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Summary : 

Fle a s Xe no p sylla  c o nfo rmis myc e rini and  Xe no p sylla  ra me sis 

replac e  eac h other on the  same  rodent host (Me rio ne s c rassus) in 
two  habitats that diffe r in substrate  texture  (sand  and  lo e ss-like  
se dime nts, re spe c tive ly). W e  hypo the size d  that the  substrate  is an 
important fac tor de te rmining  flea  d istrib utio n and  studie d  surviva l o f 
la rvae , pupae  and  ne wly emerged  adults a s we ll a s the  rate  o f 
pre -imag inal development o f these  fle a  spe c ie s in sand  and  lo e ss 
re a ring  medium (=substra te ). Te xture  o f re a ring  medium d id  not 
affec t surviva l and  deve lopment ta le  o f e g g s in e ither X. c . 

myc e rini o r X. ra me sis. Larval surviva l and  the  rate  o f deve lopment 
we re  both affec ted  by the  fac tor o f substrate . Surviva l o f X. c . 

myc e rini larvae  wa s sig nific a ntly highe r in sand  than in lo e ss 
substrate , whe re as surviva l o f X. ra me sis larvae  d id  not diffe r in 
diffe re nt substra te s. Larvae  o f both spe c ie s deve lo ped  faster in 
sand  substrate  than in lo e ss substrate . Ma xima l surviva l time  o f X. 
c . myc e rini larvae  that die d  be fo re  pupation d id  not depend  on 
substrate , whe re a s X. ra me sis larvae  survive d  sig nific a ntly lo nger in 
lo e ss than in sand  substrate . Mo st pupae  o f both spe c ie s survive d  
suc c e ssfully on both substra te s, but the  duratio n o f pupal stage s in 
sand  substrate  wa s lo nge r than that in lo e ss substrate  in both 
spe c ie s. Ne wly emerged  adults o f both spe c ie s survive d  simila r 
time  in both sand  and  lo e ss substrate . Irre spe c tive  o f substrate , 
adult X. c . myc e rini survive d  fo r a  sho rte r time  than d id  adult X. 
ra me sis. No  between-sex within-spe c ie s diffe re nc e s in surviva l time  
o f ne wly emerged  adults in sand  ve rsus lo e ss substrate  we re  found  
in X. c . myc e rini. Surviva l time  o f males and  fe male s o f X. ra me sis 

diffe re d  in sand  substrate  but not in lo e ss substrate . 

KEY W O RDS : Xe no p sylla  c o nfo rmis myc e rini, Xe no p sylla  ra me sis, rearing  
medium, substrate  texture, survival, development 

Résumé : EFFETS DU SUBSTRAT SUR LA SURVIE ET LE DÉVELOPPEMENT 
DE PUCES DE RÉGIONS DÉSERTIQUES (SIPHONAPTERA : PULICIDAE) 

De ux p uc e s, Xe no psylla  c onfo rmis myc erini et Xenophylla  rame sis, se  

re tro uve nt l'une  o u l'a utre  sur le  mê me  ro ng e ur hô te  (Me rio ne s 
c rassus) da ns de ux ha b ita ts q ui diffè re nt se lo n la  te xture  du milie u 

(sub stra t : sa b le  o u sé dime nt). Pa rta nt de  l'hyp o thè se  q ue  la  na ture  du 

sub stra t jo ue  un rô le  imp o rta nt da ns la  ré p a rtitio n de  c e s p uc e s, no us 

a vo ns é tudié  la  survie  de  le urs la rve s, p up e s e t je une s a dulte s, a insi 

q ue  le  ta ux de  dé ve lo p p e me nt p ré -ima g lna l da ns de s milie ux 

sa b lo nne ux o u sé dime nta ire s (lo e ss). La  na ture  du sub stra t n'a ffe c te  

p a s la  survie  e t le  ta ux de  dé ve lo p p e me nt de s œ ufs, ni c he z X. c . 
myc erini, ni c he z X. rame sis. La  survie  de s la rve s e t le ur 

dé ve lo p p e me nt so nt to us le s de ux a ffe c té s p a r la  q ua lité  du sub stra t. 

La  survie  de s la rve s de  X. c . myc erini e st p lus é le vé e  da ns le  sa b le , 

a lo rs q ue  c e lle  de s larve s de  X. rame sis n'e st p a s influe nc é e  p a r le  

sub stra t. Le s la rve s de  c ha c une  de s de ux e sp è c e s se  dé ve lo p p e nt 

p lus ra p ide me nt da ns le  sa b le . La  duré e  ma xima le  de  survie  de s 

la rve s de  X. c . myc erini q ui me ure nt a va nt le  sta de  de  p up e  ne  

dé p e nd p a s du sub stra t, ta ndis q ue  le s la rve s de  X. rame sis survive nt 

p lus lo ng te mp s e n milie u sé dime nta ire  q u'e n milie u sa b lo nne ux. La  

p lup a rt de s p up e s de s de ux e sp è c e s survive nt da ns le s de ux sub stra ts, 

ma is la  duré e  de s sta de s de  p up e  e st p lus lo ng ue  da ns le  sa b le . Le s 

je une s a dulte s de s de ux e sp è c e s survive nt un te mp s é g a l da ns le s 

de ux milie ux. Indé p e nda mme nt de  la  na ture  du sub stra t, le s a dulte s 

de  X. c . myc erini vive nt mo ins lo ng te mp s q ue  c e ux de  X. rame sis. 
On n'o b se rve  p a s de  diffé re nc e s inte r-se xe  e t intra -e sp è c e  de s te mp s 

de  survie  de s je une s a dulte s de  X. c . myc erini e ntre  le s de ux 

sub stra ts. Le s te mp s de  survie  de s mâ le s e t de s fe me lle s de  X. rame sis 
so nt diffé re nts e n milie u sa b lo nne ux, ma is p a s e n milie u sé dime nta ire . 

MOTS CLÉS : Xenopsylla  c onformis myc erini, Xenophylla  ramesis, milie u, 

sub stra t, survie , dé ve lo p p e me nt. 

INTRODUCTION 

Fleas (Sip ho nap tera) alternate betw een p erio d s o f 

o ccurring o n the ho st bo d y and p erio d s o ccur­

ring in the nest o r burro w o f the ho st. Thus, flea 

d istribution is d etermined no t o nly by the d istribution 

o f their ho sts, but also by env iro nmental facto rs. Fur­

thermo re, the flea life cycle also suggests strong env i­

ro nmental effects o n their distribution because, in most 

cases, pre-imaginal flea d ev elo p ment is entirely o ff-host 

and the survival o f immature fleas is, thus, d ep end ent 

o n microclimatic co nd itio ns o f host burro w o r nest (e.g . 

Gerasimo va, 1979; Z o lo to va & A fanasieva, 1971). These 

microclimatic parameters are variable amo ng host habi­

tats. 

W e stud ied the d istribution o f fleas am o ng d ifferent 

ro d ent ho sts o ccup y ing d ifferent habitats in the Negev 

desert, Israel (Krasno v et al, 1997, 1998) . It w as fo und 

that the rep lacement o f o ne sp ecies o f flea, Xenopsylla 

conformis mycerini (Ro thschild , 1904) w ith ano ther 

Xenopsylla ramesis (Ro thschild , 1904) o ccurred o n the 

same rodent host Meriones crassus Sundevall, 1842 bet-
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w een tw o d ifferent habitats situated at the o p p o site 

sid es o f a steep precip itatio n grad ient. Burro w s o f M. 

crassus in tw o habitats sho w ed large d ifferences in 

architecture (Shenbro t et al, in p ress) . Burro w s in 

"mesic " habitat w ere much mo re ventilated than tho se 

in "xeric" habitats resulting in betw een-habitat d iffe­

rences in burro w micro climate. Air temp erature w as 

lo w er and relative humid ity w as higher in burro w s in 

"mesic " habitats than tho se in burro w s in "xeric" habi­

tats. A ttempting to exp lain the pattern o f d istribution 

o f the tw o sp ec ies, w e stud ied the effect o f air tem­

perature and relative humid ity o n survival and rate o f 

d ev elo p ment o f pre-imaginal fleas as w ell as o n resis­

tance to starvation o f adult insects (Krasno v et al., 

2001a, b; 2002) . W e receiv ed co ntrad icto ry results and 

co nc lud ed that p arato p ic habitat d istribution o f X. c. 

m ycerini and X. ram esis canno t b e exp lained by the 

d ifferential resp o nse to d ifferent micro climatic co nd i­

tio ns o nly . Other facto rs, such as betw een-habitat dif­

ference in so il texture, sho uld also b e invo lved . 

The substrate in X. c. m ycerini ("xeric") habitats is 

rep resented by sand , w hereas that in X. ram esis 

("mesic") habitats is represented by loess-like sed iments 

(Krasno v et al., 1997; Shenbro t et al, in p ress) . This 

d if ference p resumably causes d ifferent so il mo isture, 

w hich can inf luence bo th d ev elo p ment time and sur­

vival o f pre-imaginal fleas. Furthermo re, a flea c o c o o n 

is co v ered b y ad hering particles o f the nest substrate. 

Sand and lo ess particles d iffer in size and in physical 

p ro perties. Co nsequently , w e assumed that c o c o o n 

co v erag es built o f sand o r lo ess co uld d iffer in their 

abilities to abso rb w ater, w hile active w ater v ap o ur 

up take has b een sho w n to b e impo rtant fo r c o c o o ned 

fleas (Ed ney , 1947a; Rud o lp h & Knulle, 1982) . 

W e hyp o thesized that the substrate is an impo rtant 

facto r d etermining flea d istribution. To test this hy p o ­

thesis w e stud ied survival and d ev elo p ment o f X. c. 

m ycerini and X. ram esis in sand and lo ess rearing 

med ium. W e pred icted that the texture o f substrate 

w o uld affect the survival o f pre-imaginal and new ly 

emerg ed adults o f X. c. m ycerini and X. ram esis as w ell 

as the rate o f pre-imaginal d ev elo p ment, all else being 

equal. W e also pred icted that survival and d ev elo p ment 

o f X. c. m ycerini w o uld b e higher in sand rearing 

med ium than in lo ess rearing med ium w hereas the 

o p p o site w o uld be true fo r X. ram esis. 

MATERIALS AND METHODS 

FLEAS AND THEIR HOSTS 

Flea eg g s w ere o btained fro m a labo rato ry co lo ny 

o f fleas started fro m field -co llected sp ec imens o n 

M. crassus using the rearing pro ced ures fo llow ing 

by Silverman et al. ( 1981) and Metzger & Rust (1997) . 

Details o f flea rearing p ro ced ures are d escribed elsew ­

here (Krasno v et al., 2001a, b ) . The labo rato ry co lo ny 

o f M. crassus w as established fro m animals cap tured 

in the field . A nimals w ere bred and maintained at o ur 

labo rato ry fo r fo ur years. Millet seed s and leav es o f 

Atriplex halim us w ere fed ad libitum . Co lo nies o f 

bo th fleas and ro d ents w ere maintained at 25°C and 

75 % RH w ith a p ho to p erio d o f 12:12 (Light:Dark) h. 

EXPERIMENTAL DESIGN 

Flea eggs w ere co llected daily o n p ieces o f filter p ap er 

p laced in a p an und er the ro d ent's nest b o x . Female 

fleas o v ip o sited o n these p ieces o f filter p ap er. Eggs 

o n filter p ap er w ere then transferred into 20 ml glass 

vials that co ntained a thin layer o f c lean sand o r lo ess 

(fro m nine to 18 eg g s p er v ial) . Vials w ere co v ered 

w ith 5 x 5 cm nylo n screen held by a rubber band . 

A fter eg g s hatched , the larvae w ere transferred into 

ano ther vial w ith c lean sand o r lo ess and dry bo v ine 

b lo o d (larvae nutrient m ed ium ) . There w ere eight to 

12 larvae p er vial. A fter p up atio n the p ro ced ure w as 

rep eated as d escribed abo v e. There w ere fo ur to five 

c o c o o ns p er vial. A fter the imago emerg ed , each flea 

w as transferred into a new individual vial w ith a thin 

layer o f sand o r lo ess. Sand and lo ess material w ere 

taken fro m the natural lo calities inhabited by X. c. 

m ycerini and X. ram esis, respectively . 

All eggs, larvae, c o c o o ns and new ly em erg ed fleas 

w ere maintained at 25° C air temperature and 75 % RH. 

Temp erature w as regulated in refrigerated incubato rs 

(FO C225E, Velp Scientifica srl, Milano , Italy). Humidity 

w as regulated in 38 x 23 x 13 cm acrylic humid ity 

chambers using saturated so lutio n o f po tassium chlo ­

ride as d escribed by W insto n & Bates ( 1960) . Tem p e­

rature and humidity w ere mo nito red using Fisherbrand 

Traceable Humid ity / Temperature Pen w ith Memo ry 

(Fisher Scientific Internatio nal, NJ, USA ). Thus, there 

w ere tw o exp erimental treatments (sand substrate and 

lo ess substrate) fo r each o f three pre-imaginal stages 

and new ly em erg ed adults o f each sp ec ies rep licated 

10 to 40 times. 

DATA RECORDING 

Vials w ere c h e c ke d tw ice a d ay . Eg g v ials w ere 

c hec ked until all larvae hatched o r fo r 30 co nsecutiv e 

d ays. An egg w as co nsid ered d ead if no larva hatched 

during this p erio d . The vials o f larvae w ere c hec ked 

until all larvae c o c o o ned o r w ere d ead . Finally, vials 

that co ntained c o c o o ns w ere checked either until all 

adults emerg ed fro m their c o c o o ns o r fo r 40 c o nse­

cutive d ays. W e sho o k the c o c o o n vials slightly during 

checking to stimulate flea em erg ence, because v ibra­

tion has b een rep o rted to stimulate flea em erg enc e 
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from c o c o o ns (Marshall, 1981) . A pupa w as co nsid ered 

d ead if after 40 d no adult emerg ed . These c o c o o ns 

w ere d issected and the stage at w hich the immature 

flea d ied (larva, p up a o r p re-emerg ed imag o ) w as 

identified . A fter d eath o f each new ly emerg ed imago , 

w e identified its sex by examinatio n o f its genitalia 

und er light micro sco p y . Identificatio n o f imago sex 

allo w ed us to identify w hether each survivor to adul­

tho o d egg , larva o r c o c o o n w as male o r female. 

STATISTICAL PROCESSING 

To adjust deviations from normality, w e applied an arc-

sine transfo rmatio n o n the p ro p o rtio n o f eggs, larvae 

o r p up ae that survived. Log-transformation w as applied 

o n the duratio n o f maximal survival time o f a larva. 

Survival w as analyzed using 2-w ay A NOVA S w ith sp e­

cies and substrate (= rearing med ium) as ind ep end ent 

variables and the pro po rtio n o f pre-imaginal fleas that 

survived as a d ep end ent variable. Construction o f addi­

tional c o c o o ns by larvae in d ep end enc e o n substrate 

w as analyzed using multi-w ay cro ss-tabulatio n tables 

and Pearso n tests fo r each 2-w ay table. The effect 

o f the rearing med ium o n the maximal survival time 

o f larvae and new ly emerg ed adults w as also tested 

using 2-w ay A NOVA w ith sp ec ies and substrate as 

ind ep end ent variables. 

The duratio n o f d ev elo p mental time o f each stage 

w as lo g -transfo rmed to ad just d ev iatio ns from no rma­

lity. Dev elo p mental time w as analyzed using 2-w ay 

A NOVA S w ith sp ec ies and substrate as ind ep end ent 

variables. In add itio n, 2-w ay A NOVA S w ith substrate 

and sex as ind ep end ent variables w ere app lied for the 

analyses o f sex d ifferences in d ev elo p ment time in 

d ep end enc e o n substrate fo r each pre-imaginal stage 

in each flea sp ec ies. 

To test the effect o f substrate o n sex ratio o f new ly 

emerg ed adults w e analyzed 2 x 2 co nting ency tables 

o f em erg ed males and females using Yates co rrected 

x2 tests. W e (a) searched fo r d ev iatio n o f sex ratio o f 

new ly emerg ed adults fro m 1:1 and ( b ) co mp ared this 

sex ratio w ithin-sp ecies betw een-substrate. Tukey 's 

Ho nest Significant Difference (H SD ) tests fo r unequal 

samp les w ere ap p lied fo r all multip le co mp ariso ns. 

Data are p resented as mean ± S.E. 

RESULTS 

SURVIVAL OF PRE-IMAGINAL FLEAS 

Texture o f rearing med ium did no t affect survival 

o f eg g s in either flea sp ecies ( F = 0.02; df = 1, 

23 and F= 0.16 ; df= 1, 16; respectively, P> 0.05 

fo r bo th) . In add itio n, no significant interactio n bet­

w een sp ec ies and substrate facto rs in their influence 

o n egg survival w as fo und as w ell (F = 0.08; df = 1, 

39; P> 0.05) . Survival o f X. c. mycerini eggs av eraged 

76.5±3-2 % , w hereas that o f X. ramesis eggs av eraged 

78.6±3.7 % (Tukey 's HSD tests, P > 0.05) . 

Larval surv ival w as af f ec ted by substrate texture 

(F= 12.11; df = 1, 136; P< 0.05) . Survival o f X. c. myce­

rini larvae w as significantly higher in sand substrate 

than in lo ess substrate, w hereas survival o f X. ramesis 

larvae did no t d iffer significantly in d ifferent substrates 

(Tukey 's HSD tests, P< 0.05 and P> 0.2, respectively ) 

(Fig. 1) . Maximal survival time o f X. c. mycerini larvae 

that d ied befo re pupatio n did no t d ep end o n substrate 

texture and av erag ed 20.8±1.5 d ays in sand and 

21.6±1.3 days in lo ess (Tukey 's HSD test, P> 0.5) . In 

contrast, X. ramesis larvae survived significantly lo nger 

in lo ess than in sand (25.9±1.7 days versus 20.2±1.3 

days, respectively, Tukey 's HSD test, P < 0.05). In addi­

tion, maximal survival time did no t d iffer significantly 

am o ng X. c. mycerini larvae in sand substrate, X. c. 

mycerini larvae in lo ess substrate and X. ramesis larvae 

in sand substrate (Tukey 's HSD test, P > 0.05) , w he­

reas maximal survival time o f X. ramesis larvae in lo ess 

substrate w as significantly lo nger than in o ther 3 treat­

ments (Tukey 's HSD test, P < 0.05) . 

Fig. 1 - Mean (± S.E.) percentage o f larval survival o f X. c. myce­

rini and X. ramesis in different substrates. 

So m e larvae left their c o c o o ns so o n after co nstructio n 

and co nstructed new c o c o o ns. In general, larvae o f 

bo th fleas build these add itio nal c o c o o ns w ith similar 

frequency (in 49.5 % cases fo r X. c. mycerini and in 

52.6 % cases fo r X. ramesis, Pearso n's x2 = 1.82 ; df = 1 ; 

P> 0.05) . Ho w ev er, the frequency o f the co nstructio n 

o f additional co co o ns in sand versus lo ess substrate did 

no t d iffer significantly in X. c. mycerini (in 23.8 versus 

25.7 % cases, respectively , Pearso n's x2 = 0.03; df = 1; 

P > 0.05) . In contrast, X. ramesis co nstructed additional 

c o c o o ns in sand significantly mo re o ften that they did 
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in lo ess (in 38.2 versus 14.4 % cases, respectively , 

Pearso n's x2 = 8.03 ; df = 1; P > 0.05) . Nevertheless, 

the substrate had no effect o n the amo unt o f additional 

c o c o o ns co nstructed by either sp ecies ( F= 2.62; df = 1, 

42 fo r X. c. m ycerini and F = 0.24; df = 1, 48 fo r X. 

ram esis, P> 0.05 fo r bo th) . 

Most p up ae o f bo th sp ecies survived in bo th types o f 

rearing med ium. Only fo ur o f 263 exp erimental p up ae 

d ied befo re em erg ence . All w ere X. c. m ycerini ( tw o 

in sand and tw o in lo ess) and d ied being in c o c o o ns 

o n a p re-p up al stage. 

DEVELOPMENT OF PRE-IMAGINAL FLEAS 

No general effect o f substrate o n the p erio d o f d ev e­

lo p ment fro m egg to larva w as fo und in bo th flea sp e­

cies ( F = 0.1, df = 1, 832, P > 0.05) . Larvae o f X. c. 

m ycerini hatched fro m eg g s slightly, albeit signifi­

cantly , later than tho se o f X. ram esis, all else being 

equal (F = 6.2, df= 1, 832, P< 0.05; Fig. 2) . Female 

eggs o f X. c. m ycerini d ev elo p ed to hatching faster 

than male eg g s d id (5.40+– 0.06 versus 5.6 2±0.07 days, 

respectively , F= 7.7, df = 1, 105, P < 0.05) , w hereas 

no significant b etw een-sex d ifference in time to hat­

ching w as fo und in X. ram esis (5.37±0.06 days fo r 

females versus 5.33±0.0 6 d ays fo r males, F = 0.4, 

df = 1, 151, P > 0.05) . In add itio n, male eggs o f X. c. 

m ycerini d ev elo p ed faster in sand substrate than in 

lo ess substrate (5.58±0.08 versus 6.00±0.01 d ays, res­

pectively , Tukey 's HSD test, P < 0.05) , w hereas no 

effect o f substrate w as fo und fo r females o f this sp e­

c ies as w ell as fo r bo th sexes o f X. ram esis (Tukey 's 

HSD tests, P > 0.05) . 

Fig. 2 - Mean (± S.E.) development time (days) o f eggs o f X. c. myce­

rini and X. ramesis in different substrates. 

Duratio n o f time fro m larva hatching to p up atio n w as 

affected by sp ecies and substrate facto rs ( F = 17.87; 

df = 1, 326 and F= 18.16; df = 1, 326; respectively , 

P < 0.05 fo r bo th) . Larvae o f bo th sp ec ies d ev elo p ed 

faster in sand substrate than in lo ess substrate (Fig . 3) . 

In add itio n, larvae o f X. ram esis attained p up atio n for 

sho rter time perio d than tho se o f X. c. m ycerini, all 

else being equal (Fig . 3) . The rate o f d ev elo p ment d id 

no t d iffer significantly betw een female and male larvae 

o f o ccurring in the same substrate ( X c. m ycerini: 

18.52±0.49 days fo r females and 18.20±0.59 d ays fo r 

males; F= 0.5, df= 1, 323; X. ram esis: 17.18±0.38 d ays 

fo r females and 17.24±0.48 d ays fo r males; F = 3-4, 

df= 1, 455; P> 0.05 fo r bo th) . 

Substrate facto r significantly affected the duratio n o f 

p up al d ev elo p ment ( F = 10.02, df = 1, 258; P< 0.05) , 

w hereas the resp o nse to this facto r d id no t d iffer bet­

w een sp ec ies ( F = 0.11, df = 1, 258; P> 0.05) . In add i­

tio n, interactio n betw een these tw o facto rs w as no n­

significant ( F = 0.06, df = 1, 258; P> 0.05) . Duratio n 

o f pupal stages in sand substrate w as lo nger than that 

in lo ess substrate in bo th sp ec ies (Fig . 4) . In general, 

duratio n o f female p up atio n w as significantly sho rter 

Fig. 3 - Mean (± S.E.) development time (days) o f larvae o f X. c. 

mycerini and X. ramesis in different substrates. 

Fig. 4 - Mean (± S.E.) pupation time (days) o f X. c. mycerini and 

X. ramesis in different substrates. 
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than that o f male p up atio n in bo th sp ec ies ( X c. 

mycerini: 14.77 ± 0.27 days fo r females and 17.45 ± 0.44 

days fo r males; F = 7.38, df = 1, 105; X ramesis: 

13-75 ±0. 16 days fo r females and 17.54 ± 0.24 days fo r 

males; F= 159.31, df = 1, 149; P < 0.05 for bo th) . 

Furthermo re, p up atio n time o f X c. mycerini females 

d id no t d ep end ed o n substrate texture (Tukey 's HSD 

test, P> 0.05) , w hereas the o p p o site w as true for males 

o f this sp ecies (Tukey 's HSD test, P< 0.05) w ith p up a­

tion time being sho rter in lo ess substrate (Table I) . In 

co ntrast, d ev elo p ment rates o f male and female p up ae 

o f X ramesis w ere similar in the sam e substrate 

(Tukey 's HSD tests, P > 0.05; Tab le I) . 

Species Sex Substrate D uration of pupal 

development (days) 

X. c. mycerini Female Sand 14.9 ± 0.3 
Loess 14.3 ± 0.4 

Male Sand 17.7 ± 0.5 
Loess 15.5 ± 1.3 

X. ramesis Female Sand 14.0 ± 0.2 
Loess 13.5 ± 0.2 

Male Sand 17.4 ± 0.3 
Loess 17.4 ± 0.5 

Table I - Mean (± S.E.) duration o f development o f male and female 
pupae o f X. c. mycerini and X. ramesis in different substrates. 

SURVIVAL TIME AND SEX RATIO OF NEWLY 

EMERGED ADULTS 

In general, new ly emerg ed adults survived for a similar 

time in bo th sand and lo ess substrate. This w as true 

fo r bo th sp ecies ( F = 0.01, df = 1, 256; P > 0.05) . 

Ho w ev er, irrespective o f substrate, adult X. c. myce­

rini su rv iv ed fo r a sho rter tim e than d id ad ult 

X ramesis ( F = 66.01, df = 1, 256; P < 0.05; Fig. 5) . 

No b etw een-sex w ithin-sp ecies d if ferences in survival 

time o f new ly emerg ed adults in sand versus lo ess sub­

strate w ere fo und in X c. mycerini ( F = 0.02 for sex 

facto r, F= 0.26 fo r substrate facto r, F= 0.16 fo r inter­

actio n o f these facto rs; df '= 1, 103; P > 0.05 fo r bo th) . 

In co ntrast, males and females o f X. ramesis sho w ed 

d if ference in survival rate in sand substrate but no t in 

lo ess substrate ( F = 6.43, df = 1, 149; P < 0.05 fo r sex 

x substrate facto r interactio n) w ith females surviving 

less time than males (Tukey 's HSD test, P < 0.05; 

Fig. 5) . 

Sex ratio o f new ly em erg ed adult X. c. mycerini d id 

no t d iffer significantly either fro m 1:1 (Yates co rrected 

X 2 = 2.07 in sand and X2 = 1-93 in lo ess, df = 1, 

P > 0.05) o r betw een sand and lo ess substrate (Yates 

co rrected X2 = 1.04, df = 1, P> 0.05) . Sex ratio o f new ly 

emerg ed X ramesis in sand substrate d id no t dev iate 

significantly from 1:1 (Yates co rrected X2 = 0.05, df = 1, 

P > 0.05) , w hereas significant female bias o ccurred in 

lo ess substrate (71 % o n new ly emerg ed fleas w ere 

females, Yates co rrected X2 = 5.87, df = 1, P < 0.05) . 

DISCUSSIO N 

SUBSTRATE TEXTURE EFFECT 

The texture o f substrate can d etermine its micro ­

climatic co nd itio ns. Fo r examp le, lo ess so ils in 

all deserts abso rb w ater best and their hyd ro -

thermic pro perties are similar to tho se o f mead o w soils 

(Ko ro v in, 1961) . This leads to increase o f humidity that 

w as sho w n to b e very impo rtant in fleas (Sharif, 1949; 

Smith, 1951; Yino n et al. 1967; Krasno v et al, 2001a) . 

Our pred ictio ns ap p eared to b e true for larval survival 

o f X c. mycerini o nly . Larval survival o f this sp ecies 

w as significantly higher in sand substrate than in lo ess 

substrate, w hereas it did no t differ significantly betw een 

substrates in X ramesis. Unlike o ur pred ictio ns, there 

w as no effect o f the substrate o n the survival and d eve­

lo p ment o f eggs and survival o f p up ae and o f new ly 

em erg ed adults. In add itio n, larvae o f bo th sp ecies 

d ev elo p ed faster in sand substrate that in lo ess sub­

strate, w hereas the o p p o site w as the case fo r pupal 

d ev elo p ment. 

Eggs, p up ae and new ly emerg ed adults p ro v ed to b e 

the less sensitive stages to the variation in rearing 

med ium. As mentio ned abo v e, the important d ifference 

betw een sand and lo ess lies in their ability to abso rb 

w ater and , thus, to affect the relative humid ity o f the 

immature flea env iro nment. Ho w ev er, flea eggs are 

highly resistant to lo w humidity (Krasno v et al, 2001a) 

and , co nsequently , the variation in substrate texture 

had no ev id ent effect o n survival and rate o f d ev e­

lo p ment. 

Fig. 5 - Mean (± S.E.) survival time o f newly emerged male and 

female X. c. mycerini and X. ramesis in different substrates. 
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Flea p up ae are enc lo sed w ithin the pro tective micro en-

v iro nment o f a c o c o o n (Ed ney , 1947a) and , thus, are 

also resistant to lo w humid ity , at least, in terms o f sur­

vival (Krasno v et al., 2001a) . Ho w ev er, p up ae are 

unable to abso rb atmo sp heric w ater via their rectal sac 

at lo w humid ity (Ed ney , 1947b) . This can exp lain the 

lo w er pupatio n time o f bo th fleas in sand than in lo ess 

rearing med ium. 

The ab senc e o f the substrate texture effect o n imago 

fleas may be d ue to the relative to lerance o f adult X. c. 

m ycerini and X. ram esis to d issicatio n (Krasno v et al, 

2002) , altho ugh earlier results d emo nstrated the d ecline 

o f flea survival w ith the humid ity d ecrease d ue to high 

w ater lo ss, p resumably because m uch time is spent 

w ith the sp iracles o p en (Silverman et al., 1981; Co o ke, 

1999) . This is esp ecially true fo r new ly em erg ed indi­

v iduals (Krasno v et al., 2002) . These individuals hav e 

lo w er mass sp ecif ic metabo lic rates (Field en et al., 

2001) and , co nsequently , lo w er o xy g en requirements 

and w ater lo ss fro m the tracheal system (Bursell, 1974) 

than fed fleas. 

The larval stage p ro v ed to be the mo st sensitive to the 

texture o f the rearing med ium. This sensitivity w as 

manifested d ifferently in the tw o fleas. In X. c. m yce­

rini, survival o f larvae w as significantly higher in sand 

than in lo ess rearing med ium, but maximal survival 

time o f larv ae that d ied b ef o re p up atio n d id no t 

d ep end o n substrate texture. In X. ram esis, larvae sur­

v ived similarly in d ifferent substrates, but maximal 

survival time in lo ess rearing med ium w as higher than 

that in sand rearing med ium. Furthermo re, survival o f 

X. c. m ycerini larvae in lo ess substrate w as very lo w 

and attained o nly 13.4 %. These data suppo rt find ings 

o f Ed ney ( 1947b ) that the lo ngev ity o f larval Xenop­

sy lla brasiliensis (Baker, 1904) and Xenopsy lla cheopis 

(Ro thschild , 1903) d ecreased drastically in the rearing 

med ium w ith fine sand in co mp ariso n w ith that in the 

rearing med ium w ith co arse sand . Nevertheless, in 

spite o f sharp size d if ferences o f sand and lo ess par­

ticles, larvae o f bo th sp ec ies d emo nstrated an ability 

to use particles o f bo th types to ad here to the c o c o o n 

fo r camo uf lag e. Ho w ev er, higher f requency o f the 

co nstructio n o f additional c o c o o ns by X. ram esis larvae 

in sand substrate in co mp ariso n w ith lo ess substrate 

suggests that this sp ec ies is ad ap ted to build c o c o o ns 

using small substrate p artic les, w hereas it leav es 

c o c o o ns and co nstructs the new o nes if o nly relatively 

large particles o f substrate are available. 

BETWEEN-SEX DIFFERENCES 

In general, d ev elo p ment o f immature females in X. c. 

m ycerini and X. ram esis w as sho rter than that o f males 

o n the egg and pupal stages. Prev io usly , the sho rter 

p erio d o f female d ev elo p ment w as rep o rted o nly fo r 

pupal stages o f Ctenocephalides felis ( Bo u c hé , 1835) 

(see Hud so n & Prince, 1958; Metzger & Rust, 1997) . 

Metzger & Rust (1997) suggested that this p rev ents 

inbreed ing o f fleas fro m the same co ho rt. Ho w ev er, 

w e mentio ned earlier that the time d ifference b etw een 

female and male d ev elo p ment rate seem s to b e to o 

small, albeit significant, fo r this exp lanatio n to b e rea­

so nable (Krasno v et al., 2001b ) . Instead , w e suggested 

that immature males are mo re sensitive to env iro n­

mental facto rs than immature females, at least in X. c. 

m ycerini. Ind eed , male eg g s and p up ae o f this sp e­

cies d ev elo p ed at a d ifferent rate in d ifferent rearing 

med iums, w hereas no effect w as fo und fo r females. 

Prev io usly , w e fo und that male and female eg g s and 

larvae o f X. c. m ycerini resp o nd ed d ifferently to air 

temp erature and relative humid ity (Krasno v et al., 

2001b ) . 

A no ther d ifferential betw een-sex resp o nse to substrate 

texture w as d emo nstrated by new ly em erg ed adult 

X. ram esis. In this sp ecies, males and females surv ived 

d ifferently in sand substrate but no t in lo ess substrate 

w ith females being less to lerant than males. This sug­

gests higher sensitivity o f females to the substrate, 

unlike the pattern fo und in pre-imaginal X. c. m yce­

rini, altho ugh adult female fleas hav e b een sho w n to 

b e less sensitive than males to fluctuatio ns in air tem­

perature and relative humid ity (Krasno v et al., 2002) . 

SUBSTRATE TEXTURE AND HABITAT DISTRIBUTION 

Contrary to o ur exp ectatio ns, the effect o f substrate o n 

bo th survival and d ev elo p ment rate o f pre-imaginal and 

adult fleas did no t ap p ear to b e esp ecially stro ng. Fur­

thermo re, results o f this study d emo nstrated that it is 

d ifficult to exp lain habitat d istribution o f X. c. m yce­

rini and X. ram esis by betw een-habitat d if ference in 

the substrate alo ne. Nevertheless, higher survival o f X. 

c. m ycerini larvae in sand rearing med ium can partly 

exp lain the absence o f this sp ec ies fro m “ mesic lo ess”  

habitats, w hereas lo nger survival time o f X. ram esis 

larvae in lo ess rearing med ium can partly exp lain its 

ab senc e fro m “ xeric sand y”  habitats. Bo th these pat­

terns suggest that betw een-habitat substrate d ifferences 

can p resumably affect habitat d istribution o f fleas, all 

else being equal. Taking into acco unt o ur prev io us 

results (Krasno v et al, 2001a, 2001b , 2002) , w e p ro ­

p o se that the facto r o f substrate texture interacts w ith 

o ther env iro nmental factors (air temperature and humi­

d ity), and betw een-habitat d istribution o f the tw o fleas 

can b e exp lained b y an interactio n o f all three facto rs. 

Thus, the bo ttlenecks fo r the o ccurrence o f X. ram esis 

in "xeric sand " habitats are (a) sensitivity o f eggs, 

larvae and new ly emerg ed imago to lo w relative humi­

dity (Krasno v et al, 2001a, 2002) and (b ) fast mo rta­

lity o f larvae in sand substrate (this stud y). Bo ttlenecks 

fo r the o ccurrence o f X. c. m ycerini in "mesic lo ess" 

habitats are (a) sensitiv ity o f p up ae to lo w temp era-
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ture (Krasno v et al, 2001b ) and (b ) lo w survival o f 

larvae in lo ess substrate (this stud y). 

A lternatively, the tw o flea sp ec ies can o ccup y d ifferent 

habitats d ue to the result o f interspecific co mp etitio n 

w ith adult fleas co mp eting fo r b lo o d o f a ho st (Day & 

Bento n, 1980) and / or larvae co mp eting fo r sp ace and 

fo o d reso urces in the nest o f a ho st (Marshall, 1981) . 

Co mpetitive o utco me can also d ep end o n micro climate 

co nd itio ns and/ or larval fo o d abund ance because o f 

d if ference in fo rag ing ef f ic iency b e tw een sp ec ies. 

“ Co mpetitio n”  and "env iro nmental p references" exp la­

natio ns o f habitat d istribution o f X. c. mycerini and 

X. ramesis are no t necessarily exclusiv e o f each o ther. 

Ho w ev er, the "co mp etitio n" hyp o thesis still requires 

exp erimental testing. 
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