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 Introduction:
In biogeography, mechanisms of physical and environmental barriers 
shape the distribution of species. According to Darwin, these barriers also 
play an important role in the geographical ranges of organisms (Darwin 
������� 7KH� JHRJUDSKLF� UDQJH� RI� D� VSHFLHV� UHÀHFWV� WKH� VSHFLHV� HFRORJL-
FDO�QLFKH��%URZQ�DQG�/RPROLQR��������$Q�HFRORJLFDO�QLFKH� LV�GH¿QHG�DV�
the resources required for a species to persist in an environment. Two 
IDFWRUV� LQÀXHQFH� WKH� EUHDGWK� RI� DQ� HFRORJLFDO� QLFKH�� DELRWLF� DQG� ELRWLF�
conditions. Abiotic factors include  the physical space a species occu-
pies, the temperature, and seasonality, whereas biotic factors include 
food requirements and the interactions between species (Hutchinson 
1959). A species’ niche breadth relies heavily on its specialization be-
cause its ecological niche is shaped by interactions with other species.
7KH� VSHFLDOL]DWLRQ� RI� D� VSHFLHV� LV� LWV� DGDSWDWLRQ� WR� D� VSHFL¿F� UHVRXUFH��
function, or environment (Dictionary.com 2021). Species specializa-
WLRQ� LQÀXHQFHV� WKH� GLVWULEXWLRQ� RI� D� VSHFLHV� DV� LW� VKDSHV� WKH� QLFKH�
breadth of these organisms. A negative correlation has been discov-
ered between the degree of specialization and the geographic range of 
a species (Krasnov et al. 2005). This correlation aligns with the niche 
breadth hypothesis which states that species able to tolerate a broad 
range of environmental conditions tend to have more suitable hab-
itats to occupy, and therefore, have wider geographic ranges than spe-
cies that tolerate only a narrow range of conditions (Brown 1984). 
This specialized relationship is frequently demonstrated through para-
site-host interactions. This relationship determines species distributions as 
the parasite and host often coevolve (Parasitic Relationships 2021). The 
interaction of parasites living on hosts and adapting to their environment is 
due to the parasite’s dependency on the host for food. As a result, the dis-
tribution of hosts determines the geographic range of many species of par-
asites (Shenbrot et al. 2007). Consequently, the niche breadth of the par-
asites is also determined by the geographic ranges of hosts. As discussed 
above, specialization shapes niche breadth. In parasite-host relationships, 
KRVW�VSHFL¿FLW\� LV�D�GHWHUPLQDQW� LQ�WKH�OLYDEOH�GLVWULEXWLRQ�RI�WKH�SDUDVLWH��
+RVW�VSHFL¿FLW\�IDOOV�LQWR�WKUHH�FDWHJRULHV��KRVW�VSHFL¿F��KRVW�RSSRUWXQLVWLF��
DQG�RSSRUWXQLVWLF���+RVW�VSHFL¿F�SDUDVLWHV�DUH�KLJKO\�VSHFL¿F�DQG�WKXV�WKH\�
will often have identical tolerances and geographical ranges as a single 
KRVW�VSHFLHV�DV�WKHLU� OLYDELOLW\�GHSHQGV�RQ�KDYLQJ�DFFHVV�WR�WKDW�VSHFL¿F�
host. Host-opportunistic parasites can have several different host species 
and thus are often distributed across the geographic ranges of several 
hosts. Finally, opportunistic parasites can exploit many hosts and therefore 
achieve a geographically scattered abundance (Shenbrot et al. 2007). The 
SDUDVLWH�KRVW�UHODWLRQVKLS�RI�ÀHDV�DQG�VPDOO�URGHQWV�RIIHUV�WKH�LGHDO�PRGHO�
of this relationship, although these interactions occur in many other organ-
LVPV�DV�ZHOO��'XH�WR�WKH�LPSRUWDQFH�RI�KRVW�VSHFL¿FLW\� LQ�WKH�JHRJUDSKLF�
ranges of organisms, we will be studying the parasite-host relationship of 
Rhadinopsylla� VXEVSHFLHV� DQG� WKHLU� VPDOO� URGHQW� KRVWV��6SHFL¿FDOO\�� WKH�
Rhadinopsylla subspecies of R. rectofrontia, R. heiseri, and R. syriaca. 
These subspecies of Rhadinopsylla�DUH�FDWHJRUL]HG�DV�³QHVW�ÀHDV´��QHVW�
ÀHDV� W\SLFDOO\� UHPDLQ�XQGHU�KRVW� VKHOWHU� IRU� WKHLU�HQWLUH� OLIHWLPH� �0HGYH-
dev et al. 2020). Rhadinopsylla subspecies reside in the Holarctic region, 
ZKLFK� LQFOXGHV�1RUWK�$PHULFD� DQG�(XURSH��7KLV� JHQXV� RI� ÀHDV� RIIHUV� D�
PRGHO�IRU�WHVWLQJ�WKH�GLVWULEXWLRQ�RI�ÀHDV�DV�WKH\�GLVSHUVH�YLD�SDUDVLWL]HG�
rodents like ground squirrels, gerbils, voles, and mice across the Holarctic 
UHJLRQ��0HGYHGHY�HW�DO���������$OWKRXJK�KRVW�VSHFL¿FLW\�YDULHV�DPRQJ�WKH�
Rhadinopsylla subspecies, most can feed on many small mammal hosts 
�0HGYHGHY�HW�DO���������7KH�OHYHO�RI�KRVW�VSHFL¿FLW\�ZLWKLQ�R. rectofrontia, 
R. heiseri, and R. syriaca will vary amongst each subspecies, but it also 
reveals the niche breadth and therefore, the geographic range of these 
ÀHDV�� 7KH� SDUDVLWH�KRVW� UHODWLRQVKLS� EHWZHHQ�Rhadinopsylla subspecies 
and small rodents provides us with a better understanding of their distribu-
tion and geographic range. These interactions allow us to form two hypoth-

HVHV�IRU�WKH�SDWWHUQ�DQG�PRGH�RI�GLVWULEXWLRQ�IRU�ÀHDV��)LUVW��ZH��K\SRWKH-
size that Rhadinopsylla rectofrontia, R. heiseri, and R. syriaca have similar 
fundamental niches and geographic ranges despite their global distribu-
tion. Second, we hypothesize that these subspecies formed similar fun-
damental niches and distribution via dispersal of their small rodent hosts.

Methods:
This study included 216 samples from the Rhadinopsylla genus, collect-
HG� LQ� WKH� ¿HOG� E\�RXWVLGH� VRXUFHV�ZLWKLQ� WKH� ODVW� ¿IW\� \HDUV��7KLV� JHQXV�
contains 18 different subspecies, but we compared the three subspecies 
of R. heiseri, R. syriaca, and R. rectofrontia. We chose these subspecies 
because they had large sample sizes and their samples had relatively 
few replicated coordinates. The R. heiseri subspecies contained 30 sam-
ples, and of those samples, there were 19 independent locations due to 
7 samples with replicates. R. heiseri samples were collected from loca-
tions in Utah and California, U.S.A. The R. syriaca subspecies contained 
18 samples, and of those, there were 6 independent locations due to 3 
samples with replicated coordinates. The R. syriaca samples were collect-
ed from locations in Lebanon and Syria. The R. rectofrontia subspecies 
contained 19 samples, and of those samples, there were 10 independent 
locations due to 5 samples with replicated coordinates. R. rectofrontia 
samples were collected from locations in Japan. The coordinates that 
samples were collected from were used to graph the geographic range, 
and test the possible niche breadth, of the genus and each subspecies. 
These variables were used to test whether the Rhadinopsylla subspecies’ 
range of distribution, mode of distribution, and niche breadths are similar.
7KHVH� WHVWV� ZHUH� DFKLHYHG� YLD� WKH� XVH� RI� 0D[(QW� VRIWZDUH� DQG� WKH�
$UF*,6� PDSSLQJ� V\VWHP�� 0D[(QW� VRIWZDUH� ZDV� XVHG� WR� PDS� WKH� JHR-
graphic range and predict the niche breadth of R. heiseri, R. syriaca, 
and R. rectofrontia. The samples of the Rhadinopsylla genus and sub-
VSHFLHV�ZHUH� UXQ� WKURXJK�0D[(QW� WR� SUHGLFW� WKHLU� JOREDO� QLFKH� EUHDGWK��
7KLV� SURFHVV� FRQVLVWHG� RI� D� WRWDO� RI� IRXU�0D[(QW� WULDOV� DQG� IRXU� LQGLYLG-
XDO� JHRJUDSKLFDO� PDSV�� (DFK� 0D[(QW� WULDO� UXQ� ZDV� EDVHG� RQ� WKH� %,2�
374 Lab Assignment instructions and used the suggested settings.
$ORQJ�ZLWK�0D[(QW�� WKH�$UF*,6�PDSSLQJ�VRIWZDUH�ZDV�XVHG� WR�PDS� WKH�
global locations of the entire Rhadinopsylla genus as a whole,  along 
ZLWK� WKH� VSHFL¿F� VLWHV� RI�R. heiseri, R. syriaca, and R. rectofrontia. We 
utilized ArcGIS because it accurately predicts and displays the geo-
graphic distributions of the Rhadinopsylla genus and subspecies.
The coordinates of the Rhadinopsylla genus were entered into 
ArcGIS to produce a map of their precise locations. Then the co-
ordinates of R. heiseri, R. syriaca, and R. rectofrontia were en-
WHUHG� LQWR� $UF*,6� WR� SURGXFH� D� PDS� RI� WKHLU� GH¿QLWH� ORFDWLRQV�

Results:
Figure 1. The Known Distribution of the Entire Rhadinopsylla Genus Via 
$UF*,6�0DSSLQJ�6RIWZDUH�

The precise localities of the sites in which the 18 Rhadinopsylla subspe-
cies were collected. These samples made up a total of 216 collection 
sites, with 164 of those samples mapped due to replicated coordinates.
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Figure 2. The Known Distribution of the Rhadinopsylla Subspecies, R. 
Syriaca, R. rectofrontia, and R. heiseri� 9LD� $UF*,6� 0DSSLQJ� 6RIWZDUH�

The precise localities of the sites in which the three Rhadinopsylla sub-
species were collected. Of the 67 total samples for all three subspe-
cies, 35 of those locations were mapped due to replicates. R. syri-
aca accounted for 18 total samples and 6 mapped locations within 
Lebanon and Syria. R. rectofrontia accounted for 19 total samples 
and 10 mapped locations within Japan. R. heiseri accounted for 30 to-
tal samples and 19 mapped locations within Utah & California, U.S.A.

Figure 3. Predicted Niche Breadth of the Entire Rhadinopsylla Genus Via 
0D[(QW�

The fundamental niche of the Rhadinopsylla genus. This map displays 
WKH� DUHDV� WKDW� FRQWDLQ� WKH� SURSHU� VHW� RI� FRQGLWLRQV� LQ�ZKLFK� WKHVH� ÀHDV�
can survive and reproduce. The warmth of color increasingly correlates 
with the most likely areas in which Rhadinopsylla can occur. These ar-
eas include the northwest quadrant of N. America, the Middle East, Ja-
pan and East Asia, southern South America, and southern Australia.

Figure 4. Predicted Niche Breadth of Rhadinopsylla�V\ULDFD�9LD�0D[(QW�

The fundamental niche of the Rhadinopsylla syriaca subspecies. This map 
displays the areas containing the proper set of conditions in which this sub-
species can survive and reproduce. These areas include the Middle East, 
the western coast N. America, and a small fraction of western S. America.

Figure 5. Predicted Niche Breadth of Rhadinopsylla rectofrontia�9LD�0D[(QW�

The fundamental niche of the Rhadinopsylla rectofrontia subspecies. 
This map displays the areas containing the proper set of conditions 
in which this subspecies can survive and reproduce. These areas in-
clude East Asia, Japan, and a portion of northwestern N. America.

Figure 6. Predicted Niche Breadth of Rhadinopsylla heiseri�9LD�0D[(QW�

The fundamental niche of the Rhadinopsylla heiseri subspecies. 
This map displays the areas containing the proper set of condi-
tions in which this subspecies can survive and reproduce. These ar-
eas include western N. America, northern Africa, and western Asia.

The predicted geographic range of the Rhadinopsylla genus (Fig. 3) 
PDWFKHV� WKH�NQRZQ�GLVWULEXWLRQ�RI� WKHVH�ÀHDV��)LJ������7KH�NQRZQ�GLVWUL-
bution of Rhadinopsylla subspecies occurs in Utah & California U.S.A. 
(R. heiseri), Lebanon & Syria (R. syriaca), and Japan (R. rectofrontia) 
(Fig. 2). The possible geographic ranges of the subspecies overlap when 
these localities are compared to predicted niche breadth. The predict-
ed niche of R. syriaca�DOORZV�LW� WR�RFFXU� LQ�DUHDV�RI�WKH�0LGGOH�(DVW�DQG�
the western coastline of North America (Fig. 4). The predicted niche of 
R. rectofrontia allows it to occur in eastern Asia and Japan, the far west-
ern portion of North America, and northern Europe (Fig. 5). The predicted 
niche of R. heiseri allows it to occur in western North America, northern 
$IULFD��DQG�SDUWV�RI� WKH�0LGGOH�(DVW�DQG�ZHVWHUQ�$VLD� �)LJ������&RPSDU-
LQJ� WKH�0D[(QW� SUHGLFWLRQV�ZLWK� NQRZQ� GLVWULEXWLRQV� �)LJ�� ���� WKH� NQRZQ�
localities of these Rhadinopsylla subspecies occur in the areas of the 
predicted fundamental niches. The results reveal the geographic ranges 
of Rhadinopsylla subspecies when considering their predicted fundamen-
tal niches (Fig. 4-6). The common areas in which the fundamental nich-
es of R. syriaca, R. rectofrontia, and R. heiseri overlapped were western 
1RUWK�$PHULFD��WKH�0LGGOH�(DVW��DQG�HDVWHUQ�$VLD��7KHVH�DUHDV�ZHUH�DOVR�
found to be occupied by the realized niches of the subspecies in (Fig. 2).

Discussion:
The areas in which the Rhadinopsylla subspecies occurred have similar 
climates and niche conditions year-round. The Rhadinopsylla subspe-
cies samples were collected in Kyoto, Japan, Beirut, Lebanon, and Toole, 
Utah, U.S.A. The yearly climate of these areas has similar humidity, me-
GLDQ� WHPSHUDWXUH�� DQG� SUHFLSLWDWLRQ�� 6SHFL¿FDOO\��R. rectofrontia subspe-
cies occur in western Japan, where the yearly temperature ranges from 
33oF-88oF (Climate-Data.org 2021). This area of Asia is very humid and 
has an annual precipitation of 66.0 inches. R. syriaca subspecies occur 
in western Lebanon, where the temperature ranges from 50oF-81oF, and 
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the annual precipitation is 28.6 inches (Climate-Data.org 2021). Final-
ly, R. heiseri subspecies occur in the western United States, where the 
yearly temperature ranges from 30oF-80oF, and the  annual precipitation 
is 20.9 inches (Climate-Data.org 2021). Although the yearly precipita-
tion is higher in Japan, these areas have similar temperature ranges in 
ZKLFK� WKH�ÀHDV�FDQ� WROHUDWH��6LQFH� WHPSHUDWXUH� LV�D� IDFWRU� WKDW� LQÀXHQF-
es where survival is permissible, the temperature range of species affects 
WKHLU�QLFKH�EUHDGWK��0RQDKDQ��������&RQVLGHULQJ�WKH�VLPLODU�WHPSHUDWXUH�
ranges in the regions where the subspecies are found, and the effect 
temperature has on niche breadth, we can conclude that the data sup-
port that R. syriaca, R. rectofrontia, and R. heiseri have equivalent niches.
As Rhadinsopsylla�WHPSHUDWXUH�WROHUDQFHV�DUH�LQÀXHQWLDO�LQ�SUHGLFWLQJ�WKHLU�
niche and geographic range, we must consider how these tolerances and 
adaptations evolve. Earlier, we discussed how parasite-host relationships 
LQÀXHQFH�WKH�QLFKH�EUHDGWK�RI�SDUDVLWHV��$V�ÀHDV�UHO\�RQ�WKHLU�VPDOO�URGHQW�
hosts for food and shelter, their relationship will ultimately determine the 
ÀHD¶V� JHRJUDSKLFDO� GLVWULEXWLRQ��7KHUHIRUH��ZH�PXVW� ORRN� IXUWKHU� LQWR� WKH�
KRVW�VSHFL¿FLW\�RI�ÀHDV�DQG�WKHLU�VPDOO�URGHQW�KRVWV��$JDLQ��Rhadinopsylla 
ÀHDV�DUH�³QHVWLQJ�ÀHDV�´�ZKLFK�PHDQV�WKH\�DUH�DVVRFLDWHG�ZLWK�WKHLU�KRVW�
IRU�WKHLU�HQWLUH�OLIHVSDQ��0HGYHGHY�HW�DO���������$FFRUGLQJ�WR�WKH�FDWHJR-
ULHV�RI�KRVW�VSHFL¿FLW\�DERYH��Rhadinopsylla� LV�FODVVL¿HG�DV�KRVW�VSHFL¿F�
because they rely on small rodents for shelter and food. Therefore, Rhad-
inopsylla subspecies are expected to have the same geographic ranges 
and tolerances as their rodent hosts, as this outcome correlates with highly 
specialized parasites (Krasnov et al. 2005). As this specialized relation-
ship is crucial to the geographic range of Rhadinopsylla, we must look 
further into the small rodent with which the subspecies travel on and in-
teract with. A typical small rodent host of R. syriaca is the gerbil, specif-
ically Tristram’s jird (Meriones tristrami). Common small rodent hosts of 
R. rectofrontia�DUH�À\LQJ�VTXLUUHOV�DQG�YROHV��WKH�VDPSOHV�GLG�QRW�VSHFLI\�
the species from which R. rectofrontia was collected on. The usual rodent 
hosts of R. heiseri� DUH� VTXLUUHOV�� VSHFL¿FDOO\�� WKH� ZKLWH�WDLOHG� DQWHORSH�
squirrel (Citellus leucurus). Since squirrels are hosts of two of the Rhadi-
nopsylla subspecies, we will look further into their evolutionary dispersal.
7RGD\�� WUHH� DQG� À\LQJ� VTXLUUHOV� RFFXU� DFURVV� WKH� ZRUOG� ZLWK� WKHLU� SHDN�
species richness in Asia, central and north Africa, and North America. 
The Squiride likely spread to its current distribution from the Nearctic and 
Northern Hemisphere (Koprowski & Nandini 2008). As these small rodents 
DUH�QRQ�DTXDWLF��QRQ�À\LQJ�PDPPDOV��WKH\�FDQ¶W�FURVV�ODUJH�ERGLHV�RI�ZD-
ter readily. We must consider another route of dispersal because of the 
physiological limitations of squirrel, voles, and gerbils. A recent study by 
0HGYHGHY�HW�DO��GLVFRYHUHG�WKDW�WKH�GLVWULEXWLRQ�RI�Rhadinpsylla in the Ne-
DUFWLF�DQG�3DOHDUFWLF�LV�OLNHO\�GXH�WR�ODQG�EULGJHV��0HGYHGHY�HW�DO���������
They found land bridges as likely modes of dispersal because the number 
of Rhadinopsylla�ÀHDV�LQFUHDVHG�IURP�VRXWK�WR�QRUWK��WKLV�LV�D�WUHQG�WKDW�UH-
ÀHFWV�GLVSHUVDO�YLD�D�ODQG�EULGJH��7KH�FXUUHQW�GLVWULEXWLRQ�LV�WKRXJKW�WR�KDYH�
EHHQ�DFKLHYHG�LQ�WKUHH�ZD\V��IURP�WKH�QRUWKHDVWHUQ�3DOHDUFWLF�YLD�WKH�QRUWK�
Asian route, over the Beringia land bridge, and via the East-Central-Tur-
DQR�,UDQLDQ� URXWH� �0HGYHGHY�HW�DO���������1RW�RQO\�ZRXOG� WKHVH�VSHFL¿F�
land bridges allow the dispersal of Rhadinopsylla subspecies via small 
rodents, but these routes would disperse to the areas in which our study 
discovered these subspecies. The Beringia land bridge connected North 
America and eastern Asia, while the Iranian route connected Asia to the 
0LGGOH�(DVW�GXULQJ�WKH�3OHLVWRFHQH��7KHVH�URXWHV�DOLJQ�ZLWK�RXU�¿QGLQJV�DV�
R. heiseri is found in western North America, and R. rectofrontia is found in 
eastern Asia and Japan, then R. syriaca is present in Lebanon and Syria.
2XU�¿UVW�K\SRWKHVLV�ZDV�WKDW�R. rectofrontia, R. heiseri, and R. syriaca have 
similar fundamental niches and geographical ranges. This hypothesis is 
VXSSRUWHG�E\�RXU�¿QGLQJV�ZLWKLQ�0D[(QW��)LJ��������ZKLFK�SURYLGH�HYLGHQFH�
that the fundamental niche of these subspecies allows them to survive in 
the localities in which they occurred in the ArcGIS mapping system (Fig. 
������2XU�VHFRQG�K\SRWKHVLV�LV�DOVR�VXSSRUWHG��DV�WKH�Rhadinopsylla sub-
species are found on small rodent hosts like squirrels, gerbils, and voles. 
7KH�SUHVHQFH�RI�ODQG�EULGJHV�EHWZHHQ�1RUWK�$PHULFD��$VLD��DQG�WKH�0LGGOH�
East allowed for the global distribution of these small mammals. These 
dispersal patterns offer a mechanism for the distribution of R. rectofrontia, 
R. heiseri, and R. syriaca and the formation of similar fundamental niches.


