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INTRODUCTION

by

Barhir E. Allouc, M.sc., M.B.o.U.
I)ie.ror, Iraq \ationil Hiirorr \1u..um, tiighd:rl

Thc author of this book, Dr. C. .\ndresen Hubbarrl of the
Univt,rsitl' of Oregon, i:irme floltr the United States in Dlcentlrcr.
lgi? under rr Fulhright Grant to c;rrr1' out resear.ch on the Fleas
uf Inrrl iurrl theil r.t'laiion to ltlague. The grant financed his slar.
irr thi-s counlr') fol t lreriod of six rrronths onlr', in rvhich time tre
u,olkerl in i:ooperalion r,,.ith [he Iraq Natura] Hislory \,luseum,
rLvailing hirrst,ll of the lacilities provided therein. In spite of the
lirnitations rrf tirttc anrl sholtage rtr inade,luacv of litlrorirtolr
equipnrerlt, Dr. Hubbarrl managed lo overcomo all difficulties and
rrrrde scvelal trilis to vrrrious larts of the country with the main
object of collecting mammal,s and securing fleas from their borlies
for comptrrative study and identification.

Tht fleas collected by the author in such a short time, although
necessarily small in nurnber, represented some 1li sllecics and
suh-s1rtr:ies, ol s.hich six *'ere reported as neu' (See: Iraq Nat.
Hist. Mus. l)ubl. No. t1, 19i16). These new findings add to the
siiinificance of the contribution u'hich Dr. Hubbard made to our
knuu'ledge of this groulr of insects (Sil rhonaJrtera) in Iraq. The
author expressed his desire, on soverirl occasions, to continue
this lesearch in Iraq should a new grant be ofrered him either
hv his own golrernrr)ent of othcr agencies and foundations. So far,
his holres have not been realized.

Aftcr his return to lhe States. Dr. Ilubbaltl lrut forward his
sllFBestion to write a ooml)rehensive repolt on fleas, in bcrok

form, embodying the results of investiSations made b) Yariuu;
scientists in the rest of the Arab World, so that a general picture
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of the SiJ)honatCran ,iluna irt this g|eat atea, ranging froln the
,\rabian Guli in the east lo thr' ,\tlantic Otcan in tlte s'e:t. coull
bc rirarvn. This idea scctncd lo us ir vital stelr irt sLtt:ngtlrening
scientiflc Ironds lietrveen Aral) scientii[s, norv and in the future.
and rve inrrrerliirtelv oifeled ou1' eneourilSemt'nt and aptrrolitl. It
l.as unrlttstootl from the beginning that the author rvould stress

in his rt'1rolt thc rnedicirl imlx['tance of fleas as cattic|s 0f l)1ague.

a rlangclous elritletnic u-hich bloke rrut jn tlte Eilit fl'om lirlle tr)

t irre, in etrlier years.

To irchieve this goal, the authr.rr maintained cbse contacts
with thc Zoological I'luseum {t Tring, England, where flne col-
l,,ctions oi fleas rile dtposited and eninent Siphonapterists are
rcady to help. The present li,ork, rvhich I rvas given the privilege
of introducing to the rvorld of science, is the fruilful ou[come
rri extensile sturlies based on field rvork, collected specimens and
litelature. 'Iharrks to I)r'. IIuLlrald for olTeling his rntnuscritrl to
this NIusoum. fleelv anrl unconditionrrlll', u'ilh the solc holre rrl
sceing it I)ulllished in Iraq sooner ,-rl lrlet.

I'r'om the editorial point of view, very few alterations u'ere
rra(le on lhe aulhor"s original text, but il rras decided that the
Icngth of the book necessitates its publicalion as separate parts.
l'irrt I inow published) is molt or less introductorv and its rrrain
colelage are: Historictl studv of fleas in thc ,\rab World; Sil.rho-
nirpteran fauna of the r\rab Stutes; Nledical aspecl of flea study;
Field and laboralor-r- techniques. Palt lt (to be lrublished latert colr-
l,rises the rnain bod-v of the s.ork, and is devoted to anatornical
rieiails anrl descriptions of Silrhonaptclan fonns on rvhich their
riitgnoses and irlentification rrle based. This part is of especial
interest to the taxonomist, and is sure to give the )'oung generation
of ,,\rab scientists the sound basis of exploring this field and irdding
thcir orvn contributions to the science of Biology in the Arab
Wotld.

B.\sHrR E. ALLorisE.

Ir;rq Nirt ulal Hisi()rr IIusount,
Raghdad : Oc tober' 19iit.
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CHAPTIR I

HISTORY OF IHE STUDY OF FLEAS tN IHE ARAB WORLD

IHE sTUDENTS AND THEIR CONTRIBUTIONS.

Prior to the breakinB of the 20th Centun' fev- records of flea
tnllecting are to be found in the Arab World. 'l'he earliest of these
seenrs to he the collection of a male cal, flea (('. l. leli.r) by E.
Saunders on f,'ebruary 17, 1893 tt Bains Romains, Algiers, Algeria.
Duling December of 18m, C. von Ilrlanger and O. Neumann col-
lected a small series of fleas in Lahaj (Lrthadj-i\den) in extreme
south\\-est Arabia, oll a gt,rbil {}fczroricJ rrr) which N.C. Roth-
st:hild desclibed in 19(t:l as Xettoltsullu n,gis.

During the beginning vears of the 201.h Century fleas began to
be collected in other lrtrls of the Aralr \\'orld. 'l'he Iristorir,s rvhich
folkrll' are allrhabeticirlll' arlanged.

ADiiN I'his srnall area in extreme southwestern Arabia,
south of Yernen, u'est of Hadramaut, gives one of the earliesi
lecolds of .\r'ab fleas. During December of 1899, Von Erlanger and
Neurnann colleclt,d the fleas ofl the gerbil, flerionts zc.r, p'hich
irre nou' known its Xettopsylla regis. The locality is listed es "L,ahaj
(Lahaj or l,ahej), north of Aden, South Arabia". This portion of
the Arab Worl(l has not been yrlolific in this type of research lor
the only other record seems to be the collection of a series of
\enttp';yllt cheolis aL Sheikh Othnttn, Arlcn, from rsts during the

.\'ears 1906 tU 1908 b.," A. Mackae.

.\LGllllIA This is one of the llrge Arab States. It measures
irbout 1,000 niles frorn nolth to south and flom east [o u'est. To its
north is the Mediterranian Sea, to thtr south French West Africa, to
lhe wcst \loroccri, itnd to the east'lunisiir altrl Libya.

It is in Algeria that i.rne flnds a \r'ealth of silrhona|teran his-
tt.rry. 'l'he earlicst of Arab records is recorded rLt llains Rorltains,
Algiers, u'here ll. Sirunders in !'ebruary 17, 1893, socured a lnale
cat flea (0'. l. lelis). Fitteen yeilrs el{rpsed before organized collec-
tions began to be secured in the country. During 1908 at Biskra.
J. St€inbach collect€d from February through Msrch and L. Walter
Rothschild in comptny with Ernst Hartert collected in March.
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L. Waltel Itothschild (see frontispiece) of the House of Roth-
sthild of England, rva: an English financier rvho b-v avocatiort

enjoyed belng a nrrturalist. He established the Zoological Museum
(now a part of the British Museum) at Tring, Hertsfordshire,
and here is housed the Hothschild Collection of fleas, the greatest

of its kind in the \\rorld and a lasting monuntent lo his memory
and that of his brother N. Charles Ilothschild, and from which the

Breat majority of the records here mentioned and mentioned in
lhe i, 'll,,rvinq l,atcs comp.

Dr. lrrnst Hartert, director of, and ornitholoSist for, the Zoologi-
cal \luseum of Tling, !)ngland (norv a pat't of the Bt'itish lluseunrl
s'as prinrarilf interested in birds but collected fleas as a side issue

lor the museum. Mr. J. Steinbach rvas a resident at Biskra for
some peliod, and while tiving there collected fleas fol the Museum
at Tring.

During 1910 Wirltel Rothschild an(l IJilrtert again visited
Atgeria to collect rLbout Harrrrnirm ltirha. Ill FebruarJ 19lt these
nren rreIe active tbout lliskra, Hammatn llirha ilnd Hilmmarn
\'[eskoutine.

l)uring 191? Htrrlelt returned to Algeria in company with Karl
Jordan. In March, Hartert collected about El Golea; in April aboul
Fort \,liribel, whilt Jordan was collecting around Guelt-es-Stel in
April and about l(henchcla in I{a1'.

1,,.;,Todry ot 95 yeals of irge Dr. Kall Jordtrn is the Breal.est siphon-
alrtelist in the rvorld. He is deirn of rvolld flea studenis. He has
nul'tured and cared for the N.(1. Itothschild collection of flets of
the British Museum, housed at Tring, since its birth. Jordan was
born in 18ti1 in Westphrrlia, Germany. In 1893 he came to Tring
and has renrained rvith the lluseurn ever since. The fleas Jordan
has described itnd thr Jrapers he has u'r'itten about them are too
numerous to mention here.

MaJ- of {913 Iound \Valter Rothschild and Hartert collecting
about Ain Sefrir. In May of 1914 W. Rothschiltl rcturned to AlgerirL
rvith Karl Jordan, the iwo ci.,llecting around Hammsn Meskoutine.
.q.bout this tinre Dr. Nissen rvas collecting at ..\lgiers.

World Wal I brought a teml)orary end of flea collecting in
Algeria, so it was not until 1920 that research in fleas was again
in progress. During this vear Jordan and N. Charles Rothschild
collected about Djama in February, about Touggourt in March,
about Timgad in April and about El Kantirra in May.
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N-. Charles Itothsclrilrl \.as the )ounger brother of Lionel
\\'irlter tiothschild. Waltcr collected in.\lgeria as it naturalist to

fill the cases and shelves i his rnuseurn at Trin8. He collectetl
Ilcirs for his brother Charles. Charles on the other hand, although
t financier b1' profession, as rvas Walter, rr'as b1' avttcation ir

silrhonalrteri,rt. Charles, until the time of his deirlh in 19?3, wiIS
the driving lorce rvhich caused the terrific growth oI the Roth-
sctrild collection of fleas u'hich is conceded to be the greutest of
its kind in the rvorld. Charles u'as born in London \{a1'I, i8i7.
Upon Jordan's arrival at Tring Museum in 1893 Jordan and Charles
bccunle an inselxrrable English Duo, their until-ing friendshilr
carlied them lhrough leirrs of resealch in siphonapterl'.

Upon rluitting Algeria in 1920, Jordan &nd Rothschild brought
to a close, organized flea collecting in the country. Only a fe*'scat-
icred records remuin to be recorded. In March of 1923 A. Buchanarr
collected about Ttrttanrrssrt; in Alnil of 1929 flolev collected at
-\lgiers rrrd in Deccmber of tgll5 hc tollecttrl arounrl Fll Golea, Beni
Ounifde Figuig and Berii Abbrs: duling Juno of 19:19 H. (le

ilirlzac collected irt lleni Ortttifde Iriguig arrrl in Novemlier of 1950 (1.

]lrtfitli collected at \Iarhourna.

ln the 5? yeats traced alxrve 30 fleas were reported from
.\lgeria. Of these 13 were described as ntw b).Karl Jordan and
N.C. Rothschild; i as nerl!'by N.C. Rothschild: and 2 as ne\ by
Jordan, a total of 22 of the 30.

We are proud to sav then, thal the English Duo, Karl Jordan
irnd N. Charlcs ltothschild (src frontispiece) are surely the
l'IONEEItS of siphonapterv not onlv of AlgeriiL but of the Arab
\Vorltl as a rvhole.

FLEAS FRO \I .{I,G EIIIA

Compiled by tht, Author frorn "The (lalalog" irnd "[)ulgas"

l. Pul?x irrilons, El Kantara, Biskra off man.
2. A. e. maura, lliskra, Lallal Marina ofl hedgehog.
3. C. l. lelis, Algiers, Biskra off cats, rats.
\. ll. canis, Algiers, Biskra ofr dog.
r;t. S. pallidus, Beni Abbcs ofr fox.
6. S- cleopatrae,l)jama ofr gerbil.
i. P. r. riggenbar,ti, Hammam l\{eskoutine ofr porcupine.
8. X. cheopis, Algiers ofr r&ts.
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9. X- c. tttgceritti, Fort Miribel ofi gerbil.
10. .\. razcsls, general in Algeria ofr wild mice.
ll. X. laro.ctcs,lll Golea off gerbil.
l!. Il.lt. araDs, Guelles-Stal ofr bat.
13. T . po1t1x:i, Rou-Medine ofr wood mouse.
14. 'l'. l. laoosus, Algiers ofr wood mouse.
Lt. S. l. trileclinara, Hammam Meskoutint, off $-uod rDousc.
16. L. se11ni.,;, Algiers ofr rats.
li. L. taschenbergi, ? 1 1111 .

13. L. l. unili a, Bou-Medine off rvootl mr)use.
19. L. t. ctltDrutrl, Hammam lleskoutine off rvrxrd rrrouse.
20. L. u. arfrTlra, r\lgiers off Barbary rat.
21. L. u. ttt(lgurt( sis, Touggourt, Biskra, Djama ()fr rnice.
!!. (:. r, r?tssulte, Algiers off shl'e\\'s and wild rnice.
2i\. R. rlu.rc ulana. Khenchela, Guelt-es-Stel ofi Sorbils.
24. ('. nira, Iliskra, El Kantara off gundi.
2lt. lI . lat'eruni, North Africa ofr Eliomys.
26. |;. lo.\ciutu..t, Algiers off rats.
2i. \. barbunts, Algiers ofl Barb&ry r&t.
28. N. itruurus, Khenchela, Gueltes-Stel ofl gerbils.
29. N. n. Muretqnicu.\, Khenchela, Biskra off gerbils.
Itll. .,[. oranzs, Algeria off Meriones.
ill. (.. hirutiinit. No|th -\frica off su'allo$,s.
32. (1. l. rttridionz1i,., Guelt-es-Stel off su,allog's.
l\3. (:, nurnidtls, Hamrnam \'leskoutine ofr s['allows.

l ot!: l)escripriofls ol sl., i.s m.nliorrr!1 in rhir in'l the loll(triirr( Iisrs, Nill l,'
loun(t i,r I']rrt lf. :t In(l(x *t rht erd of ihc l)ook.l

ADDT]NDA

['urther data may be insertcd belo\r'.
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,\SSIlt This -.rrtall aletr Itrrtlh of Yernen in southwestern
,\rabirr and bordrting on the Red Sea has not been mentioned in
silrhoralrtelan litelatule. ISee nrap fig. 6.]

l|.\llRlil.\., 'l'his small cotlttt11' about rnidrvay dorvn the
Arrrbiirn Gulf on thc rast coast of Arabia has htd no recot'tlctl
rescarch on fleas carried out rvithirr its boundaries.

la(iYl,T - 'I'his is one of the rnediurn sized .\rab States. Il
is aplrroxinratelv 6(I) rniles scluare. To its north is the Mediter-
ranian Sea: to the south the Sudan; to the east the Red Sea and
J,,r'{lal. flnd l,' lh,'ucsl Libya.

The flrst reported fleas to corur out of Egylrt u,ere collected bv
thr Srvedish Zoological llxpedition to Egvpt and the \Vhite N-ile

which rvolked along the great river duling 1901. These fleas taken
off a bat, \\'ere sent l) \\'ahlgren u.ho described them as 1. roz-
.sirirrTi.r in 1904. \Vhile this Exlredition u'as working along the
White Nile, Charles Rothschild and A. Woolaston were collectin8
about Cairo durinR N'[arch. Rothschild returned to Egypt in t903
anrl cotlected in \Vadl Natron in l,'ebruarl'; about Cairo, Zaghig,
Bir Victoria, \It. Uuluk and -{lbumar during March; and in
Natron Valley during February, March and April. H€nl6y oollect€d
about Rir Hooker in N,larch.

In 1904 Charles lloihschild again entered l,)gvpt and collected
in N&tron Valley during April. Three years lster during March
of 19(li, Roihschikl again visited F)gr'Dl and collected about Cairo.
This rvas Charles llothschild's lasi visit to Egvpt, and with it
organized collecting ceased in this field.

Scattered records since that tirrr are:

During November of 1909, Dr. Wakeling collected in the Libyan
Desert close to Cairo. In November of 1911, Dr. Petrie collected at
Kom Ombo. At Meir, Diral, in March and April of t912, Harding
King was husy collecting, while A. Bacot collect€d in Wady
Ferran.

Forty unfertile years follorved for no other records seem
recorded until H. Hoostraal collected at Sinai during August of
1950 and at the Sirva Oasis during March of 1951.

Of the t4 fleas Iisted in the follou'ing pages as being lound in
Egvpt, 8 were describcd as new bl N.C. Rothschild, the others bv
earlier biologists.
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1'HIt t,'t, Er\ S Ot'I.l(irt,'f

Cornpiled by the Author from the "Catalog"

or the original descriptions.

l. D. tttrtrittrt,liorn Orrlrrr \)ff Ildllu\ tollu..
!. l). irri/trt,', (iailo, \leir. l)olt Stritl off ttrittr.
3. l .l.lr:li.,, Ouilrr, Iil Alislr. -\lburrurt'off ttratt, Iolr: cttt, citt.

\. l). thrphrtni'. (laiio, \\radl l.crran off rl,ild rnii't',
5. S. lnllirltt.;, OaiIo, Zaghig off hedgchl)Bs, fo\es.
6. S. tleoNlrte, NIt. Muluk, ..\lburnirr, Bir Victoria ofl gelbils.
i. X. tlroltis, l,ister In:litute has thi,r fleir <tfr Atotttll*.
8. X. nuhit e, Uir Yictoria, llir }lookt,r. Zrrghig off gerbils.

9. \. r. ttttctriti. Bir Yictoliir r,ff gelbils.
10. -\. ralrr,.r/'. Ilir Victrrliir ofl Firt Sarrd Rat.
ll. 1.. run.'itt,,li.., C;rir',, off lral.
1!. ('h. qequplie, Cailo ofl bat.
13. ,\'. ,. henleyi, l\ir Yictoriir ,rff Gelbillus.
lL. .1. uas:ifi, -\bu lia*'ash, Giza I)rovince ofr birt.

,\DI)F]NI)A

Furtltur records and dirtir rrral lrt: inselterl Irrlol'.
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ii
t. P.

3. (r.

3. (',.

.1. S.

5. S.

6. X.
i. x.
8. X.
9. I.

10. c.
tt. c.
12. fl.
i3. s.
14. C.

1i_,. -Y.

16. N.
17. lv.
18. I.

F'LEAS I.'RoN{ IRAQ

[]ollccted bl the.\Lrthor during 1953

irtitan$, Raghdad off man.

l. leli.r, Ilaghdad off cats, Hilla off wild cat.
cnnis. Hilla off rabbit.
ptallirlus, Baghdad off rabbit, hedgehog.
cleopolruc, Baghdad off llcriones crossus.

cheopis,llaghdad, Babylon ofr Norwegian rat.
ttttbicu, l)asta off Jerbot.
rz.\liu, Baghdad, Ilabylon, Hilla ofr mole rat.
c. conlornis, Baghdad, Rarnadi off gerbils.

sziitl, llaghdad ofr gerbil.
b. joltttsorti,Ilaghdad o11 bat.
u. unipeclin&ta, Baghded ofr bat.
t. insperalu, Baghdatl llast, tlaghdad West ofl house rlrouse

c. ullousei, Sirsang ofr meado$' mouse.

racdz,s, 13irghdad ofi \oru,egian rats.
pringtei, Ilaghdad, llarnadi off gerbils.

dzzrdi, Sirsang off nlcado\\,' rnouse.

Dzllil, llasra ofl Jerboa, Baghdad off Eerbll.

ADDIiNDA

Further data may be inserted below.
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.lORt).\N This is one rrf the snraller ,\rab statt's. Its borrltrs
are rather'poorly dcfined. To lhe north lies S1'ria, to the east Iraq
and Saurli .\r'abia. to the soulh Sartdi ,\rabiir, and ti, ttrc Nt:st the
(iulf of -\rJaba e,rrd ligl';rt. I)uc to the cltaltging ltistorl of .lorrlittr
and I)alestine il is impr,ssiblo to lrintrxrint actual (rcllcction recor(ls.
llowever, the foil(,\.'ing rneIt collccted in thc areir s fullo$s: '1'.

.'.haroni during \Iarch of 191:; \Vittelson during JiLnuary of 1922;

!).A. Buxton duri:rg Jurre arrd Jul.r'of l9lll; Dr. Tht,rxlor during
Nlarch of 19?8, Ma.r of ,933 irnd during 193.1. These collectors toge-

Lhcr secured rnly ? k.rr s of fleas frorrr the country. [!Ial) fig. 4.,l

FLtl.\S l'ROll JOttD.\ r-

t. P.
:. .1 .

3. ( 

"\. ('.
,). 5.
(i. x.
?. -\'.

in i ltns, It elra lrom jackal,
e. erinucei, Jerusalem off hedgeho8.
/. /./ir, Ile)'seb3 ofl rvild cat.
cczrls, Hebron ofi dog.
pallidtrs, Ilehobot'r')fr hed8ehog.
ri.eopis, Tabgha-Tiberias ofi Alerandrian r;rt.
sincerut, Rehoboth.

ADDENDA

Further records may be inserted belo\\'
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LIBYA - This, one of the larger of the Arab States, borders

almost 1,000 miles akrng the lleditcrranian Sea. To the west is

'Iunisitr and Algeria, to the east EgJ-'lrt. tri the south French Africa.
Tlie countr-v is &bout 5()0 miles fronr north lo south.

.DuIing 1922 I)r'. Ernst Hartei't, of the Blitish }[usrum, col-

lected in Libya at MerB, Cyrenaica. No other records seem availa-
blb. But a single kind of flet is reported from the State. It is C.l.

/elis.

\IOROOCO - This is the nlosl Nestetn area of the Arab World.
The countr-v is srnall. It faces s'est on the -\tlantic Ocean and north
on the Mediterranirn Sea. 'l'o the south is Spanish Sah&ra snd
Algeria. The country is about 4(I) niiles acr'oss.

W. Riggenbach collected in }lorocco around \,lazagan during
.\pril of 1901, around \4ogedor dur.ing Decenrber.of 1903, August
and November of 1904, June and July of 190b and Seplember of
1905 and Setttember of 1906. Riggenbach $'as a professional col_
lector who liyed for some lime at Rio de Oro. Seventeen vears
L.lupsed before R.1,. l)olfus q.llecteLl irbout I,larritkesh during
Septernber and Octobel of 1923. In January of 19Bt F. Nerneth
collected about Rabat. Tho. Mond collected about port Etienne.
Dul'ing 1936, R. de Rrettes collected around Rabat in November and
December, and J. de Lepiney collected at Goulmina in December.
During February, October and November of 198g, F. Nerneth again
collected around Rahat.

Only ll kind of fless were taken from the &rea during these
field works.

t{

KU\Y.\IT - This small area south of Iraq ai the hesd of the

Arabian Gulf does not appear in siphonapteran literature'

L.\HAJ - lt is diflicult to si'l)tll'tte the siphonapteran records

of this southwesteln area of Arahia from ttrose of -{den. (Sec Aden)'

LI.IIIANON -'l'his, r.rne of the snallest of the Arab States, la-vs

at the easl end oI the Mediterranian Sea. The country is trbout 50

miles wide (easl to.e!-est) and about 2([) nliles long. Syria is to the

east, and north, Running through th€ length of the narroY/ State

are the high Lebartese tnountains. The rvriler has been unable

to ffn(l any sil)honaptel'an tccolrls for the State. ISee map fl9. 4.]
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I.'LEAS FRO\r l{ollo(100

l. E. gtllinocto . ILabat ofr chicken

!. E. nmrirtu, \tal l'akesh tlfi Alexanrlrian rat'
'.\. l'. itrit n" \llg;rdor off for'
L. t'- l. lelit, Ilubal ofl cat, do8'

i). (1. c.rrir, \logador ofr fox.
$. I'. r. riggnfiacii, Mogurlor ofl porcupine'

i. S. cu tult, Rabat off rabbit'
8. X. chectpis. Atlas NIts. ofr Serbil'
9. I. rurlesis, Goulmina ofr Serbil.
10. lt. octaclentus, Mazagan off bat.

11. Is. hispanicus, I{azagan ofr bat.

ADDENDA

Furthel data trtitv llt' cnteted belorv.

IILSU.\T - This is a stttall areiL bordering on the Arabian Sea

irr the southesstern portion of .\r;rbia. Oman is to its east,

Hadramaut to the west, Saudi Arabia to the north. Sometinre in
the early part of the present century, A.C. Jayakar collected a

fenrale of \t'ru.tpsyllrt nsllrr o{T tt Nrttu'egiitn rat in this area. No
other lerords seerl arailable. ISee rltitl, fig. 6.]

OMAN - This vcry' snrall area is in extrenre southeastern
.\rabia. Apl)arently no fleas have been coller:ted in this land.

QAT.{R -- This small area lies betu'een Oman and Bahreirr.
Ii faccs the.\rabitn Gulf . On its wt,st is Saudi.\rabia. Thele seenrs
to be no lruhlished flea recrlrds for this countrv.

SAUDT Al1.\lllA - This, the ltrscst of the Arab States, colers
most of the Arabian Pt,ninsula. It is irbout 1500 Iniles frorn rorih
to south and 1000 miles frorn rast to rvest, This great territor).
seenls not to hale attracted students of fleas for the only recorrl
tvailable consists of R. Meinertzhagen having collected a flea,
C. l. fclis, off a cat at Jirlda. [Setr ma1.r fig. 6.]

t0



I" n..

$,rlat.

.hlbc
nia;." Ipl .

lfr,cc*
Saudi Arob'rcr

dqrl

I

5onq-'

efiden

5eo.Aca.l' ElhtoSia-

Fig. 8. I{aP of .\rabia

(Saudi Arabia, Yemen' Hadramaut, Aden, Onan and Muscat)'

[ ]aot.t Persian Gulf is now omciallv kno*n in lraq as the Arabian Gulf ]

l7



SUDAN - This is one of the larger of the Arab States. It is
direetly south of Egy1n. I'he country is about 1,oLr0 miles frorn
north to south and 800 miles from east to west.

In this countr)'at Gebel .{uli during \lay of 190i1, H.F. Wither-
b1.', Blitish ornithologist, collected S. pullidus (Tasch.) ofr a
hedgehog to record one of the earliest .{rab flea notations. f)uring
February, March and April of 1901, N.C. Roihschild (see Algeria)
and A. Woolaston collected about Shendi. In 1903 these tu'o nen
returned to Shendi to collect during February and March. During
1904 Rothschild collected about Shereck in JanuarJ', about Nakheile
and Kerma in !'ebruary, and Merorve in March. During 1906, Ch.
Allutrnd collected about Rosiers, and A. Balfour around Khartoum.
During 1910 in IIay, Captain Drew collected on the Pongo River
and during \{ay and December of 1912, W.E. Marshall collected at
Singa.

II. Lynes entered the country in 19!t to collect at Jebel Our and
Fll Fasher during Februar)', Kalkrketting during March, Daggu
rluring May, Kuhne and \taraa frorn June through November.
Lynes collected about Urn Kedada in March of 1922.

To date only 8 kinds of fleas have been reported from this
great area.

!.LEAS OF SUDAN

l. E. gallinacea, Pongo River, Bahr-el-Ghszsl ofi chicken.
2. S. pallidus, Shendi ofr hedgehog.
3. S. cleopatrae, Khartoum ofr Jerboa.
4. X. cheopis. Merowe ofr porcupine.
5. X. nubica, El Fasher ofr rat-
6. X- nilotba, Kerms, ofi gerbil.
1. N. nmurus. (Locality and host ???).
8. L. incerta, Torit ofr b&1.

ADDENDA

Further data may be entered below
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13. (. loossilielLi, llir Mellah and Djennejen off gerbils, mice.

14. T.l. fut:osus- "rnay be found in Tunisia".
15. S. t. tripectinala, Tunis off rats and mice.
16. S. t. itsperuta, Bir Mellah ofr. Meriottes shau:i.
17. [,. segnis, Tunis ofr rats and mice.
18. 1,. al.gira, "may be found in Tunisia".
19. ('. ntsutlae. North .\frica south to Sahara ofr u'ild mice.
20. Il. m,asculana, I3ir Mellah off Meriones s/raui, gerbils.
21. ('. mirtt, South Tunisia, N'[atmata ofr gundi.
22. (.:- astinlulota, South Tunisia, Matmata ofr elephtrnt shrew.
23. M. latcra i, TunisiiL ofr mice snd shrews.
24. N . klulinicn^:is (probable error in determination), Tunis ofr rats.
?5. li. lo\(tat?Ls, Tunis ofi rats and mice.
26. N. mtuntt, Bir Mellah, El-hani&, ?unis ofi gerbils.
2i. N. henleyi, ForlSaint, Bir Mellah ofi Psamrnomys.
28. N . btbants. Tunis off rats and mice.
m. C. h. desidetatu.s, Tunisia ofi Psammomys and narlzs.

ADD!]ND.{

Further data may be entered below

YE\{FlN - This, one of the smaller Arab States, is in the south-
western colner of Arabian Peninsula. To its north is Assir, to
the south Lahaj, to the east Saudi Arabia. /See map flg. 6.)

I)urinB tglll, G.W. Bury collected at Sok-al-Khomis and during
February, at Wasil, he secured the tvpes of C. trabicus (Jordan).
During Januarl' of 1951, H. Hoogstraal collected at Hodeida. Six
kinds of fleas have been reported from the country as follows:

l. lr.
?. ('.

3. c.
4. C.

5. S.

6. X.

1ltrl li naceu, Sok-al-Khamis ofr Canis.

oro hicus. Wasil ofi Procatia.

l. lelfs, Sok-al-Khamis off civet cat.

ranis, Sok-al-Khamis nff /-ar l'.
pallidus , Hodeida ofr rabbit.
cfteals, Sok-al-Khamis ofr jerboa.



CHAPTER 2

THE MEDICAL IMPORTANCE OF FLEAS

BUBONIC PLAGUI' IN 'I'HI' ARAI] WORLD

A Summary of l)lague in Irar1.

by

GoBDoN PtrINGE,
Formcrly oI thc lnstitute of Etrdccic Db€esca, Baghdad, Iraq

Consideration of thc.{rab (p1 rcq.) annals would suggest that
bubonic plague plaled an imporiant part in the clepopulation arrd
u'eakness of Irat1, rvhich becanre irrcreasingly noticeable after the
end oI the 10th centurl- A.D. Froll this point rinwards, recurrent
and devastating epidemics of lilague can be tr.aced; each visitation
attended b1'a deathroll running to tens, or even hundreds, of
thousands. IIajor epidenrics in Iraq are recorded during the
following )'ears A.D.: 1033... 1U37-43... 1056-57... 1076... 1349...
1360 ... 1364 ... 1390-91 ... 14 outbreaks in the AriLb u'orld between
1419and 1915... (?1551-52) ... 1635... 1654... 168:1 ... 1689... 1719...
1738-39 ... 1760 (N- haq only) ... 1772-74 ... 1831-113 ... 1849-50 ...
.t8?6-77.

Since that vetr plague has not reappeared on a comparahle
scale in Iraq, but ir low level of endemicity rvoukl seem to hirve

l)ersisted in the larger towns until the fourth decirde of the present
cehturj'. Thus, rhinor outbreaks occurred in Iraq in the "eiBhties"
of the last centurl' and later, betrveen t9i8 and 1923, no less thirn
1.8b0 cases of bubolic I)lague $-ere reported fron) lhe countrl'. The
incidence of plague declined irregularl"v thereafter until 1936, when
the last case rvas diagnosed in a l,luropean Iiving in Baghdad.

The great historical epidemics of the Middle'East are either
hnorvn or assumed to have been mainll bubonic in fype. Such are



characteristically heralded b;-' an epizootic of plague among the
domestic rat colonies: the ensuing human lrlague morbidity follow-
ing closell'the curve of rnortalit)' among the rats. Infcction of man
is through the bite of an infected rat flea, rvhich has abandontri the
cooling corpse of its nornral host. Direct transmission from man-
to-man is excelrtional and is gcnerally believed to lrla-v a ntin.,r
roll in the generation of epidemic plague in this region. So Iong
as the infeciion lingers in the rats of that district (rvhich it tnav
do for many decades), so long r'"'ill hurnan infections continue to
occur. Thus the post-epidemic period i-c prolonged irnd marked by
an irregular dtcline in the disease in man, until cases becomc rare
and sporadic. In the nroantime, the remnants of thc rat population
are becoming more and more ablc to resist or overcome the plague
infection; a process which culminttes in the eventual disappearance
of plague among that yrarticular nt communitl'. At this point, the
last risk of hurnan infection is removed and, in addition, the area
will rctain for some time a natural resistance to the importation
of the disease. The protective immuniological barrier declines u'ith
the stead.v and inevitable replenishment of the rat population;
when the stagc is again set for the generation ol a new epidemic.
It has alway's been assumed thal the fresh onset of plague in Iraq
could only take place through the importation of human cases,
or infected rats, from neighbouring and kno'wn active loci of the
infection. Events during the last decade -shou' that this assump-
tion is not necessarily correct.

In the early weeks of 1945, the Tigris river overflou'ed its banks
and caused the evacuation oI certain riverian villages near Ali
Gharbi, in the north of -{mara liwa. In the temporarv ("-sarifa")
dwellings, set ull close to the flood waters, a sudden epidemic of
bubonic plague appeared. This \\'as checked after the villagers had
been cvacuated from the huts, rvhich rvere imrrediatelv burned
dorvn. Rodents, assumed to be rats, rvere killed in the village at
the same time. The interesting feature of this epidemic is that no
connection could be traced with any other contemyrorary focus of
human plagut,. In the spring of l9rr7, a localized outbreilk of plagr-re
occurred in certain villages close to the Svria-T\rrkey frontier; this
epidemic was shortlived with a mortality ol 13 &mong the 14

cases reported. In October of the same year, an outbreak of pneu-
monic plague vas reported from isolaled Kurdish villages in the
uplands of u'estern Iritn. This focus u.as investigatcd by a rvell
organized team from Teheran rvho, aftcr four years of intensive
stud"y in the field, reached grave and far-reachin6 conclusions
touching the epidemiolog1' of plaF'ue in this region.



Brieflv, it was dernonstrated that the sourcc and reserroir of
hurnan plague in the Iranian highlands is in the wild population
of small, burror+'ing rodents of the genus ]Irrione.s. ,\nnually,
during the warm season, ovcr 10.71 of these anirnals harbour the
infection, ivhich is transmitted frorn one tr) another br. Ileas of the
grnera ,\errop,rr71lu and )iosop;yllzJ. These anint;rls are far rnore
resistant to plague than the domestic rat and. though a proportion
of those infectcil naJ'succumb, a sufficient nunrber survive, rvith
a latent or chronic inft:ction, to maintain lhe disease lror]r vct['-to-
)'ear \\'ithout noticeable depletion of their numbers. Infected flcas
wsre cau8ht alound the entrances ol lleriones burrow's, as rvell
as on the normal animal host. The human case, which triggered-
ofr the epidemic, rvas presumed to have been infected through the
bite of a lleriorte.; flea *'hilst visiting a deserted mill, in which
f[eriones rvere ]ater trapperl. The i\rea ol llerione.s plague was
found to occul)y an extensive tract of country s'estu,;rrds to thr,
Ira(l flonLier.'fhe spontaneous appeirrance of plague at,\li Gharbi
and on the S1r'ia - 'l'urke.v frontior could then be explaincd: it
became leasible Lo believe thai this iocus of Meriones plague
extended deeply into lraq.

The fauna of Irarl includes possibly 3l species of rodents, and
5 geographical sub-species. The genus Meriores is represented b1'

4 species and one sub-species, all but one form apparently conrined
to the norlheln, or uplirnd. districts of the country. \vild, burrorv-
inir lodenls of oiher 1r'pes are horvever ubir:1uitotrs throughout the
plirins of lraq; many of thesc belong to the genera knorvn to be

highll- susceptible to trlague. Sonrc of these are norv knou'n to
halhour fleas which rnight act as efrcient Yectors of plague from
animal to man.

It would thus appcar thal one, or more, natural reservoirs of
plague ma.v- hrtve existed unsuspected within the borders of Iraq.
It can atso be true that such restrvoirs have contritruted tr-r the
initiation of many of the disastrous plagtes ol historl-.

Further studl' of this serious question llltlst proceed and

research on the flea populations of the wild rodents in Iraq must
continue until it is knou'-n q'ith $-hat efficiency each of these fleas

ctn transmit plague not onlv from rodent to rodent but also from
rodetrt ta man. So one car see the direct bearing flt'as have upon

the epiriemiologl' of plague in Irsq and the Arab w'orld



PLAGUE IN THE MIDDLE EAST WITH SPECIAL

REFERENCE TO PALESTINE

by

B. FDLDTIAN-\,IUIISAU

Until recently, it was Benerally accepted that the first record
of an epidemic of bubonic plague is the description in the Bible
(1 Samuel, V and VI) of a disease rvhich broke out among the
Philistines (1320 BC). The disease $'as characterized by high
mortalit.v and by "emerods". To stop the epidemic, the Philistines
oflered the God of Israel golden images of their emerods and of the
mice that marred the land.

Recently, the nature of this outbreak has been questioned b1'

Shrewsbury (1949) and Girard (1950) who think that the
"emerods" were haemorrhoides, and the disease bacillary dysen-
tary. McArthur (1952), on the other hand, reaffirmed that the
disease rvas none other than plague. The presence of rats in ancient
Palestine is proved bccause a skeleton undistinguishable from
that of flarr%s rattus was found bv Haas at Mount Carmel in a

Neolithic site.

Blondheim (1953) goes even further in his interpretation of the
Biblical text. He assumes that the epidemics which broke out,
among the I.raeiites it Rethshernesh, after theJ' had received back
the ark from the Philistines rvas pneumonic plague.

The first certain record of a plague epidemic in the Middle
Fiast in historical times is contained in the writings of Rufus, a
physician who lived at Ephesus during the time of Trajan, about
AD 10b. He noted the occurrence of fatal cases of bubonic plague
during his own time in S1'ria, Egypt and Libya as well as previous
cases during the time of Dionysius, about 300 BC. With respect
to the disease describe(l b,1'Rufus, there can he no doubt about its
identity: the patients are said to sufrer from fever, pain, delirium
and large buboes not onlv in the usual positions but atso behind
the knee and at the elbo$'.



The Oleat Plague of Justinian in .{D b42, rvhich rvas pr.obably
the first lilague pandemic, is known in lhe history of pestilencc
frorn the u'ritirrgs of l)rocoltius, a Byzantine historiiur, tvho rvas
born in I)irlestine and lived in Constantinople. pror:opius rvrites
that the epidemic began in Pclusinm (Egypt), fr.orrr rvhrre ii
slrlead to the lcst of l.)gi'pt, then lilrceerled to I,alestirr,, anrl frorrr
thore to the whole world. It is worth rnentioning Pt.rxropius' ob-
selvatior "that the disease seemcrl alwirys to be sl)read inland
frotn the coastal region, thence lrcnetrating into the interior". It
is difficult to believe that l)irlestine $'as sparo(l frour Plague as
long as flom the tinte of Justinian until the l8th cerrtury, but if
there have been any outbreaks during this timc, they cannot have
been verl imlrressive, as al)parently no reports have been pre-
served, or at lertst they are so inconspicuous th&t they have not
corlre to lhe aLlention of prcsent historians. There are, in fact,
desct'iptions of rnanl'difrerent disease-s in the histoly of the Crusa-
des and the Kingdonr of Jel'usalcnr, bul none seern to refcr trr

lrlague. Er.en dru'ing the horror of lhe BIack Dtath l'hich lavaged
Eulope du|ing the l{th century and is supposed to havr lleerr
broughl thele flom Ilast Asia through South Russiir, one gets
the impression that Palestine had been spared. Plague is knorvn
to have ayipearecl in Egvpt and AriLbia in 1346, and in Oonsttrnlin-
oplc in 1347. bul S1'ria and Palesline are ap|arently nowhere rnen-
tioned in the repolts on the Black Death.

During the 18th and the beginning of the t9th centurJ', the

Middle East (Iraq, S"vlia, Palestine, 'Iurkey and Egypt) was known
to be the seat of frerluent and reoccurring plagu€ outbl"eaks. The
plague of Nlarseilles in 1720 and that of Messina in 1743 \,ere
knorvn to have been bloLrght there on shil)s frorn the \{iddle llast.
During IT?3-1843 plague epidemics \r'ere recorded 13 times at the
coast of SYria and Palostine. The lrlague epidemic which attacked
the French troops of Napoleon in Alerandria in 1798 and later in
Palcstine, has heen recorde(l in the documerrtaly painIiug b1'

Raron Gross (180.1) rrhich can still be seen in the Loulre \Iuseun
at Paris. In this picture, Napoleon is shorvn to totrch plague
patients during his visit to the Lazaretl,o of Jaffa, in ordcr lo
encourage his soldiels and to prove to them that plague is nof

contagious. The llgyptirrn plague of 1834-35 is of particular import'
ance fronr the point of Iie\Y of the develrpment ttf our tttrderstand-
ing of the nature of ihc discitse, as rrt that timc a largu grottlr of

F)ulopean ph-vsicians resided in Egypt and had an opportunity r-rf

studying the diffelent asl)ects of this disetrse by direct observation.

n



The most widespread pandemic of l)lague had broken out
in Canton in 1894, made altnost the tour of the *-orld and reached

the Midrile East in 1899. It p'as rt'corded in vat'ious sea ports,

such as ,{lexandria, Beirut and Sntvrna, but it seerns to have

spread to a considerable extent onlf in Egypt.

Exact data on lrlague in l]alestine are available since the end

of the first world war and tlrc establishment of the British rnanda-

toly goyernment. Plague was then obviously included &mong noti-
fiable diseases and detailed sttrtistics were regularly published.
Since 1921 up to 1947,290 cases were recttlded, almost all in the
two port towns of Jafra and Haifa. Cases lvere reported in each

of the years 19?1, 1922, 1923, and 1924; there rvas an interval of
15 ]'ears aft€r which cases occuned eyer) year from 1941-i947.

Nlost cases were bubonic and onl]-a ferv septicaemic. During
l92l-lg2l, the peak was in 1922 with 6ll cases in Jafia alone.
Extensive anti-rat rneasul'es rvele undertaken and the number of
cases declined to 15 in 1923 and 2 in 1924.

The plague u-as again imported to Haifa in 1941, probabl)'from
Port Said (Egypt), u,here spoladic cases had been recorded in
19/10. From 19.t1 to 1917 c{ses occulled every \'e&l'at Haifa ol' at
Jaffa-Tel Aviv, or in bolh cities, tho nunrber varying from l0 to
9:l cases per year. In 1947, an exlensive DI)T campaigrr rvas carrierl
out in Hirifa. Dusting of l)eople with DD'f , and sprtrl ing of base -

ments, ground floors, stroets and houses l.ere svstematically per-
formed. The outbreak rvhich had begun with 14 cases in the first
8 daJ*s of July, rl'rs soon stoplred by these efficient measures.

No cases have been lecordcd since 1947 in l,alestine. This year
\\'as also the last plague 1'ear in Labanon and Eg]'pt. The othcr
countries of the N,tiddle Etrst became plague-free even before.

As both lhe trvo main Palestinian elridemics, that of t921-24
and 1941-47, are suspected to have been imported from Egypt, the
epidemiolog"v of plague in Palestine is alrparentlv associated u'ith
that of Egypt. An interestin5J correst)ondence is exhibited bv the
seasonalitl'of plague in the ts'o countries, \Vakil (1932) found a
correlation betrveen the seasona! incidence of plague in Egypt and
geographic latitude. In frpper Eg1 pt, the seasonal lieak occurs
drrring March - May, in Middle Egvlrt during April - June, and
in the Meditcrraniirn port-q during \Ia1' October.

In vieu' of the small number of cases which occuned in



Palestirre, it is difticult to draw definite conclusions about the
seasonal incidence of plague in this country. But if the two main
epidemics are broken up into separate upfli:rr s, preceded by severa.l
months without any ne\4' cases, it can be noticed that seven of
them started in June - July, one in NIay, and one in November.
\{ost of these upflares subsided in Novernber - December of the
same year. Sporadic cirses $'ere noticed during all months of the
year. Thus the seasonal picture of Palesline secms to fit into the
pattern observed in Egypt: the further one proceeds to the North,
the later tlte seasonal peak of plague.

On the other hand, Pollock who studied the epidemic of 1947

in Haifa, considered plague to be endentic in the Haifa area,

because infeoted rats had been found constantly duling 1941-42

and 1944-117, nurnbering flom O to 236 in Yarious years. Ilut other
considerations seem ti) contradict Pcillock's assunrption. In fact,
during all the lears from 1925 to 1940, not a single case of plague

had occurred and no infected rats had been found by the health
aul,horities. Since 1949, again, no inlected rats were recorded. It
is therefore much morc lilobable that both the epidenlics of t92l'24
and 1941-4i, which alwals appeared in the trvo port cities of the

country, u'ere imported, developed to a certain peak and then

terminated, owin6 to efficient Jrublic health measures.
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PLAGU E

Bernon B. Link, U.S. Pub. Health Serv' writes: Plague always

has been one oI mankind's *'orst enemies. As a pestilential disease'

it can be tI'aced back unintenupttrdly to the third century before

the Ch)istian era rvhen Dionysius slxrke of it as a fatal disease in

Libl'a, Eg1'pt and Syt'ia. Prior to thiLt time, Hotnel described plague

arnong the Greeks at the siege of 'fro1- itr 1184 B C , ascribingl it to

the rviath of Apollo t'ho ll'as angered at an insult to his high priest

Chryses, and also to the god's malevolcnce and disgust at the filth
tyinpJ irbout the calnp. Probably thc earliest knorvn reference to pla-

gue occurs in the First Book of Satttuel, Chapters 5 and 6, where-

rnention is lltade of the disease having broken out in Canaan dul'-

ing military operations against the Israelites, centuries before the

Chlistian era. It is stated that the inhabitants of several cities \\ ere

attacked with ernelods, and thtl the pestilence caused a deadll'
destruction. In I]e thschemesc]r, ovcr 50,000 pet'sons died. It alsr.i

is recortled ttrat in order that the l)lague might be stayetl, the

Philistiles Itrailtr propitiatory olTcrings of golden irrtges oI their
turnors and of the tnice that Inarled the land to the God of Israel.
This appears to be the earliest refcrence to an epizootic among
mice in connection with the disease.

Rufus of Elrhesus, ebout ltial ,\.D., probably gave the first
tlescriptiLrn of lrltgue rvhich has LceIt lrreserved. The fll'st recot'ded

lrlague rprirlcruic in the l'olld's histoly occurred in the reign of
Marcus Aurelius 164-180 -{.D., the second, in Egypt in 542. The
Gleat l)lague of Justinian in the sixth century is strid to have
carried o11 half the population r-rf the Roman Empire.

In the foultr:r:rrth centur]', rt nerv Iiuroltean epidemic began
whiclt bccarrrc kuunrr as the lllack Ileath. It is estimated that it
killed one-tluurtrl of the populatir)r) of Eulope, or about 25 million
persons. In some countries, however, the total deaths approximated
70 }ler cent of the inhabitants. Plague continued to hold sway in
Europe duling the fifteenth, sixteenth, seventeenth, and eighteenth
centulies, but stenrs to have disirI)l,r,ated by the midtile of the
nineteenth cerrtury.

The prest,nt lrandemic, u.hich hegan in the. Orient in 1894,
has had the rnosl rvidespread disiribution of any of the known
epidemics. It has invaded every continent of the rvorld, and
has been relxtrted flom nearlv everl- country'. India suffered most
with about 12 million deaths reported in the last 54 years. Although
the mortality rate does not approach that of the Black Death of trhe
fourteenth century, the present pandemic ranks alongside of the
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mosl inlportant J)revious ones as far as the total number of casesis concerned; and far exceeds all others in regards to its wide_
spread distribution. The world distribution of lhe present pande_
mic as regards to the Arab World has these beginning daies for
the original outbreaks:

Basra, Iraq
Jidda, Saudi Arabia
Alexandria, Egypt
lleirut, Labanon ...
Algeria
Tunisia
Casablanca, Morocco

1896

1897

1890

1899

1903

1907

t910

HOW I'LAGUE WORKS

Plague is a bircterial disease caused by the organism paslezi-
ella pestis. This bacillus was first isolatcd during 1894. yersin
and Kitasato *'orking independently disco.,.ered it about the same
time. The bacillus is ir short, plump oval rotl measuring from 0.3
to 1.25 p in length. It can be found singly or in pairs, but long
chains are rare. There is no characteristic arranBement. The
bacillus is encapsulated, non-motile, Involution forms are common
and may appear as coccus forms, large rods or swollen bodies.
The plague bacillus does not produce soluble toxic substances. In
general, the life of this bacteria outside the animal body is pre-
carious. It seems to disappear speedily from soil, water, and buried
bodies.

The opinion has been expressed that plague caused by this
organism is primarill'a disease of u'ild rodents, and that man is
only an incidental victim. Bui in spite of this opinion it is said
that about one-quarter oI lhe population of Iturope was carried
ofr by this disease during the "great nortality" of Black Death
of the fourteenth ccntury. A civili4ation, or Iack of it, in which
peoples ale allorvetl to live in fflth and poverty making them the
bedfellows with rats and mice, fosters outbleaks of human plague.

In the Arab rvorld, besides large concentrations of Norwegian rats
and house mice, a whole series of rvild rodents may harbor plague-

Living close [o the soil as the Arab farmer, and the poorer classes

do, gives the flea an easy chance to carry the disesse from rodent
to man.

Pl&gue in man is gencrally found to be of two types
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t'lrSTIS, IIUIJONI(l l'LAGUlil, ot lll,ACK DIIATH

This type of pl&gue develops in man onll' after he has been

bitttxr by a {lea which has become infective through sucking blood
flrrn a yrl;rgue infected anittral. ln this t1'1re of plague diagnosis
orr i:linical g|ountls is said to l)e relalively sirnple. An inflamntatory-
swolling oi the lyrnphatic glands occurs. 'lhese are called buboes.
Frorn these, bacilli may l)ass over into the blood. It is from these
buboes that the disease leceived its nante bubonic plague and
frorn the lxrint of attack the name of glantlular 1rlague. When the
bircilli pass into the blood, thel' nultiplf i:xtensivell'. Septicemia
ma) occul and at times subcutaneous hemorrhages, These hemor-
rhages u'ele far more cornmon durint the Middle Ages thftn norl'.
The black patches due to the hemorhages gave the nredieval name
of "Black I)eath". The case mortalitl- of bubonic I)lague is from
60 to 90 ller cent whele treatment is not secured.

ln bubonic plague the role played b.v-. the flea is of vital import,
ance. It is the go-betrveen or vector. Under certain conditions the
flea may transmit plague between rodent and man. These condi-
tions are as follows: First, the rodent must be infected and have
thc piague bacilli invading the blood stream. Second, the flea
must feed upon the infected rodent and suck into its mouth-parts,
arxl su'allow into its prorentriculus and stomach, the blood con-
taining thc plague bacilli. Third, in the proventriculus of the
fleiL the bacleria of plague rnultiply rapidly to form an obstruction.
This obstruction or dam is called a "block" and Ileas so atrected
alr said to be "blocked". Sometirres this block ntav occur in the
esophagus. It is not ltossible for the flea to swallow beyond the
blrrck. Foulth, thc flea is norv infectious. It becomes huugrv,
s'ishes to feed. If it liites a lnan or an uninfected rodent it sucks
the blood into its mouth-l)arts but is unabte to su.allow it because
of the block. -{s thc new blood rvashes across the block, the plague
bacilli becorne mixed rvith it. Because the flea cannot su,allorv. it
vorrrites or ].egurgitales the norv infected hlood back into ihe bite
anti so thc }rtcllli rnake their.way into the neu. animal and infec-
tion begins. Blocked fleas are unusualll' dangerous because, being
urrable to satisfl: their hunger, the-v repeatedly bite and try to
feer1, thus spreading the infection as thel. go.

Since plague bacilli can be fourid in the leces of fleas it has
bcen thought that the scratching of [his fecal mafler into the skin
coulrl cause plague infection, but recent researches tend to dis-
crcdit this theory.
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PNEUX'IONIC PLAGIlE

'l'his type of pliLgue is also knou-n as plague pneumonia. It
occurs secondar'\' to bubonic plague. It seems that the bubonic
plague infectiorr settles in the lungs of man to give a pneumonia-like
condition there. ln this type of the disease in man, no flea is
necessar)' for the sltread of the infection. In patients sufrering from
this t1'pe, huge nunrbels of the plague bacilli are found in the
sputum and the infection is spread from person to person through
Ihe cough ot' sneeze droplets. Because of this direct spread, pneu-
nronic plague i-s verl much more dangerous than the bubonic type.
It is also much more fatal, l,he case fatality being almost 100 per
cent. In Manchuria durints the .\,ears 1910-1912, 60.000 fatal cases
rvere attributed to this lunS infection.

SYLV.A.'IIC, \'ttlRINE or CAMPIISTIIAL I)LAGUFj

In order to riistinguish the I)lirgues causcd by PasteureLLa
pcsli. in man an(l in rats, mice and other *'ild rodents the terms
sylvatic plague or lrlague of the wilds, or canpestral plague or
the plague of lhe meadorvs has been suggested and u'idely used
in casr: of the disease in the lodents. That these plagues play a
great part in keeping the rodents in check there is little doubt. It
is recognized that great numbers ol rodents die in this manner and
that human beings should irvoid to close association rvith these
forms anrl should definitely nrrt handle anJ" of the types rvhich
are sick, seemingl!' inactive, or eas)'to sccure for handling.

PLAGUI. IN,IMUNITY and TREATMI,NT

According to Dr. Vernon B. Link of the U.S. Public Health Ser-
cive, the treatment of human plague h&s been improved Ereatly in
rccent years. IIe writes "formerlv, bubonic plague killed about
two-thirds while pneurnorric plague rvas almost invariably fatal.
While many types of theritpv have bcen tried, there were but two
that werc at all effective: serum with which to tre&t cases, and
vaccines to prevent [he disease. Serum was fairly eflective if given
early and in Iarge dr.rses. Vaccines have been used on a large
scale in various parts rif the u'orld, but are not 100 per cent effec-

tive, and the period of proiection is limited to several months. In
the late tslos, sulfa drugs were found to be of value in the
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treatmenI as well as in the pnrphylaxis trf pltguc, rrnd sulfadiazine
is probably the most cfficacious. Streptomycin is an even better
drug. A combination of streptoml'cin and sulfadiazine, it Sivtn
early enough and in adequate doses, is capable of curing even

lineumonic plague.

The development of alrnost slreciflc nethods of treating plague
has taken awiry some of the fears which were so justly warranted
when this disease struck a communit-v. However, there are still
arrrple reasorrs wh1-r'igilance cannot be lelaxed against plague at
this time, merelv because good methods of treatment now &re
possessed. Plague still dernands resl)ect because it is reservoired
and pooled in the rats and mice and u.ild rodents of practically all
corrnlries".

MURINE TYTIHUS

In counlrie-r, such as the United States, rvhere \lurine T"vphus
is found, fleas are known to be the vector. For example, during
May of 1939 on a celtain farrn in GeorgitL, U.S.A., where a farmer
lay ill uith a i:trse of endemic typhus fever, sevelal rats were
trapped. I,'rorr these s'ere removed 13:c Ethitlnophagr gallinacet,
the Tlopical Hen flea, -o Xenopsyll.a clrcopis, lhe Oriental Rat flea,
and 7 Lepto?sylla segnis, the European Mouse flea, tll of which
pror-ed typhus lrositive as did the brains of the rats.

The causative agent of the disease ts Rickettsia pouazekii
mr,roser. Fleas irre the vector. The incubation period in rnan is
from 5 to 18 davs. Violent headachcs, rvith fever and chills are
characteristic. A macular eruption occurs after the 4th da]'. The
crisis occurs in 12 da)s u'ith recolerf in about 2 u-eeks. In the
U.S., case fatality is about 2 per cent. The disease is pooled in rats,
mice and many wil(i rodents thus the name muline typhus. Reco-
very results in a solid and lasting immunity.

TULARI.IMI.\ IRABBIT FEVER or DEER FLY FEVER)

This North American disease is contracted by man through
skinning diseased animals, or through the bite of a vector which
may be a tick, a fly or a flea. The causative agent is a tiny rod
Pqsteurella lulorensis. In man four tYpes of clinical tularemia
are recognized. The more cornmon type is the glandular or ulcero-
glandular variety. The disease is characterized by headache, pains



and fever. A lrapule appears u'here the bacteria enter the body.
'fhis later br.eaks down and forms an ulcer. Certain glands become
painful and sv'olhn and may break dou-n and discharge purulent
material. The disease runs a course of from 2 to 4 weeks. The case
fatality is lor., being about b per cent. An attack of the disease
confers a solid inrmunity.

SALN,IONELLOSIS

Sahtonallo enteritidis ar,d S- typhi-muriutn a,re tu'o bacteria
which occur in mice all over the world. While culturing flea feces
to determine the presonce of plague infecl,ion, Eskey discovered
that a number of rat fleas rvere excreting S- enterilidi.y which they
had apparently acrluired fron blood stleams of nrice infected with
the organisms. Eskey and his co-workers were able to tr&nsmit
Stlnonell.tt organisnrs by the bite of irrfected Oriental Rat flets
and Northern Iiat fleas. I,)skey concluded that these two fleas may
plrLy an impoltanl lralt in the tlrrnsmission arrd disscmination of
S- antcritid.is anrorrg rodents and that hunlan infection nright
be contracteri fronr the bite of the fleas or frorn infected flea feces
contaminating food.

FI,I'A AI,I,ERGY

It has krng been known that certain individuals sufrer more
severely frorn bites of fleas than do others, and tod0y they are con-
sidered to suffer from flea allergy. In people sensitive to flea bites
the wr-rund rnay be lollorved by swelling which can develop into
a lar'ge v/elt. The situation is aggravaled by the accompanying itch
and scralching. In so far as most of these attacks are from the cat
flea, the dog flea and the hurnan flea which are found in large
numbers ali over the Arab World, the attack is more in the nature
of a nuisance raid than one of danger, for these three fleas are not
knorvn trl h', rr'L'tors of 1'lague.

In nranJ lrlaces people sufrering from flea allergy can cle&r
ulr the situation by doing rvithout pet cats and dogs. However,
s,hen one thinks ol the large number of cats, dogs, iackals which
are maintained in the Arab countries the problem is not so easily
solved. Practicalll' all itch allaying preparations obtainable at
drug stores have been tried to sooth the bites of fleas. One inves-
tigator told the writer that a piece of adhesive tape placed over
the bite would stop the itching.



Alter cr-rnsiderable resealch upon flea allergy, Ely Lilly and Co.,
u'ell known Americ&n drug house, took over the manufacture of a

preptrratiorr \a'hich they named Flea Antigen". This is prepared
by a method develop,ed at the Hooper Foundation of M€dical
Itesearch of the University tif California. Il is an extract of the
fleas of cats, dogs and hurnans in sterile phenolated isotonic sal'ine
soiution. 'I'he usual sul)cutarleous dose for adults is 0.2 cc. This
dosc is usually ircreaserl to (1./r cc. for :) subsequont injections with
intelvals of 2 dals beiw-een. The lirepalation number is PA-90. It
rnal be purchasrrl irr 5 cc. r'ials. This lrreparirtion is eflective onll'
againsl the human flea, the cat flea and the dog flea. It must be
administered by a physician.

FI,EAS AS HOUSI,]HOLD PESTS

The human flea, the cal flea and the dog flea can become a
serious household pest during the seoson of their maximum abund-
iLncr., rvhich is generally duling sumrner and fall. The fleas are
eithor carried into the hou,se b1'cats or clrgs or thel'ale emerging
from their cocoons rvhich mal'be under rugs, in cracks or just on
the floor.

The first lroiDt of control of fleirs in the home is to determine
whcre lhe fleirs are originating. If they are coming off the cats and
dogs, lhese anirnals should be thoroughl)' porvdered with flea
lrorvder and the aplrlication ol the pox'der ,should bc at regular
intervals. Floor should be cleaned of dust and castings, flea eggs
and larvae. DDT is used everylvhere today to combat fleas. It has
put to an end the use of such controls ss salt water and naphthalene
flakes.
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this top hole. With fine iron *-ire securely wire the door to the
snap. Plrrce in position so door is closed, then nail the mouse trap
rvith lath nails securely to the base. To set thc trap run the trigger
lhrough the small hole in the door as it is folced (lo\\'rr to setting
lrosition and connect trigger connecl.irins as usual.

?hree accessories are next cut lrom the metal sheet. Cut a piece
three-eighths of an inch b1 3 inches, rounrl ofr the corners, slip

ris under the hook which was made for the bait and clamp it
irr lilace rvith a pair ol lrliels. This is the treirdle upon u'hich the
arrimals sleps to set off the lrali. Cut tu.'o pier:rs three-eighths of an
inch by 1] inches, round off the corners and ltend up at right angle
irlxrut a quarter of an inch flom the end. Nail these in place, one
on either side of the mouse tlap so that thel' fill up the hole bclou'
the door. Nail a liiece of board, I by 1 inch ircross the back of the
trap over lhe screen and raised about ] inch irbove thc floor - this
rvill prevcnt the bait from falling out during transit.

-\fter ir rrrodel is once sct up, others can be tluickly built. 'fhc
time required is sbout one hour. Due to the large loss of these
srnall tralrs through children and juckals. the investigator rvill be
huilding them oonstantly. The traps should not bc built much
)rrlger since the larger the dtnr thc more casily it can be pushed
olien because of the increased leverage. The trap should be just
big enough to allorv the collector"s ol)en hand easl' ontrance, ilnd
just as easy an exit when the fist is pulled out s,ith the tralrped
rrnirnal in it.

These traps should be rnade in units of t2, piled in 3 tiers of 4

e;rch and a calrying box miLde for [he 12. Irmpty dynamite boxes
or other dovetailed jointed boxes, ntake excellent carrving cases.
Each trap of the series of 1? should have a nutnber on it in several
places. If numbered, the trrps can be set out in rotation ilnd picked
up in r,otation. Lost traps c&n be nrore easily located in this way.

These small traps will hold all tvpes oi gerbils, jerboas, date
|ats and house mice of the plains regions, and the wood mice arld
rneadorr. nrice of thc mountains. They will not hold mole rats,
Irouse rats or squirrels.

It is next to useless for the collector to burden himself with
sral) lllouse traps. On rart' occassions, however, they do ltrove
useful. If large numhers of the snalr t|aPs are set out on a briSht
rroon light night, a night during rvhich it is known that the moon
rvill set alxrut an hour before dawn, thc mice to be ciiught will run
irt large during this hour of darkness, Set into the tritl)s and vill
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be warm en(l with fleas when the collector carr pick up the catch in
the morning.

Three olhcr lypes of tralrs itte nt'eded fot' thorough field work.
The trtolc rirl .\'e.ral-Ia le,lttills a specirrl tritp. It is made in the
United States and can l)e oldered fiom any ,\merican hardrvare
store for al.rout 50 cents. It is called the "I{acabee Sopher trap".
The Mole rat's burrow is ulicned and the set trap introduced into
the burrow. When the anitual cornes to shul the burrow it is
caught by the trap. The trap kills by driving steel spikes into the

animal's belly. These traps will also catch gerbils which close their
burrows upon retiring. These traps will not catch Spalaz, the
black mole rat.

STnlar. can best be caught b1- one of -\rncrica's best mole traps.
It is called the "Out of Sight N'lole trap". This trap can be secured
anywhere in the United States for 3 dollars. It is the only trap
which will consistentll' capture Spalz:r. Thc trap squeezes the
animal to deflth, so the tral)s should be visited often.

The corrrrnon steel tnrlr is ver'1- successiul again-.t house Iats.
Set the trap u.here the rats nre kno*,n to be, lrlace a piece of white
cloth over the trap. The rats will find the u,hite cloth, step on it
from curiositl' and be caught.

The rrovelll of long lines of small bor traps is the valictv of
mice and othcr small rodent-s in each night's catch. Box tlirl)s arc
generall,r' st,[ for an1'thing that u-ill entel lhern. The plan is not
exactly to -<ct the tlaps at rrndom, but each location should be care-
lully considered as to horv much shelter the small animal will
have to get [o the tra1r. The srnall rodenls depend prirrtarilv on
natural sheller for their stfel.,-. Naturalll- tht,n, the most profitable
places to set tralrs l'ill be urrrler banks, irr cavities, under llushes
at base of p;rlm trees, aLrng rvalls. under log-. and under rocks.
In sandl' \\'astes, the trails of the small animals can be seen in tht'
sand. Make sets along these trails. A stick or the heel of the shoe
dragged along in the sand to form a small lurrou' will attract
manv mice. Make sets along the furro\a'.

The matter of bait is ore of rluestion..{lnro-qt evervthing in the
line of lood has been tried to coax srrail animals into tralis, l;ut
a bait which practicalll' clinraxes all others ir-s far as tastes of the
majority of small rodents is concerned is quick cooking rolled oats.
A small handful of this thrown into a trap attract a mouse a long
ways. Common rolled oats give only about 50 per cent ol the resrrlts
secured by quick cooking. Apple or other mojst fruit have alwavs
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been excellent bait but the moisture content runs rapidly through
the intestinc to badll soil the inside of the trap and rnuss up the

foet and the fur. of the animal. Sntall cttt'nivores such as wcasels
rrntl rlrlels rlo nt.rt cume into thtse srttall tt'a1rs molc quickly if
the; are biritcd u'ith rncut, but if the) happcn along they cnter'

lrrobably onll to investigato the otlrrs Itft in thc traps by mice.

Il1' far the n)o-rt u-ieful gun in the field is a .410-gauge shotgulr.
The small ..rhot hardly tear the lrelts a[ a]1, and therefrtre the bleed-
ing is scant. Three inch shells can be used to secure rabbits and
squirrels. I,'or lon8 distance work on mongooses, rabbits, squirrels,
jackals a .22 caliber riflle is the most effective. Where firearms are

l)rohibited a pneumatic aiI lifle is indispensable.

Errrl.r, investigators soon found that lhe roving children, sheelr
herders, holse men all rnight steai or ilestrol' lines of box traps
or srrap trilps as soon as the collector left the field. This is still
the case. The loss of these traps is r.ery annoying. To overcome
this loss, collector',s in the .{r'ab Wolld soon learned to create a

diversion, consisting usually of settinB a$'ay from the trap lines
stakes with colorcd banners ol flags on thenr. The inrluisitive go
directl)' to the flying banners and fail to find the traPs.

'l'he tralrping day and its schedule lrlays an imlrortant part in
ttrc firld rvolk. Box trap lines should ltc set out as close t,r dusk
irs l)o-\sible. Such iL tirning allows all possible nocturnal rodents to
t,nter the traps before morning and allorvs the diurnal rodents to
cuter in the earl-r' morning. Collections from box traps should be
rnade as near after sunrise as possible. The sun and heat irritate
the rrnimals and soon they rvonl' themselves to death. Also ants
l'hich become ver'.v active at daybreak ma). enter the traps, kill
the animals and slart moving the flesh of the animals arvtv. In
a countrl' such as the Arab Wor.ld, where jackels abound without
check, most traps should be tied down, otherwise they are carried
arvrry bv the jack8ls for the mice r/"'hich are in the traps.

It is the custorn of this rl,'riter to kill all small rnice at the
trap, thus doing away with the necessitv of again looking through
them. Insert the hand into the trap, close it slowly and gentll'
over the mouse, withdraw the hand, then lorce the thumb behind
the ear until the neck is broken. No bleeding results ii the opera-
tion is properlv 1rt'rformerl. Drop the dead mice in the clear glass
jars of a biological collecting vest rvorn by the collector. Handle
all nrice carefullv and quietly, anv rough treatment s'ill cause
the fleas to hop oft. In so far as thenr seem to be little if anv
correlation betrveen the mouse and thc nunrber of fleas it vrill



carr)', it is generally not necessar}' to keep nrice of the sarne kirrd
sepat'ated. However, under rro conrlitions should different kinds
ol rnice be mixed in a siogle jar.

-\ OERTAIN ,\NIOti^-T Ot'C.\UT'ION SIIOULD BE

USED IN II/\NI)I,IN(; WILI] \,rICI]

Sonre collectors u'ear rubbcr or leathor gloves to prevent tht
hands from being bitten. However, the writer has nevcr worn
gloves and when one becorrcs accustorrled to htndling large nutn-
bers of Iive mice one is sclrlorn bitten. Ilverr the large Date rats
seemed not to bite. To try to hanrlle squirrels, Nlole rats or House
rats u'ithout hand protection would be a folly and a danger.
I)i-sr:retion is soon learned in hirndling rvild animals.

While jt is importarrt to knos- u'here to trap, it is also just
as imllortant to knorv rvht're not to trall. Generall.,- it is usele-ss
tri trap u'here there ale house cats irt large. The cats soon eat irll
the available mice. It is generalll' not good practice to trap several
nights in the same spot. The available mice are generally taken
the flrst night. While many mice can be taken about grain stacks
these are usually without manl fleas hectruse they ho,vc rnarle
new nests at the new sour(:e of food irrrd left rllost of thcir flcas
in the old nest \1'hich the.v hin'e dcsi,rted. Where nests can lx,
found, these are the collectols lrrizes if thel' are old and rvell esla-
hlished. Often several hundled fletrs carr he taken flom a nest, while
off the mou,se rvhich has just cornc frrrrn it, there mnl be onlv a
few. It is (luite a pl'ol)lenr to gcl flerrs oul of a ncst. str they shottlrl
bc collected and plact'd in pttpcr sitcks and al a titnc of leisttrt'
looked over fol the flea poJ)ulttion.

After all animals of a nighl's catch have been canjed back to
the fleld laboratorr'. 1r'eparations must be made for the securing
of the fleas and a decision trtust bu retched ds to how mitny, if
irny, are to be used for ;tlaguc sluditts and how man)', if any, at'c

to he used for taxonoml'. Thc only cquipment necessaly is 2 per

0ent saline solution for' fleas lor ltlague studies, and 70 per cent

alcohol, chloroform, vials, labels, dissecting needles and a good

sized \\'hite enameled dishpan for identification purposes. Some

collectors use a contlt to conlb flt'as off the host. The maill

lroint in removittg thit fleas frorn thc host's is that thc collr:clrrr
get comfoltable anrl ottt of the rvjnd. Fleas rvill leavc lht'
host nlore readill- if lhe itosts are cold. The collector shotrld

sit rvith the dishpan betrveen his knees. With st-rme slight



force drop the hosts out of their container into the dishpan.
The force rvith u,hich they hit the bottom will jar most
of llrr'flcirs off. These can be picketl out of the pan u'ith the dis-
srcting needle damlrened in thr: r'i;rl of i0 I)0r cent alcohol rvaiting
for the reception of the fleas if they are to be used in identifica-
tion, or the needle can be moistened in the saline solution if the
flea,s ale to be used for plague technirlue. After pummeling the
hosts for a short time lo force the lesl of the fleas off, take the
host by the tail and back legs vith one hand, then with the other
hand rapidly run the fingers dou,nwirrds against the fur. This
operation rrill force more fleas off the hosts. The final step is
directed agairst stubboln fletrs. Pour a small amount of chlorolorm
(ether rvill not work) into a clean glass pint jar. Dangle the host in
the jar b)' a hind foot $.hile forcing the hand over the opening
for prcssure inside the jar. \{ost renraining fleas rvill hop off the
host and die in the jar.

ln plague studies the wild rodenls trapped or shot should be
cleaned of fleas and other ectoparasites, then autopsied. If the
animal's organs appeared infected, samples should be sent io the
lahoratory (probably the closest medical school bacteriological
laboratory) in iced thermos jugs. It is needless to say that any
studies carried on in the field of plague should also carry due
rcspect for the disease, and rubber gloves and other precautions
should be rigidly followed. Fleas to he used in plague studies are
placed in 2 per cent saline solution in glass vials and shipped to
lhe lirboralory by mail.

Fleas rvhich are collected soleh. for identification should be
storcd in vials of 70 pel cent alcohol until the.v- can be processed.

,\ll hosts ir.hich cannot be positivelf identified by the collector
-should be made into cabinet skins rvith skull trttached and turned
ovcr to a mammologist for identification.

Nests are difficult to process but if care is taken even larva
can be salvaged. Place the nest in a small box rvith screen bottom.
Suspend box over white dishpan. Many of the fleas will drop into
the dishpan. By keeping the nest sligh v damp all the larvae will
cventually pupate and emerge to fall into the pan. Large numbers
of flcas can be secured in this u'av for taxonomic purposes. \Vhere
Dossible the host should be taken $,ith the nest.

A good collector places his labels rvith the collection data
thereon inside of the vial, but rnost of us lick the label and stick
it to the outside so that it can lall off antl cause confusion.

Field notes are somethinF each collector has his orvn ideas
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THE LAI]ORATOIIY NI,\NUAL

It is not very often that one finds time in the field to mount
fleas fol determinrtion or carry out plague studies. These opera-
tions are reserved for a well equipped laboratory. plague studies
should be carried out only in iL bacteriological laboratory but
processing fleas for mounting and identiflcation can be camied
out in any well lighted, well ventilated room.

PLAGIiIi S'f UI]IT]S

Upon reoeipt of the iced jugs of suspected tissue from the
field, the tissue is maceraied and injected into, or inoculated onto
the skin of a guinea pig. If plague is presen[ in the tissue, the
tuinea pig generally dies in about 5 days &nd a liresumptive dia-
gnosis carr be made at autopsy. This diagnosis then is conflrmed
by bacteriological procedures and seriological tests. The fleas arid
other ectopalasites which htve been rentoved from the hosts and
are in 2 per cent saline solution shoukl be counted, identified as

to species, maoerated in mortars, emulsifled in normal saline solu-
tion, and injeoted into or inoculated onto the skin of guinea pigs.
As in the case of autolrsied nratelials, if plague is present the
guinea pig iuill die in about 5 da1's. 'l'he susoeptibili[y of native
rvild rodertts to plague infection can be tested in the same way.

I}I,AGUE TII.,\NSMlSSION Mlil'HODS

about. Perhaps the rvriting of these gives the collector a few
rnornents of lelaxation befol.e setting out to collect tho traps set
for diurnal animals or to hunt and shoot a few larger animals.

Yernon B. Link and Frank M. Prince, two of the leading
plague specialists in the United Stetes, heve developed the follow-
ing techniques in plague transmission in their Sovernment labora-

toiy at San Francisco, Catifornia. They state in CDC Bulletin'
August 1950 "In addition to its field work on plague, the Western

Communicable Diseasc Center LaboratorJ' carries on plague

research activities. One oI the more interesting tJ pes of resesrch is

concerned vrith transmission studies in which the vector efnciency

of fleas is studied untler varying conditions'

Ogata in 1897 brought forth the theory that fleas were involved

in the spread of plague among rats. Simond in 1898 support€d

this theory experimentally, but irssumed that flea feces were res-
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ponsible fol the transfer of the organism fronr diseased to health)
r'&ts. The Comtnission for the Investigation of I'lague in India'
rvorking from tg)ir to 1916, prr-rvetl beyond a rloul,rt that the rat and
its lleas were the curnmon reservoir and vector in plague epidemics
llou'ever, thrl did attach undue impoltance tr-r the role played by
tleposition of flea feces during the process of l)iting and subsequent
rubbing into the skin by the victillr's solatching efforts. Bacot
rLud Ilartirr in 1914 dernollstlated the abilitl of infected fless to
Lransmit Putteurella pestis b1' feerling theut on the shaved abdo-
rnerrs of rats. They first observed tire ' biockage" of fleas by nlasses
,"rf plague orgarrisrns.

ln flea tlausrrrission le-coarch at this laboratorl, unique methods
havc been developed fol the studJ' of thc tlca in deterrnining its
efliciency as a yector of 1.rlague. Laborator1. albino mice, used as
the host aninral, aIe bled in the aninral house in quantities suffi-
cient to provide several thousand each rvinter. After the young
rrtice ltave reached an age of apluoximrrtely 4 rveeks, they are
separated according to sex rrld lilaced in stock cages. When nrice
itrc used in expelirnerrts, they are tt.ansfered to an individual quart
jar $'hich is provided u-ith sau.'dust, drinking .*'ater, food pellets,
and an identification record.

l'leas to be used in experirrerrts either are raised in the labora-
tr)r'y or arc obtained in the field Irorn u.ild roderrt sour.ces, l_rroughb
inlo the labolatory, and placed in numbered test tubes, one flea to
each tube. l.leas subsist on animal blood irnd exhibit a. peculiar
preference fol blocrd from tr par.ticular host. .l'his r.esult of host
arlaptation rs so specilic thai the ontornolugist usually can tell front
rvhat host the flerL rvas taken rvhen the flca is identified. Certain
lleas rvill leed un alrnost rrnv tvaiiable wilrm-blooded host,
u'hel'eas ol,hcl's have lrcen known to star.ve to death before they
rvould feed on nlan ot. laboratory anintals.

In the flea transnrission studies, fleas fir.st are given an oppor-
tunity to feed on a normal albino mouse. The abdomen of the
rnouse is shaved with electlic clilrpers. The nlouse is then placed
in a white enamel lran and incluced to errtcr a plastic tube which
has a hole crrt in the center.. When the mouse ii in ttre tube with
shaved tbdunren or.er the hoJe, a t.ubber sttilrpel is placed in esch
cnd oI the Iube to keelr the l]ouse illrmobilized. The tube is then
placed ulrsidedown un a groovecl ,,vooded block with the mouse.s
abdomen exposed through the hole in the tube. The flea is thenlaken from its test tube by removing the cotton plug and up_
ending the tube onto the rnouse. the flea olrlinarily -wiit 
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dor+'n and feed on the mouse. Bl the use of a hand Iens and a
pocket flash light, the attendant can see whether. the feeding flea
is taking blood into its stontach. The lecords oI the details of the
feeding are kept on a card prepared for each individual flea. After
fleas have fed, selected specinrens ar.e removed from the mouse,
placed in a drop of u'ater. on a microscope slide, and covered with
a cover slip. The flea then can be o,ramined under the microsr':o1te
to check on the quantity of blood taken and for the purpose of
mirking serial photographs.

Albino mice to be used as r.eservoit. hosts for the infection of
fleas, are inoculated by the subcutarretius injection of 0.1 cubic
centimeler of a 24 hour tryptose broth culture of P, pestis. ln
2.1 to 48 hours after injection, most of the mice vill be moribund
and haye a terminal septicemia. This is checked by snipping ofl
the tip of the tail and making a blood srneal t'hich is stainerl
and exarnined for olganislrs. Irerquerrtll, thele are as meny org&-
nisms as red blood cells. If the surear shorvs 1tl or trrore bacilli per
oil-immersion fleld, the mouse is satisfactory for use as s. host.
[,'lets ale placed er ?)?./.rr. on thot rllouse in a jal'. Aftel' they have
fed, the fleas are removed frorn lhe jar containing the mouse by
rneans of ii suction tube arrd l)laced in their individual test tubcs.

On succeeding days, each flea's feces are cultured in order to
detelmine whether or not the flea actually ingested plague bacilli.
If the culture is positive, the flea is known to be infected. Some
fleas wilt not remain inlected but will rid themselves of plague

b!' means of the normal ernptyirtg l)rocesses of the digestive tract.
Ilowever, most species of fleas which have bccone infected will
retain the infection &nd develop masses oi organisms which can be

seen readily by microscopical examinatiolr of the stomach. Each

flea is given a daily oltportunity to feed on a normal mouse and,
although infected u,'ith large masses of organisms in its stomach,
it will not trasmit plague to the mouse. A flea does not become

infective until a mass develops which 1r'events ingesied blood

from entering the flea's stomach (blockage). When this happens,

the flea remains hungry alter its attempled unsuccessful feedin6,

and it will make repeated efforts to feed. During this active search

for blood, the blocked fler will regurgitall some of the blood

which entered ils esophagus but coukl not ent€r the stomach' By

this process, some of the plague bacilli which iolmed the obstruct-

ing mass may be washed out mechanically with the regurgitated

bl6od through the flea's pt'oboscis and enter the body of the &nimal

on which the flea is trving to feecl. Plague is thus transmiited'

.\lthough fleas may become unblocked, they usually do not do so'
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and the I'csultatit Iack of tluh'iiiotl causes them to shrink in size

and statve t<-r death rvithin 3 ot'4 ila1s. It is during this period

of stalvatiorr and repeated attentpts at trying to feed that the flea

is usualty rlitttgerttus as a \-ector of 1,ltgue.

The Oli,'nlal rat flea. -\etro7)rr7lkt clteopis, is tr vely efficient

vectol of lrlitgut L.recaustl tht' lliitgur: Inlsses tend to form in the

proventriculus, an olgan localed betrveen the esolhagus and the

itomach. The localization of nia-ises in this area causcs blockage

much earliet lhall rrhen the ttta:se-s tend to form in the stomach

1rrc1ier anrl secotttlat'ily ittvarle tlte pt'oventriculus as is the case

irr nrost vill rodent fleas. X. cheopis usually blocks in about 2

rveeks' timc, rvhile u'ild rrxlcnt fleas usually t'equile a much longer
period to become blocked".

SI,IDI' i'ttEI,.\ItATION

Wherr rrne is leadl' to procced rvith slide making, the speci-
mens taken in the field and storerl in i0 per cent alcohol should
be returne(l to water. Beyond this nrrt a great deal of equipment
is necessary for the work. Bletch is necessary. This should be a
l0 per ccnt solution of sodiurn or lotissium h1'dIl:rxide. -\lso al
hand should l-rr a 1 1)tr' cert so]ulion of acetic acid, :5, i5, and 95
per cetrt tlt:ohol, carbol-xylol, cedar oil, rylene and mounting
nrcdia. Cullrol-r-tlol can be nratlc l-r1' piacing a pound bottle ol
ealbrrlitr acirl crlstuls in warnr watel until it dissolves, [hen pour-
ing half of it out of the bottle arrd leplacing the half wilh warm
xylerre. Tlrtr solution should be strong enough so that when cold
there are ciLrbolic acid ellstals plecipitated on the Irottorl. The
best of rricrUscopc slides arrtl cover glirsse3 should alu'ays be used.
FoI thc sirkt of beauty the irutllr)t. trlrvavs prefers tr) use round
covel glasses.

Tu'o things ale of utmost irrrlrortance in trlounting fleas; first,
the bleaching; second, the consislcncl'of the mounting media.

Preparatiorrs trre best car.ried through in watch glasses, those
*.ith grounrl gltss edge. Thi:se stai:k nicell' and are evtrporation
proof, and dtta r'an be rvriltttrr orr the ground glass edge.

_ The s[utlent shtiuld alu.a;s r.eutcmber that before bleaching
there are nrony things of irrterest to be found on the inside ol the
fletr rvhich bleach rvill coinlrletel.r' r.uin fol study. Some of these
things oi intcrest are:

The internal anatomy of the ftea, about which lit e has been
recorded,
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Egss in the abdomen of the feuralt, thcse fr.crluent)r diflering
rvith lht, sltecit:s in size, shape, and number',

The Cvsticercoid stage of thr t&l)r,worln, rvhich trl tirnes ca.lt
be seen in large number.s in thc abdotnens of the fleas,

\errratodrs, rvhich sonrctimcs coruplelell ltacli the abdolrinal
ca v ity-,

Thlcadrvolrn lalvae rvhich rvind itr ser:rrringlr. cnrllcss lengih
irt the fleir's lrod_v.

-\ll tlrcsc.houhl bc sludie(l l)efot(,Ihe lleas iLrc ltlcircheri. 'fo
l)r;[g lh(se thiugs to light, rerrrove thc fleas f|onr ihe;0 per ccnl
alcoltol irr rvhich thtv hirvr beerr stolerl anrl l)lace them in 96 per
itrrl alcohol..\ftel rr ferv lrours lripet olI tl.rc alcolrrl nnrl floorl the
slrlt'itttoirs rvith carbol-xyLrl. Thev w-ill begirr to clcirr inrmediat,cl"v.
(lhetk u'ilh rnicroscolre frrr intelesting points and anv found rvorth
lrrcservirrg cirn be lrleltat'erl fitl nrrutrting b1'l.reing placerl in xvlene
Irrl a slll't tirnc. thtn rlounted in balsam or othel favolr'rl ltount,
iug tnediir. Vrrv saLisfaclor'.t irlenti{ications can uften bc rnirde
flout such ltounts but they are never mouots that one can bok
ulrirn rvith 1r'ide bcctruse of the cloudirrrss of the :-lreciurcns.
(lurbol xvlol troirtmcnt at this tirrre in no wirv affei:ts the slrecirrrens
for bleach trealment. 'fo reIurn Ihe slx,cimerrs to hleach. thorough-
It u'ash balsanr off rvith xylenc and then lrlace thern in carhol-
xr lol. -\fler rr houl oI srr run fleas througlr 96, 5[], 2i) ller cent
alcohril irnd tlri,n to rvrrter. I,'ronr rvatcr' lrlacc specirnens in blear:h.

Ialeas that are lo be rnounted s,ithout precedirrg e\arninr[ion
should lre rnoved front thr 70 1)er certt alcohol into s,ater. [)lact:
dirlit ulxrn the grounrl glass edgo of the rvatclrglass. .\llorv to stancl
in the l'tter irl)out :{ hours. Dririn olf rvater and flood sllecimens
rvilh bloach. It is rlifllcult to sa.v horv lonp; a flea should remain
iu bleach. [)xlrerience in this line is the hest teacher. l)ale fleas
re(luile very little bleaching, dirrk, large fleas tnal' titke a long
tinre. If specirnens are rvatched carefulll', bleaching can be hasten-
erl b1- hetrting the bleach. The prucess shoulcl never be one of boil-
iug and nevel should one heat the bleach to such an extent that
lhe delicate edges of the sclerites becone disfigured. Bleaching
should continue untit the entire visceral mass has disappelred. The
author has al$'a]''s ln'eferled a slorl'roon tempertrture bleaching.
This gives good definition [o the sclerite edges and there is gene-

lallv no distortion. DO NOT OVEIt-BLD.\CH. Ilnder'-bleached
specimens can always be I'eturned to the bleirch, but over-bleached
spocimen.i are oflen rr lolal loss.

-{itpr the bleaching has beett corlpleled the specimtns ,:hould
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be thoroughll' tinserl itt \\'ater. thtII f,)l :i houts susl)enLlerl rll it

I I)er cent srtlution rtf tLttelic rtcid. This is, of course, to neutralizt'
,rnl bleach lernaining in the sl)ecinrens. -\fter s'ashing olf the acetir
ircitl rvith rvater ihe flcas -should ltt rul tllt'or.tgh the alcohol solu-

1i(,rr. 2ir. 50. i5, arrtl 96 lter cent. sevt'r'al hottrs eirch. [itottl the
irlcohols run the specirtttns inlo ccrhol-x\-lol. Aftet a ferv hours
rhtck for cle{r'nes-s Nil.h rticl'oscr)l)e. lf thtle is anl' tracc of
r'loucliness lun the fleas l)ack through the lirocess and bleach agltitr'
\Yhen lilcached 1;t opcll"v the fleas shoukl be as cleitr as glitss, \'hetl
taken from the crrbol-xvlol.

Rt,fole mountirrq flt,as otte -chottlal l)lel)itt1' a ntoultling titat.
()n a rvhite irdex citrd lrlace t micrttscrtpe slide and rttark arounrl
il rvith rr 1it'r.rcil. llernovt, slit'le ;rrd tlividr, riutlirtc of slide into li onc
iri( h s(luirres. Diviclc the rni(ldle .rluiu'e u'ith 2 lines running
flrrrr o1r1x;silr cornels. 'l'he lines rvill ctoss at the centel of the
srluale. Oentel at the uross poinl a I inch rourrd covel glrtss,

arrrl outline rvith lrencil. Rr,l)eat l)l'oce-qs \ith Iiltious -,rizes of
srluale arrd r',runrl col'rr glasses. \\'ith such a mat the slrecimens
carr br centercd or the slide. ts cai) lhtl covel glirs-ces rrnd labels
r..hich go olr the erttis.

,\ftel sliecimerrs hirve been bleacherl anrl clealed to ihe sirtis-
ftction of thr rvolkel they should be changed fionr thc clerrring
solution to rllene in rrhich the1.' shoulrl remain for" a da\-. \Vhpn
onc is readl, tri nount, tliursfer the spi:cirncns 1o nerv x1,lene.
SIides arrd c,rvsr glasses should be irt hirnd soaking in g{i |er cent
irlcohol. Dr'1' the cleansirtg alcohol off il slide an(l a cover glass.
lllace thc siide on lhe mountiug mat. Droyr a drolt or trvo uf Canada
balsam or other preferred mounting medium on the center of tl.re
slide and evenll'slrread it ovt,r thc irrea to be cover.cri br the covet.
rliiss. I)ip thc tip of a rli:secting reerllt, irtrr the balsam, irpyrlv
lhe stickl tip to thc fler lo br mounted. lift it fronr the r.rlene irrto
thc balsarn, center', an(l u,itlr a lrair of forcelrs (lrop the colel.
slass into ltlace. 'l'he sl)ecitnen or specimens should not drift.
In rnultiple ll]ounts carc "sltoulil be takrn thrrt ali specimens;rrc
cornpletclr,submelged in the balsam or air u,ill seep into the fleas
and cause thern to tuln black. In t:ase sliecirrrens drift, lift cover.
Sllss, l'eset fletr or fleas and replace cover. Specimens which
lurn biach ntust l)r,unntountcd, r.un back to the irlcohol solutions
and lefl, there until the air escapes, then run back through the
processes again. In case balsarn doe,s not comliletell.sprcad rrndel
col'er glass, add a bit more &'ith a quill or dissecting needle.
\{ounts look verl' much better if not too nuch mounting media is
used and the cover. glass rests snugly against l,he flea.
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Various mounting nretiia should lre givetr triitl b)' the student
bofore he accepts one for use. The author has ahvays u,'orked witlr
halsanr. The skilt with u'hich r.rne mounts rvill depend entilely on
horr rvell he understands the rvorkin5J of thc media. The author
hirs ahval's firefened to use a thin balsam in a rvar.m room. Balsaur
rlot,s noI set raIidl.v but drf ing can be hastened in an oven. Balsanr
sltould be thinnerl lo the consistency rlesir.cd bv irdding xvlene.

Ferv lrersorrs agree as lo the at.l,angernent of fleas ul)on slides.
[[ou'ever', fleirs shou]d never be thrown into the media to drift
\\'here thel' \\'ill as the cot'et' glirss -settles dorvn. Thele shouLl
irls'u1's be sorne definite at rangcment. Fot, exchange put.poses the
l'ri1er lrrefels lo plircc on a slidr ir nrale arrtl a fetrrale of the sirrrrr
spccies, the llr;rle abole the fernale belotv, both \yith legs ut).
lxrlies lralallel with tol) irnrl bottom rif the -qlide, lrcads tu the left,
artrl equidistanl betrveerr centcr of the slide ancl ihe edgc of rL i
ittt:h rourtd covrr gltss, Rare slrecimerrs should llr) rnounted singly
itt lhe i't,itter of a I inch covel glass. 'fo shos' r'alittion, its lrtrnl'
ils 50 rllr'(iiun)-sized fleas can llr nir'elv nrriiltgerl in lrrvs urrdeL
a rf inr:h covet glass.

It is generalll nrrt l gtxrri ptiLctice lo ni\ sl)eaits of flcits undpf
a cot el glass.

\Iittl\' slecialists I)refer to rnount 1[.as rr,'iih herrds lo lhe righi.
-\ithough studenls of lleas ha\,e lirbeled slides u,ith indirL ink

Lrrr the gltss -slide enrls, s'ith ,slncial s'rite-on-glass inks, irnil srite
orr grottnrl cnrls, all nrcticrrlousl.v 1l'clriLlcd slidt,s hiLvt, it nt'aL 1ra1rt,r'
liLlrel lrii:led rrrr t,ach rr,tl. l,ahels shoulrl be irffixeri at thr lime tlle
nourrl is nracle. In tlri.: \\il)-the Iabel rviil dll out lhorougltll iLnrl

rnake a irettel inhir.rg surfirct, as thc balsarn dlies in the o\'(rn. Sonlt
kel nurnber rlrust hr-, grlaced upor the lirbel in llencil so that, \hen
ltbels ale hard L'nou.qh to ink irr, the specirnens can be relelletl
back to the ficld log fot collection tlirta. Label-r should be rh)ne
in india ink rviih ir clow rluill or finc steel pen. Ty'pe specimens
should bt fulthel rrrarkecl rvith sone coloted inl(. What data goes

orr each label is a lnirtter of choir:e. This coilector ;tlaces conrttton
narne of host, location of collection, (late, lrorsollill log nulnber
arl(l his name on right lriLrtd lirbel; [echnical narrc of flea and
ter:hnical nrtrtc of hr,rst on left hand lahel. All rlata on lahels should
I,, ,;rr'"IrrII.r rrrrd neallr l rinled.

Ilefore aflixing labels ot lal.reling upon tht)m, trlake sure legs of
Iht, ,<pecimens itre up.

\\rhen iire slide is finished nd leady [o be slored away it
should represerrt ihe colleclor anrl his skill, and should be some-

llriog of rrhiclr ht tart he justll- ltroud.
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CHAPTER 4

THE ANATOMY OF THE FLEA IN RELATION

TO ITS TAXONOMY

-\s in ttrc tase of all ir.tsccts, tht brxl.r' of tlte fleir is rlivirlcd itttct

heacl. lhoritx itnd a)lriotnen. I]irch of tht'se legions rvitlr its it]rptrr-

(lirges is of laxonomic importance.

H.rd:

Ir fleirs the hcad is divided sotltetinlt-'s b.l a dorsirl sulcus,
s-hich rvhcn [)rescrlt sepe]'irtes the head into antetior and posteriot'

lrarts rvitlt flce Intiletttent betrveen. This hinging lloilt extends
from the;rrrtelrnal 8l'aroves oYer the tol) of the head. The antcnnae.

orie on each sitlc of the head, lie in the anterlnal groove. The nature
of the arrtr:nna as rvell as the groovc occit-sionrrll) ltas imltortitttct:
in classificiLtion. 'I'he atttennal grtxrves divirle the head into rt lrost-
an[enlal region attrl a I)re-antennal regirln. The bristles and s1-,ines

found ulrrn eacll are of titxonomic iml)ortance. The pre-antennal
re5Jion is rlivided into a fot'Nard frorrs, and a lorver gentt. \lan1-
flt'as bear on theil frons a small notch or tubercle s'hich is linorvtt
as the frontal notch ol fi'rintal tubet'clt'. In many cases thc lower'
poltion of the gena is modified into it set'ies of blacli flai teelh
rvhich make uli the genal cornb or ctenidium. In sonre cit-ses tht'
lou'er margin of llre genfl is studded rvith geriLl slrinelets. In flcas
elrs rna.r he absent, ol there ma1, be vestiges of varfirrg densiil',
or sirnplt' e1'cs valiously shaped and generall-v jet blar:k. The
bristlo-s larv in nttule. Generally these lapor evenlv ftour tltr'
liase io thc ti1r. rri'cassionallv tlrev are flattcncd ald hroadcrt,rl at
the iirid-1roint. h some cir-ses blislles tre heavill' pigrnenlcti artd
.1ortt. in s'ltich cr.e tlre)'arc called sl)inifr)rms. In case lhel'e are
? ros's ol lrri:tles on tire cena th,., Ltrver lorv is cirllerl thc ocular'
or fcrral r'on' and the bristle closest to the er.c or e1'e ltositiorr is
crtlled thc ocultl lrlisllr:.

Of thr. nrouth palts, gent.r'allv onlt' the labitl pallrs arc of
sv:terratic value, the length and nutrbcr of slgments riccasionallr'
alrpeirling in rlescriptions. In bat fleas, horvever, the shape of the
maxillae i,q irnportant. These tna)'be truncate or acuminate.
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Thorax !

Oorrsidelablc slrace has been devoted lo the structur.e of bhe
silrhonapteran lhorax, but taxonomicallv the onll lror.tion rvhich
has an"i, glcat significauce is the pronotunr and the absence or
Ilrcsence or it 0f the pronoLal cotnb. \Vhen plesent this cornb
\,aries irr the nuntllcr 0f the stout black teetti. Sometimes ' inr:list-
irtct pseudoslrines" are l)resent and in other cases the teeth ale
short and no l)rore lrigntented than the li).oltotlutr itself.

Le8s I

'l'he ai'r'angernent and nurnbel of ihe bristles on the tarsus of
the flea leg is of considerable irrportance iu generic deliDcatiol.
Occasionalll' the arrrature on the inuel sulface of the hind-coxa
is impolttrlt. Nou. a.nd therr other ltarts oi the flea leg are used
irr taxonomy.

Abdomen:

Three features of ihe flea abdomen nake it of importance
trr-rorrorlicall.r'; the nurnl:er of lou's of bristles on each segmcnt,
the plcsence ol irlrsence of, aud the numLcr of antepygidial bfis-
lles, and thc geritalia. llirch segment t'onsisls of a dorsal tergite
irrrtl a r.eutral stelrrite. The tergite rnay havc its apical bolder'
tientir:ulirte, ol tirjs borclel rla). be arrrcd vith apical spinelets
\.hicir rray be |seudoc'renidia as in sonre bat fleas, or heavy and
tooth-tikrl, or just small pale teeth irs in man) fleas. The VII tergite
rrsuall-v bears ulr to 4 stout aotep,ygidial br,i-stles of var;,ing Iengths
lrd on each side, but these rtay be allsent. The antepi.gidial
l;r'isllcs are of taxor)orlic importance.

modified Seanonls r

Frequeirtlf as ooe bccolltcs better acrluairlled \\'ith fleas, he has

rrrril. to glenci: al Ihe gcrittlia io malie detcr'lninations. The Senitil.
lia ai'e therr, of gleal taxonomic inrportance. In the male the

cllilalia hal.c evolyeil, in part, ft'om the ninth alldominal segmett,
ihe tergite folrning the clasper I'hich consists of a broad plate,
rentlally plokingcd to forrn the manubliunr and do].sall"v llears

thc ln'olubelunce called tlte llrocess of the clasper'. Hinged to the

clasper is its moyabl0 lrrocess the finger (exollodite) vhose shape,

size, and armatule are \.ery siSnificant. Shape, structure and arma-
ture of the IX sternitc are also of taxonomic importance. The
penis \vith ils springs and paramere do occasionally have systema-

tic iurpoliance. In lhe iernalc the trpical outline oI the VII sternite
i-. of tremendous itnportance. Once in a rvhile the armature of
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Llii-. slerrile is irnpoltant taxorrorrticall.r. Soure irvcsiigirtors hale
harl tr tcndt:ncI to nrinirnize the itnlx,rrtaoce of lhe sh;rpe and struc-
lure of the slicruratheca (receptaculum senrinis), a heavily scler-
oiizecl sltrm holding bodl'u'ilhin the abdornen ol lht. fenrale. The
,rr8an consisls rrf a body ol'hel.1 irr)(l a tail oI iPlerdix, the ulipen-
rlix often rviUr a terminal al)l)endagc. In rnost flt,as this oltirn ii
sirtsle. lrut in a ftry it is doultle.
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