta,

h!

Johnston Ieke, (Banff, Alta,)

Pyranid Lake (Jasper Park, Alta,)

>

Shewatlans Take (Pri nue Eu*rmm, B, 0.
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6. lmgrobdclla decora (Sey).

! !ﬂJ

Hirude decors Say lBME.

H;rudo decersa Leiay 1868

lserobdelle decors Verrill 18?*

3, decors, knéwn &8 the Americen medicinel leech,
is readily recognisable.becausé~gf.the presence of 0¢apge
or red spots along tﬁé.hadi&n d@ﬁé&i line, :Ihese, as well
zs the marginal Dblack speots, are.mstanwrically arranged,
Doxsally, ﬁhe groun& colour varies from a 1ight page green
~te @ deep olive green, while EQmé-specimenszﬁ@y be so daxrk
a8 to seem black,  The vantral_su:face is & wich o nge
either. plain or spotted with black,

_Ea dqggggth&s the ﬁive,pnirs.gﬂ eyes dhnracﬁﬁr~
.istio of 2ll Hirudinidae butb Hcr ~they ' are 1argcr ﬁhﬁn. 13
| eny of tke species ¢f Haemqpig.' Cuﬁaneoua-gapillare &re
absent and the surface of the bodﬁ is theréfbxe guite
gmooth,

Unlike meny species of Iaswopils, I decora never

Tolunt?rilv.leaves the vater, although'it mey live for
weeks buried in the aud left hy the dxy;ng up of ponda o
peols; It lives on tie blood of 'fish, frogs end turt 1@91
end small esquatic simelids :ﬂd.iJsect lexrvae heve heen

found ‘din the stenacly, “rob"' egLs are elso a favourite food,

In additian} it will attec ﬁ-uuu and cattle,
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This gpecies is:faund”aéa& vule in stondi 2ol vﬂmé:
”hd in sme ll ponds 3mdllakes;' The Qg ere laid in cocoons
which &re uauaily depesitved in thé S i by the ﬁiﬁg_Qﬁsthe
pond, .
lis Lleech hes been collpc ed ¢ &t the following
points:
. Waite Shell ILieke, NMan,
Sheal Lake, lNan,
Lake of the Woods, Qzﬁ"ﬁ.,
Lele Wimipes, Yan,

qu'Appelle Valley, Sask,

8]
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e
£

—
o
o
i

¥ Jq wQ“iS Leru@r

!
&

Hizrudo i aofati say 1324;

Aulas bommn %gg&gjgg"Leidy 1868,

Haenopis mermoratis liovre lQOI

Heemopis merjioratis or the horse leech, as it is
commonly called, rave l§ éxcﬂedétsix inqhgs in lengbh Owing.
to thie great developiment of LQuyaeiddl tissue the Vody is
very seft and Linp., The an34lgr su_ﬁwf is relatively lezg
end the Lip broad but the posterior suglkey latrrather small
snd gipenler . The jawd! bre low‘and rounded and ea cﬁ bedrs

from fwelve to sixteen pairve of coarse teeth,
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The colour of ‘this-legch is somewizt varialile,
The dorsal surfece ranges from & very dari green te olive
green but the blaclk bletolles Lgyfbe_so muméxcus 48 %0 al-
Low the green ground to be'ﬂeen §n1m heie'and'there‘ Oﬁ:
the other and, they unay be a‘ose:n;b gltogethier, but this
latter condition is zare, The_?éntral surface 1s nors or
lgss -sdnilar byt the blotches are gley in mest exaiples

ey, . S Ve amt 8 e P P R gr . | N A frei, YA e oo
rather then bLlaeck thus produciang a lighter effect,

Specimens of I, merworetis were found on the under

side of stones as well as in the soft clay forming the bank
cf Big Trefeil Lake, it was taken at the following points:
Leke Winniveg (Victeoria Beaph)
Near Beaver Lake, Alte, -
Vermiilion Zakéé, Banff; Alta,
Jasper Park, Alta,~ TLakes larjorie, Little Trefoil,
Big Trefoil, Beauvert, Hibernis, Caledonia, &nd
a lake north of Gelkie,
Sproat Leke, Vancouver Island,

Falcon River, (Waugh, Yan;:)

8, Haemopils plumbeous loore,
Haemopis plumbeous lioore 1912,
This species was first described by lloore in 1912,

It resembles I, latereslis., a 5pé¢ies which hag as yet not

been recorded for q§hada,'quite closely in colour but is

more neerly allied to I, grandis ih both internal and exter-
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nal structure, K, plumbeous is represented in the present

ccileciion'by a ﬁuﬁbéb'bf bﬁeservéd §péoimens COLquﬁgd-aﬂ
Qh ai Lake, llan,, a number of years ago, The gfound
'colovv of the dovsal surfzce was probeblv 8 dull olive
green hut is almost entirely covered over by bleck ?ggﬂulﬁ
The ground colour of the ventral;suzface appesrs da:ker
out is amich less blotiched,  This apeciea is desqriﬁe&_by?r
licore ag hdving a broad; dull but qonsplcuous rufaﬁS'or
orange band along_;he entire lateral m&rgina. In v__e DLe=
served specimens 1t iIs diffdcult to state whether this
band id present aithouzh in scie specimens there ssems o
be some feint 1ndicmtion of dis p esence,

The mouth is larg ﬁven in t*e%e preserved’ SIEO'-
mens, In some of the individusls the penis is protruded

and is thieck and coiled,

9. Heemopls g r"ﬂdz (VerlilJ)

Senmiscolex g;uadls Verpill 187%.

™o types of this spécigs are represented in
this collection ané.cz whilol, found in the lekes ol Jasper
Parg, differs cg“siderably in generzl sppearance from the
sgocond variety, as well ag from.éhefofher gpecies of Haoemo-
_ e

pig, 1t is a snali-ieech as compared with othHer members

l"!
[:‘w

of ‘this genus, the largest individusl obtained being barely

8 cuw, in length. In colour it varies- from olive to dark
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e
greén, plain @2'with a few dsrk syet% Thé.ve atral surface
is,a slaty-gﬁéy and;&lwé#” ylaiﬁq ﬂ vellowish green band
whlel tépexs @ff anteri@riy? ié "ese“t on uuP Lz beral_nmr;
gins, . .
The aeﬁcnd:ﬁype,.in_additian tQ'being z much
larger animel; diffe;&.¢r "ulamréﬁién;fraﬁithe *«:9 Juat
described, The ground cﬁiuur of the dersal surfece is a
dull green bubt owing to theewi&QSQTead distriﬁuﬁion of
black yignmnt it slawé o1 1y 1n spots. ."Le ventr;] surfac

slimdler bl very nuch ﬁuﬁer, thsre being onky igelated

the distinguishing feature of this spec cies of
3 £

Hoemoo %g is found in the reproductive orgens = the propor-

tion of the several reglons of the ducts Belng quite differ-

ent from all the other species of Hoemonis,  The penis
when pretvraded ds thin and stradehb,

Thig leech hes beer ¢colliected at the follewing

Shoal Leke (Waugh, Man,)
Pilot lound, Iun,

Lake of the Woods, Ont.
Creoss Leke, Moz,

Jesper Park, Alts,- Lakes Beauvert, Patricie,

Hibernia-ernd Caledenia,



10. 333obdel1a nurctat&-(Leldy;

Peyhells “vngtaﬁa Leidj l??u

Fepbelia 1ater1¢is Bx¢5uoi 1698

Ernobﬁg}&ﬁhﬁqnctgiﬁ.Mbore 19014_

The two or.four.IOnfitudimai bands on the dersal
surface of the hedy ﬂale recognition of this leech very:r

simple, The-thraeip&irs of eyes_gmeganathar char“oﬁeristic

feaﬁure. B, _punciate may attainia.leﬁgﬁh of five in cﬂes
but the majority of §§ecimens collected are smﬂller thén
this;

The colour ia bas from olxve Yeen 1o light'ﬁrewn :
er chocolete, Qhe'bltck-spots,_as:$;xeaQy gteted, are ar-
ranged’' in longltadlha;_;ines. _ _

During the. doy this Leeoh ok be found atteached
to the under side of stones but 1t'is'a-very zetive swiminer,
_It feeds chiéflv on-aéuatic insectS“aﬁd their larvae &nd
aquatlic wors but alao conqumes the Jou g of its own s@eciﬁﬁ@

It was not.£0und to any-exgent in the lakes of -
Jaéger Park but elsewhere it lhas been teken in large num-
36103 viz, s .

Shﬂ'&l Lake, Weugh, lMan,

Feleon Rivery Waugh, Nan,

Pellcan Lake (i\?:iﬁét‘oe, Van, )

Leke Winnipeg (Victeowia Beach, lisn,)

Wascana ILake (Reggna, Sask,)



Chegtermere Lake (Calgery, Klte, )

Vernillion Iakes (Banfzr, Alta.)

Jesper Park - Lokes Anvette, Bdith, Mildred, Pyramid,
Patricia, lMarjorie, Caledonia, Doxethy, o leke
nerth of Geikie, and in Pyramid Creek,

Tuktukin Creek (Deﬁar%ure.Bay, Vancouver Is,)

Cameron Loke (Vencouver Island,)

Little Quelicum River (Vencouver Ié.}.

Diver Lake (Wellington, Vandouver Is,)

Hﬁ‘r:{: i1 it i

Sproat Iske, Vencouver Is,

11, Nepheleopsis obscura Veryrill

Nephelopsls obscurs Verrill 1872,

s

Theve is considerable variation in the colour of 7

this specles but four mﬂin types cen be recognised:

Lo

Dormel surfece ~ ground olive green with blselk rami-

ficatione, | Ventral gurléace --slaty grey, plein oF

ith dazlc blotchies .
Doraal.surface-- ground, ‘pea green with lighteX

5,  Ventral surxface - lightex, pladn,

Dorsal surface - brownish grey, plain, Ventrel sur-
face < Light grey, plain,

Dorgad surface - very derk grey with eecasional light'

grey vlotches,  Venbrel surface - light grey, plein,
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X, obscura attains a large size and Like E,

very greceful swimmer, The body is very firm

posteripiily,

egg cases ore found in grest Fuwbers attaclied

aquatic plants, The young, removed from the

te coleurless snd the four pairs of eyes show

ovgh go common in the lakes of Ianitobe and

ecimens of this leech were found in the lakes

sland that were exemined, It was cellected

et the follow*r poeinte:
Logan Weet, lan,
Palcon River and Sheal Iake (Waugh, L&n,)
Pelican Laeke (Ninette, lian,)
Skoolkum Lake (Wawanesa, lan,)
Johnston Take and Vermillion ILekes (Bﬂn¢¢, £lta,)
Vear Teaver Take, Alta
Jagper Park, Alta .- Lakes ﬁnnette, Edith, Mildred,
Beauvert, Big) Trefoil, Pyramid, Patricia, Hiber-
nia, Marjerie, Dozothy, a lake north of Geikie,
and Caledoriia Creck,
12, Dine- parve loore. 1912;
This leech is of & pmall size, tﬁe largest speci=
méns reaching only & length of 20 mm, In colour it is a
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plein olive green,  The four paiss of eyés s7e 8@51Lv n2de
out-even ‘in the pressrved meterisl and in this wespect it

differs from E}'cbsyura.

.The disﬁiﬂg“ishing &ﬁ:buze of garva is the

fagt that the genital pores are-seyarated by- bree and one- .

hals annuii - in beth E. cbacur".Lnd E purctaba the dis-

tance hetween these pores 1s omly Lo nxwuLz,_

D, pazrve ds 2ep ’eS¢zt$d in the ooLlection by

specimens frem only two pbinﬁs'»_Jasyer ng (U’l;una Take)

&nd Lake Winnipegesis, lan, (Cormorent Is,)

Key, to Specieg;pescfi@gg

Houth & small pore in orval buc cen from which @ muscular pronosqu
ey be protruded; no jaws; size sumall,

Suborder Ruynchobdellee,

Dody not digided into two regions; eyes near median line; stonach
with well developed lateral cazeca,

-
e

" Pamily Glessiphenidee,

Byes, 4 prs, Thevonyvzon occidentalis
Dyves, 3 prs, arrenged-in AT nearly perallel rows,

Glossiphonia comn nlanate,

. Byes, 3 prs, arranged in thxree Sroups of twe ¢0rmiﬂb &, Loi-

angulsyr figure,
&los;iﬁhotia 1euevoellta

.- Byes, 1 prg well separated, - Brown chitineid p;&te &t an nulUé:

Helobdell@ gta uaglls.

prs vlose together,
Placobdella rugess

312;
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B, lMeuth larze pocup

T ving entire cawity of sucker; pharynz net
foruing & prouoscis;

Jaws oftern present, _ {
: Buberder Gnathobhdellae,

b.Byes typically § pre, srranged in & yegular submorginel
testes strdetly paived, 9 or 10 prs,; stomech with at least
00 5 0 e 1 "strlb C&uud' gize generally large,
CFamily Hirudinidee

bt, Jaws prominent; testh numgerous, in one series; caeca aleng .
entire length of stemach,

Genus lzcrobhdella,

&, About 6F teetli on each jaw; copulatory glands present; dox-
suin merked with median red and mergiual blaick spots, Doth

metaneric., _
bﬂcroode 1a decore

B s B

PrYy, Jawsg rather shmall cnd rebractile dnto pits ' or ebhsent; teeth
when present coakse and &il in double series; penis filow
108 1tous, genital apertures separated by H annuli,

Genug Haemonis,

-

e
&

e Jaws end teeth presént;  teeth; 12-16 nrs,; calour‘va‘i.ule,_
usually Dlotehed, -
Haemo; p is mermoratis

i A gl

o

8, Jaws absent; protruded penis slender cud uncoiled; ventral-
ground colour usnally Lighter than dorsal;

Haemoplds grendig,

9. Joaws absent; protruded penig thick end fwisted; ground
golour nearly uvuniferm, dorlk blotches fleULOutly ehsent

o Tew,

b, Byes, 3 or 4 prs.; no jaws; no gestric ceseca; genital ducts
gimple with swall atrium ymoduuea _nto .8, ualf off cornue; teg=
tes not pairved; nunerous _
oA Pamily Erpobdellideas,

st genital pores separated

L0, Byeg, Riprg, . first paiy - larae -
El”fly curved; leongitudinally

by 2 snnuli; atrisgl cornua
stxiped, _
Broebdells punctate

Ll, Byes, 4 pxs.; genital pores separated by 2 aunnull; atrisl
corntia spirally ceoilled; coleours plain or drregularly
blotched.

Hephelopgls obscura,

b i B o e A Ly

12, Lyes, 4 prs.; aw*i el pores Sep?"'cd by 3% anmuli,

..jl ﬂu b I_)Gvrvas %
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