
Dep. Cot · 
~ Thesis 

DEPOSITORY 
COLLECTION 
NOT TO BE 

.13451 TAKEN 

1 . 

II . 

L S'i'l,;DY OF A :_U'l'L'l'10:~ 

DROSOPHILA EELA1;OGASTER . 
-.- ~ -~----.... -... --.~ .. -'" 

A SYSTE;';AT I C STUDY OF THE LEECHES 

l)y 

[THE UniVERSITY 'OF !IANlrOSA 

L-.=-~I~:;A"" R","",. ;"....,.....J 

Beine [> thesis submitted to the DepaZ' "Gl!u:.mt of 
ZooloCY c.t the University of l.11:ni tob.e, in pf:.r­
tial fulfilmer.t of the requirements -;"01.' the de ­
gree of lle.s"cer of Science. 

.-



fruit or vineSar fly , has been used in various biolobi -

cal experiments since 1905 when Carpentel:' studi ed its re ­

a ct ions to liGht , to bravity , and to ag i tation. I n 1906 

CestIe , Carpenter' , Clark : LX1.9t f),nd BUl'l'OWS publ i shed the 

results of their h:;v€stiga t ionB on the effect of in'Dreed-

inc; . Their 'Iork ShO\7ed that there is no decrease in the 

fertility of en ind i v i duc.l as a result of close i nbreed -

i ng. I n 1907 Lutz repol'ted the result of SOl;].e observn -

tions on tl-:.e i nhel' i tt'.-nce of 2: wing - vein mod i fication . I n 
, 

1910- 11 a paper by Delcoul't c,nd Guyenet appeared \"Jl:ich 

dee.It with the effect of food conditions on Dl'Osopbila . 

T~1.e question of the effect of inbreedir:.g on ferti lity \;r'~S 

elso studied by r.~oer.khe.us . He D,lso n12.de obse rvations on 

the v~riat i ons of the sex - ratio i n relat i on to select i on. 

This work wc.,s publ ished in 1911 . 

The work then , up to this tin~ ) had IJHi.ctic~,lly 

c:.ll been of e. ncn- genetic:.;.l nc.ture for the vtJlue of .;Q. 

El€lano£..?-.s:t£!f: fo r Genetic \'Iork hed not as yet been rea.lized. 

How,:.:-ver ) with the "'ppear anoe of the fi rst l;"J.utiS.nt the work 

took a new turn ) for this species }u,s pl'oved to be of in ... 

esti!!lB_ble v0_1ue in tl:.e field of Genetics . Firstly , it 

thr i yes ur..de:c labore. tOY-y eand i tions ; secondly , its short 
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lif:e cycle .JaJ<:es i t~ possible to r 2i 6e T.'lany generations 

in a cO:r.J.pa:r.~tively short :Y€l'iod of t i me ; th i rdly , the 

chromosome ntu!lber is vel'y sm&ll , <:Ind , lastly , the form 

Las given rise to n~ny mutations. 'rhrcuf;h 11i5 r:ork ,;i th 

this fly} Dr. l.iorgc,n has bl~ought the chroT.tosome theory of 

he redity to its present stD,ce. 

The fl i es nere raised on banana- agar culture Cl,t 

ordine,ry room temper..a t ure. They \lere removed from the 

LjE,t inG bottles t:Lree or four days before the ne\'/ fl ies were 

expected to ha.tch 2nd nQ fl i es v!ere counted e fter the t enth 

day from hatch i ng , s i nce ten days is the ''lena th of the nor­

rr.al life cy c le. I n this 'i~.y the po s sibil.:. ty of inc ludine 

fl ies of o. succeeding ,;eneration was obvif'.ted. 

ORIGIlI OF "BElJ:, n: - ---_ .... 

almost round eye \'lith a facet l1ulj~ber of over seven hun­

dred i f rec:red ct 25° C, although the number vc ries \! ith 

the tem:oe:f.'ctur e . The eye of the r;ruto.nt kno\'m as lI13a r u is 

c.. nal'row band nith a fs,cet numbe r of about one hundred. 

1,'/hen a bar - eyed f'Glila,le is cr.'ossed \7 ith a ful l - eJed rusie 

the Fl enerat i on consis'(,s of felTJ2.1e flies '7i th k idney -

5hz.ped eyes 2.nd br-.r- eyed r..ales (see f i g . l) , Bar cc:.d Full 

beil1f:, se)~- lir:ked cl1a::.-acte):s. HO\7eVer , at the time of' 
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IllS,king this cross I was under the im:Ol'ession that B<-1l:' was 

completely dOrnir.9,nt over Full , as stcted in the various ele -

mentary text- books et 1, r disposal, ar.d had expected all the 

flies to be bar- eyed. I, "therefore , brouc;ht the fel'liales 

Ylith the kidney- shaped eyes to the attention of Prof. Eo -

berte who , thinking ,that it x;dght be c. nuta.tion , took the 

r .... ..atter up \".i th Dr. Largc.n. 

Dl.1.l'ing the SUmnlej:' I \IIns in charee of the llE2~.q,-

phila stocks and it WE:.S my d'Ll.ty to obtain pure stocks of 

bar- and full - eyed flies from the flies which had been used 

for clnss v,'ork. '1'h i s neces~it~ted ct.!'eful examination of 

the hybrid flies ['nd it ;"1[',5 \7hile thus encaGed that rn ob -

serve0. a. rrale fl~ with en eo e nhich ;cese]llbled to 501::8 ex-

tent the kidney- simped eye of th.e ferfl.:':'.les alrendy referred 

to. The e~;e of '~his l1lC,le WE'.S 5J"/W.ller than that of the fe -

w~le but it had a sliGht nick in its anterior mars in. Just 

about this t i me Prof. Roberts l'sceived a reply f r om Dr. Lo r-

gan Hi th the request that 90me of the kidney- eyed flies be 

sent h i m for examination. '1'heae :flies \"Jere accordin~ly sent 

to h i m, together with the m;J, le referred t o above and his 1'e -

ply 1'01101'18 : 

lI'l'he Uk idneys U are only the heterozygous ferrl<~les 
of 11 Bar l! • If you have also obtained c, broad 
Bar rtJ&:',le it must be one of the other mut~.tions 
of Bar . II 

'l'his was the first intirr£-tion that Bar "W26 not full dominant 
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ever Full and th&t the Iddney- she.ped eye vias therefore only 

the hybrid condition v,nd could not breed true . Howeve:c , 

there ren:F ine d the broad- barred l!'lale vli th the n iclc in its 

e.ntel'ior ms. r g i n , ,,:h10h could not be due to a heterozygous 

c.ondi t ion s ince the male lw.s only one X- chI'omosome . SU:Jse -

quent ly ) more of these peculiar Ill<:"11es Vlere obta i ned ~nd com-

parison '"li t h diaGrartis of the various bar mut.rvtions showed 

that it differed from a.ny of tnose. (See fig . l) . 

J.UTATI01:S : -- ~----

'1'he term II mutant II is c'_pplied to. an individual which 

vc.ries from the \'}ild tyr,e in any character provided the vt".rj.c -

tion , \/11ioh is knorm as a mutat i on , j,B of a gene tic natu~'6 , 

i. e . not due to some external f orce. The "dId D. mef.2n9[;ast~E.., 

as Btz.·~ e d above, has full red eyes (.-md the f i rst mutE'.n t , h"w­

inG white eyes instecd of.' t he normal red eyes ) appeF.red in 

1910 ) and , "lh i1e there V1D.S no indication thc.t t his "\;hite - ey'ed 

uutont o\'!ed its or i g i n to [!.ny peculiari ty of the environment , 

there ,,/as ) on the other hand ) no proof that i t had not, risen 

~.s the result of.' some env ironmental factor. However , as Ji"et 

t here is no evidence to show thut there is a,ny r elation be -

tween a specific ext.ernal influenc e and a particu l a r rrrutation. 

HoVi or why mutations ar i se is, therefore , not knovin. 

There ~re definite types of r,lutat i ons , depend i ng on 

Y/hether t hey invo lve nhole chromosomes ) sections of c hromo -
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Bornes or mel'ely a single locus . In the l~tter case the~l e.re 

terr.i.ed point mut ations. The other types :l.'esult f rom s 1.wh 

phenomena as non- d isjunction , t riplo idy) tet r aplo idy , and de ­

ficiency and duplication , but by fa,r the grea ter numbe r of rr.u­

tations h~ve arisen as the result of a change in a s i ngle 10-

CUB . Some four hundred mutf'tions a re no"/ known in the fruit 

fly .::nd they fall into four l i nkeee e:l~OUpS) coin ciding Vl ith 

the four pairs of chrouosomes . 

A po i nt of interest in connection -J ith pOint or gene 

mutations is thCl.t certa i n loci have mutate d repeat edly while 

others have no t been observed to mutate more thun once. Amonc; 

these more r.rutable genes i s tl1F. t for 1i'u11 eye nhich, so far, 

has only g iven one mutation , vi'z. Bar eye " which \'/a8 d isco vered 

by '1'iC9 in 1914 vJhen he found a single :ma le n ith narr01;i e;'{es . 

Bar itself ) hO\1eVer, has proved to be one of the most mutable 

of genes . In 1917, J.ray reported tl'..at the Bar Gen e occas i on­

,-". lly rever t s to no rmal. Zel eny , i n 1920 ) fo und tha t h omozy·­

gaus Bar gave ri se to a new and 1;,ore extreme c.>llel o-morph of 

Bar 'which he called ultr a - bar, the f a cet number of Y/hich is 

only 25 at 25° C. This le,tter muta t i on vias also f ound t o re­

vert to Full as vlell a s to Bar . In 1923 , Stl.lrtevant v, nd 

l:orco,n put t\orth the hypothesis that both reversion ['.nd the 

production of double-ba r (ultra-ba,:£, of Zeleny) a re due to un­

equal crossing- over G, t the Bar locus. A fur t her muta. t i on of 

the Ba r gene known as inf r a - bar, \'!ith a fe.ce t numb~r of 320 . 4 



6. 

et 25 °c, unlil(e the other mut.ations of the Ear gene whihh 

have been recorded is not due to unequa l crossing- over but 

l'e 2.:.r€ sents a. modification of the Bar gene itself . 

'rIlE 1.J1JTA1' ION "BEAK" - PRllLIEINARY CItOSSES : 
--.~.--- . .. "'''-

The mutatio n to b e dis oussed here has been eiven 

the name of "bean ll and VJaS f irst observed in the summer of 

1925 as alrea.dy described but it was not um:.il the fall iof 

the same year t hat the problem of a.ttempting to find to nhich 

linka ge group this aha-rCl,eter belong ed \'las taken uP . Since 

t h e mutat ion had appeared only in male individuals the 00-

tural assumpt i on ./as of course that it was a sex- linked 

chara cter c nd that if' it Vlere crossed \'l ith a Ba r femc.le it 

woul d reappear i n t wenty- five per cent . of the i ndividuals 

in the 11'2 genera .. ~ion as shown in .!!1i~.2. These bean- eyed in­

d iv i di.~;::'~1.s should, however, 1:',11 b e reJ8.1 es . ..'\.11 the fema l es 

should be bar- eye d but only lw,lf the rna,lea slloul d be be.r­

eyed , the r emainder being bea n- eyed. 
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In orde r to test the vt:lidi ty of this assumption the 

followine crosses were made :-

Cross I 'o.l 
---~-----~.,.. .• 

Fl Genel'ation 

Bf'.1' Bean 

35 

Fo 
~ 

Generati on 

Bar Bean 

73 5 (0" s) 

Ra tic of Be.r to bean - 14: 1 

Cross No.2 --.....-.-----. 
Bar 'i- x Bean t 

l~l Genera t i on 

Ba.r Bean 

25 

:&'2 IIe ne:rat i on 

Bar Bean 

156 22 (6 ',) 

Ratio of Bar to bean - 7 :1 

Cros.s._l12~ 

Bar 'l- x Bean ~ 



Fl Generation 

Bar B ean 

33 4 

F2 Generation 

Bar Bean 

289> 44 ( 0',) 

Ratio of Bar to bean - 6 :1 

Cross llo .± 

B"r ~ x Bean c 
Fl Generat ion 

Bar Bean 

3l 

F2 Generation 

Bar Bean 

Ratio of Bar to bean - 9 :1 

CroS S_ll~ .•. 5.. 
Bar l?- x Bean 6 

Fl Generat i on 

Bar Bean 

2l 

F2 Generation 

Bar Bean 

87 

8. 



These crosses, excludip~ No . 5 , g ive a total of 702 Bar - eyed 

flies to 91 bean- eyed fl ies , a 1'2 tic of , roughly , 7; 1 . 

Certa in di screpancd.es a re apparent in the results of 

t hes e crosses and cnn be discussed under the i'ollowing heaads : 

1. H9 ~.7a l2P£~r§l;.n...qJL..2.f...E.efLn i n.Jl'g G~J;:!!.:t.~l}_2!~ J2L2~-.E9_~2. 

Fo bean- eye d :rnales were obta ined in the 1~2 gen­

erat i on of this cross. Since t he parents hud not been 

preserved it \'las i mpossible to ascerta in whethe r the 

male parent had really possesse d the muta tion . A Bar 

:m.ale might have been used ac cident ally . 

2 . ?erp.~,E-~e .. oJ_'p?a.l].-N.!L':Lfl.~ . ..s. ,in F2.-,9 .. e,11~~.1'~. 

On the a ss umption t ha t ubean rr was a sex- linked 

recessive , twenty- f i ve per c ent . of the li'2 generation, 

repre s enting one - half' of the total male populption , shoi,ild 

hav e been bes.n- eyed. In the four crosses i n which "bean H 

a pp eared in the F2 offspring the nU)",lber of bean- eyed indi ­

vidl.l.als was t oo srilctll. The total 11'2 off'spr ing , i . e . from 

the fo·v.r crosses , was not really lerge enouGh t o rlarrant 

a ny definite conclusion but the f.:.c t thC't no bean- eyed i'e ­

rna.le s appeared a s well us the fact thc t the bean charaater 

did reappear i n some of t he F2 tn.:'1.1es seemed t o confirm the 

orig i l1..a l assv.lilption tba t lIbean u y;as a sex- linlce d rec es sive 

mutation . 

3. ~~£....'e!~.}!;~Y!9-~iH.!L_:Si!-_ !J.~ ... 9l~," .9;r2E,,:!.JJ..?_..3 ... 
Unfort.unate ly the fl i es f'rom t h ese crosses were 
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no t preserved and , therefore) it is not poss i'ble to re - €XE,, ­

mine them. Somet i mes the b~u' eye shows Co sliGht defect in 

its C,',nterior l'ilo:i..rgin, thus resembling the Ilbeanll eye , a.nd 

some such flies may h,,;,ve been clc:.ssif i ed wrongl as bean­

eyed. The ubean ll eye , however , in f'ddition to the defect 

in its mrcin i s wider than the bar eye and of a sl i ghtly 

diffe r ent shape. (see lHg.l,e.). 

These crosses di d seem to indicate , however , the.t the 

mutE: tion nas of a genetic nature c,nd it VIas consequently deemed 

pdvis.:-'.:lle to a t tempt to establ ish <;. stock of bean- eyed flies be ­

fore proceedinG with further crosses, for thus far no benn - eyed 1'e ­

raale had appeared among the offspring of the cl'osses made. It was 

hoped to accomplish this by back- crossing the Fl hybrid female of 

a bar - bean cross to a bean- eyed rtJ&le , for reference to ]!'ig . 2 v/ill 

sho'lil trJ..Pt if the mutation \."fere a sex- linked recessive the 1i'1 hybrid 

females would c2rry the gene for Hbeo..n u in one X- chromosome and 

Bar in the other X- chromosome. If this heterozygous fel'l'lale \lere 

ma .. ~e d to a bean- eyed male half the fell'Ji'?,les from this cross should 

hLve Il beanll eyes Since , as li'iG.3 shows , both the X- chromosomes 

\'ioUld cal~ry the gene for "bean u eye . 
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A number of these crosses were made but , contl.'ary t o e;cpec'ba. -

tion ) no bean- eyed fernalea 1liere obta ined. 

ll • 

At about t his t ime I came upon Dl~. Charles Zelen~r l s 

paper ent itled HGe l'Itli nal Che,nges in the Bar- Eye d R'?,ce of Droso -

phila dv.ring t he Course of Selection for ]'acet Number If ) in 17h ioh 

he says ; 

U I n t.he high f a cet select i on l i ne mar ked mu 'i; I:i. ti ons have 
oc curr e d \Jhich h,~ve yielded ful l - eye d ind i vidua ls in­
d is ting'l.l. ishable from t he w'ild ones which orig i nally mu­
t a ted to fo r m t he ba r stock. These new full - eyed flies 
are genetically of two distinct types. One type is the 
resu.lt of a reverse muta tion involving the return of' 
the bar gene t o t he o:cig i m"l full - Eye-producing condi ­
t i on . It s her e ditary behavior is simi18,!, to tha t of 
the uild Drosophi la :in all the tests tha t his.ve been 
made . 

UfIhe othel' t ype reta ins the bar gene unchange d , the s o­
matic appearcnce of full eye be ing due to the format i o n 



of a mod i fying gene outside of the sex chromosome . 'l'his 
neYI Gene is effective in prodv.cinC full eye when present 
in double dos e in females heteroz gous fox: tile bf'r gene . 
Such full - eyed females \"Ihen crossed with wild full - eyed 
males produce mE,les m.lf of whom c. re b<:r 2nd femr:.les 
h2.1f of vrhom <:',1'e heterozyt;ouS bar . 

II In rnales 1:1 1 th the bar gene and in females homozygous 
for bar the double dose of the new gene produces en 
eye which i s l1e[~rly full but which d i ffers from full in 
the presence of <:: defect at the anterior Ill.<1rg i n . Such 
an eye mB be de5ignated by t he term u em..'=i..r~inq. 'c e " . 
Err.arcin.?te feL.?,les .7hen crossed with full Vlild rtJfcles 
ulve lJ'lL les all of \iholfl ~ 1'e be. r '- nd fel,IEles all of \ihom 
{'re heterozygous b~.r . l'iumerous tests ·!Je<-.-.r out in de ­
tail the hypothesis as ste.ted above indicating that 
the Chl"Omosomnl form:ulH. fo r t his type of female wi t h a 
ful l eye is .:a ..z::!;; , for the emEI'gint'te - eyed reucle 

-= ~ "" 
1> 

.. nd for the emc:.rginFte - eyed 

].."<:.per i ments [;',l'e under iiD,y to determi ne the exa,c t l ocus 
of the ne\'} gene . II 

The description of Dr . Zel e ny ' s I1 dnz.rginate tl e e 

12 . 

s'..tgges"\:.ed the sornat i c [',ppero r r,nce of II bean ll . Also , It emargl nate fi 

first. appeared in a wle individual but Dr . Zeleny ViaS able , 

"after some diff i culty , to obtnin the fems.le . Prof . Roberts ac -

cordinGly c On1munic[l,ted Ylith .Dr . Zelen~r with a vie\"1 t o ['s c ertai n-

ing \7het:aer tl~e two mutations were the saLle. f.n account of the 

croases which had been nw,de were of course sent to Dr . Zeleny , 

vlno repli ed thn t ubeen" was ~)l.'obc.bly different mutation f r om 

I t was i mpos s i ble t o continue further with the problem 

et t!1e Universit~l of liani toba because Prof . Roberts r..Ed not the 

stocks necesssry for fur t her tests. Consequently , in La 1926 I 

took the bpI' stock, from "which the mutant specimens had arisen , 

to Dr . Zeleny ' S lG..bor::otorsr at ",he University of Illinois , but be -
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fore discus s ing the crosses v;hich v/el'e then !"!lC"de it. seeUiS 8.d-

vis.s.ble to di grEss ll'om the ex:pel~ime-ntal work for a short 

time to discuss the cytolog i cal aspect of the problem. 

CY1'OLOJICAL ASPECT OF PROBL:EL: : 
--~. ~-.. ------~.-------_ .. -

:p ..... !l!2lpn.'?~a~ll has four po'irs of' chromosomes . Of 

these one pa i !' is knovm :?S the sex- chrolngsomes. Of this pair , 

i n tb.e cells Qf thei'emale the tVlo chromosomes hrve the S8l/le 

form while in the cells of the m.ale they d i ffer , one having a 

sl1W,ll hook. The second pair of c.h.l'omosomes is the longest , 

the third pa ir sl i ghtly shQr'~ er , while the four t h pair is 

very short. The chromo:',omes , as the~r appear in the wale and 

ferJJa1e cells , Cl,re shown in Fig.4. After maturation the ripe 

ova contain one ·sex-chromosome , Ol" X- chromosome , as it is 

usually terr:1ed , plus three (?utosomes , as the other chromo -

somes are termed , vihile the sperw.atozoa may cont a i n e i ther b.n 

X-chromosome or a Y- cfl..romosome , as the sex- chromosome ... lith 

'\:.he hook is deS i Gnated , plus the three autosomes . Each chr o-
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mosome , a.t certain stages in the l'J'laturation di;y; i s i ol1s , can be 

seen to be made up of srflall er porti ons strung toge t her l i ke a 

s tring of beads , but t h is apl;ea rance of the chromosomes is 

lost in the ma t ure ger m cells. The chromosomes a re bel i eved 

to ma intain t he ir i dent i ty throughou t t he res ting stages of 

the nucleus """ lthoi.lgh the cyto l og ica l eviden ce 0. 11 this po int 

is not as yet co nclusive. Fl~om a genetic sta ndpoint , ho\";ever , 

this is a fundamental requirement since each chromosome is 

be lieved to. be rra de up of a definite number of f a ctors or 

genes , ea ch with i ts ovm l o cus. T:ti.i s idea of the chromosome 

has g i ven ris e to the som.E:;'lha t erroneous concepti on of uni t 

chur;:J, cters , i .e. thf), t each locus i s the ser t of a Gi ven charac ­

ter. Howev er, the concensus Qf opinion s uggests tbf:.t &l1Y g i ven 

character may represent either t.he end- product of the i nterac ... 

t i on of rra ny genes 01' poss i bly a l l the genes . In this proces ·s 

certa in changes in one of t he genes , a ll the others :ce:ma ining 

quite uncha nged, b r ing about a change in t he end- r esult , g i v i ng 

rise i n t u rn t o the mut at ion. ] 'or this reason the loc us 

respons:Lble for the change in the end-result has been g iven 

the name of the muta tion. 

The determinati on of the locus of each g ene i n the 

c!::::omosomes of ~.2rh21!t has b f)en the wOl.~k , to e v ery grea t 

extent , of Prof. T. H. }Jargan and his s t\.1.dents~ This i s deter ­

mi ned by cross i ng - over e~~per i ments . V/h:ile cross inc- over }~<'IS 
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not teen conf i rmed cytologically i>c is , one mi ght say , a (:;ene ... 

t ic f'flct. I f no c ross i ng- over \"e :ce to take place then /Jenes 

in the same chromosome entering EL c:coss together should come 

out of the cross in the same \l8~r . This i dea i s kno\"1n as link­

age. However I these cenes do l"Iot a,lw2;Ys remain l i nked , as una 

discovered el'i!'ly on in the nork by B&teson [r·d PUl".ne tt in swee t 

peas . Br i e:f'ly l the per centar.;e of cross ine- over is a. measu.re of 

the d i st'::'l1ce bet",een to given genes , L e. i f two genes rre close 

tOGether the chcnces of a brea:~ occurring between them. are 

lJU.ch sreller th~n if they are widely sepa,rated 'by intel'venine 

Lenes. As e. result of' nur.aerous cross inG- over exper ime:nts it 

has been possible to plo t Vlhat Flx'e known a 'S Hchl'omozome raaps t! I 

that for Dt.-~J~npj".p"s .t.~t'. beine shown in l!'ig . 5 . 

;@:r.~"i:..J:;~f-:!;.I9¥. 9¥. ;L.l!~Q;FL ~!l.9Y?_ 9I'- b. !.wJ~:J:.J:Q1I : 

I n order to- dete:uldne to which linkage t;;l'OUp ;;0, ne'7 

mu tant 'belones i t is crossed with spec i<'lll~r IT,a de up s tecks I 

each of vlhich carl' ies a number of recess iva clu'rncters of one 

of the link~(;e crOUljs. 'I'he s e stocks ere knot'm e.s the X- pIe I 

II-p1e , II I - p1e and IV - pIe stocks. However , i nstecd of ilsinL. 

tl'e X- pIe stock it is much simpler to test for 2 sex- linked 

cnc:!ractel' by crossine B mutnnt male 'with \-lh8 t is lmo\i l1 as co, 

Double Yellow Hon- di sjunction (IT ) female . The females of 

this stock hE've their two X- chromoso m.es pellnanently uni'ijed 

r't one end , as sherin in fig . 6 , e.s a result of nhich £It the 
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:ceduct.ion d i v i s ion e 1 ther polar body or" ovum is lef t wi thou t 

an X- chromosome. Consequ.ently) the lfl¢les receive their x~ 

chl'olJ1.osome from the rl)[',le parent. I n ordil1E',l'Y sex- l inked i n-

heY"i "Gence the sons :i.l1..her it the ir se;:- linked characters from 

the mother since they get their single X- chromosome from her ; 

but the rever'5e of c our se t8.kes ph'cs when the non- disjuncti (ln 

stock is use d - the sons new inherit theix" 6ex- link~d chs.rac -

tel'S from the father since the~r eet 'Glleir X- chromosoMe from 

him. 1'hel'efcre , if a mute."G i on i s sex- linked the 1\ lYI.ales of 

a cross between a non- d isjunc t;ion female and the mutent w<?le 

should shon the mutation . Fig . 7 illustra.tes su.ch z, c:coss. 

'l'he II - ple (S e c ond chrOli,QSOme COnll]lex) stock ccr:;:'ies 

1. black (b) 

2 . purple (Pi') 

3. curved (c) 

body colou.r black ) ve i ns 
black bordel.'ed . 

- purplish- pink eye - colour. 

- wings concave below , thin­
textured , divereent , up­
lifted. 
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Gnd a, lllutation is E'- member of the second linkac;e (,roup if it 

shoYiS lin~~Ge to ublaclc" or some othel' lUutcnt a lrof'dy known 

to be linked to IIblackll. 

The III-pIe (Third chl'orcJ,QSOr,l€ complex) s t ock CC.l~ -

l:ies tlle follo'\ling recessive charccters: 

1. sourlet ( st ) - vermi lior: eye - colour ; 
opaque ) Y; i th ace b e­
comes dc'rkel' the,n VGI' ­
mil ion Qr c innabar ~ 

2 . spineless (56) - br ist les very short . 

3. sooty (eS ) an allelomorph of ebony 
but no t so d.G rk. 

4 . rour;l1o id (ru) - eye sl i.:;.:hly smalJ.e:r' , 
rougher d i s$,rl'l; DeeIllent 
of facets. SliGht 
smudGe ciii blac kened :Ca ­
cets in lower ~'K' l t of 
eye. 

5. hF"iry (h) - e~:tra :hairs 8.1ong veins 
of \1 ings) on scu'~ellwn , 
on head ~nd or lti.esoplH\:"'Cl. . 

[:nd a mutnt i on th2.t ShOlf/S linkaGe to Ilp i bk u or some other r.lU-

t8tion .:.lr-eady kno"Jn to be linked to II p i nl.: tI is a, r.i.€)r:lber of 

the third linl([!-[,e Group. 

The fourth chromosome is very sliall fLlorpholor;icf'lly 

[ll1d the m.uubcr of &,enes knov:n for it at pl€Sent is only tL:t'€e , 

vi z. ben~ , Sl18, ven .s.nd eyeless . AS ib the other cc.ses , if a 

ulutat.iQll shows linkace to e,n;~l of these chD.!'E.cters it is l'1.;J, -

turall c: member of" the fourth linkc.ge group . 
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Cross ltlb - ovel' does not occur in the m.:1,lc r nd this 

feet r;Jf"kes it very simple to deterr,rine to v.rhich Gl'OU::P C,11 

<:'utosomal l~utntior:.. beloncs for f: !leVI , non- s~::i: -linked :-e065 -

siy€ \;i11 Gh-e in the F2 ...,:enerf!t.ion a 2 :1;1: 0 :. ... ctio \'iit:'l ::ny 

ot!'ler recessives of the g:'oup to \'1~1ich it b.-;lon:.;,s. .. .. n ex~,m.ple 

l{l.CY r{'.;.:J:~e this clec,rer . A certt.in uutant E.rose \'ihich vms cplled 

spineless and proved to be recessive . \7hen f ... sp i helees fly 

\,,'£.90 crossed to 2. fly \;ii;.i.1 pink eyes t.he F2 l,;;;enE:l.';:..tion ::.esolved 

it;:;elf into 2 \7ild- tY:Je : 1 pinic. : 1 spineless: : 0 pink spineless , 

C'. r<.;tio w~-"ich shot,red tlu t splneless is linked to pinl>:. Y/l1en , 

on the other hand, . spineless \,'1;5 crossed to a 'black r;lv.t"nt , 

blacl\: belong inc; to ti:le sec ond C:coup , -the 11'2 gerJerEl:tion gE.ve 

tIle follo"int, n",t.io - 9 y,ild- tYlie : 3 olC'~c}:: : 3 sj,Jineless ; 1 

b1;o-· cl:: spi neless , which !'[.. tio indicrtes 1'l'ee .8.Sso:;,~tKent of the 

cin.'om.csoL.es fond i,,,€2.ns tht t spineless does not belone: to the 

same linknc.e L,roup C'.s bl:::ck . Figu.res ~ nnd 9 illustrLte 

this . 
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S ince the bch~r" i ol.i.r Df " b62 :nl l pointed to its being 

c. se:-: - l i nked ;cecessive t.he fil's-t cross l!:"'''!.de \,[15 betwf;en it 

2.nd a double - yel1Qvv perlllB,htmt non- disjunc ti on feriJ.ale wi til 

full eyes . From a cress of this SOl' t then (i. e . non- di sjunc ­

tion f e-mal e x bean male ) the sons should a.ll show t he lI beE,n H 

chC,rE,ctE:Z' d: f' this gene is a membe r of the fb.-at l i nkuLe group .. 

Slx such Cl'OSZ €S Here rlEde ) Yl ith the following results : 

females - full eye 

~ules - bar eye 

I n all 368 flies ',7E:re e;~amined but no, bean - eyed fl i es v;ere ob­

tained. l'his nas conclusive proof tl1C't the Lmt ation ... ~t:;s no t 

a member of' the first Ij.nkage g r oup . Hoviever , sinoe the 

males :::rom t h is cross wex's b"~ I' - eyed ) it fUl"t.her proved thf~t 

the bc.1 r gene musj:.- be ce.rried in t.he X- chromosome of the bean-

eyed indiv i dtJ.C~ .. l and thr;-t st.-: ch an indiv i d'J.81 r:lus t C::l::'~:'.:'~' ~L GBr:e 

i 1": OLe of i ts <.:ut osOlD.es Hhich a cts as a mod ifier of the bar 

bene . 'l'he problem thus n2!'rowed itsel f dOYITI to vJhether this 

wodifier VIe, s 2 mem-t)cr of the se c ond , th ird or fourth l i:r.J~<J.be 

groups. 

I n order to detel'uine whether u be~n u Has a mem'Jer 

of the second linlmGe croup s. "be~m-e;ved l""lW'.le ltG,S c!'Qssed '{l ith 

a I I - pIe femal e a.nd the results 0-::: thes e crosses e,re lis·ted 

"belovJ : 
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Ht Full ' H.f Full b ..... -
0- ~ ~-cf' 6' 6~" 

1. 24 44, 209 218 238 134 37 
1.. A ' ,~ 42 195 198 209 154 31 
3 . 32 26 197 196 184 149 26 
1./-. 66 54 353 382 360 262 61 
S . 29 28 242 268 257 135 56 
b. 45 43 261 241 273 176 4-5 
7· 37 32 192 231 207 135 48 
i. 37 29 117 84 39 44 43 
q. 40 32 128 152 149 74 66 

10. 53 36 149 '- 71 153 72 47 
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Since fJ. number of t he bep,n- eyed ind i v j.dual s C2.1' ­

:ded one or r;lore of the II - pIe characters it wa.s t hus 

pro ve d thp',t t he bean modifier could no t be a member of the 

sec ond l i nl';:age group . Fig .IO :r:€:presents d i agr2nw,:t;ic8.11y 

the c11l'omosorr.al formula.e of the clp.sees from this cross a s ­

sumi ng that the bean gene nod ii'ie;t· i s in eithe r chromosorr.e 

III or IV. 
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Fig . II simply 5hor/5 '~he clcsses to be expected from 

a II - pIe x be~n- eyed rCE-,le cross) ~.ssu!t1inG tl1[:t t;.Le bear:. rJ.odi ­

fiel' is D menbel' of the second 1 inl:c-l~e l"lroup. rone of the 

be2..n- eyed individuals would c?,rry Z!ny of the II - pIe ChE'l'Fct61'S 

Er.d since such ir..cividuals \iere obteined the bEne for the bean 

nodifier \'1" .. 5 tllimir:.:"'ted from the second chromosome . 

CrossinG - over does of course take pls.ce i n the fe ­

IT!E:.le but 1:everthe1ess the bean- eyed flies fror::. t:~e 2bove 

cross would not show c.ny of the recessive c}:.:.1..:racte::s bec~,use 

Vlhen the:,' <':re present j.n th~: chromosome d€:l'ived from the fe ­

rflE',le they will be !{J,"'sked over by the Yiild f'"llelomorphs in the 

::o::LoloGous cr.rOLiosome from the rlie.le , as 1'1C; . 12 shows . 



P, 

F, F 

B 

£. • 

L -(,- fA +- e .:!:. .1:. 

7' t/",f"< +- T 

" 

\ \ 

_ Fvlf il' 

\ 
+ +-

- Fvll ~ 



.z.. +-
Fvll 6 F ..fr ItA- + c.. -- .-

-eo: I"'- +- ~ T --;::-

-t- ~ .,. <. -t- :!:.. Fvf/ 6 L -• .. ~u..,. -r- .. 
..... -k +- +- +-

Fvll '1-
~ -
t= :er r <- +- ... 

£ +- +- -k +- +- I. 
Fu" !I--

r-+-kr --,; +-F 

..... -k-r +- -t-

Fvll if £ -
:c r- + "- ... +-

L ... r -k t- r +- _ Fv// 0 
t--r-U + r +-

F :e r- 1- <- +-
- Her: 'f. 

~ 

.£ -(,. hA- 1- C. ... t-
He t: .- - 'f 

F i- f- :e;; 1- -:;:: +-

~ -t- "'- .. ~ :!:.. -i: :5 ... ..- d , -
?" r- +-- c. 7 + 

1l.. -(,. r-- +- .. .,... .J:: - 13 ... ~ 
+ -t- k+- +- .... 

d 



..a. t- t-6<- ... ..!: L - U.t: ~ 
F "l" r- +- ~ +- + 

II r+-«'r +- +-

- f-i e. t: ~ 
7' f-t-'k ... +- +-

"a -t- ~ -k. 1- .:!;.. ..± 
- lhr 3" 

""l";.- +- c. '+ ... 

A. +-+- k+- +- ..!:. 
bea'n d ( ...... d-h wlid I:..hi\ .. ~ e.te1"'S) 

~-t-:a:+- + +-



L -6-i>A- + I:. ~ .:t. 
Fo1'Yn \J h e. .f 

.-
Chyo",o,,,.\ e~ B .... +-k-r + + 
b~ f"re (,y"H -
'Jo\l-O .... CY'" h~s x 
t...,e.r>pfae..t!- . 

F .(,.. M. +'- Z ..-.-
+ + a r +' + 

If" IS btUOI'1HO +h,,"t The. bfe.,K In rt,e. <!.i1Yomotomu 

t-aKc., f /o.e.e be-twecl'\ ~ "'r' . a,Y\d "f-~ 

F {,- h t<..,.. ...:!:.. + 
FO'f"l'l1v '",e of 
\!1,'f"O\"l'lO ."m t.S 

"E ".ftey ~ro"- +- .,.. +<: ;-- + 
',,\-o>ley h llt 

" "t~ t n ,'.c.III, F i- IvL +- '- .:1::.. .- ..:t:.. 

t- +-Zi + ---:r +' 

F f,. p '" ... + +-

- F"II <f-
Ir ".. +- c. F ... +-

.£. -t- ""- tL ... ...!:. ;-, 
Fvil !l--

F ... +- =t<: +- +- +-



F..,i/ 0 
r- +-

J3 +- +- +- ~ ..t::. +-
- ?iL t: ~ 

F :{; r- + (. +-- +-

A +- +- ..-~ .±: r - I-kt: 'l-
F +- +- .-6L- ., r- ,.. 

;a r-+- -t--e .L ... 
(; - 7:>"'0<" --rrZZr +- +-

£ +- -t- +--e + +- i5 - J:, ...... 

:tr JV'- ,.. '-- +- "7' 



l:!.. e.. "'" u r- ..:!:.. +-
/-Ie.t: c;. 

F :e: h -1-"- +- +-

J2.. .t- 1vL !"- t: , ..t::. ..!:.. 
[.f< -to 

~ F -I-f-::tit- +- +-

.J2. -k:.lvL ~r- .:t: ..f::: u - b .......... 3' (",on "dd e.h"y,eTen) 
t--+:t< ... += r 

.Ii J,.-},A ~ .,. ..t::. .:!:; , 
- 7r f-'v of- <-

- ]3",y- ~ --r- +-



41. 

The be~'-n modi fier now be i ng definitely eliminated 

fl'om tlle second. l i nlc&ge erou1' e. number of crosses we!'e rr.e.de 

with the :UI - ple stock , 'but the results from these c r osses 

we!'e not e:t first satisfactory. I n the fi :cst cross only 5 

bean - eyed fl i es wex's o"btained as against '726 other flies s.nd 

of these f i ve none c~.r ~C'if!d any I II - pIe chax'z,cters. Another 

cross owe 4 bean- eyed flies ciS t>,.gBinst 399 othe r flies , 

while a third gave 1 bea.n - eyed fly e.gc'oinst 897 other i1 ies. 

'rhis srm:~ll proportion of bean - eyed flies Vlas v ery puzzling 

but it VIas thought '~h8t it mi ght be due to an inb.ibiting fac­

tor fo!' ll roughoid" , onl:) of the III - pIe chare..cters , does make 

the eye slT£.ller ~.nd if the eye \7e1'e mz..de smt.ller 5.t might 

possibly o..lter its shape Got the sane time .. I, ther efore , 0.'0 -

tempted to obtain a fell1.ale v/ithout lI roughQ id ll but <:.lthouJ;h I 

obtained individuals v,h:l.ch did not s11o\7 the roug...l].o i d app€.:r ­

ancs they evidently ce.l'l'iea the facto r as a recessive .. In 

the mef'ntime , hQvrever , 2, further' cross \'lith a III-pIe ferua.le 

carrying II roughQid ll yielded ,~ much higher proport i on of beal1 -

eyed indiv i duals ) some a-f- \I1'1io11 carried III-ple cha:cectcl's .. 

As Borne of these bean- eyed flies carried tl roughoid U r VJas 

forced to conc lude that in the firs·t crosses this could no t 

M.ve teen the only inhibiting fa-n tar. ]'ollowing are the !'e ­

suIts of the I II -ple ~· bee.n c rosses ; 
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H§" Fu ll <T. v ho.< b~~Y\ a- S- ~t " a-

I. 41 ~6 199 139 179 159 5 
.... 4-5 33 98 100 ill 90 4 

J. 102 112 224- 224 227 222 1 

lj.. 105 148 163 170 181 153 2 

S . 52 49 172 165 150 152 
, 
0 

6. 35 44 190 216 212 J.83 39 

7· 8,~ 77 122 1jO 113 67 17 

8. 29 28 80 89 81 56 12 
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S inc e some of.' the bean- eye d individuals ca :t'ried 111 -

pIe Cl1.al'@..ctel's the beEn gene modifier Y/2,S thus eli minated 

from the th ird 1 i nk<:.g:€ for if it weI e [). meube11 01' this Gl~OUP 

none of t hes e flies HQuld have carr ied any of the I I I - pIe 

chnrc:.cters even v?hen crossing- over t ake s pl a ce in t he fem2.1e , 

85 show n in f i gures 13 and 14 . 
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Since the bean Gene r:~odifier has been eliminEl,tecl 

from ChrOLQSOrneS I, II, and III it follows that it must be 

Cl mer,lber of the fourth 1 inIte.ge group, a.nd cross€s c,l'e now 

in progress to determine whether t.his is so. 

l'Ol:-APPlJ,FJ.l:CE OF llli:AY- ET£D ji'ElJJ.LE ; 
-~. ~-----~ - ~ ---~-------. --.'---~ 

So f<£1' 'tille question of the non-ap:pear~,nc,e of the 

bean- eyed female has been icnored. Examination of the 1'e-

co!'ds \,il1 show tl'at no femE'le correspondinG to the been-

eJ- ed l::r Ie r.tes been obtained. At first it \"-jas thou.;ht th<o t 

the bean gene modifier might be l inked to a lctrAAll f(;.ctQr' 

t r..d th.:' t possibly close itlbreeding for sucdess ive Lenerati0ns 

generations Vlere bred end innume!'~.ble flies examined but no 

be~.!1 - eyed female ,:3,ppeared. Ag&-in , if the non- appenro.nce of 

the be~n-eyed female Ylere due to this fact the normal 1 ; 1 

sex- ratio should be distu:cbed and this \'/a s not the C£lse. 

An e;camination of the chromosome.l formulae of the 

F2 classes of the II-pIe crosses r02-Y help to solve the 1>2.'0 -

blela. From the l'esults of the IT few8le x bean nlale cross 

the formula of the bean- eyed rJ'l.3,le is assume d to be : 
:s " T {", 

'" . 'T "1< 

'vl1:l.ere E = Bar "nd be = beon. The formulr e for the full o.nd 

bar - eyed flies ere known to be : 
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F 

F +- +­

+-
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F.,! t 

A study of.' Fig.IO wi 11 ShOYi tha, t t he gene for 
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t:1e be~,n modifier does not occur in any of the l<'\ offs pring 

i n the h omoz,ygous cond :Ltion a nd the eyes of t he o:tfspring 

indicate that the bean gene 

1 . is recessive to its nOl'L12,l allelomorph , 

or 2 . he,s no efi'ec·i,; in single dose . 

A study of the F2 Gener etion (Fig.:J..9,l1.27) shoVls that h ere 

the bean gene oc curs in ";';11e homo zygous condition in tY/elve 

cases ) E'n a.nalysis of vihich l o11oViS : 

1. lTos. 1 ) 2) 5 and 6 oS,l' ry the gene for Full eye 

in both t heir X-chromos omes but in spite of the 

fact that they c;?,rry the bean mo dif ier i n the 

homozygous condi tion the full - eyed fer~les did 

not seem to differ from the normal full - ey ed 

fli es. 

2. Hos. 3 , 4 , 7 end 8 caI'!'Y the gene for Full in 

the ir Single X-Chl'Offiosome but here "-'.Ge, in t.hes e 



full - eyed individuals did not appear. to differ 

from the wild type . Honever , facet counts were 

not me.de so that it cannot be stated definitely 

that no change in this respect vias effected , 

but there ;-las no nicking in the enterior m~ll~gin 

of the eye. 

s. 1:os. 9 , 10 , 13 and 14 carry the gene for Full 

in one XGchromo£ome and the Bar gene in the 

other. Thex'e is always cons i derable variation 

i n the shape of "che eye of such hybrid females 

and it is therefore impossible to est i me,t.e the 

e:l:'fect of the bean gene , if any , in these 

cases . 

4. Nos . 11 , 12 , 15 and 16 represent tl12.1es wh i ch 

cc;,rry the Bar Gene in theiJ.~ single X- chromo­

some :.cnd these individuals a.re presumably the 

beDl1- eyed males obtained. 

In view of this) then , it is not surprising 

thH t no bean- eyed females were obtained. ]'urther light 
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may, however ) be thrown on the question by a re - examina ­

tiIJn of the results of the firs t crosses me,de , i. e . betvieEin 

the bar- eye d female 8Cnd the bean- eyed Ilk~. le , as shown in fig. 

15. 
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There i s nothing unusual about the Fl offspr i ng 

but i n the F2 aener ati on there 2,re t wo indivi dua l s ) one T!lZ:..le 

~nd one fenl<t,le ) which hc,ve the been gene modi f i e l ' in the 

homozY6ouS condi t i on. ITevertheless ) no bean- eyed female s 

\7er e obt~ ined froLl these crosses. A contrc,st of the chromo ­

somal constitution of these tVI0 ind i ll i duc', ls i s i nterestinco 

In t he case Qf the female ) the Bar gene i s pr esent i n both 

X- chromosor.u::5 Living a rc:"tio of 1 Bar Gene to 1 bean gene . 

In the 11')[' Ie , on the othel' h£:nd , \vith only one Bar (;ene in 

its s i ngle X- chromosome ) the retio is 1 Ear Gene to 2 bean 

genes. Sinc e no been- eyed fen1cles neI'8 obt2ined i t is PQS ­

sible that this !(If',y be the explanation of the ir non- C:1.l1pe8r­

anoe. It LJaY well be thC1t the bean modi fie r cnnnot gain ex-

pressior. in the f~;.ce of the tVfO Bur benes of the felliale . 

\Tnen the Bar- bean cross VIa s or i g i nally r.12de a retio 

of 1 bean- eyed fly to 3 Br.l' - eyed fl.ies was expect.ed ,2,5 it ;'/r1.5 

assu med tho,.,t bean "JaS G sex- linked re c ess i ve . However , from 

Fig . 15 it \~ill be seen tl'..i.:. t the rat i o of bean- eyed flies to 

bc. r - eyed flies should be 1 : 7 G:.nd a reference to the l't;;sults 

of these crosses (see :9.7) will ShO\'i tlut this l'v,tio is very 

closely zpproxilP.a t ed , which would seem to conf i rm the assump­

t i ons st!.ted f'.boVElf; 
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RA'rIO OF BEAK- EYED PLIltS TO REST 01' POPULATION : 
--.------~~~ .... -. -.--..... -.--..... ~ ... ----- .... ..- . . " "~.-----'-

.Anothel'.' point that remains to be considered is the 

percentage of bean- eyed flies obt~.ined in the various crosses . 

In the case of the II - pIe crosses I Fie.IO shoris that the re-

tio should be 1 bean- e:red Die-Ie fly to 15 other flies end an 

exar.1i ns.tion of the reslJ.lts from the II - pIe - been crosses shows 

thE.t in some of -che crosses this ratio i s almost obts. i ne d. 

(See p . 25). A totol of '1 , 679 flies were examined , or wh ich 

461 \",lere bean- eyed males , \,hioh gives a ratio of 1 :16. It i s 

very prob2ble that if more crosses 11£ d been r.JE.de , .:.nd conse­

quently r.'.ore flies exr;:.mined , the 1 :15 ratio would b..:."'lve been 

obt&ined . 

As has already been st~te d} the number of bean-

eyed rr~les obtained from the first III - pIe x been crosses 

vas yery smc,ll but 1F ter crosses gave a much higher propor -

ticn. 

With l'eCcu'd to the Y'Y-bco..n crosses, so :t'F.:.r only the 

J?l generation has been considered. HO\"leVer , nhen these FI l s 

are permitted to int6r-oreed, a number of bean- e ed males are 

found ~mong the l!~2 generrtion "",nd , a.s Fig . 16 shows , the rat.io 

of such flies to the other flies shOUld be 1:'1 . Actu;::'.lly , in 

a cross of this type , a ratio of 1 : 8 \"las obtained , as shoYi11 

below : 
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I f t h e been gene &.cte d as a modifi er- of the Ful l 

gene as nell as of the Bar gene the proportion of bean- eyed 

males in al l the c rosses ';rould h c:;,v e to be mu ch hieher und 

it is therefore very unl i kel::t that this is so . HO\'Jevel" , a 

nurnbel~ of bean- eyed males Y{ere obse r ve d wh ich hHd a. very 

much wider eye than the ordinary be<1.n- eye d fly and these 

were mate d to. non- dis j unction females . Ifhe following 1'e -

suIts VierS obt2.ined; 

- Full 

2 I' -. 2 

~ 
35 

]'ull 
Q.. 
36 

Bar 
J 
32 

Bar 
t 
32 

i ... s the mEles Yie:C€ b8,r - eyed it ind i ca.te d tht!. t the X- chromo -

50rile of the parent 112,0. C2,!'r ied the Bar and not the Ful l 

gene. 

LOCUS OJP BEAl! GENE : - ... - --~~ ......... -,---
1'he ql),estion of the detel'mination of' the locus of 

2, gene has already been discussed. As sta t e d, the dis'Gance 

betvJeen the genes determines the amount of c ros s i ng - over. 

'l'he refcTe , if' the locus c. f one of these genes is known the 

locus of the other Gene can be cal cl.tlated from the arnount 

cf' crossing- over thfl. t has t aken place , this beinG propor -



J 

\ 
j 
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tional to the distance bctueen the tV/O bl.;:nes . Cros s ing-

over , hOHever , only occurs in the fernale ".nd s i nce no bean-

eyed. females Of"n be obtained i t is im:Joss ible to deteruine 

the locus of t his r.lodif~ring gene . 

corc:WUS191§.: 

1 . Bean i s not sex- l i d-o:ed. 

2. Bean i s a modi fier of the ~r Ge~e but or.ly gc i ns 

ex::.;ression in the mele bec a use here there i s only 

one Bar gene \"lhile in the feme.Ie the ... e c:.re t\~O 

3. Bean does not :.:-.ct t-.s 8. modifier of the Full gene . 

4. This bez-n gene r,-.odi fier has been eliminated f r om 

the f i rst , second t nd thil'd l ink~.ge groups . I t 

!lust , theref'ol"e , be a oert..ber l' the fourth l ink-

age g r oup . 

5. The locus of the bean modif iel' ct,mnot be deterr,lined 

bec<::.use crossinG- over occurs only in the fenale 

E~nd t:tel'e a r e no l}ean- ~yed fen:'''.les . 
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The Hirudinea or leeches are ~mnelids 'whi ch ~o ccur 

in "i:.Ioth f'!'esh and salt w~lte:.;' as well as on land. Hovtever) 

by f: r i;.;l€ Lrea ter number I are inhab i tants of ditches I pools , 

ponds ) la~.:;es and streams . Some of the fresh - wc·ter s:g€cies 

nt'e knoi'1l1 to leave the -'.m tel~ in sea:roh of earthworms "'_TId ene , 

fr'om water. Permanent terrestrial leec:1es 2re reported from 

various points in Asia ) Aus t:ct"~l ia. and South Ame :cica. In the 

Himaleyas t:"ley ere found i n grea t abunda.nce in the lower 
~ 

l'B_nges and attain an alt itiude of ~ thousand feet c.bove sea 

level. The mar ine 3::?Gc ies t-:'.re ~or the mos t part l)ermal1ent 

eeto - parasites. 

I n this paper only the fresh- water leech0s v;ill be 

disc'lssecl. Very fe\! le.kes are "qithout a few species of 

leeches and 'i;;hey are most eoItlrnonly found in c:.ssocis.tion v: i th 

vf<:c.'ious species of snails , insect 1:. rV.9.e FHd other annelids. 

1\he~r 2!'e for the most part nocO\iul'nal and d'uring the day a:CG 

to be found beneath stones , c\illonc l)lan-Gs OI' in the mud. Their 

food consists of blood v.nd other a nimal juices <.i.nd they are 

therefore selili - pare.s i tic . Some , however,:l a. ~ .. e necc.lrly perm.anent; 

paras ites. They at"tG.ck f ish , frogs ) turtles , snails , iO'.nd 

oceasionall~r fresh- water mussels . Sevex'al sl:teeies vJill a tts.c::c 
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m~n. 

'1.'he leeches :':c;?:,:esented in the collection were te.3::en 

fT.t v8!'ioU5 points in ~2nitoba , SG'sl:atchevil!.n , Albel~ta ::-nd Br i t -

ish Columbie.. Collecting for any lenc;th of time was , however , 

only done a t .Iasper P;'.,.::l~ , fi.l ta . At some of the po i nts c. stop 

of only an hour or BO i'13s , r:"..ade ~.nd the collection is , there -

lore , only su..!..;estive of u1u;·.t lilPy be four..d . Fur t har Hork i s 

c€l'"Cain to reveal ;-,!; ny more s::,ecies . The present collection 

does , however , est.?l.)lish t~1e occurrence of the COi'ill.:iOl1 species 

iram coast to coast of ~nada . The more northern lckes still 

::enain prc-.ctically untouched (;nd '~he 110rthel~n limits of t:;.ese 

s:..-:oecies is consequently uIL~nown. 

Of tile four faw.ilies of Eor t h iU"J.e:cican fres:.- wa·cer 

leech~s only tLree ;",>.ye "!Jean i'ound or reported for \Jestern 

The fallo\,7in~ a.re the s:gecies found : 

!. Fe,l.l i ly Glossl ... Jhonidse 

1~. Genus :!elobdella h. EIClD.cllErd 1896. 

:S. Genus Gloss iphonia Johnst.on 1816. 

3. G. :." .. eterocllta -- . . ~ . ... . 
C. Genus Plr.coodtS!lla. R. Elancl1ard 1893. 

4 . P. ru!~osz, 
.... '-Jo '"'-..,..~ . _. 

D. Genus '£llercomyzol1 PhiliP.o i 1867. 

5. T. occ i dentalis .. "'--- ~ ~."", "' .. _--
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II. Family Hirudinidae 

E. Gem.1.s L.acrobdel1a Verl-ill 1872 . 

6. li. decors - .... ."..,."" . ...,_ .... 
Jl'. Genus H:Lemopis Sav i gny 1820. 

7. H. gl'andis ._" ........... --........ ..--
8. H. r:l21'liloratis 

~-- . -
9. II. "OlUli1beous ... ~.-..... -..,.-

II I. Family Erpobdell ida e 

G. Genus Erpobdella Blaillville 181.a. 

H. Genus lTep}1elops is Verrill 1872. 

11. IT. obscu:ca 
~ ' ... ""'''''''''.''''''_''' • ,r... 

I. Genus Dina R. Blanchar d 1892 . 

12 ~ D. par-va • . ~ .. -----
As many of t:1e orgEms 2nd p<?rts a re of systematic 

ve.lue l it may be of interes"c, to disc.uzs) 'bl'iefly I the v ~ :t.' -

10u6 systems , but f i rst of 2.11 the quest i on of unnula t;i c'>:<1 

Yi ill be dons i de:ced. The body is ra..'lde U:f! of a number of 

annul i but, unlike the condit5. on in, for example , the earth-

\'101'lY1 , the ext.ernal aml1.1.1ation does not co:C'r€Sl"Jond to the 

real met~\rlJ.er :ts m. Ea.c:'l trile somite i s n;;:;.de up of a nUl,lber 

of t,l1l,;ul i -cut this nu;:l1be r dL'fel~s in the vsr:Lous types of 

leeches. The i.1UUlber of 50mites ) hOVieve r ) is the s ame for 
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all species I v i z . t: .. i:.' t~i - four . The nu .':Coer of c,nnu l l in a 50 -

. °te vc ries in different p;- :::ts oJ.' t he "body but wha t er e ~m_own 

8.S it comple te SQmi te9 11 8.re to "be found i n t he mi dd.l e of the 

body .. 1:1 t ::e Gloe8 i ~)l1ol"', idee t~e nunber ve.ri e s i'rou two t o 

s i x but mos t of t he species ) i. e . t ho se of the mo re c onJ!.':10n 

Gener a ) [O r e ~ssentially tr irr~nuli te.. '1'11e cO_21c?'~e semites oZ 

t l'.l.€ Hi rudi nidce nd I1i:c:gobdelliQ.n,e hav e Ziv e ilnnu l i ) althouc;h 

in some of the Getlel'~ of '"he 1" tter fal~dly ) v i z . ~;Pl':.e}o!Js i s .. 

B.nd Dina ) annu lus iJ6 i s enl.:r ge d [~nd subdivided. T:.'lE:se -
• • .t:>~ ; 11 . t" .. . 1" ~ . ~ Ul...: ... erence9 . re _ us~ra ea. 111 :i:l~S . ) "" I j ~nQ '+ . 
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The mus cula r system is \'Tell dev eloped lmd con ~ i s ts 

of t u o layer s of n:uscle f i bres , t:le i nne'!' loncitudiu.?l , the 

oute:!. circu.le.l.~. There are <:lso dorso -ye:ntJ~tll fii.H'€S ?~:.ssinG 

vertic,,", II,\"' oe"t-,.:een the )ouc1::.es of.' t:·oe OrOl) and rEdir .. l f ib:ces 

extend i ng from the ,-;,,11 of the .... liment2.ry oo.n{; 1 to the body 

wall . 

Respiration is c:,llllos t entirely performe d "by the 

sl:ir.. t~:.ere beinr; :10 spec i al l'espil~ato :cy orG?l1s . I n two 

r:1arine eener2 , ~.9~1l:...i.2.!?-. [-nd 9~':;2...~~1l3:., hOVle~ler 1 Lilla 

~ re ..!resent em certain sOlIli·~es. The capilltl' i es ~ re \~ery 

close to th~ cut ic le .snd t he blood i s thus brought intlo close 

re It, tioD with tile surround i ng 1i)B. ter . 

The c ircuJ.a tory system co:n:=dsts in genert'l of 

seven 10nGi tudim".l blood vessels 1 from. \·Il'f'; ~ch "branches }?ass 

to t:-~e v<C'l'iO').5 organs} 'o!'e~'kinG UIJ eventu:'lly into cc,jill<S:::'ies 

in t.he inte..;ument , the nephl':Ldit'l. , etc . 

The diGestive s~;ste~;l consists of the al iment~ ry 

crmal , d i fferent i ated ir:to c nurllber of parts , £\nd the sali ­

very gl2.nds . The nOLth , ',::1io11 is situated ventr<:.lly , is , in 

the F.h~,:noho::'d€ 1 i.e.e ') a 1"r.6::::-e }?Ol~e in '~he ort".l suo~~er , \/llile 

in t}:le Gnr t.hobdall":'iI;3 :i. t is l~·l't.;;e <',nd occupies .prEictic~lly .~z.~ 

ent ire ct'.vity of tl1e suc;~ero The sucker itself is' :ceduce d 

to 2 .. '.ere lip . (See fi':';5 . ) nr.d 6 ). 

• 
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I h 50r.16 ol~he j,:er!lber s of' tl'le la'c,ter s<.l'u- ord.e::: 

tll€ t:CU"l,;.!.1 is "provided \;~,t.h t::~J. .. ee tl jaws ll. 'X~le :::'ree edGe of 

e<?,c:: j"V! is curved (',;:d c o v ered \J i th chi "c i n ';;,11io1<. , in 

s ix.t~ - f i ve taetil . I n tile .;e111.1.5 !!£.~.~ws the tee t :! t:'re 

much co<:: r seY' ) :: . j,;rrmor.9 "(, is lu.vi ng twelve t o ~ ixteen )lt 11's _.-.. _ ... _ .-
7 c.nd 8. 

'r he mouth lef\ds into a If,,uscul, r ph[c r yn."'!:. Lu s c les 

i)8.SS f r om this region t.o the body 1:;all 8nd by t i1.e ir c ontra c -

t i on ir.c rease the c[v i ty c:'.nd suck i n the b l ood. f r o171 the 

can 'J€ protr uded L..ad i s terr,:ed P ... ;.:r.: o"b os cis • Open i nn, into 

G.l!e :ohrrynx " :.:e ; L :..' ge r;.u~~be:t~ of uni c e11 1..1. 1<-.1' <,;,lEnds ) the 

salivc r y <;;.lLnds , \:~~ic :! secrete c;. flu i.~ \i~li ch ) r event s '~:'~e 

COL0u1<'t i on of the blood t.zl:en f :c orll the ~.10S-';' . 

T:-;'G stOb ell or crop £0110,;5 the :ryl:rr:,:nx. 2nd fo r ms 

the lrrges t :?o r tion of the :.. ___ l i ment a r y cana a. . I t. v a r i es:_i n 

t:"'e d i ffe r ent .;;r oups i n c' c cordenc e \·lit:::!. the l1f.b i ts of the 

leech . I r~ those species vl::d ch subs i s t on t :1e blood of. othel' 

a nimals tLe cro p Ill.s <.:. m.ll~lbel' of d i vert i c u:'r. l::'own f s the 

gas t ric caecf\. . In t h e Glo s s i::'Jhon ida e the DUlIl"be r va ri es 

£.D..oDj.~ t he caeca t.. ;ce unbrn.nched but i ll the Gener a. Pl;;:'c obdella --.. - .- ........... ~ ... -
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dee , the f'c:.r:l i ly to Y,ihi ch the tl~ue bloodsuckers belong , the 

pa i rs ) the last of which is very l ong. 

~-Y!.d H. 18,ter al is , olonl-,' t:le entire lengt h of the s-s'IYHach r'~e _ • • ~ .. ___ . ,.____ ....... .v l, <:' .l. 

dic~ti on of diver ........ i cula. 2.nd even t.he posterior ra i l' is very 

short. These differt9nce-s are "illustrcted i n f i bu:ces 9 , 10 

cnd 11 . 'the s t ollla ch of the Erpobde llidae , i nclv.d i n{:; the 

;;eriera !!: rJl21?,d.e.l.l~, ~?J.?~J .. ~ 2n d .P~, i s qu ite straight 

c,nd simple ) he ine: VJ i thou t G~ny di ver t- ieule, 1 as ShOlilU in i' i g . 

11. 

The i n t est i ne , i n the true bloodsuc l::ers , li1ay £.150 

have d i ve:rt iculD , whj.ch Dre termed the i ntes tina l cae c iO' . • 

( See fig . 9). Otherw i se , t he intestine i s a simple tube , t he 

poste:c i or por tion of YJhich is s ometimes d iffe r ent i a ted vlhen 

i t is c~:ll ed t he X'ectum. Either i n t. estine or x·ectlJ.Hl ope n to 

t.he exte:c i or 'l;hroug:h a sm2.II pore ) the anus ) si tUi1 ted mi d -

d01'5all~r on or near the 1JOu.nda17 betYleen the body and caudal 

sucker . 
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The e;.:creto ~~y system cons i sts of a p8. ir of nel)hl' i ":' 

dia in eEch somit e except those at the o,n t erior e nd )oster-

lor ends. '1'110 nephridi a open to the outs ide 'Chl?Ough a small 

POl'S, the nephri d i opore ) on the v entral s ide of) t h e body. 

productive orgz-.ns "beinc in the same indiv i dua l . Cro6s - f'er -

t i l i za tion , hO',lever , tE'::~es pl.:;.ce . !l'he organs of the ms.le 

cons ist of c.' v£r~ring m.uJlbex· of rail's (5 to 11) of testes , 

each series 'oeins co rmected "by a vas deferens . '£he essential 

f'eIPple org.sns consist of a pEl i r 01' ovarie s, from eahh .... of 

wh ich a short oviduc-i:, passes out . The genital aper tures 1 'Of 

whi ch the rn,.'J',le pore is s ituated mOl'S anteriorly , are seila -

rated by from one to f iv e e.nnul i. I n the vf"r i ous species of 

Helobdella z.nd Pl£l.cobdella thel~e <: re two annv.1. i interve ning ---.------ -~~-.-

beb?een thes e pores , as shown in :'ig.12 ; 

l1e'ce:cocli t o, there is only Qne 8.nnulus i:)etweel1 t:aese apel·tu:e6s 
R" _ ... _. 

pores 2re se:r;::.'..rated "DY five annuli Lnd in the E!'l1obdell id~.e 

tJ'l,t: nu \~ber vG!'ies from two '~o three ~',nd one - half. It is t.wo 

(See figs.12 ) 13 a nd 14 ) . 
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In the species of H::',cmO"l"ois tlle:ce is consider.s.ble - ... _ .. ;;.:.--

diffeJ:ence in the relations of the v8rious org"'.l'lS con:,.oris -

inc tLe repl'oducti ve sys~~ej'l , 1::5 ShOl.'l1 in :::~i.:;u:ces 15 , 16 Gnd 

17. 

Bl":;.ooe.ellid;'>,e is of generic ve.lue ) as shQ\'ln in f 1G5 . 18- 21. 

The Glossi)...,honid&e c~'J:ry their younG in membr2.nous 

capsules t t'.;,[:ched to ·~he ventel' . The eggs of the Ichtt.yoo -

dellidfe , the Hirudinidf'.e , r.d t.he :Cl'poodellidf:e <:re laid in 

Old tinoid cocoons in whic:'l the young develop~ 
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The nex'vous. system. cons i sts of [" ser ies of lin.ired 

cic,nglia connected by do·~tble ~1erves. 'l'l~.ere is a pair of 

Ganglia to eo,ch somite i;d1d '0he annulus in \Ihi en the gangl i a 

o ccur is texr,-:ed the neur.a.l <.mnulus . Three pa i rs 6f nerves 

pa.ss from eEch :90,11' of gangl i? t.o the ot.he:c annul i of th$ 50 -

.ai te o 

The pr.inci}?<'i. .3ense oTgans pre the eyes ) the mUif.Je r 

0:2' which is of t en of specific v D,lue. I n t he Rhync:1.obdella,e 

the number . .:var i es from Qne to four 1)& i1'5) uS s11O"1.n in fiGures 

22 - 25 ; in the Gnat:1o}Jdel12e the mx.iber v[,ries frow tlJ.1.'ee to 

Zive pnirs , beine tLree or i'our pL irs in the Er:vobdellid(~e 

cnd fi ve pa i:l:'3 in the Hirudinidae , a s shoun in f i gures 26-28. 

I n addition to the eyes , v.'hi oh (>,re p2!' ticularly sensi~::.iye t.o 

chrl1c:es in the int.ens ity of l i bht , thel'G ere sens il 12.e which 

ru'e usuzlly found on t:i:le neural Ennul i ( see figs . 1 - 3 ) and 

pa.pillae \7hic:'1 "re Bither metFdn.e::cic or non-Yil,e t a rneric , round 

or con icel . 'fhe body .::::~s z.. whole see:.lS to be sens itive U:l 

r.1a v e mOVel,l€nts and liC:at s timul i. 
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A descri":..ition, V;i"\:.il :.;· .... 11 synon. 'l~..y , of the leeches 

\9hich he ve been collected 1'0110\"/5 ; 

1 . ~1-.E.lLd&l~ ... p .t .. aj:;E~ (Linn. )1753 . 

!!.=hE~§E .. :'ttl'~l!~\.~~t~ I,innaeus 1759 . 

Hirudo "biocula t~. Bergr.lc').nn 1757. ---"' .... _--., 
Glossi)hon~~~~P£'..l.~ (Linn.) JQl'lni>'~on 1816 . 

Cle;es_ip!..l'~o",~ Verrill 18'72 . 

Helob.def .. ~.§~9~na.~~ Bl nch[.l'd 1896. 

~'his leech; one of the Most comnonly found , is a 

qui"ce sIua.ll , inconspicuous ;-nimal , Usut'..lly it is only 

sli~ltly pibru.en"ted i: nd olends into ta€ atones to Wl1ich it 

is c.lmost inva:c i c:.bly Clt t ac:1ed. I ts dist i n3uishing feature 

is "C:r.C:1 l;'l'eSenc e , or: t::e dorsu.,1 of' the t\lelf'th annulus , of a 

s mall ) round , li;,.;ht brovm , chitinoid plate which lllB,ri.(S the 

position Of the nuchal gland. 

The .s. n te!' io:: end of this leech i~ def :Lni te ly 

flt':l.'rO\·Jer ) the cody widening ~r:.:'du;'-lly ~:S it passes O,8,c:t-

\Iai:d<i::l. 'I'he Lround colour in E":,ll specirlens i s cl'e~.l:W and , 

Yl~!.ile in SOr.le indiv i dUf'.ls t::..ere is scc.'.rcely c,ny :pigr.lentc~-

tiOl1 , in the l:£,jority of cases ~.::.ae ::?os".:.erior t\1o - t::i:c'ds 0:: 

the "body is covered witll eithel~ :fine , dtrk sti:;??l i nr:; or 

"lith light Green blot ches , giving a green t i nLe to the 
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The s i i1-Gl e lJ2. ir 0:: 0yes are v ery promi nent, be ing 

heav i ly piGmented. The gen ital pores are sep.?rat ed "oy a 

~il'lgle annulus. 1:0 pap il lae J.1Ewe been observed on any of 

creeper . Vl11.e1'1 dist'v.rned it rolls into a bal l and s inl(s t o 

t he bo ttom. It s food cons i sts of sr:J2..11 nnnelids , insect 

larvae , sne.ils and smal l bivalves. Specimens have &. ls 0 been 

fou nd on the de.8d. bodie s of c:c'us·~?ceal1s, froa;s c.nd fish, and 

when gorged liiith blOdd the six pairs of gastri c caeca can 

be seen Nery clearly. 

'fh is leech has been fo\..md at. the follo';dnc; points ; 

L ogan i.Yest , Lan . 

Pe l ican Lake ) l,:a.n . 

1~E'.lcon River (t!c.ug}l ,lIctn .) 

'& \Ias cana _Lake (Rogina ,sask. ) 

C:'~est,ermel'e L:'ke (CalG;:,:'y , Alta . 

Ve:Cl;.illiQn L2.:..:es
t ) Banff ) 

Johnston La~~e 
AJ... ta. 

S::.er1f!.tlo,ns Leke (Prince Rupert, B. C.) 

Diver L2~~e, (Yfellington , Vtmc ouver I s.) 

Spro~,t Leke (Vc:ncouver Isle.nd) 

l .ittle Q,uc,l ic1.lffi River (Vancouver I s .) 

J .s:.S1Je l' Park , Al t a . - Lekes Caledonia" :1.arjoY' i e , P;y'rts;1id ) 

Bi g Ti.~elo il , ;;:;, lHlce nor t h of Geild.€ , E'.nd pyrnmid cr. 



2 . )}lO;;sJ.J2honi£:."_9..2J!~l£N\Y~ (Linn .) 1758. 

HiE..'Lc;..O_92!~11~~~! :Sinnaeus 1758 . 

C;eps iJ1t.._~l e;.F n,s. '1 e rr ill 1874. 

20 . 

recoGnis2.'ole beca1.J.se of the two dark l i nes th; t stand out 

cle"".rly 2gains t t he usua.lly l i ;;ht -o8ckg:t.'ound of the d01.'5.:11 

sur f<.::.ce of t.he "body. This species i s 12rger Gnd more :ccbust 

Gl'een in colo'll:', i:.!,ltlloUgll li(;ht o roI'm :'11cl b J: ovrnj.sh g reen in-

dividuz.ls do occur. Closer examination shows tl12t the bo dy 

is stippl ed n ith fine d2rk spots . T}1e longi t "J.d i na.l l i nes 

lines usu2,11y GQLXilenCe z,bou t -Cae level of the second l1::i l~ of 

eyes ::nd d ivB:cge r'.5 t:.,ey pa.ss bacl;:uE.,rds . O::' t e11 they become 

qui te fiS~ int t OViC :1.'0.5 the poster io r end of the body . 'l'he 

ventr al surf, ae is usuclly l i gi:l.t er [nd the lon::, itud.inEl lines 

seex" to di7Gl~Le mOTe. 'rhe t hree pE irs of eyes :":'or·m two 

ne;;;.rly :p;:'J,:u,llel lines ftl though i n some spec i mens t he first 

pa i r a :L' e very close toge t her. l'he genital aper t ures ere 

sep2.1'c.ted -oy twa annUl i . There 2.re ~,, -t lez,st four ser i es of 

ps.pillRe ) often 5i:;:~ Qr seven . 

Young i ndj.vidu.s.ls do no t present a s cl1 .... q, r ac t e ris -

tic rm coppearan ce . TIle g :c een l1igrl"J.en t is not )resent und 
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t:_'_e long i tudinB.l lines <-.re not 2.5 prominent. The body of 

t:::.ese you:r.c. speciraens i9 , :10never , ver~' tr~'nsl'e:rent • .nd the 

seve~! 2[' irs of caee" 5hoVi ~~er;y- cleC'rly \"/hen f illed wf.th 

blood . 

Specimens of G. com'T}l",,,'",n,,o,-,.te:C~' hc~.ve been tcl:en Lt trw --_ .... - . 
follo\"Jing points : 

LO(5Rn West , ;'..Ian. 

Fe,leon niYer (Y/augh , 2.:U,TI .) 

V· + 'Y"~ B ~ h '~"'V \'" ,'",-10 ", 0 _ 1... e"c~~ , _· ... ,,_~e Innl..;-e!.;,. 
r;::e \7 i nnipegos is, (corrnorC',nt I s .) 
P"lic"n ""'ve (p'''; ne"''e ""n) '" _ .... .u....__ _..... 1,,"' , ~'""' . • 

'T.' ~" 'T d (". ,. 0' ) .u<..::e O.l. · .. .:.16 ,,00 S ... ~lnL!:'l ) n~ . 

',';C3cm:.a ::k.ke (Re[:.ina , S~S:< . ) 

Ch~sterBere Lf,l<e (C£.laary , AltC'.) 

Johl';ston Lcl::e (BLnff , ~''.l ta o ) 

Caledonia Cl,nd F:YT~,T!1id Creeks . 

Little 't.ualicuIll River (Vo.ncouver I sl:md). 

Hirud.o }J.yt.linEt O. 1' . :.:Uller 1~74. 

Like 5._~~j!. this is c. ver,Y i nconspicuous 

cniu£.l for it. i s not l'lec'.v ily l)iGmented. 'l'he around c olour 
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is wlli t e ,li th ye llov!ish spots . '1'11e body i s trl:m.olucent Dnd 

whe~l t he J;e.stric cae ce. are f ull of b lood the c:miroo.l appea r s 

02.5 a br i ght red spot. Of the six pO irs of C2.eca the first 

five ~ !, e s i i;i:Qle but the SU-::t.;l pair VJhich ? re w ch longer 

he've three side br r,nches. 

'2:'he d istingu islli l1€!; fe<: t u:ce of t h is species is 

the eyes , of which tl1.e l'e 2re tlu'ee p~::. i:cs. 'rheae a loe a 1'-

r C'.nted in t:'ree Ll'OUpS 0:: two ~'nd form. H tri fl.neuln: figure . 

The .;en-i·~p,l £.)er t ure s €i.re sepr-.rated by one annulus. 

in the l akes of \1estern Canada th-'lll the t",\70 GlossiI}hon i ds 

~im.e in Fal con Eiver f'nd Sho 1 .1CJ:l<:e, ne t havina 1 een found 

t h e ;-r ev i ou5 SULlIHer at J asper Park ,"/he!'e the collec ting 

extended over several months . It has not been re::?or ted 

f r om (;l.l1~r other points in Uestern C~nadfl,. 

4. ~':..eF..9EWE.9!1-2££"~.d!3r.~?-.l.i~ (Phil :(.1.:'11 i ) 1867. 

Cle'osiui! o()cidel1trlis Vd~':'ill 18?~· • . . . . --- ~-'.... . .... . . , 

'l'l1.e colour of this leech vf ries irQx:lJ qu i te a 

sI-'ets. I:Ost S[Jec i Eens : ,f.ve fOlJ,!' p~,pillne on tbe neul'f.) l 

C:.:Lnuli , ex cept tl:ose f t the c'nterior end , i 1', r'ddi tion to 

t.hose occurring i::1discr'iminr- te ly ove:.::' the body . The 9:peoi -



Yrl€nS f' ).:' OYa l ::i';;.ligrn LE,ke differed :from t.he o t.hers in be i ne 

0::- [:, l,;.l'lif.'o:tm du.ll Green hue aDd be h 1C '; ithout pf?p illae. 

Th~ body of' this species i s very 30ft end trz.ns -

lucent. fl'he four pD irs of eyes ) "c"1'"'111r " ·'~ ·""'''r.''''a' ~ ... w ' ...... , .... _ " ."\;0'" ) ,w.re 

the d istincu i sh i nc feflt.ure. li'he cen ita l a:O€l"tures [;.1'e 

sepv l'rted 'by .t\IO al'!.llul i. 

This spec ies ) whi le it 11':-\.5 been found more often 

:'cf:l'ely "!ae:..~e r,IOX'S thDr.. Qne or t YJO specimens taken a t a time . 

It YlaS found L t the following points: 

Leke of "the tloods (:1inrki ) Ont. ) 

CheS '~ er'Lere Leke (Ca lgary, ..A~ t:=.'- .) 

Jasper Park ) Al tz, . - Lnkes irar j or ie , Li tt.le Ir;...~efo j.J. , 

'Ealbot El",d l.:2, ligne . 

Diver La};:e , (Ylell i nc; t. on , VC,l1couver Is l;:nd ). 

C}e~sine or.na..ta vz,~r . l'ugosa Ve :criJ. l 1874. 

'Ihis spec ies :ls one of the h~ :cges "!i of t he 

Gloss i)hon ids. The roubh [,pp€(?,:::,aDce of the body is a 

ve"J.'y ctl' i king i'eo,ture End is d1.te to the la:r::'ge nU1:1ber of 

cutcmeov.s papillae thr t cov e l.' it.. '£hese papilla,e Gre 
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for the mo.st p",.y.-t lE.:cge <:Td conice.l. ~J.lher e EI1"e five sc:L~ies 

Yi}1ich Qccur 011 thE! nem.'21 G.l".nv.l i , in c.ddi t.i on t o mCl1Y 

Sli12,11er ones the pes i t ions of vlhich c,:ce 'It oO',r i':-.:.ble . 

I n colour f .. _ ~'~tfi.osp is f1 r.10r-~ 01' less uni form dull 

br criHl or creen . Very young spec:i.mens <::X'€ E'. lit.:.:!'1.t g:ceen . 

There i s a black ; median dorsGl s t :c Jpe 1:!hi ch is int errupted 

by t he I.'l:'€st'mce of the Iff'.:pil l e,e . 

The eyes f're f8.:i.rly sll~11 ;.':nd contie;uous. Both 

the OI's.l C:l,nd c aud€l.l sl).ckers are 1'.' e11 developed . 1'he Geni ­

tal :vores '::'1'6 sepc,!,£" ted by tV;'Q 2nnuli . 

QYJing to its dull colouring ::;nd t he f2.ct. t:r~.t 

it. car: OSBurne e. ver~{ flatter.ed position '~ ll is leech c.i ell·;;' 

be 0v€: r::'o o~'~ed e2,sily ts i t bIer.ds in nell i: ith the stones 

to "\l,.ich it is usu['ll~' :found .s.ttE.ched . 

~~ ]:";.e:.s been collected E. t the following 

r)(~il1ts : 

l;"alcon HiveI' (Vl8.ugh , Lan . ) 

Pel:'.con L2ke , lane t-t e , :.:a:r.. .. ) 

Lake \,f i rmi.peg (Vict.o:ci <:1. Bea.ch , }::Bl1. ) 

Slcookum Lr·ke (\'f2xmneSEl- , 11l.n. ) 

He::..!' Beaver LEllce , Alt2.- . 

J ohns t on 1.£ Ice , (Banff , AI·ca. .. ) 

PY1~B,Illid La}:e (Jas pe :c PD.rl-;: , 1,.1 ta . ) 

Shewatl<:::ns I.,."ke (Pr i nce Ru)c:':" c , B.C . ) 



Hil'udo clecore:. S.t:y 1824. 

Hi rudo deccl'2 r~eid~ 1868. 

~,:acrQ·bdellc. decora. Verr ill 1872 . 

:t;. dee£t.:£:., Imown fiB the Arae:cican r~!e6.icincl leeel 

is l'eEdily l'ccocnisa'cle because of the presence of orc'l)t;e 

01' red spots alonG the median dcrsal l i ne. These ) a.s well 

cs t ' e "CI"'~'l'~ol '01'0"- ~""'o·s 'l'e ""et""e~l' C""y "r ... ··1'·ed _ __ _ • ..<:. _ <:, 'i/C. < "". _... ...~ , ". :.. <;,.1. _ co J...l. ",.J •• _.1'<.,. • 

DOj:s[:ll~' ) t:1.e ..,round colour vc;.:r:ies f'rOli.: a li..:..;llt 6f,.:..::e gr€en 

to f' deep olive C.reen i \lhi1e some spec i nens 2(lf..:,Y be so dE r]~ 

f;',E\ to se€:~ ·.Jl~cL . The Ytl!1trc:,l su.rf'r,ce is C'. l:ich ozoe-nC;e ) 

istic 0:2 ;::-11 Hi':!:··I).c.inicl.~e but !-:ere the~ are lZ'l'gE:l' tlwn i n 

C1.:.taneOu5 2Fp::'11r re f re 

Sf.looth. 

Unl i :-:.e ;,::.ny species of !Ir.e~.~Q::ois , i:. deco:::a never __ .r . .... =..;:.'-" 

\";eel~6 bur ied in t.he j,lud left by the d;;.:':, i nc U~? of ponds el' 

)Qols . It lives on t::e blood of :.. ;.511 , fros s ~lld turtles 
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'l'h:i.£o species is found '::',S [" l'u}.e in st~ndil1e \,:".te::.~ 

\'il.'.ich < :r€ u9unlly deposited in the r.Tt.\d by the z,ide cf t:le 

TIllS leech :ilP.,S been collect.ed f.·1i t}~e following 

:t,:oints : 

Vlhi te Shell. L21:e) :.£1" • 

S1108.1 Lal..:e , ~,:a,r:. . 

L2,ke of tlle rfoods 1 Ol:t . 

!,;. ... u ! ApI/elle Valley ) 80.81:: . 

Auli stQLm:ill lccustl"e Leidy 1868. -- ~--,.,--.""--- ............ ~ ,"" 

Rae"l' "1'\~(:o '-'''-'''''''''''r~ ':-''S I,'.oo"'e 1901. ___ ....:.;::..):~ ... i':' ~ .:.'=.;: :.!!t,".::::~...... J. 

COll!lil.Onl~r celled , r2rely exceeds six inches in len~th . Q",Jinc 

to the treat development of botYl~oidE.-l tiss·l.~e the body is 



27 . 

10YI -,,;~e breEl. l'o~.And to oe seen '11-: ly here <' nd 7ohe:..'e . On 

S:).;ci:J.eYlS of :I .. ~·.;;-:;. .. :,or['.;~is were found on the under __ ...... d_ .... _ 
side of stonee as well :,),S in the soft c18·Y ::;'ormifl,cr' tbA br .. p}" 

of :"':'ig '.:'refoil !,DJ.:e. It Wl?,S t·aken c.t the follo\'ling points : 

LB!~e Yfi nni peg (Vi ctoria Beach) 

rear Bes,ver Lake , ~.l t a .. 

Vermi llion L~-ke9) :&lnff f Alta. 

J E'sper :?Prlc , Alta .. .... Lakes Zc.E.l'jorie , Li ttle Trefoil , 

Bi g ':'refoil ; 3€,fl.UV€1~t, :Iio€'l'nio. , Ca.ledonia , and 

a lake north of Ge i xie . 

SproD,t Lalce , Vancouve r Islend. 

:Falcon River , (Y!p,ut,;h, :.:an.) 

8. ~_o..£~s .J!J...up1beq~ Uoore. 

Hae:,lopis plumbeous ~_:oore 1912 . 

This species wC"-s first described by ~oore in 1912. 

It rese~,:lbles fk-~..?~·l...:., a species which h.as as yet no t 

been recorded for Canzo.da , quite closely in colour but is 
c 

nore neerly allied to ~ 3rpnd~ in both internal and exter -
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ne.l structure. H • .P1-l1-mbeo1".~s.. i~ re:91~esented in the present 

col l.ac t ion by a number of preserved specimens collected e, t. 

Shoe,]. Leke ) ~jan.) a nurJber of yea,rs ago .. The gfou nd 

colour of t he dorsal surface u~s prob2bly a dull ol ive 

·owe is IJ~,-~cl::. le,;;s 1)lotcLcd. This spec ie s i s describe d by 

oro::....e b;:.r:.d ~long tl.'.e entire l?ter~,l HiCrcir.:.s. I n the :p:.-€ -

served spec i mens it is d.i:f:cult to st",te w:1ethe:c this 

be.nd is present [,,1 i;,hvu~h in some spec i mens there seems to 

UL: SOl'i:ia f[ i nt ind ic2 tion of its 'p::'·~6en ce. 

T:1e mouth is 1< :c:.;;e 'v€n in these preserved sIJec;t -

j,£!: s. I n some of t11e individuc.ls tLe pe:lis is protruded 

~l1d is thick Gnd coiled . 

9 .. ~:£J~~.2·;:'.l':"'cL~~ (Verrill ) 

Serdscolex :rm1dis Ve :!:x- ill 1874. ------ .... ..'-.'" 

Two t ,:rpes of t: ,_is species <::re r eI-'rest3~ ted in 

t~:is collection QTIe c.:? i'Jhic:1 ) f our:d i n t:1e Idees 0-:: J e,s;e::-

seoond v:'!'ie t~r ) a s vJell (,,3 from ',j he ot her spec ies of tJ.aemo ---
p is. I t is a. sliJal1 Ieee:, ':.6 COi;l.pcred \7 i th other members 

of this ~cmus 1 ",Lt ., ~ l'.:.;:est individvE l obt c ined be i ng br- l.'el:r 

8 Cl.!. in It:r:t..,;t:l . In CQ10'.).l~ it- vc.:::ies f r om olive to d2 rl~ 
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g ins. 

The second tv·oe in addi tion to beinr ' a much 
".. , I:;> 

Ifrger znir:;£,l , differs in colourA,-i:.ion.from the t.Yl)e j ust. 

described . The Ground e ol ot.\!' of' the dorsal 8u1':I;'<;. oe is B, 

dull g r een but o'w i ng to the wi des pread distribution of 

blpcl( pigment i"G sl--:/i;!s only in spots. The v en tr.8.1 surfec.z 

i s 31 ,il h' :'" 1: \J.t Ve1.'Y fJlUCh pl,.l:te:c J the:ce beine. only isc>lf' ted 

"blao}: spots. 

tion of tbe sever:::l :cegiol1s o f t he d1..lc·cs be i nG quite dif:l:'er -

Shoal Ld;e (Wa uZh , Han. ) 

Pilot Ilov.nd , 1.;;"',11 . 

L·· 2.1(e "f 7·i.1e rTood" Ont .. v v .. .... ) 0 

Cl'OSS Lake ) l..::.n . 
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1~e)d.!:!~1:1~S ~ J?y.!1.c!-~.:G~I .. I~e i dy J.870 . 

re .... ~,}2:t.i!'~ ;t~ .t.~ :r·g]."i,!3. ]ri91;c,1 1398 . 

The t\.'o 01' four 1011;.,, :. tucUnf.l 'b. ncl.6 on t :1e dorse'l 

s1.lrfQoe of "~he bod;" j;::c'l:e l'_'ecoe:;ni tiol: of this leech very 

l. .. o..:~t t:.€ rJ j o:d .. ~.:" 0:' ;:;~ec il.ler.s cvllccted c,r e sr;:.r-.ller t han 

t:.is. 

T':le co lou!: !:tl'L€S .:' :COlJ.i. 01 iva (,:reen to 1 iCl. t brown 

l.',sll.,;ed in lon;,;,it'~~d ir:Ll lines . 

DJ.rinL the dr,.y this leech ce'n be found ~t trched 

'to the l.mde:: side of stories b~'t it is a Vd';Y :-ctive s\';i:i':~mer . 

I ~ :':eeds cLiefl~r on ~C!uctic insects ci:d t:.le:i.r In.:'v8.e ::d 

aque:t. lc \.O~,·jiS lllJ.t also CO~:ZULes the :toUl1L of its orm :species. 

I t \Irs not found to ':,l"'.y ex ter.t in the l,"kes of 

Sho·,·'_ L'- e '[",-. "1 J'"n <;, ~.'~' ) ' ~ "";;..i , ....... • 

Jh',l c on Rivel~:) Y!@ueh , L;:-,l~ . 

P~l.~c"n Lr:,ke ( :anette , Lpn. ) 

T"'1'--e \"l' "n l" oe" (,r,'ctn--ia ~e"c ', _"<' .. ~ I ~., ~ ... ~ u , v·,..:: <: .u .... .l- l 
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.... 1 . 

( Ccl~, :':~ ) 1..1 t~· . ) 

VCj.'t!.illi"n Lr'.l.:::es (B'·· >.- '", ) L •• _) ",_;.IC- . 

J:-S?el~ Per:: - Lr..Z:es J... .. ~.ett€: ) I:dith , :i. ~ild:f."ed , p;:.!'f! .. icl , 

l~.Ol't..:. of GeH:ie , .1. d. :i.l""; Py:~'r:.mid C).'tel: . 

0 ,; L:€l'O n II~ :ce (V[ nc 0\',"17 .::1' I s L nd . ) 

]~it t le ti,u.rlicur' River (V.: ncouV"er I s .) 

D1ver L--:ke (Wellincton , Vj iido uVfll: I S.) 

Horn " " " 

T',1.e:::e is con::5ider["·o~.e Vi ri<' tiQll in ·~: .. e col 0-;" :" 0::: 

\ .i.-ell d · ~~': l:lotc:~es. 
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·t:.!lc·:~<t.e is ~ ve=',_ gl'tceful f!.V!i •. :....~e!· . Tl~€: 'c,dy is ve::r fh'L ... -~-. 
[Td fl.- ttel:ed :'ooteriDl'ly. 

T~:.e e ..... ~. cc,ses < re fOi.,nd in grc-;,t :~u~,J)j :.:5 [ttC:-.cLed 

to s'G0nes ,.:d ~qur.'tic DICln·;s . Th~ ~roung , remove d f r om the 

cases I 21'e qu i t~ colou.rless rnd the f our pa irs of ~yes show 

very clea rly • 

• 1I.1thoueh so cor:lTilOn in t he l?kee of lj>,n i toba c-nd 

l:.lbertCl" no specimens of this leecr HerE" f ound in the l z.kes 

of Vancouver Island t ha t Vi er e exami n ed. It \'Jas collecteCl, 

f't the f ol low i ng poiuts : 

Lazau West , l:a.n . 

Pei.ic.:-.r- Lcke ( n i nette , 1,:an.) 

Skookur.l II~ke (WaWfl.nesa , r..::a..11.) 

Johnston I,ake p.nd VermilliorJ. JJE'kes (13?,nff I j.~ ta. ) 

Fesr 3ea ver L-2ke , Al. tl'l. 

J e g>p Bl' Park, ."...1 t.P.. - LfI.ke s Anne t te , Ed ith , Ilildr'ed , 

,~~ "e ' "'. Bl't:.· 1)1_ ','o':"?_i1 , 'P"'rY'':ll''id 1'"",;··",,';Oi o l ... ·:~·'e~ -_ ., ';' 11 , 6, ... _ _ ~ _ c._ ) -,.,,-- -' J ..... _-

nia , l~X'jo!'ie ) Do:cothy , [" lDl:e no;..'th of Ge i kiA ) 

c::d C£'ledonia Cree~~ . 

This leec}1 is 0:': c srJJE.ll size ) t.h.e l~rgest s:;·eci -



1- "1" C'l·'·. ··'-ee" ~_'_:',.:... {'_'QU'" 1X.,':_·_"5 of e', cs C'!'e Cl:'.silx :-- .... de ,..-' < J...l .... ~ t,..!.. •. ;. ........ .. • 

'_",~lf' !' .• ·.".u'_· i - -1 .... , bOt'l" obocu·~~ "-d E -u-c~·-"t~ +l::e dis -- ... ~ ., .... ~ . ~ ~ ••. ~ 2 ___ .t.!::.. "-.- _.,- .. j! .:.. ~"!: _ t.. .. 

trnee "et.ween t:leGe 1'ol'es i s only t\10 E:.Lrml i. 

,"d L-" \". 1" ecos 1'5 ~,."" (Cor"'ol--n" Is ) .... ~~ <. .. ~e ,~nr: :: t::. ) .",._ . ..1 ,- '" • 

J'.. I.IOl.l.t;'l f:'. SI,X'll pore in 01'['.1 sucl:el' i'rom v .. hich [l l.:usc·v.lt'!.' proooscis 
t£;y ue protl'uued ; llO jc.ws ; size small. 

~' a :Dod~, 
',-, i t.l':. 

not d i g i ded into tViO regions ; 
\"iell developed le,terD.l c<' ecE:.. 

1. Lyes , 4- prs . 

Su1:.ordel' Ri.J.Yl1c~:ooibdella.e . 

eyes ne~r r.i.edien l i ne ; s":,:,ol$_ch 

FeHilly Glossiplionidc'e. 

2" :C~'es ) 3 j,}rs . C:l':ccnged in t'"J O ncr;,rly I/c.l'sllel rows. 
Gloss i '1hon ia cor. .. "(·l:· n[l. t2 . --. --". .. -- .... .........-... ~---.-...~ 

3. ]''yes , ;; :f.'i..S . CIX'f:.r:.l.:.ed in t'·'.I'ee c roups Qf two 1'orr,lint.,; <' t :~i ­
Ll1Gul<:r fieure . 

4 • .1'Yes , 1 pr~ "ell sepc. :c ~:ted. . Broym. chi tinoid plr.te ,t annulus 4- 2 . 
~l'£Eg.ill~ E:c.~~EE 1-j.~ ... 

Placobdellc. l'u"osa .... ", ._._ .. ... P .... -
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3. :L":outh l~,rge Occul;~,'inG en'~i:ce caJ.lity of st\ci<::e!' ; pl1ar~r:nx not 
i'o~~ming B, proboscis ; jaws often p:cf.)sent.. 

Subo:cder Gno,t~l(\Ddellae. 

1,). E~'-es ty)ically :: PI's. rr:cETlL:;ed in 8, r eg1..l1c.r subr.;.:.:::.'gint'l :.10h ; 
testes s'cri..:!tly 118,il'ed ) 9 or 10 pl's . ; s'i;.Q:u~ ch '<Iiit?'! ;'t :ec'-s·t 
1. ~.r·. of c: stria c.aGco., ; size ..:;enel'c'.l1.y large . 

]j'<':!.mily Hirudinidr-e. 

rj l . JI.WIS pror.linent ; teeth num}/erous, in one series ; or>.eca clont; 
entire lenc;th of stOT:J[' 01".. 

6. About 65 teet:- , on e&cr. jaw ; co:,?ul::,tory el£nds present i do:!:' ­
sum. l~;r,:c:.ecl \, it.h J.iedic..n red <nd ~,;o;ri;:.il'if 1 oL c:~ S)ots ) 1;,ot2'~ 

1.. .. c:cobdelle, dec cn.'s. 
---~ •. ~,. ~ .... ~ ,~ ... -........ ....... ~ 

b ll • Je.ws 1'[,t11e1' 5]'.>=:11 .:nd :.elb:a:.ctile il!'~O pits or <::.l)sent ; teeth 
\iLen In~esel1t coa:tse <"nd [+1 in dOl-tole sc ~.'ies ; pex:.is fil~ ­
l.1.dntous ; genit8,1 ~l='el'tu:.'es se;op.:cated "o~r 5 c..-rmuli .. 

Genus IIo.emopis . 

7. J o:ws "r:.d teeth rn"esen-c ; teeth , 12 - 16 :..n:s .; colour v<':r:i::'~jleJ 
usu~"!.lly blo"tci~.ed. 

Iro,emonia 1'X l'r.1QY'l tis 
--.,~-.... ""~' ~ ' •. ," ... .. .... ' ~ .. . 

3. Jaws ~:b5ent i l»):'otruded penis sle:1d ex' CL.ct. unco i led ; v€n'i:;rcl 
bl'ou.nd COlOi.l.:c u 5\.\011;v liGJ.1'~eJ:· 'chan dOl'S i'.l .. 

9. Je-,\'/s (.bse~t ; ~'l' ot :cuded )cHis '::'hic:c ~; nd t ll' i ste d ; ground 
colour net:i::'ly 'i.1.nifoJ::m l de rk blo"tcl'.€s fl'equer.t.ly ,s'bsent 
01:' fe\1. 

·bb .. Ej.·es, 3 Ol' A· :prs . ; no jews ; no Gas'~ric caeca ; genit~ll ducts 
sll.lple v:ith 51':2.11 a trium lJ):oduced into 2, :pair of co:r.'n .... "a ; tea ­
·~~S :.J.ot :J<e.ired , mUJ.Bj;' OV.S . 

-. F~l~:tily ErpQbdellidee. 

10 . E,;i€S , j prs . J :I. irst p:: i:c le...:cgcs t ; Geni t.2,l pores 8e;'~rated 
by 2 rnnuli ; tl.tl'it.l cormu:'. s i rdply curved ; lon~.; i tudinr.llzr 
st!' i pe ci. 

11 . Eye s ) 4 p:" 8 . ; t:;;eni tel pores s e ?a:r.& ted by 2 c.nnul i ; [" tz' i&,l 
cornua. spir.s.1ly coiled ; colou:cs """jIc, i n or ir:cec.:;ul;.-rly 
blotclled. 

12. E:fes ) 4 ... :"5 .. i .:.r~1it['.1 1)01'e5 

r 
oeparc 'c,ed by 3~} r.li.i1ul i. 

Di na narYa-. - ~-....... ---
I 

I 
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