
JOURNAL
OF THE PENNSYLVANIA ACADEMY OF SCIENCE

Founded on April 18, 1924

Jane E. Huffman, PhD, MPH
Editor

Larry Laubach 
Co-editor

Department of Biological Sciences
East Stroudsburg University
East Stroudsburg, PA 18301

December 2014
Volume 88(4)

ISSN: 1044-6753 

PAS Home Page:  http://pennsci.org

ANNOUNCEMENT FROM THE EDITOR i

EDITORIAL POLICY & FORMAT ii

VIEW POINT:  MAKING YOUR RESEARCH COUNT – HOW TO INFLUENCE PUBLIC POLICY 195

GREG CZARNECKI

COMMENTARY:  LACAWAC SANCTUARY AND FIELD STATION 197

LESLEY KNOLL AND CRAIG LUKATCH

CHANGES IN MACROINVERTEBRATE ASSEMBLAGES IN A PENNSYLVANIA TROUT STREAM 
OVER THIRTY-FOUR YEARS: WHERE HAVE ALL THE TRICHOPTERA GONE?

204

PATRICIA T. BRADT

RESEARCH NOTE:  ANTIBIOTIC RESISTANT BACTERIA ISOLATED FROM WATER POOLS AT 
A FORMER DUMP SITE IN PENNSYLVANIA

216

DANVAS OMARE AND JANE E. HUFFMAN

THE EFFICACY OF CLEANING BIRD FEEDERS WITH 10 % BLEACH WIPES TO REDUCE 
BACTERIA

220

MAKAYLA L. BOYD, TODD J. UNDERWOOD, AND DANIEL F. ARUSCAVAGE

SURVEILLANCE OF AVIAN INFLUENZA IN WATERFOWL (FAMILY ANATIDAE) WITHIN ERIE 
AND MERCER COUNTIES, PENNSYLVANIA

227

AMY TEGELER, DYLAN DEGOL, AND JILL D. HENNING

RESEARCH NOTE: DEER BROWSING THREATENS A LOCALLY RARE PARASITIC PLANT, 
BUFFALO NUT (PYRULARIA PUBERA MICHX.)

231

CHRISTOPHER P. RANDLE AND JOHN W. WENZEL

ASSESSING MATING READINESS IN MALE MIGRATORY BATS FROM PENNSYLVANIA 235

JENNIFER L. WHITE AND JANINE UMBERGER

RESEARCH NOTE:  MORPHOLOGICAL AND DNA ANALYSIS TO DETERMINE CANID SPECIES 247

NICOLE CHINNICI AND JANE E. HUFFMAN



Journal of the Pennsylvania Academy of Science 88(4): i-i, 2014

ANNOUNCEMENT FROM THE EDITOR

7KH�EXVLQHVV�RI�VFLHQWL¿F�SXEOLVKLQJ�LV�G\QDPLF�DQG�LV�FXUUHQWO\�XQGHUJRLQJ�UDSLG�FKDQJH��7KH�HGLWRULDO�WHDP�IRU�-3$6�ZLOO�EH�
ZRUNLQJ�WR�LPSURYH�WKH�MRXUQDO�IRU�UHDGHUV��DQG�DXWKRUV��:H�ZLOO�DOVR�EH�ZRUNLQJ�WR�PD[LPL]H�WKH�H[SRVXUH�DQG�DFFHVV�WR�MRXUQDO�
FRQWHQW�LQ�WKH�QHZ�DQG�UDSLGO\�HYROYLQJ�LQIRUPDWLRQ�PDUNHWSODFH��:H�ZLOO�EH�GLYHUVLI\LQJ�WKH�W\SHV�RI�FRQWHQW�LQ�-3$6��LQFOXGLQJ�
UHYLHZ�SDSHUV��IHDWXUHG�DUWLFOHV��FRPPHQWDULHV��YLHZSRLQWV��FDVH�VWXGLHV�DQG�RWKHUV��:H�HQFRXUDJH�DXWKRUV�DQG�UHDGHUV�WR�FRQWDFW�
WKH�HGLWRULDO�RI¿FH�ZLWK�LGHDV�IRU�SDSHUV�DQG�VSHFLDO�LVVXH�WRSLFV�DQG�VXJJHVWLRQV�IRU�VWUHQJWKHQLQJ�WKH�MRXUQDO�

,�ZLOO�EH�VWHSSLQJ�GRZQ�DV�(GLWRU�LQ�&KLHI�RI�-3$6�DW�WKH�HQG�RI�'HFHPEHU������DQG�ZLVK�WR�WKDQN�HYHU\RQH�ZKR�KDV�FRQWULEXWHG�
WR�WKH�VXFFHVV�RI�WKH�MRXUQDO��0\�VSHFLDO�WKDQNV�DQG�DSSUHFLDWLRQ�JR�WR�WKH�HGLWRULDO�FRPPLWWHH�PHPEHUV�DQG�WKH�UHYLHZHUV�ZKR�
JDYH�IUHHO\�RI�WKHLU�WLPH�DQG�RIIHUHG�XVHIXO�DQG�FRXUWHRXV�FRPPHQWV�LQ�RUGHU�WR�XSJUDGH�WKH�FDOLEHU�RI�DUWLFOHV�SXEOLVKHG�LQ�WKH�
MRXUQDO���,�WKDQN�WKH�PHPEHUV�RI�WKH�DFDGHP\��WKH�DFDGHP\�RI¿FHUV��DQG�WKH�DXWKRUV�IRU�JLYLQJ�PH�WKH�SULYLOHJH�RI�HGLWLQJ�WKH�
MRXUQDO��7KDQN�\RX�DJDLQ�IRU�DOO�\RXU�KHOS�RYHU�WKH�ODVW�IHZ�\HDUV��,�DOVR�ZLVK�WR�DFNQRZOHGJH�WKH�H[SHUW�VXSSRUW�RI�/DUU\�/DXEDFK�
ZKR�KDV�PHWLFXORXVO\�UHYLHZHG�DQG�SUHSDUHG�WKH�PDQXVFULSWV�IRU�SXEOLFDWLRQ�

,�DP�YHU\�SOHDVHG�WR�DQQRXQFH�WKDW�'U��&DUO�3UDWW�ZLOO�EH�DSSRLQWHG�DV�HGLWRU��,�NQRZ�WKDW�WKH�MRXUQDO�ZLOO�FRQWLQXH�WR�WKULYH�LQ�
KLV�H[SHUW�KDQGV���&RUUHVSRQGHQFH�UHODWLQJ�WR�SXEOLFDWLRQV�LQ�WKH�-RXUQDO�VKRXOG�EH�DGGUHVVHG�WR�

&DUO�3UDWW�-U���3K'��(GLWRU
'HSDUWPHQW�RI�%LRORJ\
/R\ROD�+DOO����%
,PPDFXODWD�8QLYHUVLW\
,PPDFXODWD��3$������
FSUDWW#LPPDFXODWD�HGX��

0\�YHU\�EHVW�ZLVKHV�IRU�WKH�IXWXUH�DQG�WKH�1HZ�<HDU�
-DQH�(��+XIIPDQ��06��3K'��03+
'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV
(DVW�6WURXGVEXUJ�8QLYHUVLW\



ii

The Journal�RI�WKH�3HQQV\OYDQLD�$FDGHP\�RI�6FLHQFH�SXEOLVKHV�RULJLQDO�
SDSHUV��UHVHDUFK�QRWHV��FRPPHQWDU\��HGLWRULDOV��YLHZ�SRLQWV��DQG�UHYLHZ�DU�
WLFOHV� LQ� WKH�QDWXUDO��SK\VLFDO��HQJLQHHULQJ��DQG�VRFLDO�VFLHQFHV��$OO�SDSHUV�
PXVW�GLVFXVV�WKH�UHOHYDQFH�RI�WKH�GDWD�SUHVHQWHG�DQG�D�FOHDU�LQWHUSUHWDWLRQ�
RI� LWV�PHDQLQJ� LQ�YLHZ�RI� FXUUHQW�NQRZOHGJH�RI� WKH�GLVFLSOLQH� FRQFHUQHG���
+HOSIXO�UHIHUHQFHV�IRU�WKH�DXWKRU�DUH������'D\��5�$��������+RZ�WR�ZULWH�D�
VFLHQWL¿F�SDSHU���QG�HG��,6,�3UHVV��3KLODGHOSKLD��[Y�������SS�������2¶&RQQRU��
0��DQG�)�3��:RRGIRUG���������:ULWLQJ�VFLHQWL¿F�SDSHUV�LQ�(QJOLVK��(OVHYLHU��
$PVWHUGDP��YLL�������SS�������0DF*UHJRU��$�-��������*UDSKLFV�VLPSOL¿HG��
DQG�����+RZ�WR�SODQ�DQG�SUHSDUH�HIIHFWLYH�FKDUWV��JUDSKV��LOOXVWUDWLRQV��DQG�
RWKHU�YLVXDO�DLGV��8QLYHUVLW\�RI�7RURQWR�3UHVV��7RURQWR�������SS�

$XWKRUV�DUH�UHTXHVWHG�WR�H[DPLQH�UHFHQW�LVVXHV�RI�WKH�-RXUQDO�LQ�RUGHU�WR�
FRQIRUP�WR�WKH�JHQHUDO�VW\OH�RI�WKH�MRXUQDO��3DSHUV�DUH�DFFHSWHG�IRU�FRQVLG�
HUDWLRQ�DW�DQ\�WLPH��6XEPLWWHG�PDQXVFULSWV�DUH�DFFHSWHG�IRU�UHYLHZ�ZLWK�WKH�
XQGHUVWDQGLQJ� WKDW� WKH� VDPH�ZRUN�KDV�QRW�EHHQ�SXEOLVKHG�� FRS\ULJKWHG�RU�
VXEPLWWHG�IRU�SXEOLFDWLRQ�HOVHZKHUH�DQG�WKDW�DOO�SHUVRQV�FLWHG�DV�D�SHUVRQDO�
FRPPXQLFDWLRQ�KDYH�FRQVHQWHG�WR�EH�FLWHG��$GGLWLRQDOO\��VXEPLVVLRQ�RI�WKH�
PDQXVFULSW�LV�D�UHSUHVHQWDWLRQ�WKDW�DOO�WKH�DXWKRUV�IRU�WKH�VDLG�PDQXVFULSW�DQG�
WKH�LQVWLWXWLRQ�ZKHUH�WKH�UHVHDUFK�ZDV�FDUULHG�RXW�KDYH�DSSURYHG�LWV�SXEOLFD�
WLRQ��6LJQHG�DXWKRUL]DWLRQ�ZLOO�EH�UHTXLUHG�DV�DSSURSULDWH��$XWKRUV�DUH�ELOOHG�
IRU�SDJH�FKDUJHV�WR�SDUWLDOO\�GHIUD\�WKH�FRVWV�RI�SXEOLVKLQJ�

Submit names, email addresses, as well as the professional area of exper-
tise of 4 possible reviewers who have agreed to review your manuscript.  
7KH�UHYLHZHUV�PXVW�EH�RXWVLGH�WKH�DXWKRU¶V�LQVWLWXWLRQ��SRVVHVV�NQRZOHGJH�RI�
FXUUHQW�UHVHDUFK�LQ�WKH�DUHD�RI�VWXG\��DQG�JHQHUDOO\�EH�SURIHVVLRQDOO\�TXDOL�
¿HG�WR�UHIHUHH�WKH�SDSHU��7KH�SHHU�UHYLHZLQJ�SURFHVV�LV�WKH�(GLWRU¶V�UHVSRQVL�
ELOLW\��DQG�WKH�UHYLHZHUV�DUH�VHOHFWHG�DW�WKH�GLVFUHWLRQ�RI�WKH�(GLWRU�

$OO�DXWKRUV�DUH�UHTXHVWHG�WR�FRQIRUP�WR�WKH�IROORZLQJ�

1. General Format.� �$OO�PDQXVFULSWV�VKRXOG�EH� W\SHG��DQG�GRXEOH�VSDFHG��
ZLWK���FP�PDUJLQV�DOO�DURXQG��Do not use single spacing anywhere��LQFOXG�
LQJ�/LWHUDWXUH�&LWHG���,PDJHV�VKRXOG�EH�VXEPLWWHG�DV�MSHJV�RU�WLI�DQG�LQ�WKH�
(QJOLVK�ODQJXDJH��0DQXVFULSWV�VKRXOG�EH�RUJDQL]HG�DV�IROORZV������DQ�XQ�
QXPEHUHG�FRYHU�VKHHW�ZLWK�7LWOH��$XWKRUV�� WKHLU�LQVWLWXWLRQV�DQG�DGGUHVVHV��
DQG� QDPH�� DGGUHVV�� DQG� WHOHSKRQH� QXPEHU� RI� WKH� DXWKRU� WR� UHFHLYH� SURRI��
����DQ�XQQXPEHUHG�VKHHW�ZLWK�DQ�$EVWUDFW�� ���� ,QWURGXFWLRQ�� ����0DWHULDOV�
DQG�0HWKRGV������5HVXOWV�� ����'LVFXVVLRQ������$FNQRZOHGJHPHQWV��DQG�����
/LWHUDWXUH�&LWHG��$OO�SDJHV�RI�WKH�WH[W��,QWURGXFWLRQ�WKURXJK�/LWHUDWXUH�&LWHG��
DUH� WR�EH�QXPEHUHG��DQG� WKH�QDPHV�RI�DXWKRUV�VKRXOG�DSSHDU� LQ� WKH�XSSHU�
ULJKW�KDQG�FRUQHU�RI�HDFK�SDJH��7KH�WH[W�VKRXOG�EHJLQ�LQ�WKH�PLGGOH�RI�WKH�
¿UVW�QXPEHUHG�SDJH��0DQXVFULSWV�QHHG�WR�EH�VXEPLWWHG�LQ�(QJOLVK�

���Headings.� �$OO� KHDGLQJV� DUH� LQ�&$3,7$/� OHWWHUV� DQG� FHQWHUHG����Title.  
%ULHI�DQG�WR�WKH�SRLQW��,W�VKRXOG�LQIRUP�WKH�UHDGHU�RI�WKH�VXEMHFW�RI�WKH�SDSHU�
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���Byline.��,QFOXGH�DXWKRU¶V�QDPH��QDPH�RI�LQVWLWXWLRQ��GHSDUWPHQW��DGGUHVV�
DQG�]LS�FRGH�

���Abstract���$�FOHDU�DQG�FRQFLVH�SDUDJUDSK�ZKLFK�VXPPDUL]HV�WKH�UHVHDUFK���

���Introduction.��7KH�LQWURGXFWLRQ�VKRXOG�EH�FRQFLVH�DQG�RIIHU�RQO\�WKDW�LQIRU�
PDWLRQ�QHFHVVDU\�WR�RULHQW�WKH�UHDGHU�WR�WKH�SXUSRVH�DQG�VFRSH�RI�WKH�SDSHU���
,W� VKRXOG� VWDWH� WKH� UHDVRQV� IRU� WKH�ZRUN� DQG�FLWH�RQO\�SXEOLVKHG� OLWHUDWXUH�
UHOHYDQW�WR�WKH�VXEMHFW�

���Materials and Methods.� �'HVFULEH�PDWHULDOV��PHWKRGV�� DQG� HTXLSPHQW���
$YRLG�UHSHDWLQJ�SUHYLRXVO\�SXEOLVKHG�GHWDLOV��XQOHVV�PRGL¿FDWLRQV�DUH�H[�
WHQVLYH��7KH� QHFHVVLW\� RI� FRQFLVHQHVV� VKRXOG� QRW� OHDG� WR� RPLVVLRQ� RI� LP�
SRUWDQW�H[SHULPHQWDO�GHWDLOV�QHFHVVDU\�IRU�RWKHUV�WR�UHSHDW�WKH�ZRUN��:KHQ�
DSSOLFDEOH��GHVFULEH�WKH�H[SHULPHQWDO�GHVLJQ�DQG�MXVWLI\�LWV�XVH�

���Results and Discussion.  7KH�5HVXOWV�VHFWLRQ�LV�D�FOHDU�DQG�FRQFLVH�DFFRXQW�
RI�WKH�¿QGLQJV���'DWD�VKRXOG�EH�SUHVHQWHG�LQ�WKH�PRVW�HI¿FLHQW�PDQQHU��HLWKHU�
LQ�WH[W��WDEOHV��RU�LOOXVWUDWLRQV��$OO�WDEOHV�DQG�LOOXVWUDWLRQV�PXVW�EH�UHIHUHQFHG�
LQ�WKH�WH[W���7KH�'LVFXVVLRQ�VHFWLRQ�VKRXOG�H[WHQG�RU�FRQWUDGLFW�FXUUHQW�SXE�
OLVKHG�LQIRUPDWLRQ�RQ�WKH�VXEMHFW��/LPLW�WKH�GLVFXVVLRQ�WR�WKH�UHOHYDQW�VXEMHFW�
DQG�DYRLG�VSHFXODWLRQ�

���Acknowledgements���7KH�VRXUFH�RI�DQ\�¿QDQFLDO�VXSSRUW�UHFHLYHG�IRU�WKH�
ZRUN�EHLQJ�SXEOLVKHG�PXVW�EH�LQGLFDWHG�LQ�WKH�$FNQRZOHGJPHQWV�VHFWLRQ��
7KH�XVXDO�IRUPDW�LV�DV�IROORZV��³7KLV�ZRUN�ZDV�VXSSRUWHG�E\�3XEOLF�+HDOWK�
6HUYLFH�JUDQW�&$�������IURP�WKH�1DWLRQDO�&DQFHU�,QVWLWXWH�´

5HFRJQLWLRQ�RI�SHUVRQDO�DVVLVWDQFH�VKRXOG�EH�JLYHQ�DV�D�VHSDUDWH�SDUD�
JUDSK��DV�VKRXOG�DQ\�VWDWHPHQWV�GLVFODLPLQJ�HQGRUVHPHQW�RU�DSSURYDO�RI�WKH�
YLHZV�UHÀHFWHG�LQ�WKH�SDSHU�RU�RI�D�SURGXFW�PHQWLRQHG�WKHUHLQ�

����Appendixes.�$SSHQGL[HV�WKDW�FRQWDLQ�DGGLWLRQDO�PDWHULDO�WR�DLG�WKH�
UHDGHU�DUH�SHUPLWWHG��7LWOHV��DXWKRUV��DQG�UHIHUHQFH�VHFWLRQV�WKDW�DUH�GLVWLQFW�
IURP�WKRVH�RI�WKH�SULPDU\�DUWLFOH�DUH�QRW�DOORZHG��,I�LW�LV�QRW�IHDVLEOH�WR�OLVW�
WKH�DXWKRU�V��RI�WKH�DSSHQGL[�LQ�WKH�E\OLQH�RU�WKH�$FNQRZOHGJPHQWV�VHFWLRQ�
RI�WKH�SULPDU\�DUWLFOH��UHZULWH�WKH�DSSHQGL[�VR�WKDW�LW�FDQ�EH�FRQVLGHUHG�
IRU�SXEOLFDWLRQ�DV�DQ�LQGHSHQGHQW�DUWLFOH��HLWKHU�IXOO�OHQJWK�SDSHU�RU�1RWH�
VW\OH��(TXDWLRQV��WDEOHV��DQG�¿JXUHV�VKRXOG�EH�ODEHOHG�ZLWK�WKH�OHWWHU�³$´�
SUHFHGLQJ�WKH�QXPHUDO�WR�GLVWLQJXLVK�WKHP�IURP�WKRVH�FLWHG�LQ�WKH�PDLQ�
ERG\�RI�WKH�WH[W��

����Literature Cited and Footnotes.�([FHSW�IRU�WKH�WLWOH�DQG�DXWKRU�UHIHUHQFH�
DW�WKH�EHJLQQLQJ�RI�WKH�SDSHU��DQG�VXSHUVFULSW�QRWDWLRQ�LQ�WDEOHV��GR�QRW�XVH�
IRRWQRWHV��&UHDWH�VHSDUDWH�$SSHQGLFHV�RU�DQ�(QGQRWHV�VHFWLRQ�LI�DGGLWLRQDO�
VXSSOHPHQWDU\�WH[W�PDWHULDO�LV�UHTXLUHG��3ODFH�(QGQRWHV�VHFWLRQ�MXVW�EHIRUH�
WKH�/LWHUDWXUH�&LWHG�VHFWLRQ��1XPEHU�HDFK�HQGQRWH�ZLWKLQ�WKH�(QGQRWH�VHF�
WLRQ�XVLQJ�$UDELF�QXPEHUV�LQ�WKH�RUGHU�LQ�ZKLFK�WKH\�DUH�UHIHUUHG�WR�LQ�WKH�
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RWKHU�VHFWLRQV�RI�WKH�PDQXVFULSW��,Q�RWKHU�VHFWLRQV�RI�WKH�PDQXVFULSW��SODFH�
HQGQRWHV�UHIHUHQFH�QXPEHUV�LQ�SDUHQWKHVHV��DQG�XVH�WKH�WH[W�VW\OH�RI�W\SH�DQG�
QRW�VXSHUVFULSW��3ODFH�DSSHQGLFHV�DIWHU�WKH�/LWHUDWXUH�&LWHG�VHFWLRQ��,QFOXGH�D�
/LWHUDWXUH�&LWHG�VHFWLRQ��OLVW�UHIHUHQFHV�LQ�DOSKDEHWLFDO�RUGHU�E\�¿UVW�DXWKRU���
,QFOXGH�RQO\�SXEOLVKHG�UHIHUHQFHV�FLWHG�LQ�WKH�PDQXVFULSW��XQSXEOLVKHG�ZRUN�
QRUPDOO\�ZLOO� EH� FLWHG� DV�SHUVRQDO� FRPPXQLFDWLRQ� �SHUV�� FRPP��� LQ�RWKHU�
VHFWLRQV�RI�WKH�PDQXVFULSW��H�J���-�5��+DOPD��SHUV��FRPP���RU��-�5��+DOPD��
SHUV��FRPP����/LVW�DOO�DXWKRUV�DQG�IXOO�FLWDWLRQ�LQ�WKH�/LWHUDWXUH�&LWHG�VHF�
WLRQ��8VH� WKH�PRVW� UHFHQW� LVVXH� RI� WKH� UHFRJQL]HG� DEVWUDFWLQJ� DXWKRULW\� WR�
GHWHUPLQH� WKH� FRUUHFW� DEEUHYLDWLRQV�RI� SHULRGLFDO� QDPHV� �H�J��� IRU� ELRORJ\�
XVH�%,26,6��%LRVFLHQFH�,QIRUPDWLRQ�6HUYLFH��3KLODGHOSKLD��3$����,I�LQ�GRXEW��
GR�QRW�DEEUHYLDWH�VHULDO�QDPHV���8VH�WKH�IROORZLQJ�IRUPDW�DQG�VW\OH�IRU�WKH�
/LWHUDWXUH�&LWHG�VHFWLRQ�
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WH[W�VWDUWV�ZLWK�SUHVHQWDWLRQ�RI�WKH�FDVH�XQGHU�WKH�VHFWLRQ�KHDGLQJ�³&DVH�
5HSRUW´��WKHUH�LV�QR�LQWURGXFWRU\�WH[W�EHIRUH�WKH�&DVH�5HSRUW�KHDGLQJ��
$IWHU�WKH�FDVH�LV�SUHVHQWHG��WKH�UHVW�RI�WKH�WH[W�IROORZV�LQ�D�VHSDUDWH�VHF�
WLRQ�DIWHU�D�UXOHG�OLQH�WR�VHSDUDWH�WKH�VHFWLRQV��1R�VHSDUDWH�KHDG�LV�XVHG�

IRU�WKLV�VKRUW�GLVFXVVLRQ�VHFWLRQ� EXW�SDUDJUDSK�OHDG�LQV�DUH�SHUPLWWHG��
7KH�WRWDO�QXPEHU�RI�WDEOHV�DQG�¿JXUHV��FRPELQHG��PXVW�QRW�H[FHHG����

����Editorials.��7KHVH�DUH�FRPPLVVLRQHG�RQO\�DUWLFOHV��2ULJLQDO�SDSHUV�VKRXOG�
QRW�EH�VXEPLWWHG�XQGHU�WKLV�DUWLFOH�W\SH�

���� Commentaries. � 7KHVH� DUH� FRPPLVVLRQHG�RQO\� DUWLFOHV�� 2ULJLQDO� SD�
SHUV�VKRXOG�QRW�EH�VXEPLWWHG�XQGHU�WKLV�DUWLFOH�W\SH��7KH\�DUH�JHQHUDOO\�QRW�
SHHU�UHYLHZHG�

����View point. �7KHVH�DUWLFOHV�DUH�DFDGHPLF�SDSHUV�ZKLFK�DGGUHVV�DQ�LVVXH�RI�
FXUUHQW�SXEOLF�RU�SURIHVVLRQDO�GHEDWH�DQG�RU�DSSURDFK�DQ�LVVXH�IURP�D�PRUH�
SHUVRQDO�SHUVSHFWLYH�WKDQ�VWDQGDUG�DFDGHPLF�ZULWLQJ��

����Tables and Illustrations.� �7DEOHV�PXVW� KDYH� D� WLWOH�� EH� QXPEHUHG�� DQG�
W\SHG�RQ� D� VHSDUDWH� SDJH� 7DEOHV�PXVW� EH� FUHDWHG�XVLQJ� WKH� WDEOHV� WRRO� LQ�
0LFURVRIW�:RUG�RU�DV�WH[W�ZLWK�WDEV�VHSDUDWLQJ�FROXPQV�DQG�SDUDJUDSK�UH�
WXUQV�VHSDUDWLQJ�URZV��&RPSXWHU�JHQHUDWHG�LPDJHV�RU�VFDQV�VKRXOG�EH�VDYHG�
DV�7LII��(36��RU�-3(*�¿OHV� 5HVROXWLRQ��DW�WKH�GLPHQVLRQV�WR�EH�SXEOLVKHG��
VKRXOG�EH�DW�DQ�DEVROXWH�PLQLPXP�RI�����GSL��3URYLGH�WKH� OHJHQGV�IRU�DOO�
LOOXVWUDWLRQV�LQ�FRQVHFXWLYH�RUGHU�RQ�D�VHSDUDWH�SDJH�

����,I�DQLPDOV�DUH�XVHG�LQ�WKH�UHVHDUFK��WKH�DXWKRU�V��PXVW�VWDWH�LQ�WKH�PD�
WHULDO�DQG�PHWKRG�VHFWLRQ�WKDW�WKH�VWXG\�ZDV�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�
WKH�JXLGHOLQHV�ODLG�GRZQ�E\�WKH�8�6��2I¿FH�RI�/DERUDWRU\�$QLPDO�:HOIDUH�
�RU�LQGLYLGXDO�FRXQWU\�RI�RULJLQ��DQG�WKDW�WKH�UHVHDUFK�ZDV�DSSURYHG�E\�WKH�
,QVWLWXWLRQDO�$QLPDO�&DUH�DQG�8VH�&RPPLWWHH��$OO�KXPDQ�VXEMHFW�UHVHDUFK��
DQG�DOO�RWKHU�DFWLYLWLHV��ZKLFK�LQ�SDUW�LQYROYH�KXPDQ�VXEMHFW�UHVHDUFK��PXVW�
EH�UHYLHZHG�DQG�DSSURYHG�E\�WKH�LQVWLWXWLRQV�,5%�FRPPLWWHH�

����7KHUH�DUH�QR�SDJH�FKDUJHV�IRU�SXEOLFDWLRQ�LQ�WKH�MRXUQDO��KRZHYHU�RQH�
RI�WKH�DXWKRUV�PXVW�EH�D�PHPEHU�RI�WKH�3HQQV\OYDQLD�$FDGHP\�RI�6FLHQFH��
*DOOH\�SURRIV�ZLOO�EH�VHQW�WR�WKH�DXWKRUV�IRU�FKHFNLQJ��WKH\�PXVW�EH�UHWXUQHG�
WR�WKH�(GLWRU�ZLWKLQ�D�ZHHN�DIWHU�UHFHLSW�

����Editorial Policy.� �(YHU\�SDSHU� LV� UHYLHZHG�E\� WKH�(GLWRU� DQG� VHOHFWHG�
SURIHVVLRQDO�UHIHUHHV��0DQXVFULSWV�ZLOO�EH�UHWXUQHG�RU�UHMHFWHG�LI�FRQVLGHUHG�
XQVXLWDEOH�IRU�SXEOLFDWLRQ�

����Manuscripts and Correspondence���$GGUHVV�DOO�LQTXLULHV�UHODWLQJ�WR�SXE�
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VIEW POINT: 
MAKING YOUR RESEARCH COUNT – HOW TO INFLUENCE PUBLIC POLICY1 

GREG CZARNECKI

Executive Director, Wild Resource Conservation Program
Pennsylvania Department of Conservation and Natural Resources

$V�IDU�EDFN�DV�,�FDQ�UHPHPEHU��,�ZDQWHG�WR�EH�D�VFLHQWLVW��
,W�DOO�VWDUWHG�ZKHQ�P\�XQFOH�JDYH�PH�D�ERRN�DERXW�GLQRVDXUV��
)URP�WKH�VHFRQG�,�ODLG�H\HV�RQ�WKRVH�0HVR]RLF�VZDPSV�IXOO�
RI�KXONLQJ� UHSWLOHV� DQG�JLDQW�GUDJRQÀLHV�� ,�NQHZ� ,�ZDQWHG�
WR�EH�D�SDOHRQWRORJLVW��$V�WKH�\HDUV�ZHQW�RQ�,�QHYHU�JDYH�XS�
RQ�P\�GUHDP�RI�EHFRPLQJ�D�VFLHQWLVW��,�FKDQJHG�GLVFLSOLQHV�
PDQ\� WLPHV� DORQJ� WKH� ZD\� HYHQWXDOO\� FKRRVLQJ� ZLOGOLIH�
ELRORJ\��
%DFN�WKHQ��LQ�WKH�����V��WKH�VSDFH�UDFH�ZDV�LQ�WKH�QHZV�HYHU\�

QLJKW� DQG� WKH� WHFKQRORJLFDO� GLVFRYHULHV� WKDW� DFFRPSDQLHG�
LW�PHVPHUL]HG� WKH�SXEOLF�� ,W�ZDV� D� WLPH�ZKHQ� VFLHQFH�ZDV�
UHYHUHG�DQG�EHLQJ�D�VFLHQWLVW�ZDV�D�QREOH�FDOOLQJ��,W�ZDV�DQ�
DJH�ZKHQ� VFLHQWL¿F� GLVFRYHU\�ZDV� KHUDOGHG�� DGPLUHG�� DQG�
HDJHUO\�DFFHSWHG�IRU�WKH�EHWWHUPHQW�RI�VRFLHW\�
6DGO\�� WKDW� VDPH� VHQVH� RI� ZRQGHU� DQG� UHVSHFW� LV� QRW� DV�

ZLGHVSUHDG� WRGD\�� QRW� WKURXJK� DQ\� IDXOW� RI� WKH� VFLHQWL¿F�
FRPPXQLW\�� EXW� GXH� PRVWO\� WR� WKH� LQÀXHQFH� RI� VSHFLDO�
LQWHUHVW�JURXSV�ZLOOLQJ� WR�GLVFUHGLW� VFLHQFH� WR� IXUWKHU� WKHLU�
RZQ�DJHQGD�
$V�,¶YH�PRYHG�WKURXJK�P\�FDUHHU�,¶YH� WUDQVLWLRQHG�IURP�

GRLQJ�UHVHDUFK�WR�XVLQJ�LW�IRU�SROLF\�GHYHORSPHQW��DQG�DORQJ�
WKH�ZD\� ,¶YH� VHHQ� WKH� ULJKW� DQG�ZURQJ�ZD\V� VFLHQWLVWV� WU\�
WR�LQÀXHQFH�WKH�SURFHVV��:LWK�WKDW�LQ�PLQG��KHUH�DUH�D�IHZ�
WKLQJV�ZH�FDQ�GR�DV�VFLHQWLVWV�WR�EROVWHU�RXU�FUHGLELOLW\�DQG�
KHOS�HQVXUH�WKDW�WKH�LPSRUWDQW�GLVFRYHULHV�ZH�PDNH�DUH�XVHG�
WR�IRUPXODWH�PHDQLQJIXO�SROLF\�GHFLVLRQV�

Beware The Curse of Knowledge.�:KHWKHU� \RX� DUH� D�
QHZ�SURIHVVLRQDO�RU�D�VHDVRQHG�UHVHDUFKHU��\RX�DUH�DQ�H[SHUW�
LQ�\RXU�¿HOG�DQG�KDYH�SUREDEO\�IRUJRWWHQ�KRZ�OLWWOH�WKH�UHVW�
RI�XV�NQRZ�DERXW�\RXU�DUHD�RI�VWXG\��,W¶V�FDOOHG�WKH�³FXUVH�RI�
NQRZOHGJH´�DQG�UHIHUV�WR�WKH�LQIRUPDWLRQ�LPEDODQFH�EHWZHHQ�
H[SHUWV�DQG�WKH�SHRSOH�WKH\¶UH�WU\LQJ�WR�FRPPXQLFDWH�ZLWK��
,W¶V� D� FRQFHSW� ERUQ� RXW� RI� WKH� VWXG\� RI� SV\FKRORJ\� DQG�
HFRQRPLFV� �&DPHUHU��&ROLQ��*HRUJH�/RHZHQVWHLQ�	�0DUN�
:HEHU���7KH�FXUVH�RI�NQRZOHGJH�LQ�HFRQRPLF�VHWWLQJV��$Q�
H[SHULPHQWDO� DQDO\VLV��� -RXUQDO� RI� 3ROLWLFDO� (FRQRP\� ���
������������±�������EXW�LW�DSSOLHV�WR�DQ\�VFLHQWL¿F�GLVFLSOLQH�
DQG� RIWHQ� OHDYHV� H[SHUWV� XQDEOH� WR� FRPPXQLFDWH� WKH� EDVLF�
HVVHQFH�RI�WKHLU�UHVHDUFK�

3ROLF\�PDNHUV�QHHG�FOHDUO\�DUWLFXODWHG�DQG�LQWHUSUHWHG�GDWD�
DQG�UHVXOWV��DQG�LI�\RX�FDQ¶W�SURYLGH�LW��WKHQ�\RXU�YRLFH�ZRQ¶W�
EH�KHDUG��7R�DYRLG�WKH�³FXUVH �́�WKLQN�DERXW�\RXU�ZRUN�IURP�
WKH�SHUVSHFWLYH�RI�\RXU�DXGLHQFH��)RUJHW�ZKDW�\RX�NQRZ��DQG�
WU\�WR�H[SODLQ�\RXU�UHVHDUFK�DQG�LWV�UHOHYDQFH�LQ�D�ZD\�WKDW�
\RXU�PRWKHU�ZRXOG�XQGHUVWDQG��

Policy is based on more than science.�,I�ZH�ZDQW�SROLF\�
PDNHUV�WR�HPEUDFH�VFLHQFH��ZH�QHHG�WR�HPEUDFH�WKH�UHDOLWLHV�
WKH\�IDFH�DV�ZHOO��:H�QHHG�WR�UHFRJQL]H�WKDW�VFLHQFH�LV�MXVW�
RQH�RI�WKH�IDFWRUV�WKDW�DUH�FRQVLGHUHG�ZKHQ�GHYHORSLQJ�SXEOLF�
SROLF\��'HFLVLRQV�QHHG�WR�WDNH�LQWR�DFFRXQW�HFRQRPLF��VRFLDO��
DQG�SROLWLFDO�IDFWRUV�DV�ZHOO��-XVW�DV�SROLF\�GHFLVLRQV�VKRXOG�
QRW� EH� EDVHG� VROHO\� RQ� HFRQRPLF� EHQH¿W� RU� MRE� FUHDWLRQ��
VFLHQWL¿F� GDWD� VKRXOG� QRW� EH� WKH� VROH� GHWHUPLQLQJ� IDFWRU�
HLWKHU�

Extrapolate at your own risk.�6WLFN�WR�WKH�IDFWV��([WHQGLQJ�
D�FRQFOXVLRQ�WR�D�QHZ�VHW�RI�FLUFXPVWDQFHV�LV�ULVN\�EXVLQHVV�
LI� QRW� DFFRPSDQLHG� E\� H[SHULPHQWDWLRQ� DQG� DQDO\VLV�� 2Q�
WRR�PDQ\� RFFDVLRQV� ,¶YH� VHHQ� FRPSHWHQW� VFLHQWLVWV� H[WHQG�
RU� LQWHUSUHW� GDWD� WRR� EURDGO\�� RQO\� WR� KDYH� LW� FRPH� EDFN�
DQG� ELWH� WKHP�� ,W¶V� DOVR� LPSRUWDQW� WR� UHPHPEHU� WKDW� WKHUH�
DUH�QR�DEVROXWH� WUXWKV� LQ� VFLHQFH�� VR�DYRLG�SUHVHQWLQJ� LW� DV�

�$FFHSWHG�IRU�SXEOLFDWLRQ�1RYHPEHU������

*UHJ�&]DUQHFNL
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VXFK��,QVWHDG��H[SODLQ�WKDW�JRRG�VFLHQWL¿F�UHVHDUFK�SURYLGHV�
HQRXJK� FHUWDLQW\� WR� KHOS� IRUPXODWH� JRRG� SROLF\�� 7KLV� LV�
FULWLFDO�� EHFDXVH� ODFN� RI� FHUWDLQW\� LV� RQH� RI� WKH� SULPDU\�
DUJXPHQWV� VSHFLDO� LQWHUHVW� JURXSV�XVH� WR�GLVFUHGLW� VFLHQFH��
-XVW�ORRN�DW�WKH�SXEOLF�GHEDWH�RYHU�FOLPDWH�FKDQJH�WR�VHH�KRZ�
GLVLQJHQXRXV��EXW�HIIHFWLYH��WKLV�WDFWLF�FDQ�EH�

Be an advisor. ,I� \RX� SURYLGH� GDWD�� H[SHUW� RSLQLRQ�� RU�
VFLHQWL¿F�DGYLFH�WKDW�LV�VRXQG��XQELDVHG��DQG�XVHIXO��SROLF\�
PDNHUV� ZLOO� UHPHPEHU� \RX� DQG� TXLWH� OLNHO\� FRPH� WR� \RX�
DJDLQ�� ,I� \RX¶UH� OXFN\�� \RX�PD\� HYHQ�EH� DVNHG� WR� VHUYH� LQ�
D�PRUH�IRUPDO�FDSDFLW\��VXFK�DV�RQ�DQ�DGYLVRU\�FRPPLWWHH��
7KLV� LV�DQ� LQYDOXDEOH�ZD\� WR�PDNH�\RXU� UHVHDUFK�DQG�\RXU�
YRLFH� KHDUG�� 7KHVH� FRPPLWWHHV� RIWHQ� LQFOXGH� VWDNHKROGHUV�
ZLWK�RSSRVLQJ�SKLORVRSKLHV�DQG�LQWHUHVWV��WKHUHE\�DOORZLQJ�
\RX�WR�EH�D�YRLFH�RI�UHDVRQ�ZKLOH�DW�WKH�VDPH�WLPH�JDLQLQJ�DQ�
DSSUHFLDWLRQ�IRU�RWKHU�SRLQWV�RI�YLHZ��

It’s OK to be an advocate, but not a lobbyist.� ,W¶V� DOO�
WRR� HDV\� WR� FURVV� WKH� OLQH� IURP� REMHFWLYH� DGYLVRU� WR� WKDW�
RI� DQ� DFWLYLVW� OREE\LQJ� IRU� D� SDUWLFXODU� FRXUVH� RI� DFWLRQ��
(OL]DEHWK� +DGOH\� RI� 6WDQIRUG� DQG� $QWKRQ\� %RUDQVNL�
RI� WKH� 8QLYHUVLW\� RI� &DOLIRUQLD� DW� %HUNOH\� FKDUDFWHUL]H�
WKLV� GLIIHUHQFH� DV� LQIRUPDWLYH� YV�� GHVFULSWLYH� DGYRFDF\�
�+DGOH\�� (OL]DEHWK�� %RUDQVNL�� $QWKRQ\�� %H\RQG� 6FLHQFH�
&RPPXQLFDWLRQ�� ,QIRUPDWLYH� YHUVXV� SUHVFULSWLYH�
DGYRFDF\��&RQVHQVXV)RU$FWLRQ�EORJ�� -DQXDU\������� � KWWS���
FRQVHQVXVIRUDFWLRQ�VWDQIRUG�HGX�EORJ�EH\RQG�VFLHQFH�
FRPPXQLFDWLR�KWPO���
,QIRUPDWLYH� DGYRFDF\� LQYROYHV� OLVWHQLQJ� WR� ZKDW� SROLF\�

PDNHUV� QHHG� DQG� SURYLGLQJ� WKH� GDWD�� LQIRUPDWLRQ�� DQG�
H[SHUWLVH� WKDW� ¿OOV� WKDW� QHHG�� 'HVFULSWLYH� DGYRFDF\�� RQ�
WKH� RWKHU� KDQG�� LV� HQGRUVLQJ� D� VSHFL¿F� SROLF\� DFWLRQ�� 7KLV�
DSSURDFK�QDUURZV�WKH�RSWLRQV�IRU�SROLF\�PDNHUV��ZKR�QHHG�
WR� HYDOXDWH� DOO� RSWLRQV� DQG�PDNH� WKH� EHVW� FKRLFH� IRU� WKHLU�
FRQVWLWXHQWV��:H�QHHG� WR� UHFRJQL]H� WKDW� WKHUH� DUH�PXOWLSOH�
SDWKV� WR�DQ\�GHVLUHG�FRQGLWLRQ��DQG�\RXU�UROH�DV�D�VFLHQWLVW�
LV�WR�KHOS�GH¿QH�WKH�FRQVHTXHQFHV�RI�HDFK��,W¶V�QRW�WR�GLFWDWH�
ZKLFK�VKRXOG�EH�WDNHQ�
3ROLF\� PDNHUV� DUH� FRQWLQXRXVO\� ERPEDUGHG� ZLWK�

LQIRUPDWLRQ�� ZKLFK� DOO� WRR� RIWHQ� FRPHV� IURP� ELDVHG��
XQLQIRUPHG�VRXUFHV��$V�VFLHQWLVWV�ZH¶UH�REOLJDWHG�WR�SURYLGH�
FOHDU�� REMHFWLYH� LQIRUPDWLRQ� WKDW� ZLOO� KHOS� WKHP�PDNH� WKH�
EHVW�GHFLVLRQV�SRVVLEOH��+RSHIXOO\��E\�IROORZLQJ�WKHVH�VLPSOH�
JXLGHOLQHV��ZH�FDQ�LQWHJUDWH�VFLHQFH�LQWR�SROLF\�DQG�KHOS�LW�
UHJDLQ�WKH�UHVSHFW�LW�GHVHUYHV�



Journal of the Pennsylvania Academy of Science 88(4): 197-203, 2014

COMMENTARY: 
LACAWAC SANCTUARY AND FIELD STATION: A LONG-STANDING TRADITION OF 

RESEARCH, EDUCATION, AND PRESERVATION

LESLEY KNOLL� AND CRAIG LUKATCH�

1Director of Research and Education, Lacawac Sanctuary and Field Station
2President, Lacawac Sanctuary and Field Station

-XVW� DV�1RUWKHDVWHUQ�3HQQV\OYDQLD� UHVLGHQWV� DQG� WRXULVWV�
HQMR\�WKH�IRUHVWV�DQG�ODNHV�RI�WKH�UHJLRQ��VR�GR�PDQ\�VWXGHQWV�
OHDUQLQJ�DERXW�HQYLURQPHQWDO�VFLHQFH�DQG�HFRORJ\��/DFDZDF�
6DQFWXDU\� DQG� )LHOG� 6WDWLRQ�� D� QRQ�SUR¿W� ELRORJLFDO� ¿HOG�
VWDWLRQ��QDWXUH�SUHVHUYH��DQG�HQYLURQPHQWDO�HGXFDWLRQ�FHQWHU�
ORFDWHG�RQ�WKH�VRXWKZHVWHUQ�VKRUHV�RI�/DNH�:DOOHQSDXSDFN�
LQ�WKH�3RFRQRV��KDV�EHHQ�HGXFDWLQJ�DQG�KRVWLQJ�VWXGHQWV�RI�
DOO�DJHV�IRU�GHFDGHV��/DFDZDF�ZDV�IRXQGHG�LQ������ZLWK�WKH�
PLVVLRQ� RI� ³5HVHDUFK�� (GXFDWLRQ�� DQG� 3UHVHUYDWLRQ´� DQG�
LQFOXGHV�D�ZHOO�SURWHFWHG�JODFLDO�ODNH��/DNH�/DFDZDF�DV�ZHOO�
DV�PRUH�WKDQ�����DFUHV�RI�IRUHVW��KLNLQJ�WUDLOV��DQG�KLVWRULF�
EXLOGLQJV�� 7KHVH� IHDWXUHV�PDNH� /DFDZDF� DQ� LGHDO� RXWGRRU�
OHDUQLQJ�ODERUDWRU\�IRU�HGXFDWLQJ�VWXGHQWV�IURP�NLQGHUJDUWHQ�
WKURXJK�JUDGXDWH�VFKRRO�
)RU� QHDUO\� ��� \HDUV�� /DFDZDF� KDV� DFFRPSOLVKHG� LWV�

PLVVLRQ�E\�RIIHULQJ�D�GLYHUVH�VHW�RI�QDWXUDO�DUHDV��IDFLOLWLHV��
DQG� SURJUDPV� IRU� .���� DQG� SRVW�VHFRQGDU\� HGXFDWRUV� DQG�
VWXGHQWV��DUHD�UHVLGHQWV��VFLHQWL¿F�UHVHDUFKHUV��DQG�YLVLWRUV�WR�
WKH�UHJLRQ��%\�EULQJLQJ�VFLHQWLVWV�WRJHWKHU�ZLWK�WKH�JHQHUDO�
SXEOLF�� /DFDZDF� SURYLGHV� DQ� H[FHOOHQW� RSSRUWXQLW\� IRU�
XQLTXH�LQWHUDFWLRQV�

/DNH�/DFDZDF� LV� D�1DWLRQDO�1DWXUDO�/DQGPDUN� DQG� WZR�
ORFDWLRQV� RQ� WKH� SURSHUW\� �QDWXUDO� ERJ� DQG� QDWXUDO� OHGJHV�
DUHD�� DUH� GHVLJQDWHG� DV� :LOG� 3ODQW� 6DQFWXDU\¶V� E\� WKH�
3HQQV\OYDQLD� 'HSDUWPHQW� RI� &RQVHUYDWLRQ� DQG� 1DWXUDO�
5HVRXUFHV�� /DFDZDF� 6DQFWXDU\� DOORZV� SXEOLF� YLVLWRUV� DQG�
HQYLURQPHQWDO� SURJUDP� DWWHQGHHV� WR� H[SHULHQFH� XQDOWHUHG�
QDWXUDO�DUHDV�DQG�WR�LQWHUDFW�ZLWK�VFLHQWLVWV�WR�OHDUQ�DERXW�WKH�
QDWXUDO�ZRUOG�DQG�FRQVHUYDWLRQ�HIIRUWV�
)DFXOW\� DQG� VWXGHQWV� IURP� KLJKHU� HGXFDWLRQ� LQVWLWXWLRQV�

DUH� ZRUNLQJ� RQ� PDQ\� HQYLURQPHQWDO� LVVXHV� RI� UHOHYDQFH�
WR� WKH� UHJLRQ�� 5HFHQW� UHVHDUFK� SURMHFWV� DW� /DFDZDF� KDYH�
IRFXVHG�RQ�KRZ�FOLPDWH�FKDQJH�LPSDFWV�3HQQV\OYDQLD�ODNHV��
KRZ�KLJK�GHHU�SRSXODWLRQV�DUH�DOWHULQJ�IRUHVW�FRPPXQLWLHV�
WKURXJK�WKHLU�IHHGLQJ�DFWLYLWLHV��DQG�ZKHWKHU�R]RQH�GHSOHWLRQ�
FDQ� QHJDWLYHO\� DIIHFW� DTXDWLF� RUJDQLVPV�� /DFDZDF� LV� DOVR�
SDUW�RI�WKH�HFRORJLFDOO\�DQG�HFRQRPLFDOO\�LPSRUWDQW�8SSHU�
'HODZDUH�5LYHU�ZDWHUVKHG�ZKLFK�GHOLYHUV�GULQNLQJ�ZDWHU�WR�
PRUH�WKDQ����PLOOLRQ�SHRSOH�

Research and Education Consortium

/DFDZDF� 6DQFWXDU\�� 0LDPL� 8QLYHUVLW\� �2[IRUG� 2KLR���
WKH� $FDGHP\� RI� 1DWXUDO� 6FLHQFHV� RI� 'UH[HO� 8QLYHUVLW\�
DQG� 'UH[HO� 8QLYHUVLW\� DQQRXQFHG� LQ� WKH� IDOO� RI� ����� DQ�
DJUHHPHQW�WR�IRUP�DQ�HQYLURQPHQWDO�UHVHDUFK�DQG�HGXFDWLRQ�

�$FFHSWHG�IRU�SXEOLFDWLRQ�'HFHPEHU������

/DNH�/DFDZDF��D�1DWLRQDO�1DWXUDO�/DQGPDUN� /DNH�/DFDZDF��D�1DWLRQDO�1DWXUDO�/DQGPDUN�
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FRQVRUWLXP��7KH�FRQVRUWLXP�EXLOGV�RQ�H[LVWLQJ�SDUWQHUVKLSV�
ZLWK�OHDGLQJ�XQLYHUVLWLHV�DQG�IRFXVHV�RQ�FXWWLQJ�HGJH�JOREDO�
FOLPDWH�FKDQJH�DQG�ZDWHU�TXDOLW\�UHVHDUFK��7KH�FRQVRUWLXP�
LV� FRPSULVHG� RI� KLJKHU� HGXFDWLRQ� LQVWLWXWLRQV�� UHJLRQDO�
VFKRRO�GLVWULFWV��DQG�DI¿OLDWH�SDUWQHUV��VWDWH� ODQGV��UHJLRQDO�
ODQG�WUXVWV��QRQ�SUR¿W�FRQVHUYDWLRQ�RUJDQL]DWLRQV��
7KH�FRQVRUWLXP�FXUUHQWO\�LQFOXGHV�WKH�IROORZLQJ�FROOHJHV�

DQG� XQLYHUVLWLHV�� 0LDPL� 8QLYHUVLW\� �2[IRUG�� 2+��� 'UH[HO�
8QLYHUVLW\� �3KLODGHOSKLD�� 3$��� 7KH� $FDGHP\� RI� 1DWXUDO�
6FLHQFHV� RI� 'UH[HO� 8QLYHUVLW\� �3KLODGHOSKLD�� 3$��� 7KH�
8QLYHUVLW\� RI� 6FUDQWRQ� �6FUDQWRQ�� 3$��� DQG� /DFNDZDQQD�
&ROOHJH��6FUDQWRQ��3$���/DQG�WUXVW�PHPEHUV�DUH�QXPHURXV�
DQG� RIIHU� PRUH� WKDQ� ������� DFUHV� RI� ODQGV� DQG� ZDWHUV�
WKURXJKRXW�3HQQV\OYDQLD�WKDW�FDQ�EH�DFFHVVHG�E\�FRQVRUWLXP�
PHPEHUV�IRU�UHVHDUFK�DQG�HGXFDWLRQ�SXUSRVHV�
7KH� &RQVRUWLXP� FROODERUDWHV� ZLWK� LWV� PHPEHUV� LQ�

FRQGXFWLQJ�VFLHQWL¿F�UHVHDUFK��FUHDWLQJ�HGXFDWLRQ�SURJUDPV�
IRU�.����DXGLHQFHV��DQG�RIIHULQJ�UHVRXUFHV�DQG�VXSSRUW� IRU�
HDUO\�FDUHHU� VFLHQWLVWV�� LQFOXGLQJ� JUDGXDWH� VWXGHQWV� DQG�
SRVWGRFWRUDO�IHOORZV�

Facilities

�/DFDZDF�LV�DQ�LGHDO�ORFDWLRQ�IRU�XQLYHUVLWLHV�DQG�FROOHJHV�
ORRNLQJ� IRU� D� UHVHDUFK� VLWH�� D� SODFH� WR� VWXG\� WKH� QDWXUDO�
HQYLURQPHQW��DQG�WR�EULQJ�D�FODVV�IRU�D�¿HOG�HFRORJ\�WULS��,Q�
WKH�SDVW�¿YH�\HDUV��QHDUO\����LQVWLWXWLRQV�RI�KLJKHU�HGXFDWLRQ�
KDYH�XVHG�/DFDZDF�IRU�HGXFDWLRQ�RU� UHVHDUFK��/RGJLQJ� IRU�
LQGLYLGXDOV� RU� JURXSV� XS� WR� ��� SHRSOH� LV� DYDLODEOH� LQ� WKH�
+LVWRULF�*UHDW�&DPS�DQ�$GLURQGDFN�VW\OH�KXQWLQJ�ORGJH�DQG�
YDFDWLRQ�KRPH�DQG�FRPSOH[�EXLOW�LQ������DQG�OLVWHG�RQ�WKH�
1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV�

$� QHZ� \HDU�URXQG�� DQDO\WLFDO� ODERUDWRU\�� VXSSRUWHG�
E\� IXQGLQJ� IURP� WKH� 1DWLRQDO� 6FLHQFH� )RXQGDWLRQ�� ZDV�
EXLOW� LQ� ������ 7KH� QHZ� ODE� LQFOXGHV� HTXLSPHQW� VXFK� DV�
D� IXPH� KRRG�� ZDWHU� SXUL¿FDWLRQ� V\VWHP�� LQFXEDWRUV��
ÀXRURPHWHU��WR�PHDVXUH�DOJDO�DEXQGDQFH���89�9LV�VFDQQLQJ�
VSHFWURSKRWRPHWHU��GU\LQJ�RYHQ��PXIÀH�IXUQDFH��DQDO\WLFDO�
EDODQFH��DQG�PLFURVFRSH�ZLWK�FDPHUD�V\VWHP��$�VHDVRQDO�ODE�
DQG�FODVVURRP�DUH�DOVR�DYDLODEOH�RQ�WKH�VHFRQG�OHYHO�RI�WKH�
KLVWRULF�&DUULDJH�+RXVH�ZKLFK�LV�LQ�FORVH�SUR[LPLW\�WR�/DNH�
/DFDZDF�

7KH�+LVWRULF�/RGJH�DW�/DFDZDF�OLVWHG�RQ�WKH�1DWLRQDO�5HJLVWHU�RI�
+LVWRULFDO�3ODFHV�

,QVLGH�WKH�&DUULDJH�+RXVH�DW�/DFDZDF��

7KH�GLQLQJ�URRP�LQ�WKH�/RGJH�
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Lake Lacawac 

7KH�HFRORJLFDO�YDOXH�RI�/DNH�/DFDZDF�ZDV�UHFRJQL]HG�E\�
VFLHQWLVWV�DW�WKH�$FDGHP\�RI�1DWXUDO�6FLHQFHV�LQ�3KLODGHOSKLD�
GXULQJ� YLVLWV� LQ� WKH� ����¶V��%HFDXVH� ODNH� DFFHVV� LV� VWULFWO\�
FRQWUROOHG�DQG�WKH�ZDWHUVKHG�KDV�QHYHU�EHHQ�GHYHORSHG��WKH�
ODNH�VXSSRUWV�DQ�XQH[SORLWHG�¿VK�FRPPXQLW\�DQG�D�GLYHUVH�
QDWLYH� SODQW� FRPPXQLW\�� LQFOXGLQJ� VHYHUDO� UDUH� VSHFLHV�� ,Q�
�����WKH�1DWLRQDO�3DUN�6HUYLFH�GHVLJQDWHG�/DNH�/DFDZDF�DV�
D�1DWLRQDO�1DWXUDO�/DQGPDUN��7KH�ODNH�LV�DQ�LGHDO�VLWH�WR�XVH�
DV� D� FRQWURO� IRU� FRPSDULVRQV� ZLWK� KXPDQ�LPSDFWHG� ODNHV��
/DNH�/DFDZDF�LV�D�VLWH�XVHG�E\�ODNH�VFLHQWLVWV�EHFDXVH�RI�LWV�
H[FHOOHQW�ZDWHU�TXDOLW\�DQG�ORQJ�WHUP�GDWD�UHFRUG��6LQFH�WKH�
ODWH�����¶V�� WKH� ODNH�KDV�EHHQ� WKH� IRFXV�RI�PDQ\� VFLHQWL¿F�
SDSHUV�� JUDGXDWH� WKHVHV�� DQG� XQGHUJUDGXDWH� SURMHFWV�� /DNH�
/DFDZDF�LV�FRQVLGHUHG�E\�PDQ\�HGXFDWRUV�DQG�VFLHQWLVWV�DV�D�
³OLYLQJ�ODERUDWRU\ �́
8QGHU� WKH� GLUHFWLRQ� RI� /HKLJK� 8QLYHUVLW\� IDFXOW\� LQ�

WKH�����V��/DFDZDF�EHFDPH�D�EDVH� IRU�PDQ\� UHVHDUFK�DQG�
HGXFDWLRQDO� SURMHFWV� LQYROYLQJ� LQYHVWLJDWRUV� DQG� VWXGHQWV�
IURP�PXOWLSOH� FROOHJHV� DQG� XQLYHUVLWLHV�� )XQGLQJ� IURP� WKH�
$QGUHZ�:��0HOORQ� DQG� *HUDOGLQH� 5�� 'RGJH� )RXQGDWLRQV�

ZDV�XVHG� WR�GHYHORS� DQG� VXSSRUW� WKH�3RFRQR�&RPSDUDWLYH�
/DNHV�3URJUDP��3&/3���DQ�LQIRUPDO�FRQVRUWLXP�RI�VFLHQWLVWV�
IURP� VHYHUDO� LQVWLWXWLRQV�� 7KH� SULPDU\� IRFXV� RI� WKH� 3&/3�
ZDV� D� ORQJ�WHUP� VDPSOLQJ� SURJUDP� RQ� WKUHH� ORFDO� ODNHV�
�LQFOXGLQJ� /DNH� /DFDZDF�� DFURVV� D� SURGXFWLYLW\� JUDGLHQW��
0XFK� RI� WKH� VDPSOLQJ� ZDV� FRQGXFWHG� E\� XQGHUJUDGXDWHV�
VXSSRUWHG�WKURXJK�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ¶V�5(8�
SURJUDP�� 7KH� ODNH� GDWD� IURP� WKHVH� HIIRUWV� DQG� FRQWLQXHG�
UHVHDUFK�SURMHFWV�DUH�WKH�FRUH�RI�WKH�ORQJ�WHUP�GDWDVHW�
,Q� ������ D� /HKLJK� 8QLYHUVLW\� IDFXOW\� PHPEHU� EHJDQ� D�

FRQWLQXRXV�HOHFWURQLF�ZHDWKHU�DQG�ODNH�PRQLWRULQJ�SURJUDP�
WKDW� KDV� EHHQ� H[SDQGHG� VHYHUDO� WLPHV�� FRQWLQXHV� WRGD\��
DQG�FRQWULEXWHV�GDWD�WR�PDQ\�SURMHFWV��1XPHURXV�/DFDZDF�
SXEOLFDWLRQV�KDYH�UHVXOWHG�IURP�ZRUN�IRFXVLQJ�RQ�WKH�LPSDFW�
RI� XOWUDYLROHW� UDGLDWLRQ� �89�� RQ� DTXDWLF� HFRV\VWHPV��/DNH�
PHUFXU\�HYDVLRQ�UHVHDUFK�ZDV�FRQGXFWHG�LQ�WKH�PLG�WR�ODWH�

6XPPHU� XQGHUJUDGXDWH� LQWHUQV� RQ� /DNH� /DFDZDF�� &KULV� &DVVHO�
IURP�%ORRPVEXUJ�8QLYHUVLW\��OHIW��DQG�$QQH�0RUJDQ�IURP�0LDPL�
8QLYHUVLW\��ULJKW��

(DUO\� ODNH� VFLHQWLVWV� RQ�/DNH�/DFDZDF��&O\GH�*RXOGHQ� IURP� WKH�
$FDGHP\� RI� 1DWXUDO� 6FLHQFHV� RI� 3KLODGHOSKLD� �OHIW��� D� JUDGXDWH�
VWXGHQW� �FHQWHU��� DQG� $ODQ� 7HVVLHU� IURP� WKH� 8QLYHUVLW\� RI�
3HQQV\OYDQLD��ULJKW��

/DFDZDF¶V�HQYLURQPHQWDO�ODERUDWRU\�
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����¶V� DW� /DFDZDF�� 0DQ\� DGYDQFHV� LQ� GLVVROYHG� RUJDQLF�
PDWWHU�TXDOLW\�DQG�RSWLFDO�PHWULFV�KDYH�FRPH�IURP�UHVHDUFK�
VXSSRUWHG� E\� /DFDZDF� 6DQFWXDU\�� 0DQ\� /DFDZDF� XVHUV�
KDYH�EHHQ�DGYDQFLQJ�WKH�FRQFHSW�RI�XVLQJ�ODNHV�DV�VHQWLQHOV�
RI� FOLPDWH� FKDQJH�� /DNHV� DUH� DW� WKH� ORZHVW� SRVLWLRQ� LQ� WKH�
ODQGVFDSH�DQG�WKXV�SURYLGH�FKHPLFDO��ELRORJLFDO�DQG�SK\VLFDO�
VLJQDOV� RI� FKDQJH� LQFOXGLQJ� WKRVH� IURP� WKH� VXUURXQGLQJ�
ODQGVFDSH�

Research and Hub for EONs

/DFDZDF� 6DQFWXDU\� VWULYHV� WR� HQKDQFH� LWV� QDWLRQDO�
UHSXWDWLRQ� DV� D� ¿HOG� VWDWLRQ� WKDW� IDFLOLWDWHV� PHDQLQJIXO�
GLVFRYHU\� LQ� WKH� QDWXUDO� VFLHQFHV� DQG� VHUYHV� DV� D� WUDLQLQJ�
JURXQG� IRU� ¿HOG� UHVHDUFK�� 0RQLWRULQJ� DQG� FRQVHUYDWLRQ�
IRFXVHG� UHVHDUFK�ZLOO� FRQWULEXWH� WR� D� IXOOHU� XQGHUVWDQGLQJ�
RI� RXU� HFRV\VWHPV� DQG� HQYLURQPHQWDO� FKDQJH� WKURXJK�
SXEOLVKHG�ZRUNV��FRQIHUHQFHV�DQG�RWKHU�PHDQV��2XU�JRDOV�IRU�
WKH�XSFRPLQJ�\HDUV�LQFOXGHV�DWWUDFWLQJ�QHZ�DQG�HVWDEOLVKHG�
VFLHQWLVWV� DQG� IRVWHULQJ� D� VWURQJHU� ¿HOG� VWDWLRQ� FXOWXUH��
LQFUHDVLQJ� UHVRXUFHV� IRU� WKH� UHVHDUFK� SURJUDP�� HQKDQFLQJ�
/DFDZDF¶V�UHSXWDWLRQ�DV�DQ�LQVWLWXWLRQ�WKDW�KHOSV�WR�ODXQFK�WKH�
FDUHHUV� RI� QHZ� VFLHQWLVWV�� LQWHJUDWLQJ�¿HOG� VWDWLRQ� UHVHDUFK�
ZLWK�HGXFDWLRQDO�SURJUDPV��DQG�RUJDQL]LQJ�PRUH� VFLHQWL¿F�
ZRUNVKRSV�
/DFDZDF� LV� D� OHDGHU� LQ� WKH� HPHUJLQJ� IURQWLHU� RI� ODUJH�

VFDOH�� ORQJ�WHUP�� HFRORJLFDO� REVHUYDWRU\�QHWZRUNV� �(21V���
,Q�������WKH�ODNH�EHFDPH�SDUW�RI�WKH�*OREDO�/DNH�(FRORJLFDO�
2EVHUYDWRU\� 1HWZRUN� �*/(21�� ZZZ�JOHRQ�RUJ��� D� JOREDO�
QHWZRUN�RI� ODNHV�DQG�VFLHQWLVWV��*/(21�VFLHQWLVWV� DGGUHVV�
ODUJH�VFDOH�TXHVWLRQV�DERXW�ODNHV�XVLQJ�WKHLU�JOREDO�QHWZRUN��
/DFDZDF� SURPRWHV� DQG� IDFLOLWDWHV� KLJK� TXDOLW\� WUDLQLQJ��
UHVHDUFK��DQG�LQWHUGLVFLSOLQDU\�LQWHUDFWLRQ�LQ�WKH�GHYHORSPHQW�
DQG�DSSOLFDWLRQ�RI�(21�VFLHQFH��7KH�¿HOG�VWDWLRQ�SURYLGHV�
D�SK\VLFDO� IDFLOLW\� IRU�(21�UHODWHG�ZRUN�DQG� UXQV� WUDLQLQJ�
ZRUNVKRSV� WR� WUDLQ� WKH� QH[W� JHQHUDWLRQ� RI� VFLHQWLVWV� RQ�

WKHVH� HPHUJLQJ� DSSURDFKHV�� /DFDZDF¶V� SKLORVRSK\� LV� WR�
SURYLGH�KDQGV�RQ�UHVHDUFK�DQG�HGXFDWLRQDO�RSSRUWXQLWLHV�IRU�
VFLHQWLVWV�RI�DOO�DJHV�
/DFDZDF� KDV� DOVR� EHHQ� XVHG� H[WHQVLYHO\� DV� D� WHVWLQJ�

JURXQG�IRU�QHZ�HQYLURQPHQWDO�VHQVRUV�DQG�VHQVRU�SODWIRUPV��
/DNH�/DFDZDF�LV�WKH�WHVWLQJ�VLWH�IRU�D�SURWRW\SH�RI�D�VPDOO��
SRUWDEOH� SUR¿OLQJ� EXR\� HTXLSSHG�ZLWK� D� VXLWH� RI� SK\VLFDO��
FKHPLFDO��DQG�ELRORJLFDO�VHQVRUV�WKDW�ZLOO�HQDEOH�VPDOO�ODNHV�
WR�EH�QHWZRUNHG�WR�XQGHUVWDQG�UHJLRQDO�WR�FRQWLQHQWDO�VFDOH�
LQÀXHQFHV�RI�FOLPDWH�FKDQJH�

Forest

/DFDZDF� KDV� VXSSRUWHG� D� ORQJ�WHUP�¿HOG� H[SHULPHQW� RQ�
WKH�LPSDFWV�RI�GHHU�EURZVLQJ�RQ�IRUHVW�XQGHUVWRULHV��$�SDLU�
RI�����KHFWDUH�GHHU�H[FORVXUHV� LQ� WZR�GLIIHUHQW�IRUHVW� W\SHV�
ZHUH� FUHDWHG� LQ� ������ ([FORVXUH� PDLQWHQDQFH� KDV� EHHQ�
PDLQWDLQHG�RYHU� WKH� SDVW� ���\HDUV� E\� ORFDO� YROXQWHHUV� DQG�
XQGHUJUDGXDWHV�� /RQJ�WHUP�GDWD� VKRZ�GLIIHUHQFHV� LQ� SODQW�
DEXQGDQFH�DQG�GLYHUVLW\�LQVLGH�YV�RXWVLGH�WKH�H[FORVXUHV��,Q�
������ WZR�DGGLWLRQDO�H[FORVXUHV�ZHUH�HUHFWHG� �����KHFWDUH���
7KH�H[FORVXUHV�ZHUH�SODFHG�LQ�DUHDV�GDPDJHG�E\�KLJK�ZLQGV�
DQG�Adelges tsugae��KHPORFN�ZRROO\�DGHOJLGV��ZLWK�KLJK�WUHH�
PRUWDOLW\�DQG�OLWWOH�UHJHQHUDWLRQ�GXH�WR�KHDY\�GHHU�EURZVLQJ��
2QH�RI�WKH�QHZ�H[FORVXUHV�VHUYHV�DV�D�FRQWURO�VLWH��7KH�RWKHU�
H[FORVXUH� LV� H[SHULPHQWDO� DQG� XVHV� DSSURDFKHV� WR� UHVWRUH�
ROG�JURZWK�IRUHVW�FKDUDFWHULVWLFV�

Conferences and workshops

(DFK�\HDU�/DFDZDF�KRVWV�QXPHURXV�VFLHQWL¿F�FRQIHUHQFHV�
DQG� ZRUNVKRSV� VXFK� DW� WKH� DQQXDO� IDOO� /DFDZDF� (FRORJ\�
&RQIHUHQFH�DQG�/DFDZDF�(FRORJLFDO�2EVHUYDWLRQ�:RUNVKRS���
7KH�/DFDZDF�(FRORJ\�&RQIHUHQFH�EHJDQ�LQ������DQG�LV�KHOG�
DQQXDOO\�WKH�HQG�RI�6HSWHPEHU��7KH�FRQIHUHQFH�LV�GHVLJQHG�

/DFDZDF¶V�HQYLURQPHQWDO�ODERUDWRU\� (QWUDQFH�WR�/DFDZDF�6DQFWXDU\�DQG�)LHOG�6WDWLRQ�
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WR�EULQJ�WRJHWKHU�VFLHQWLVWV�IURP�DFURVV�WKH�UHJLRQ��/(&�JLYHV�
VFLHQWLVWV�DW� DOO� OHYHOV� IURP�XQGHUJUDGXDWH� WR�3K'�OHYHO�DQ�
RSSRUWXQLW\�WR�GLVFXVV�UHVHDUFK�LGHDV�LQ�DQ�LQIRUPDO�VHWWLQJ�
DQG� WR� EXLOG� QHZ� FROODERUDWLRQV� LQ� WKH� 1RUWKHDVW� UHJLRQ��
7KH� FRQIHUHQFH� LV� RSHQ� WR� IDFXOW\� DQG� VWXGHQWV�� DQG� SDVW�
FRQIHUHQFHV�KDYH�EHHQ�DWWHQGHG�E\�SDUWLFLSDQWV�IURP�QHDUO\�
���GLIIHUHQW�LQVWLWXWLRQV�
7KH� /DFDZDF� (FRORJLFDO� 2EVHUYDWRU\� :RUNVKRS�

EULQJV� WRJHWKHU� H[SHUWV� RQ� EXR\� WHFKQRORJLHV�� DGYDQFHG�
HFRORJLFDO� VHQVRUV�� FRQWLQHQWDO� VFDOH� HFRORJ\� DSSURDFKHV��
DQG� PDQDJHPHQW�DQDO\VHV� RI� ODUJH� HFRORJLFDO� GDWDVHWV� WR�
WUDLQ� VWXGHQWV� DQG� HDUO\� FDUHHU� IDFXOW\� RQ� WKHVH� FXWWLQJ�
HGJH� DSSURDFKHV� LQ� HFRORJ\�� )LUVW� KHOG� LQ� ������ /(2:�
KDV� ZHOFRPHG� D� GLYHUVH� JURXS� RI� SDUWLFLSDQWV� IURP�PDQ\�
FRXQWULHV� DQG� VWDWHV� DFURVV� WKH� 86�� 0DQ\� OHDGHUV� LQ� WKH�
(21V� �HFRORJLFDO�REVHUYDWRU\�QHWZRUNV��KDYH�SUHVHQWHG�DW�
/(2:�UHSUHVHQWLQJ�PDQ\�GLIIHUHQW�(21V�LQFOXGLQJ�1(21�
�1DWLRQDO� (FRORJLFDO� 2EVHUYDWRU\� 1HWZRUN�� DQG� */(21�
�*OREDO�/DNH�(FRORJLFDO�2EVHUYDWRU\�1HWZRUN��

Educational Outreach

/DFDZDF¶V� <(6� 3URJUDP� FRPSOHPHQWV� DQG� HQKDQFHV�
VWXGHQWV¶� FODVVURRP� FXUULFXOXP� \HDU� URXQG� PDLQO\� LQ� D�
IRXU� FRXQW\� JHRJUDSKLFDO� DUHD�� /DFNDZDQQD�� /X]HUQH��
3LNH� DQG� :D\QH�� 7KHVH� SURJUDPV� PHHW� 3HQQV\OYDQLD�
FRQWHQW� VWDQGDUGV� ZKLOH� WKH\� HQFRXUDJH� \RXWK� WR� GHYHORS�
DQG�PDLQWDLQ�DQ�DZDUHQHVV��FRPSHWHQFH�DQG�HQWKXVLDVP�WR�
XQGHUVWDQG� LPSRUWDQW� HQYLURQPHQWDO� FRQFHUQV� LPSDFWLQJ�
RXU�ORFDO�ZDWHUVKHGV��ERGLHV�RI�ZDWHU��DQG�IRUHVWV�
/DFDZDF� RIIHUV� YDULRXV� RSSRUWXQLWLHV� IRU� VFKRROV� DQG�

VFKRRO�GLVWULFWV�

• 3DWKZD\V� LQ� (FRORJLFDO� 5HVHDUFK� �3L(5��� 3DWKZD\V�
LQ�(FRORJLFDO�5HVHDUFK�LV�D�SURJUDP�IRU�KLJK�VFKRRO�
MXQLRUV� WR� H[SORUH� VFLHQFH� DV� D� FDUHHU� WUDFN� LQ�
HPHUJLQJ�DUHDV�VXFK�DV�JUHHQ�WHFKQRORJLHV��HFRORJ\��
DQG�HQYLURQPHQWDO�VWXGLHV��,W�DLPV�WR�SUHSDUH�VWXGHQWV�
IRU�WKH�ULJRUV�RI�FROOHJH�DQG�LQFUHDVH�WKHLU�FKDQFHV�IRU�
DGPLVVLRQ� WR� WRS� FROOHJHV� DQG�XQLYHUVLWLHV��6WXGHQWV�
ZLOO�SDUWLFLSDWH�LQ�¿HOG�WULSV��OHDUQ�UHVHDUFK�PHWKRGV��
FRQGXFW�DQG�SUHVHQW�D�UHVHDUFK�SURMHFW�RI� WKHLU�RZQ��
DQG�DWWHQG�D�ZHHN�ORQJ�VXPPHU�UHVLGHQF\�FDPS�

• :RPHQ�LQ�6FLHQFH�3URMHFW��:L63���7KH�PLVVLRQ�RI�WKH�
:RPHQ�LQ�6FLHQFH�3URMHFW�LV�WR�DWWUDFW�DQG�UHWDLQ�PRUH�
ZRPHQ� LQ� VFLHQFH�¿HOGV�ZKLOH� IRVWHULQJ� WKHLU� IXWXUH�
VXFFHVV�� � 7KH� SURMHFW� FRPSRQHQWV� LQFOXGH�� 6WXGHQW�
5ROH� 0RGHOV� �+LJK� 6FKRRO��� :RPHQ� LQ� 6FLHQFH�
&DUHHU� &DPS� �+LJK� 6FKRRO��� :RPHQ� DQG� 6FLHQFH�
&RQIHUHQFH�DQG�:RPHQ�LQ�6FLHQFH�/XQFKHRQ�6HULHV�

• )LHOG�7ULSV�DQG�0RELOH�/DFDZDF��6WXGHQWV�SDUWLFLSDWH�
LQ� DQ� LQ�GHSWK� LQYHVWLJDWLRQ� RI� WKH� QDWXUDO� VFLHQFHV�
DW� /DFDZDF¶V� ¿HOG� VWDWLRQ� DQG� UHVHDUFK� FHQWHU��

7KURXJK� WKHVH� LQWHUDFWLYH� FODVVURRP� H[SHULHQFHV��
VWXGHQWV� ZLOO� GHYHORS� LPSRUWDQW� VFLHQWL¿F� VNLOOV��
IURP�PDNLQJ�REVHUYDWLRQV�WR�GHVLJQLQJ�H[SHULPHQWV�
DQG� LQWHUSUHWLQJ� GDWD�� � /DFDZDF¶V� VWUXFWXUHG�
HQYLURQPHQWDO�DQG�QDWXUDO�VFLHQFHV�OHVVRQV�IRU�HLWKHU�
VPDOO�RU�ODUJH�JURXSV�ZLOO�DOVR�FRPH�WR�WKH�FODVVURRP��
VFKRRO�DXGLWRULXP��RU�RWKHU�VFKRRO�YHQXH�VXFK�DV�DQ�
DIWHUVFKRRO�SURJUDP�

• 6XPPHU� &RQVHUYDWLRQ� DQG� /HDGHUVKLS� &DPS��
/DFDZDF� RIIHUV� DQ� HQJDJLQJ� DQG� LPPHUVLYH�
H[SHULHQFH� IRU� VWXGHQWV� DJHV� ������ LQ� D� ZHHN�ORQJ�
VXPPHU� SURJUDP� ZKHUH� WKH\� ZLOO� JDLQ� ¿UVW�KDQG�
H[SHULHQFH� ZLWK� FRQVHUYDWLRQ� LVVXHV� DQG� ¿HOG� DQG�
ODERUDWRU\�WHFKQLTXHV�LQ�WKH�HQYLURQPHQWDO�VFLHQFHV�

3DUWLFLSDQWV� DW� WKH� ����� /DFDZDF� (FRORJLFDO� 2EVHUYDWRU\�
:RUNVKRS�

/HVOH\�.QROO��'LUHFWRU�RI�5HVHDUFK�DQG�(GXFDWLRQ��WHDFKLQJ�DERXW�
ODNH�]RRSODQNWRQ�
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'HVLJQHG� WR� SURYLGH� D� OLQN� EHWZHHQ� FXUULFXOXP� DQG� WKH�
UHDO�ZRUOG��/DFDZDF¶V�RXWUHDFK�WR�.����VFKRROV�DQG�GLVWULFWV�
HPSKDVL]HV� D� ³ZDWHUVKHG� DSSURDFK´� WR� DSSUHFLDWLQJ��
DFKLHYLQJ� DQG� VXVWDLQLQJ� HQYLURQPHQWDO� LPSURYHPHQWV� LQ�
D�KDQGV�RQ�IDVKLRQ�LQWHQGHG�WR�LQWHUHVW�DQG�H[FLWH�VWXGHQWV���
7RGD\��PDQ\�VFKRROV�KDYH�OLPLWHG�WUDLQLQJ�DQG�UHVRXUFHV�WR�
IXOO\� GHYHORS� DQG� H[SORUH� ORFDO�ZDWHU�UHODWHG� DQG� IRUHVWU\�
ODQG�LVVXHV��/DFDZDF¶V�HGXFDWLRQ�SURJUDPV�DUH�GHVLJQHG�WR�
¿OO�WKLV�YRLG�E\�SURYLGLQJ�VWXGHQWV��DQG�WKHLU�WHDFKHUV��ZLWK�
D� FULWLFDO� XQGHUVWDQGLQJ� RI� ORFDO� ZDWHU� DQG� IRUHVWU\�ODQG�
LVVXHV� DQG� UHODWHG� HQYLURQPHQWDO� DQG� HFRORJLFDO� FRQFHUQV���
/DFDZDF¶V�HGXFDWLRQ�SURJUDPV�SURYLGH�FKLOGUHQ�ZLWK�D�EDVLF�
NQRZOHGJH�RI�WKH�ZDWHU�F\FOH��ZDWHUVKHG�PDQDJHPHQW��ZDWHU�
FKHPLVWU\��DTXDWLF�OLIH��SROOXWLRQ�ELRORJ\��IRUHVW�JURZWK�DQG�
UHJHQHUDWLRQ��QDWLYH�SODQW�OLIH��IRUHVW�OLIH�DQG�HQYLURQPHQWDO�
VFLHQFH�WKDW�VKRXOG�EH�SDUW�RI�HYHU\�VWXGHQW¶V�H[SHULHQFH�VR�
WKDW� WKH\�EHFRPH�LQIRUPHG�YRWHUV��FRPPXQLW\� OHDGHUV�DQG�
SROLF\�PDNHUV�

Public Education

/DFDZDF� 6DQFWXDU\� DQG� )LHOG� 6WDWLRQ� DOVR� HGXFDWHV� WKH�
SXEOLF� DERXW� RXU� LQÀXHQFH� RQ� QDWXUDO� HFRV\VWHPV� DQG� WKH�
LQWHUUHODWLRQVKLSV� ZLWK� WKH� HQYLURQPHQW�� ,W� GRHV� VR� E\�
RIIHULQJ�SURJUDPV�\HDU�URXQG�WR�WKH�JHQHUDO�SXEOLF��WHDFKHUV�
DQG�VWXGHQWV��DQG�\RXWK�DQG�FLYLF�JURXSV��/DFDZDF�6DQFWXDU\�
RIIHUV�FRPPXQLW\�SURJUDPV�GHVLJQHG�WR�FRQQHFW�SHRSOH�RI�
DOO�DJHV�WR�WKH�QDWXUDO�ZRUOG��/DFDZDF�RIIHUV�VHDVRQDO�FODVVHV�
UHODWHG�WR�DUW��SKRWRJUDSK\��DQLPDOV��SODQWV��DQG�KDELWDWV�
/DFDZDF¶V�UHFUHDWLRQDO�DQG�SXEOLF�RXWUHDFK�SURJUDPV�DUH�

GHVLJQHG�WR�LQFUHDVH�JHQHUDO�NQRZOHGJH�DQG�ORYH�RI�QDWXUH��
SURPRWH� KHDOWK\� RXWGRRU� DFWLYLWLHV� DQG� FRQWLQXH� WKH� FORVH�
UHODWLRQVKLS�EHWZHHQ�WKH�VDQFWXDU\�DQG�WKH�ORFDO�FRPPXQLW\�
E\�SURYLGLQJ�DFFHVV�WR�RXU�ODQG�DQG�DOORZLQJ�HQMR\PHQW�RI�

WKH�QDWXUDO�EHDXW\�RI�/DFDZDF��2XU�JRDOV�DUH�WR�HQFRXUDJH�D�
PRUH�PHDQLQJIXO�XVH�RI�/DFDZDF�WKURXJK�VFKHGXOLQJ�JXLGHG�
DQG� LQWHUSUHWLYH� ZDONV� DQG� RWKHU� DFWLYLWLHV� WKURXJKRXW�
WKH� \HDU�� LQFUHDVH� WKH� FDSDFLW\� RI� VWDII� DQG� YROXQWHHUV� WR�
PDLQWDLQ�WUDLOV��DQG�PDNH�WKH�UHFUHDWLRQDO�SURJUDPV�¿VFDOO\�
VHOI�VXVWDLQLQJ�
2XU�YLVLRQ�LV�IRU�HYHU\�)LHOG�6WDWLRQ�YLVLWRU�WR�FRQQHFW�ZLWK�

RXU� ODQGVFDSHV�� ELRORJLFDO� GLYHUVLW\�� DQG� FXOWXUDO� KLVWRU\��
7KURXJK�WKHLU�LQYHVWLJDWLRQ��ZH�KRSH�YLVLWRUV�ZLOO�GHYHORS�D�
³VHQVH�RI�SODFH´�WKDW�IRVWHUV�ODVWLQJ�VWHZDUGVKLS�RI�WKH�UHJLRQ�
DQG�RI� WKH�HQYLURQPHQW� LQ�JHQHUDO��7R�DFFRPSOLVK� WKLV��ZH�
SURYLGH�RSSRUWXQLWLHV� IRU� VWXGHQWV� DQG�YLVLWRUV� WR� LPPHUVH�
WKHPVHOYHV� LQ� WKH� DUHD� WKURXJK� H[SHULHQWLDO� OHDUQLQJ��
UHVHDUFK��DQG�WKH�SUDFWLFH�RI�FRQVHUYDWLRQ�

.ULVWLQH� :DVFR� D� VXPPHU� LQWHUQ� IURP� %ORRPVEXUJ� 8QLYHUVLW\�
VDPSOLQJ�/DNH�/DFDZDF�

-HQQLH�%UHQWUXS��D�3K'�VWXGHQW�IURP�0LDPL�8QLYHUVLW\��GHSOR\LQJ�
DTXDWLF�VHQVRUV�RQ�/DNH�/DFDZDF�

*UDGXDWH�VWXGHQWV�OHDUQLQJ�DERXW�DTXDWLF�VHQVRUV�DW�/DNH�/DFDZDF�
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)RU�PRUH�LQIRUPDWLRQ�FRQWDFW�/DFDZDF�
:HEVLWH��KWWS���ZZZ�ODFDZDF�RUJ�
3KRQH��������������
)D[��������������
(PDLO��LQIR#ODFDZDF�RUJ
OHVOH\�NQROO#ODFDZDF�RUJ
FUDLJ�OXNDWFK#ODFDZDF�RUJ
���6DQFWXDU\�5RDG
/DNH�$ULHO��3HQQV\OYDQLD������
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CHANGES IN MACROINVERTEBRATE ASSEMBLAGES IN A PENNSYLVANIA TROUT STREAM 
OVER THIRTY-FOUR YEARS: WHERE HAVE ALL THE TRICHOPTERA GONE?1

PATRICIA T. BRADT�

Environmental Science Program, Muhlenberg College,2400 Chew Street, Allentown, PA 18104 USA

ABSTRACT

Benthic macroinvertebrate (BMI) assemblages in 
Bushkill Creek, Northampton County, PA, USA were 
sampled at the same site in a similar manner from 1972 
to 1977 (months 1- 61 ) and from 1994 to 2006  (months 
274 - 419). The creek supports a naturally reproducing 
brown trout (Salmo trutta) population. From 1972 to 1996 
this assemblage demonstrated stability and resilience 
in recovering from documented physical disturbances 
(high water, low temperatures). However, when more 
recent data (1997 – 2006) are included, the following 
VLJQL¿FDQW� �$129$�� S������� GHFUHDVHV� RFFXUUHG� ������
to 2006):  1) biomass (expressed as wet weight in mg 
per replicate); 2) Trichoptera abundance, especially 
Hydropsychidae (Hydropsyche spp. and Cheumatopsyche 
VSS���� ��� DEXQGDQFH� RI� ¿OWHU�FROOHFWRUV�� ��� DEXQGDQFH�
of Ephemeropteran Stenonema spp. (Heptageniidae); 
5) abundance of all Ephemeroptera, Plecoptera and 
Trichoptera (EPT); and 6) abundance of the Dipteran 
Antocha spp. (Tipulidae). Among Ephemeroptera no 
changes were detected in Ephemerellidae or Baetidae 
abundances. Biodiversity as taxa richness (total, 
Trichoptera, Ephemeroptera, non-Insecta) and EPT 
LQGH[� GLG� QRW� UHJLVWHU� VLJQL¿FDQW� FKDQJHV� RYHU� WKH�
study period. Chironomidae became the most abundant 
family in the 2000’s (40% of total numbers) while 
Hydropsychidae were most abundant in the 1970’s 
(24.9% of total numbers). Changes in assemblage 
composition over this sampling period, suggest that 
the structure of this assemblage is changing, especially 
among Trichoptera, as land use changes, residential 
and commercial development, more frequent bankfull 
ÀRRGV�� FROGHU� WKDQ�QRUPDO� WHPSHUDWXUHV� DQG�XQNQRZQ�
additional stresses increase within this drainage basin.
[ J PA Acad Sci  88(4): 204-215, 2014 ] 

INTRODUCTION

/RWLF� ELRGLYHUVLW\� LV� LPSHULOHG� ZLWK� UHJLRQDO� DTXDWLF�
UHVRXUFHV� GHFOLQLQJ� DFURVV� 1RUWK� $PHULFD� VSHFL¿FDOO\�
�:LVKDUW� DQG� 'DYLHV� ������ 6WUD\HU� ������ DQG� ZRUOGZLGH�
JHQHUDOO\� �'XGJHRQ�et al.� ������� �5XQQLQJ�ZDWHUV� DUH� WKH�
PRVW� LPSDFWHG� HFRV\VWHPV� RQ� WKH� SODQHW� EHFDXVH� ORWLF�
V\VWHPV�DUH� LQ� LQWLPDWH�FRQWDFW�ZLWK� WKH�GUDLQDJH�EDVLQ�VR�
ODQG�XVH� FKDQJHV� LPSDFW� WKHVH�ZDWHUV�GLUHFWO\� �0DOPTYLVW�
DQG�5XQGOH��������7KH�H[WLQFWLRQ�UDWH�IRU�1RUWK�$PHULFDQ�
IUHVKZDWHU�IDXQD�LV�IRXU�SHUFHQW�SHU�GHFDGH��D�UDWH�VLPLODU�WR�
WURSLFDO�IRUHVWV��5LFFLDUGL�DQG�5DVPXVVHQ�������
)UHVKZDWHU� HFRORJLVWV� DUH� LQWHUHVWHG� QRW� RQO\� LQ�

ELRORJLFDO�GLYHUVLW\��EXW�DOVR�LQ�WKH�VWDELOLW\�RI�ORWLF�EHQWKLF�
PDFURLQYHUWHEUDWH��%0,��DVVHPEODJHV��1HXEHUW�DQG�&DVZHOO�
������� 7HPSHUDWH� %0,� DVVHPEODJHV� DUH� ZHOO� DGDSWHG� WR�
SUHGLFWDEOH� SK\VLFDO� GLVWXUEDQFHV�� EXW� FKDQJHV� PD\� RFFXU�
ZKHQ� GLVWXUEDQFHV� H[FHHG� WKH� SUHGLFWDEOH� UDQJH� �5HLFH�
�������/RQJ�WHUP�ELRORJLFDO�GDWD�DUH�QHFHVVDU\�WR�HYDOXDWH�
DVVHPEODJH� VWDELOLW\� �/LNHQV� DQG� /DPEHUW� ������ +RRSHU�
et al.� ������ -DFNVRQ� DQG� )XUHGHU� ������� +RZHYHU�� PRVW�
DVVHPEODJHV�VWXGLHV��!�����HQFRPSDVV�OHVV�WKDQ�WKUHH�\HDUV�
�0F(OUDY\� et al.� ������ZLWK� RQO\� D� IHZ� VWXGLHV� H[FHHGLQJ�
¿YH�\HDUV��H��J��:DUG�������-RKQVRQ�et al.�������*UXEDXJK�
DQG�:DOODFH�������9LQVRQ�������0LOQHU�HW��DO��������
3UHYLRXV�VWXGLHV�RI�WKH�%XVKNLOO�&UHHN��%UDGW�et al.�������

RYHU� WZHQW\�¿YH� \HDUV� LQGLFDWHG� WKDW� %0,� DVVHPEODJHV� LQ�
�����¶���������µ���DQG�������µ���GHPRQVWUDWHG�ERWK�VWDELOLW\�
�WHQGHQF\� RI� FRPPXQLW\� FRPSRVLWLRQ� WR� UHPDLQ� FRQVWDQW��
3LHORX� ������ DQG� UHVLOLHQFH� �DELOLW\� RI� V\VWHP� WR� UHWXUQ� WR�
VRPH�SUHYLRXV�VWDWH�IROORZLQJ�SHUWXUEDWLRQ��+DUULVRQ��������
$VVHPEODJHV� ZHUH� VDPSOHG� DW� WKH� VDPH� VLWH�� ZLWK� VLPLODU�
PHWKRGV� DQG� FRPSDUHG� XVLQJ� YDULRXV� PHWULFV�� )ROORZLQJ�
D� PRGHUDWHO\� VHYHUH� ZLQWHU�� UHFRYHU\� WLPH� IRU� %0,� WRWDO�
DEXQGDQFH�DQG�ZHW�ZHLJKW��ELRPDVV��ZDV�����DQG�����PRQWKV��
UHVSHFWLYHO\��%UDGW�DQG�:LHODQG��������$IWHU�DQRWKHU�FROGHU�
WKDQ� DYHUDJH� ����� ZLQWHU� IROORZHG� E\� ÀRRGLQJ�� UHFRYHU\�
RI�%0,�DVVHPEODJHV� WR�����¶V�FRPSRVLWLRQ�DQG�DEXQGDQFH�
WRRN�WZHQW\�VHYHQ�PRQWKV��%UDGW�et al.��������+RZHYHU��ZHW�
ZHLJKW� �ELRPDVV� DV� PJ��� 7ULFKRSWHUD� DEXQGDQFH� DQG� RQH�
7ULFKRSWHUDQ� JHQXV�� Psychomyia� �3V\FKRP\LLGDH�� GLG� QRW�
UHJDLQ�����¶V�QXPEHUV�E\�������2YHU�WKLV�WZHQW\�¿YH�\HDU�
VWXG\� RYHUDOO� DVVHPEODJH� FRPSRVLWLRQ� DSSHDUHG� UHODWLYHO\�
VWDEOH�DQG�UHVLOLHQW�LQ�VSLWH�RI�YDULRXV�SK\VLFDO�GLVWXUEDQFHV�

�$FFHSWHG�IRU�SXEOLFDWLRQ�2FWREHU������
�&RUUHVSRQGLQJ�DXWKRU��EUDGW#PXKOHQEHUJ�HGX��3KRQH�����������
������)D[��������������
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�ORZHU� WKDQ� QRUPDO� WHPSHUDWXUHV�� KLJK� ZDWHU��� 7KH� �����
DVVHPEODJH� FORVHO\� UHVHPEOHG� WKDW� RI� ����� �%UDGW� et al. 
������
2YHU�WKH�SDVW�WKLUW\�IRXU�\HDUV��������������WKH�GUDLQDJH�

EDVLQ� XSVWUHDP� ����� NP��� RI� WKH� VDPSOLQJ� VLWH� KDV� EHHQ�
VXEMHFWHG�WR�PDQ\�FKDQJHV�LQFOXGLQJ�

��� LQFUHDVHV� LQ� KXPDQ� SRSXODWLRQ� ERWK� QXPEHUV�
����������DQG�GHQVLW\�������P������86'&�������������
������/93&������

��� ����LQFUHDVH�LQ�UHVLGHQWLDO�XQLWV��86'&�������������
������/93&������

��� YDULRXV� LQGXVWULDO� GLVFKDUJHV� LQFOXGLQJ� �������
SRXQGV� RI� K\GURFKORULF� DFLG� DHURVROV� IURP� QHDUE\�
FHPHQW�SODQWV��3HQQ(QYLURQPHQW������

��� ¿YH� FROGHU� WKDQ�QRUPDO� �QRUPDO� ���� �&�� �ZLQWHUV�
������ ����� �&� EHORZ� QRUPDO�� ����� ����� �&� EHORZ���
����������&�EHORZ������������&�EHORZ�QRUPDO�������
�����&�EHORZ�QRUPDO��1&'&������

��� ZLWKGUDZDO�RI�JURXQGZDWHU��XS�WR����0*'�GD\��E\�
D�OLPHVWRQH�TXDUU\���NP�XSVWUHDP�RI�VDPSOLQJ�VLWH�
�ZDWHU�LV�UHWXUQHG�WR�WKH�VWUHDP�RIWHQ�DFFRPSDQLHG�
E\�¿QH�VHGLPHQWV���DYHUDJH�GDLO\�LQÀRZ�IURP�TXDUU\�
WR�VWUHDP�LV�����P��V��86*6�����E�

��� WKUHH�EDQNIXOO�ÀRRGV�ZLWKLQ� WZHQW\�PRQWKV� ������
�������7KH�6HSWHPEHU����������ÀRRG�ZDV�WKH�ODUJHVW�
UHFRUGHG� LQ� WKH� SDVW� WKLUW\� WKUHH� \HDUV� DQG� ZDV�
IROORZHG�����PRQWKV�ODWHU�E\�WKH�WKLUG�ODUJHVW�ÀRRG�
LQ�WKH�SDVW�WKLUW\�\HDUV��7DEOH�����86*6�����D�

7KH�XSSHU�GUDLQDJH�EDVLQ��XSVWUHDP�RI�WKH�VDPSOLQJ�VLWH��
KDV�H[SHULHQFHG�FKDQJLQJ�ODQG�XVH�DV�DJULFXOWXUDO�ODQGV�DUH�
FRQYHUWHG�WR�UHVLGHQWLDO�GHYHORSPHQW�ZLWK�DWWHQGDQW�ORVVHV�RI�
ULSDULDQ�YHJHWDWLRQ��+DQRYHU�(QJLQHHULQJ�$VVRFLDWHV��������
8SVWUHDP� RI� WKH� VDPSOLQJ� VLWH� DSSUR[LPDWHO\� ����� RI� WKH�
DUHD�KDG�LPSHUYLRXV�FRYHU�LQ�������/HKLJK�9DOOH\�3ODQQLQJ�
&RPPLVVLRQ�� $OOHQWRZQ�� 3$�� SHUVRQDO� FRPPXQLFDWLRQ�
������
*LYHQ�WKHVH�LQFUHDVLQJ�KXPDQ�LPSDFWV��WKH�REMHFWLYH�RI�WKLV�

VWXG\�ZDV�WR�DVVHVV�ZKHWKHU�WKLV�%0,�DVVHPEODJH�FRQWLQXHV�
WR�H[KLELW�SUHYLRXVO\�UHFRUGHG�VWDELOLW\�DQG�UHVLOLHQFH��%UDGW�
et al.�������LQ�VSLWH�RI�LQFUHDVLQJ�KXPDQ�LQGXFHG�DQG�QDWXUDO�
GLVWXUEDQFHV�ZLWKLQ�WKH�GUDLQDJH�EDVLQ�

STUDY AREA

7KH� %XVKNLOO� &UHHN� �)LJXUH� ��� KDV� D� GUDLQDJH� DUHD� RI�
����NP�� DQG�RYHUDOO� OHQJWK�RI� ����� NP� �86&2(�������� ,W�
RULJLQDWHV�IURP�VSULQJV�RQ�WKH�VRXWKHUQ�VORSH��DOWLWXGH�����P��
RI�WKH�%OXH�0RXQWDLQ�LQ�1RUWKDPSWRQ�&RXQW\��QRUWKHDVWHUQ�
3$��86$�DQG�ÀRZV�VRXWKHDVWHUO\�RYHU�0DUWLQVEXUJ�VKDOH�WR�
LWV�FRQÀXHQFH�ZLWK�LWV�PDMRU�WULEXWDU\��/LWWOH�%XVKNLOO�&UHHN��
/DQG� XVH� LQ� WKLV� VHFWLRQ� LQFOXGHV� DJULFXOWXUH�� IRUHVWV� DQG�
DFFHOHUDWLQJ�UHVLGHQWLDO�GHYHORSPHQW�
$IWHU�LWV�FRQÀXHQFH�ZLWK�/LWWOH�%XVKNLOO�&UHHN��WKH�FUHHN�

ÀRZV� RYHU� YDULRXV� OLPHVWRQH� DQG� GRORPLWH� IRUPDWLRQV� WR�
LWV� FRQÀXHQFH� ZLWK� WKH� 'HODZDUH� 5LYHU� DW� (DVWRQ� �)LJXUH�
�������P�DERYH�PHDQ�VHD� OHYHO� �86&2(�������� �1XPHURXV�
OLPHVWRQH� VSULQJV�HQWHU� WKH� VWUHDP� LQ� WKLV� ORZHU�EDVLQ�DQG�
VWUHDP�S+� ����������� WRWDO� DONDOLQLW\� ��������PJ�/�&D&2���
DQG� VSHFL¿F� FRQGXFWDQFH� ��������� ȝPKRV�FP�� LQFUHDVH�

'DWH 3HDN�)ORZ�P��V 6DPSOLQJ�PRQWKV�DIWHU�SHDNV�
ÀRZV��FIV�

%0,�VDPSOLQJ�GDWHV�DIWHU�SHDN�
ÀRZV

��������� ���������� � �������������������
��������� ���������� ������������ 1R�VDPSOHV
��������� ����������� 1R�VDPSOHV 1R�VDPSOHV
��������� ����������� ������������� ����������������������
��������� ���������� 1R�VDPSOHV 1R�VDPSOHV
�������� ���������� ��� ����
��������� ���������� �������� ����������
��������� ����������� ��� ����
��������� ����������� 1R�VDPSOHV 1R�VDPSOHV
��������� ���������� ������� ����������
��������� ���������� 1R�VDPSOHV 1R�VDPSOHV
��������� ���������� 1R�VDPSOHV 1R�VDPSOHV
�������� ����������� �������� �������������

7DEOH�����%DQNIXOO�)ORRGV��3HDN�)ORZ�!�����P��V��'XULQJ�6DPSOLQJ�3HULRG�0RQDFDF\�&UHHN�86*6�*DXJLQJ�6WDWLRQ�������������86*6�����D��
�����¶����¶���¶����¶���¶����¶���¶���
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�%UDGW�������%UDGW�DQG�:LHODQG��������(YHQ�WKRXJK�OLPHVWRQH�
VSULQJV� H[HUW� D� FKHPLFDO� LPSDFW� RQ� ZDWHU� FKHPLVWU\� DQG�
ÀRZ� DW� WKH� VDPSOLQJ� VWDWLRQ�� WKH� VWUHDP�GRHV� QRW�PHHW� DOO�
WKH� UHTXLUHPHQWV� IRU� D� ³/LPHVWRQH� 6WUHDP´� GHVLJQDWLRQ�
DFFRUGLQJ� WR� 3HQQV\OYDQLD� 'HSDUWPHQW� RI� (QYLURQPHQWDO�
3URWHFWLRQ��%RWWV�������
7KH� VDPSOLQJ� VLWH� LV� ���� NP� GRZQVWUHDP� IURP� WKH�

FRQÀXHQFH�ZLWK�/LWWOH�%XVKNLOO�&UHHN�DQG����NP�XSVWUHDP�
IURP�WKH�FRQÀXHQFH�ZLWK�WKH�'HODZDUH�5LYHU��)LJXUH�����$W�
WKLV�VLWH�WKH�VWUHDP�LV�¿IWK�RUGHU�����P�ZLGH�ZLWK�DQ�DYHUDJH�
GHSWK� RI� ��� FP� �%UDGW� DQG� :LHODQG� ������� � 6XEVWUDWH� LV�
SULPDULO\� JUDYHO� DQG� URFNV� ������ FP��� /DQG� XVH� QHDU� WKH�
VDPSOLQJ�VLWH�LQFOXGHV�GLPLQLVKLQJ�DJULFXOWXUH�DQG�JURZLQJ�
UHVLGHQWLDO� DQG� FRPPHUFLDO� GHYHORSPHQW� DFFRPSDQLHG� E\�
LQFUHDVLQJ�LPSHUYLRXV�FRYHU��%URZQH�������
7KH� 3HQQV\OYDQLD� )LVK� DQG� %RDW� &RPPLVVLRQ� �3)%&�

�����������GHVLJQDWHG�WKLV�FUHHN�³+LJK�4XDOLW\�&ROG�:DWHU�
¿VKHU\ �́� VXSSRUWLQJ� D� QDWXUDOO\� UHSURGXFLQJ� EURZQ� WURXW�
�Salmo trutta��SRSXODWLRQ��1DWXUDOO\�UHSURGXFLQJ�EURRN�WURXW�
�Salvelinus fontinalis��KDYH�UHFHQWO\�EHHQ�GRFXPHQWHG�LQ�WKH�
XSSHU�SDUW�RI�WKH�GUDLQDJH�EDVLQ����NP�XSVWUHDP�RI�VDPSOLQJ�
VLWH� �/HRQKDUGW� ������� � 7KH� XSSHU� UHDFKHV� RI� D� WULEXWDU\�
���� NP� XSVWUHDP� RI� VDPSOLQJ� VLWH�� KDYH� EHHQ� GHVLJQDWHG�
³([FHSWLRQDO� 9DOXH´� E\� WKH� 3HQQV\OYDQLD� 'HSDUWPHQW� RI�
(QYLURQPHQWDO�3URWHFWLRQ��+DQRYHU�(QJLQHHULQJ�$VVRFLDWHV�
������

MATERIALS AND METHODS

%0,� DVVHPEODJHV� ZHUH� VDPSOHG� DW� WKH� VDPH� VLWH� LQ� D�
VLPLODU�PDQQHU�LQ�VSULQJ��VXPPHU�DQG�IDOO��+RZHYHU��0DUFK��
$SULO� DQG�0D\� FRQWDLQHG� WKH�PRVW� VDPSOHV� VR� RQO\� WKHVH�
GDWD� DUH� XVHG� LQ� WKH� VWDWLVWLFDO� DQDO\VHV�� 7DEOH� �� LQGLFDWHV�
WLPHV�RI�VSULQJ�VDPSOLQJ��7ZR�WR�IRXU�UHSOLFDWHV�ZHUH�WDNHQ�
DW� UDQGRPO\� FKRVHQ� VLWHV� ZLWKLQ� ULIÀH� DUHDV� ZLWK� VLPLODU�
VXEVWUDWXP� DW� VLPLODU� GHSWKV� �:HW]HO� DQG� /LNHQV� ������
0DFNLH� ������� 5LIÀH� KDELWDWV� ZHUH� FKRVHQ� EHFDXVH� WKH\�
GHPRQVWUDWH� WKH� VWURQJHVW� UHODWLRQVKLS� WR� HQYLURQPHQWDO�
YDULDEOHV��5R\�et al.�������
)URP����������� D� 6XUEHU� VDPSOHU� �������P���PHVK� ����

ȝP��ZDV�XVHG��6XUEHU�������86(3$�������DQG�IURP������
�����D�+HVV�ERWWRP�VDPSOHU��������P���PHVK�����ȝP����+HVV�
�������7KH�+HVV�VDPSOHU�ZDV�FKRVHQ�LQ������RYHU�WKH�6XUEHU�
VDPSOHU� EHFDXVH� LWV� GHVLJQ� OLPLWV� WKH� HVFDSH� RI� RUJDQLVPV�
DQG�FRQWDPLQDWLRQ�IURP�GULIW��86(3$��������)RU�FRPSDUDEOH�
UHVXOWV�DQG�VWDWLVWLFDO�DQDO\VHV��+HVV�VDPSOHU�QXPEHUV�ZHUH�
PXOWLSOLHG�E\������ WR�DFFRXQW� IRU�VOLJKW�GLIIHUHQFHV� LQ�DUHD�
VDPSOHG��6DPSOLQJ�PHWKRGV�ZHUH�NHSW�DV�VLPLODU�DV�SRVVLEOH�
WR�KDYH�FRPSDUDEOH�UHVXOWV�RYHU�WKH�H[WHQGHG�VWXG\�SHULRG�
6DPSOHV�ZHUH�SUHVHUYHG� LQ�����HWKDQRO� LQ� WKH�¿HOG� DQG�

LQYHUWHEUDWHV� VRUWHG� IURP� GHEULV� LQ� WKH� ODERUDWRU\� XVLQJ� D�
86� 6WDQGDUG�1R�� ���PHVK� VLHYH� �����PP�� �86(3$� �������
%0,� LGHQWL¿FDWLRQV� ZHUH� PDGH� WR� WKH� ORZHVW� SRVVLEOH�
WD[RQ�XVLQJ�WKH�IROORZLQJ�NH\V��3HQQDN��������������6PLWK�
�������:LJJLQV� ������� ������� 3HFNDUVN\� et al.� ������� DQG�
0HUULWW�DQG�&XPPLQV���������������$OO�LGHQWL¿FDWLRQV�ZHUH�
YHUL¿HG�E\�WKH�DXWKRU��$�UHIHUHQFH�FROOHFWLRQ�LV�PDLQWDLQHG�
DW� 0XKOHQEHUJ� &ROOHJH�� %LRPDVV� ZDV� PHDVXUHG� DV� ZHW�
ZHLJKW��1HHGKDP�DQG�1HHGKDP�������DQG�(SKHPHURSWHUD��
3OHFRSWHUD�� 7ULFKRSWHUD� �(37�� DEXQGDQFH� DQG� LQGH[�
FDOFXODWHG� �%DUERXU� et al.� ������� 3ROOXWLRQ� WROHUDQW� UDWLQJV�
IRU�%0,�ZHUH� GHYHORSHG� E\�+LOVHQKRII� ��������%DUERXU�et 
al.� �������DQG�&KDOIDQW� ��������5DWLQJV�����DUH�FRQVLGHUHG�
WKH�PRVW�VHQVLWLYH��ZLWK���WKH�PRVW�VHQVLWLYH���5DWLQJV�RI�VL[�
DQG�DERYH�DUH�ODEHOHG�³SROOXWLRQ�WROHUDQW �́�3HUFHQW�LQWROHUDQW�
%0,� ZHUH� FDOFXODWHG� XVLQJ� +LOVHQKRII� WROHUDQFH� YDOXHV�
�&KDOIDQW�������%DUERXU�et al.�������
6SULQJ��0DUFK��$SULO��0D\��GDWD�ZHUH�DQDO\]HG�XVLQJ�6366�

�����IRU�:LQGRZV��������IRU�$129$�DQG�OLQHDU�UHJUHVVLRQV�
DQG�0LFURVRIW�([FHO��������IRU�JUDSKLQJ��7LPH�RQ�WKH�x�D[LV�
LV� UHSUHVHQWHG� E\� WKH� QXPEHU� RI�PRQWKV� VLQFH� WKH� VWDUW� RI�
VDPSOLQJ� �0RQWKV� �� ±� ������ 6ORSH� DQG� VLJQL¿FDQFH� YDOXHV�
ZHUH�REWDLQHG�IURP�6366�DQDO\VHV��&RQGLWLRQV�IRU�UXQQLQJ�
OLQHDU�UHJUHVVLRQV�ZHUH�PHW�SULRU�WR�DQDO\VLV�
&RPPXQLW\� VLPLODULW\� LQGLFHV� �%UD\� DQG� &XUWLV� ������

/XGZLJ� DQG� 5H\QROGV� ������ IRU� $SULO� UHSOLFDWHV� ZHUH�
FDOFXODWHG�� 7KHVH� LQGLFHV� FRPSDUH� DVVHPEODJHV� E\�
GHVLJQDWLRQ�RI�D�IUDFWLRQ�EHWZHHQ������QR�VLPLODULW\��DQG�����
�FRPSOHWHO\�VLPLODU����0HDQV�RI�WKUHH�UHSOLFDWHV�ZHUH�XVHG�LQ�
FDOFXODWLRQ�RI�WKHVH�LQGLFHV�IRU�$SULOV��¶����¶����¶����¶��������
����DQG�FRPSDUHG�WR�$SULO������
)ORRG�GDWD� �7DEOH����ZHUH�REWDLQHG� IURP�SHDN�ÀRZ�GDWD�

)LJXUH����%XVKNLOO�&UHHN�GUDLQDJH�EDVLQ��ORFDWLRQ�RI�VDPSOLQJ�VLWH�
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IURP�D�FRQWLJXRXV�GUDLQDJH�EDVLQ�ÀRZ�JDXJH�DW� WKH�PRXWK�
RI�FKHPLFDOO\�VLPLODU�0RQRFDF\�&UHHN��ODWLWXGH������¶�� �́�
ORQJLWXGH� �����¶�� �́� 86*6� *DXJLQJ� 6WDWLRQ� ����������
86*6� ����D��� %DVHG� RQ� GLVFKDUJH� PHDVXUHPHQWV� GXULQJ�
+XUULFDQH� $JQHV� �-XQH� ������� 0RQRFDF\� &UHHN� DSSHDUV�
OHVV� SURQH� WR� ÀRRGLQJ� WKDQ� %XVKNLOO� &UHHN� �%UDGW� et al. 
�������VR�XVLQJ�GLVFKDUJH�GDWD�IURP�0RQRFDF\�&UHHN�PD\�
XQGHUHVWLPDWH�%XVKNLOO�&UHHN�ÀRRGLQJ�

RESULTS

7DEOH���VKRZV�ZDWHU�FKHPLVWU\�GDWD�DW�RU�ZLWKLQ�����NP�RI�
WKH�VDPSOLQJ�VLWH�RYHU�WKH�VWXG\�SHULRG��&KHPLFDO�VDPSOLQJ�
PD\� QRW� KDYH� EHHQ� UHJXODU� HQRXJK� WR� GHWHFW� DQ\� WUHQGV��
(YHU\�HIIRUW�ZDV�PDGH�WR�NHHS�FKHPLFDO�VDPSOLQJ�PHWKRGV�
FRQVLVWHQW��+RZHYHU��GLIIHUHQW�SHUVRQQHO�SHUIRUPHG�WKH�WHVWV�
RYHU� WKH� WKLUW\�IRXU� \HDUV�� RIWHQ� ZLWK� GLIIHUHQW� UHDJHQWV��
PDNLQJ� FRQVLVWHQF\� GLI¿FXOW�� 7KHUHIRUH�� QR� VWDWLVWLFDO�
DQDO\VHV�ZHUH�SHUIRUPHG�RQ�ZDWHU�FKHPLVWU\�GDWD�
2YHU��������%0,�ZHUH�FROOHFWHG��FRXQWHG�DQG�LGHQWL¿HG��

EXW� GDWD� DQDO\VHV� DUH� KHUH� OLPLWHG� WR� 0DUFK�� $SULO� DQG�
0D\� �������� %0,�� EHFDXVH� WKRVH� PRQWKV� FRQWDLQHG� WKH�
PRVW� VDPSOHV�� 7DEOH� �� LQGLFDWHV� ��� VWDWLVWLFDOO\� VLJQL¿FDQW�

�$129$�S�������FKDQJHV�LQ�%0,�DQG����OLQHDU�UHJUHVVLRQ�
HTXDWLRQV�DQG�U��IRU�%0,�JURXSV�UHFRUGLQJ�FKDQJHV�
7KHUH�ZHUH�QR�GHWHFWDEOH�FKDQJHV�LQ�WRWDO�DEXQGDQFH��$Q�

DEXQGDQFH�SHDN� ����� �PHDQ�RI� WKUHH� UHSOLFDWHV��RFFXUUHG�
LQ� $SULO� ����� �PRQWK� ������ DSSDUHQWO\� FDXVHG� E\� ����
VPDOO� &KLURQRPLGDH� �'LSWHUD�� ODUYDH�� 7KLV� SHDN� ZDV� QRW�
DFFRPSDQLHG�E\�D�ZHW�ZHLJKW�LQFUHDVH�EHFDXVH�DYHUDJH�ZHW�
ZHLJKW� SHU� LQGLYLGXDO� ZDV� WKH� ORZHVW� UHFRUGHG� ������ PJ��
GXULQJ�WKLV�VWXG\�
'HFUHDVHV�LQ�ELRPDVV�DV�ZHW�ZHLJKW��PJ��RYHU�WKH�VDPSOLQJ�

SHULRG�DUH�LQGLFDWHG�LQ�)LJXUH����VXJJHVWLQJ�OHVV�DYDLODELOLW\�
RI� IRRG�IRU� WKH�QH[W� WURSKLF� OHYHO�� ,Q�VDPSOLQJ�PRQWKV�����
����� SHDNV� RFFXUUHG� LQ� ZHW� ZHLJKW�� EXW� WKHVH� SHDNV� ZHUH�
QRW� DFFRPSDQLHG� E\� SHDNV� LQ� WRWDO� DEXQGDQFH�� LQGLFDWLQJ�
ODUJHU�ERGLHG�LQVHFWV��H�J��ODWHU�LQVWDUV�RI�(SKHPHURSWHUD�DQG�
7ULFKRSWHUD��LQ�WKH�VDPSOHV�
7KH� GHFUHDVHV� LQ� 7ULFKRSWHUD� DEXQGDQFH� �)LJXUH����

LQFOXGLQJ� +\GURSV\FKLGDH� ������� RI� 7ULFKRSWHUD�� �)LJXUH�
����VXJJHVW�DQ�LPSRUWDQW�FKDQJH�LQ�DVVHPEODJH�FRPSRVLWLRQ��
$PRQJ� WKH� +\GURSV\FKLGDH� ERWK� Hydropsyche� VSS��
�SROOXWLRQ� WROHUDQFH� � ���%DUERXU�et al.� ����� ���&KDOIDQW�
������ DQG�Cheumatopsyche� VSS�� �SROOXWLRQ� WROHUDQFH�  � ���
%DUERXU� et al.� ������  � ��� &KDOIDQW� ������� GHFUHDVHG� RYHU�
WKH� VWXG\� SHULRG� �7DEOH� ���� &KDOIDQW� ������� UHSRUWHG� WKDW�
WKH� SHUFHQWDJH� RI� 7ULFKRSWHUD� GHFUHDVHG� ZLWK� LQFUHDVLQJ�

<HDU µ�� µ�� µ�� µ�� µ�� µ�� µ�� µ�� µ�� µ�� µ�� µ��
1XPEHU� UHSOLFDWHV�
�WRWDO� ���� � � � � � � � � � � � �

D�FRUUHFWHG�IRU�GLIIHUHQFHV�LQ�DUHD�VDPSOHG

7DEOH����6DPSOLQJ�7LPHV�DQG�1XPEHU�RI�5HSOLFDWHV�������P��D�3HU�6DPSOLQJ�6SULQJ�'DWH�

7DEOH����:DWHU�FKHPLVWU\�DW�RU�QHDU�VDPSOLQJ�VLWH��ZLWKLQ�����NP���5DQJH�DQG�QXPEHU�RI�6DPSOHV��Q��

'DWH 7HPS� 
�& S+ 7RWDO�$ONDOLQLW\�

PJ�/�&D&2�

6SHFL¿F�
&RQGXFWDQFH�
XPKRV�FP

NO��DV�
PJ�/�12�

PO��PJ�/�
DV�3 n 'DWD�6RXUFH

��������� ����±���� ������ ������� �������� ������±����� �� %UDGW�������%UDGW�
	�:LHODQG�����

��������� �������� ������� ������ ������� �������� ���������� ��

.QH\�DQG�%UDQGHV�
����D��5HWLUHG�
6HQLRU�9ROXQWHHU�
3URJUDP�����b 
�5693���%UDGW�

����c

D.QH\��$��'��DQG�'��%UDQGHV��������/DID\HWWH�&ROOHJH��(DVWRQ��3$��8QSXEO��GDWD��6LWH�������NP�XSVWUHDP�RI�VDPSOLQJ�VLWH�
b5HWLUHG�6HQLRU�9ROXQWHHU�3URJUDP���������%XVKNLOO�&UHHN��1RUWKDPSWRQ�&RXQW\��3$���8QSXEOLVKHG�ZDWHU�TXDOLW\�GDWD������
������6LWH�������NP�GRZQVWUHDP�RI�VDPSOLQJ�VLWH�
c%UDGW��3��������:DWHU�TXDOLW\�GDWD��0XKOHQEHUJ��&ROOHJH��$OOHQWRZQ��3$�XQSXEOLVKHG��6LWH��%0,�VDPSOLQJ�VLWH�
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DQWKURSRJHQLF�VWUHVV�LQ�3HQQV\OYDQLD��D�WUHQG�DOVR�GHWHFWHG�
LQ�WKLV�VWXG\��7DEOH����
5HÀHFWLQJ� WKH� 7ULFKRSWHUD� GHFUHDVHV� ZHUH� GHFUHDVHV� LQ�

(37�DEXQGDQFH��)LJXUH����DQG�LQ�¿OWHU�FROOHFWRUV��7DEOH�����
WKH�+\GURSV\FKLGDH�IXQFWLRQDO�IHHGLQJ�JURXS��1R�PHDVXUDEOH�
GLIIHUHQFHV�ZHUH�GHWHFWHG�LQ�RWKHU�IXQFWLRQDO�IHHGLQJ�JURXS�
�SUHGDWRUV�� VFUDSHUV�� JDWKHUV�FROOHFWRUV�� VKUHGGHUV��� 2QO\�
WZHQW\�3OHFRSWHUD�ZHUH�FROOHFWHG�GXULQJ�WKLV�VWXG\��PDNLQJ�
LW� GLI¿FXOW� WR� GUDZ� FRQFOXVLRQV� DERXW� WKHLU� SRSXODWLRQV��
&KLURQRPLGDH� �SROOXWLRQ� WROHUDQFH�  � ��� &KDOIDQW� �������
EHFDPH� WKH�PRVW� DEXQGDQW� IDPLO\� LQ� WKH�����¶V� �������RI�
DEXQGDQFH� �� �)LJXUH� ���� UHSODFLQJ� 7ULFKRSWHUD� ������� RI�
DEXQGDQFH� LQ�����¶V�� DQG� VLJQLI\LQJ�DGGLWLRQDO� FKDQJHV� LQ�
DVVHPEODJHV��

$PRQJ�(SKHPHURSWHUD��RFFDVLRQDOO\�FROOHFWHG�Stenonema 
VSS���SROOXWLRQ�WROHUDQFH� ���&KDOIDQW�������UHFRUGHG�VPDOO�
GHFUHDVHV�� VXJJHVWLQJ� RWKHU� DVVHPEODJH� FKDQJHV� �7DEOH�
���� +RZHYHU�� WKHUH� ZHUH� QR� VLJQL¿FDQW� FKDQJHV� LQ� WRWDO�
DEXQGDQFHV�RI�(SKHPHURSWHUD��RU� IDPLOLHV�(SKHPHUHOOLGDH�
DQG�%DHWLGDH�
$PRQJ� 'LSWHUD� Antocha� VSS�� �7LSXOLGDH�� �7DEOH� ���

DEXQGDQFH�DOVR�GHFUHDVHG�RYHU�WKH�VWXG\�SHULRG��,W�LV�ODEHOHG�
��RQ�WKH�SROOXWLRQ�WROHUDQW�VFDOH��&KDOIDQW��������
7D[D�ULFKQHVV�RI�7ULFKRSWHUD��(SKHPHURSWHUD��'LSWHUD�DQG�

QRQ�,QVHFWD� LQGLFDWHG� QR� VLJQL¿FDQW� FKDQJHV�� QHLWKHU� GLG�
WRWDO�WD[D�ULFKQHVV�RU�WKH�(37�LQGH[�
)LJXUH���FRPSDUHV�WKH�$SULO������PHDQ��WKUHH�UHSOLFDWHV��

9DULDEOH ANOVA F 6LJQL¿FDQFH 
S GI U� 5HJUHVVLRQ�(TXDWLRQ

(SKHPHURSWHUD��3OHFRSWHUD��
7ULFKRSWHUD�DEXQGDQFH

���� ����� �� ���� < ������[������

7RWDO�7ULFKRSWHUD�
DEXQGDQFH

���� ����� �� ����� < ������[������

)LOWHUV�&ROOHFWRUV�
DEXQGDQFH

����� ����� �� ����� < ������[������

+\GURSV\FKLGDH�IDPLO\�
DEXQGDQFH

����� ����� �� ����� < ������[�����

��+\GURSV\FKLGDH�WRWDO�
7ULFKRSWHUD

����� ����� �� ����� < ������[������

Hydropsyche�VSS� ���� ����� �� ���� < �����[�����
Cheumatopsyche�VSS�� ��� ����� �� ���� < ������[������
Antocha�VSS�� ���� ����� �� ����� < �����[������
Stenonema�VSS� ���� ����� �� ����� < ������[�����

7DEOH����%HQWKLF�0DFURLQYHUWHEUDWH�$VVHPEODJHV���%XVKNLOO�&UHHN������������$129$�DQG�5HJUHVVLRQ�

)LJXUH� ��� 7RWDO� :HW� :HLJKW� �PJ�� SHU� UHSOLFDWH� %XVKNLOO� &UHHN�
����±�����

)LJXUH����7RWDO�7ULFKRSWHUD�DEXQGDQFH�SHU�UHSOLFDWH�%XVKNLOO�&UHHN�
����±������
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FRPPXQLW\�FRPSDULVRQ�LQGH[��%UD\�DQG�&XUWLV�������ZLWK�
LQGLFHV�RI�VXEVHTXHQW�$SULOV��7KH������DQG������FRPPXQLWLHV�
DSSHDU�WR�EH�WKH�OHDVW�VLPLODU�WR�WKH������FRPPXQLW\�
,Q�RUGHU�WR�GHWHUPLQH�LI�WKHUH�ZDV�D�GLIIHUHQFH�LQ�VDPSOLQJ�

PHWKRGV��$129$¶V�DQG�OLQHDU�UHJUHVVLRQV�ZHUH�SHUIRUPHG�
RQ�GDWD�IURP������������6XUEHU�VDPSOHU��DQG�RQ�GDWD�IURP�
���������� �+HVV� VDPSOHU��� 'HFUHDVHV� LQ�Hydropsyche� VS��
ZHUH� VLJQL¿FDQW� �S������� IURP� ����±¶��� DQG� DOVR� IURP�
�����¶���� $OVR�� IURP� �����¶��� FRQFRPLWDQW� VLJQL¿FDQW�
�S������� GHFUHDVHV� GHWHFWHG� ZHUH� 7ULFKRSWHUD� DEXQGDQFH��
(37� DEXQGDQFH�� WRWDO� DEXQGDQFH�� ZHW� ZHLJKW� �ELRPDVV��
DQG�SHUFHQW�LQWROHUDQW�%0,��7KH���������VWDWLVWLFDO�FKDQJHV�
GHWHFWHG�PD\� UHÀHFW� WKDW� WKHUH� ZHUH�PRUH� VDPSOHV� �Q ����
FROOHFWHG�LQ�D�VKRUWHU�DPRXQW�RI�WLPH�GXULQJ�WKDW�VDPSOLQJ�
SHULRG�WKDQ�LQ�WKH�VXEVHTXHQW�SHULRG�������¶����Q ����

DISCUSSION

Trichoptera

/RVV� RI� ULSDULDQ� FRYHU� RIWHQ� DFFRPSDQLHV� GHYHORSPHQW�
LQ� D� GUDLQDJH� EDVLQ� �:KHHOHU� et al.� ������� $V� ULSDULDQ�
YHJHWDWLRQ�ZDV� UHGXFHG� LQ�1HZ�(QJODQG�� LQYHUWHEUDWH� DQG�
¿VK� DVVHPEODJHV� GHFOLQHG� �&ROHV� et al.� ������ &ROHV� et al. 
������� $V� ULSDULDQ� IRUHVWV� DUH� GHVWUR\HG� DQG� ODQGVFDSH� LV�
IUDJPHQWHG� GXULQJ� XUEDQL]DWLRQ�� GLVSHUVLRQ� FRUULGRUV� IRU�
DGXOW�DTXDWLF�,QVHFWD��HVSHFLDOO\�7ULFKRSWHUD��PD\�EH�UHGXFHG�
RU� HOLPLQDWHG� �3HWHUVHQ� et al.� ������ 8UEDQ� et al.� �������
&HUWDLQ�WD[D�PD\�IDLO�WR�GLVSHUVH�DFURVV�XUEDQL]LQJ�UHJLRQV��
WKHUHE\� FRQWULEXWLQJ� WR� DVVHPEODJH� FKDQJHV� �3HWHUVHQ� et 
al.� ������� 7ULFKRSWHUD� KDYH� WKH� VDPH� HYROXWLRQDU\� KLVWRU\�
DV� WHUUHVWULDO�YHJHWDWLRQ��5RVV�������VR�WKH�ORVV�RI�ULSDULDQ�
YHJHWDWLRQ�DVVRFLDWHG�ZLWK�ODQG�GHYHORSPHQW�LQ�WKLV�GUDLQDJH�
EDVLQ�PD\�FRQWULEXWH�WR�WKHLU�GHFUHDVH�

)LJXUH����7RWDO�+\GURSV\FKLGDH�DEXQGDQFH�SHU�UHSOLFDWH�%XVKNLOO�
&UHHN������±������

)LJXUH� ���(SKHPHURSWHUD�� 3OHFRSWHUD� DQG�7ULFKRSWHUD� DEXQGDQFH�
SHU�UHSOLFDWH�%XVKNLOO�&UHHN������±������

)LJXUH����'LSWHUD�DQG�7ULFKRSWHUD�DEXQGDQFH�SHU�UHSOLFDWH�%XVKNLOO�
&UHHN������±������

)LJXUH����%UD\�&XUWLV��$SULO�6LPLODULW\�,QGLFHV��������,QGH[��PHDQ�
RI���UHSOLFDWHV��FRPSDUHG�WR��������������������������������������
�����
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$GGLWLRQDO� UHDVRQV� IRU� WKH� GHFUHDVHV� LQ� 7ULFKRSWHUD� LQ�
JHQHUDO� DQG�+\GURSV\FKLGDH� �)LJXUHV��� DQG����7DEOH���� LQ�
SDUWLFXODU�DUH�QRW�UHDGLO\�DSSDUHQW��7KLV�IDPLO\�LV�FRQVLGHUHG�
SROOXWLRQ�LQWROHUDQW�E\�VRPH�DXWKRUV�����%DUERXU�et al.�������
���&KDOIDQW��������EXW�SROOXWLRQ� WROHUDQW�E\�%HOOXFFL�et al. 
�������DQG�3LUYX�DQG�3DFLRJOX���������%DUERXU�et al.��������
SURSRVH� � WKDW� WKH� SHUFHQWDJH� RI� +\GURSV\FKLGDH� WR� WRWDO�
7ULFKRSWHUD�LQFUHDVHV�ZLWK�RUJDQLF�SROOXWLRQ��EXW�LQ�WKLV�VWXG\�
WKLV�SHUFHQWDJH�GHFUHDVHG��7DEOH�����VXJJHVWLQJ�WKDW�RUJDQLF�
SROOXWLRQ�PD\�QRW�EH�D�IDFWRU�LQ�WKH�GHFUHDVH��,GHQWL¿FDWLRQ�
WR� VSHFLHV� PLJKW� VROYH� VRPH� RI� WKHVH� GLVFUHSDQFLHV��
7KHUH� PD\� EH� PXOWLSOH� LQWHUDFWLRQV� FRQWULEXWLQJ� WR� WKLV�
REVHUYDWLRQ�� 1HW�VSLQQLQJ� FDGGLVÀLHV� �LQ� WKLV� GDWDVHW� !���
SHUFHQW�Hydropsyche�VSS���DUH�UHVLVWDQW�WR�ÀRRG�PDJQLWXGH�
�+\QHV�������EXW�VHQVLWLYH�WR�ÀRRG�IUHTXHQF\��5RELQVRQ�DQG�
0LQVKDOO��������7KHUHIRUH�QXPEHUV�PD\�KDYH�EHHQ�UHGXFHG�
LQ�WKH�����¶V�E\�D�FROG�ZLQWHU�ZLWK�VFRXULQJ�DQFKRU�DQG�RU�
IUD]LO�LFH��+\QHV�������DQG�VXEVHTXHQW�KLJK�ZDWHU��1XPEHUV�
PD\�KDYH�UHPDLQHG�ORZ�LQ�WKH�����¶V�DQG�UHFRYHU\�GHOD\HG�
GXH� WR� IUHTXHQW� ÀRRGV� �7DEOH� ��� DQG� ORZHU� WKDQ� QRUPDO�
WHPSHUDWXUHV�
'XULQJ�WKH�����¶V��Hydropsyche�VSS��QXPEHUV�UHFRYHUHG�

DSSUR[LPDWHO\�WZR�PRQWKV�DIWHU�D�FROGHU�WKDQ�QRUPDO�ZLQWHU�
�%UDGW� DQG� :LHODQG� ������� +RZHYHU�� Hydropsyche� VSS��
DEXQGDQFH� WRRN� WZHQW\�VHYHQ�PRQWKV� WR� UHFRYHU� IURP� WKH�
FROG������ZLQWHU�DQG�VXEVHTXHQW�ÀRRGLQJ��HPSKDVL]LQJ�QRW�
RQO\�WKH�GLVWXUEDQFHV¶�VHYHULW\��EXW�DOVR�ODFN�RI�DGDSWDWLRQV�WR�
VXFK�VHYHULW\��)ROORZLQJ�WKH�����¶V�ÀRRGV��+\GURSV\FKLGDH�
KDG�QRW�UHFRYHUHG�WR�����¶V�QXPEHUV�E\�VSULQJ�������)LJXUH�
���� 7ULFKRSWHUD� PD\� EH� PRUH� HDVLO\� GLVORGJHG� GXULQJ�
LQFUHDVHG�GLVFKDUJH��0F(OUDY\�et al.�������DQG�PD\�WDNH�RQH�
WR�WKUHH�\HDUV�WR�UHFRYHU�DIWHU�ÀRRGLQJ��6ZDQVRQ�et al.��������
+\GURSV\FKLGDH� DUH� LPSRUWDQW� HFRV\VWHP� FRPSRQHQWV�
EHFDXVH� WKH\� QRW� RQO\� IDFLOLWDWH� QXWULHQW� UHF\FOLQJ� IURP�
ZDWHU�FROXPQ�WR�EHQWKRV��EXW�DOVR�VWDELOL]H�WKH�VXEVWUDWH�DQG�
PRGHUDWH�ÀRRG�LPSDFWV��&DUGLQDO�DQG�3DOPHU�������&DUGLQDO�
et al.��������6R��VXFK�D�GHFUHDVH�LQ�WKLV�SUHYLRXVO\�QXPHURXV�
IDPLO\�PD\�DOWHU�HFRV\VWHP�IXQFWLRQLQJ��9DXJKQ�������DQG�
VLJQLI\�LPSHQGLQJ�HFRORJLFDO�FKDQJHV��+RRSHU�et al.��������
SURSRVH�WKDW�ELRGLYHUVLW\�ORVVHV�LQFOXGH�GHFOLQHV�LQ�FRPPRQ�
VSHFLHV�� DV�KHUH�REVHUYHG�DPRQJ�+\GURSV\FKLGDH��/RVV�RI�
DQ\� VSHFLHV� LPSHULOV� HFRORJLFDO� UHVLOLHQFH� DQG� LQFUHDVHV�
HFRV\VWHP�YXOQHUDELOLW\�WR�FROODSVH��3HWHUVRQ�et al.�������

Ephemeroptera

7KH� UHDVRQV� IRU� WKH� GHFUHDVHV� LQ� RFFDVLRQDOO\� FROOHFWHG�
Stenonema� �+HSWDJHQLLGDH�� �7DEOH����DUH�QRW�DSSDUHQW�DQG�
DUH� QRW� UHÀHFWHG� LQ� HLWKHU� (SKHPHURSWHUD� WRWDO� DEXQGDQFH�
RU�WD[D�ULFKQHVV��(SKHPHUHOOLGDH��������RI�(SKHPHURSWHUD��
DUH�FRQVLGHUHG�SROOXWLRQ�LQWROHUDQW��WROHUDQFH� ����&KDOIDQW�
������� RSSRUWXQLVWLF� DQG� ÀRRG� UHVLVWDQW� �+\QHV� ������
0F6KDIIUH\� DQG� 0F&DIIHUW\� ������� +RZHYHU� WKHLU�
DEXQGDQFH�GLG�QRW�FKDQJH�RYHU�WKH�VWXG\�SHULRG��7KLV�IDPLO\��

HYHQ�WKRXJK�UHSRUWHG�DV�LQWROHUDQW�RI�SROOXWLRQ���%HOOXFFL�et 
al.� ������� PD\� EH� GLVWXUEDQFH�DGDSWHG� DQG� WKHUHIRUH� DEOH�
WR� RXWFRPSHWH� RWKHU� %0,� IROORZLQJ� FHUWDLQ� GLVWXUEDQFHV�
�+\QHV� ������� 7KHLU� VXFFHVV� FRXOG� EH� DWWULEXWHG� WR� HLWKHU�
JHQHUDOO\� GHSUHVVHG� QXPEHUV� RI� RWKHU� %0,�� RSSRUWXQLVWLF�
FKDUDFWHULVWLFV�DQG�RU�ÀRRG�UHVLVWDQFH�
$V�REVHUYHG�LQ�WKLV�VWXG\��(37�DEXQGDQFH�GHFUHDVHV�ZLWK�

LQFUHDVLQJ�KXPDQ�LPSDFW��%ODWWHQEHUJHU�et al.��������,Q�WKLV�
VWXG\� 7ULFKRSWHUD� LQGLFDWHG� WKH� PRVW� VLJQL¿FDQW� GHFUHDVH��
6RQJ� et al.� ������� UHSRUW� (37� DEXQGDQFH� DOVR� GHFUHDVHG�
ZLWK� VHGLPHQWDWLRQ�� EXW� QR� REMHFWLYH� PHDVXUHPHQWV� RI�
VHGLPHQWDWLRQ�ZHUH�DYDLODEOH�IRU�WKLV�VWUHDP�

Diptera

Antocha� VSS�� GHFUHDVHG�RYHU� WKH� VWXG\�SHULRG� �7DEOH� ����
+RZHYHU��%HOOXFFL�et al.��������IRXQG�WKDW�Antocha�LQFUHDVHG�
DV�LPSHUPHDEOH�VXUIDFHV�LQFUHDVHG�LQ�&RQQHFWLFXW�
&KLURQRPLGDH� EHFDPH� QXPHULFDOO\� GRPLQDQW� �����

RI� DEXQGDQFH�� LQ� ����¶V� ZKLOH� 7ULFKRSWHUD� ������� RI�
DEXQGDQFH��ZHUH�GRPLQDQW�QXPHULFDOO\�LQ�����¶V��,Q�+DZDLL��
'LSWHUD� GRPLQDWHG� XUEDQ� DQG� PL[HG� ODQG�XVH� VLWHV� ZKLOH�
7ULFKRSWHUD�GRPLQDWHG�IRUHVWHG�VLWHV��%UDVKHU�et al.�������

General Discussion

1R�VWDWLVWLFDO�FKDQJHV�ZHUH�GHWHFWHG�LQ�WRWDO�WD[D�ULFKQHVV��
7D[RQRPLF� FKDQJHV� PD\� EH� EHWWHU� HDUO\� GHWHFWRUV� RI�
HFRV\VWHP� VWUHVV� WKDW� YDULRXV� GLYHUVLW\� LQGLFHV�� H�J�� WD[D�
ULFKQHVV��6KLQGOHU�������
%UD\�&XUWLV� ,QGLFHV� LQGLFDWHG� WKDW� %0,� DVVHPEODJHV� LQ�

WKH�����¶V�DQG�HDUO\�����¶V�ZHUH�PRUH�VLPLODU� WR�WKH�$SULO�
�����VDPSOHV�WKDQ�WR�WKRVH�DIWHU�������)LJXUH�����UHLQIRUFLQJ�
WKH�FRQFOXVLRQ�WKDW�WKLV�DVVHPEODJH�KDV�FKDQJHG�LQ�WKH�SDVW�
WKLUW\�IRXU�\HDUV�
(FRORJLFDO�GLVWXUEDQFH�LV�DQ�HYHQW�WKDW�GLVUXSWV�HFRV\VWHP��

FRPPXQLW\�VWUXFWXUHV�DQG�RU�UHVRXUFHV��3LFNHWW�DQG�:KLWH�
������� 6XFK� GLVWXUEDQFHV� PD\� VKLIW� VSHFLHV� QXPEHUV� DQG�
FRPPXQLW\� VWUXFWXUH�� DV� REVHUYHG� LQ� WKLV� VWXG\�� DQG� VXFK�
FKDQJHV� PD\� KDYH� GLVSURSRUWLRQDWHO\� ODUJH� LPSDFWV� RQ�
VWUHDP� IRRG�ZHE� G\QDPLFV� �&RYLFK� et al.� ������ 9DXJKQ�
������
)ORRG� IUHTXHQF\� PD\� LQÀLFW� PXOWLSOH� HIIHFWV� RQ� %0,�

DVVHPEODJHV�� 'XULQJ� WKLV� VWXG\� SHULRG� IRXUWHHQ� EDQNIXOO�
ÀRRGV�RFFXUUHG�LQ�WKH�UHJLRQ��RQH�SHU�\HDU�XQWLO�6HSWHPEHU�
�����ZKHQ�WKUHH�ODUJH�ÀRRGV�RFFXUUHG�ZLWKLQ�WKLUW\�PRQWKV�
�7DEOH� ���� 7KH� KLJKHVW� ÀRZ� RQ� UHFRUG� ������ P��VHF�� IRU�
WKLV�FUHHN�ZDV� UHFRUGHG� LQ�6HSWHPEHU�����������NP�DERYH�
VDPSOLQJ� VLWH� �%UDQGHV��'��� /DID\HWWH�&ROOHJH�� (DVWRQ�� 3$�
XQSXEOLVKHG�GDWD���7KH�WKLUG�ODUJHVW�ÀRRG�RFFXUUHG�VL[�DQG�
D�KDOI�PRQWKV�ODWHU��$SULO����������7DEOH�����7KLV�IUHTXHQF\�
RI�ÀRRGV�LQ�WKH�����¶V�ZDV�QRW�SUHYLRXVO\�UHFRUGHG�GXULQJ�
WKH�VWXG\�SHULRG��DQG�ZDV��WKHUHIRUH��RXWVLGH�WKH�SUHGLFWDEOH�
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UDQJH��5HVK�et al.�������DQG�PD\�KDYH�FRQWULEXWHG�WR�REVHUYHG�
�����DQG������%0,�DVVHPEODJH�FKDQJHV��HVSHFLDOO\�DPRQJ�
+\GURSV\FKLGDH� �)LJXUH� ���Hydropsyche� VSS�� DQG� 7DEOH� ��
Cheumatopsyche� VSS��� DQG� WKH� &KLURQRPLGDH� �)LJXUH� �����
'XH�WR�WKHLU�VKRUW�OLIH�F\FOHV��&KLURQRPLGDH�PD\�GRPLQDWH�
IROORZLQJ�ÀRRGV��+\QHV�������DV�REVHUYHG�LQ�WKLV�VWXG\�
%RWK� WKH� VXUURXQGLQJ� ODQG� XVH� FKDQJHV� DQG� KXPDQ�

DFWLYLWLHV�ZLWKLQ� WKLV� GUDLQDJH� EDVLQ�PD\� DIIHFW� D� VWUHDP¶V�
HFRORJLFDO�LQWHJULW\��GHJUDGLQJ�VWUHDPV�E\�PXOWLSOH�SDWKZD\V�
ZLWK� DTXDWLF� DVVHPEODJHV� UHVSRQGLQJ� LQ� QRQOLQHDU� IDVKLRQ�
�:DQJ�et al.�������$OODQ��������6XFK�PXOWLSOH�DQG�LQWHUDFWLQJ�
GLVWXUEDQFHV� PDNH� LW� GLI¿FXOW� WR� PDWFK� WKH� DVVHPEODJH�
FKDQJHV�WR�WKH�UHVSRQVLEOH�VWUHVVRU�V���$OODQ��������,Q�HDUO\�
VWDJHV�RI�XUEDQL]DWLRQ��ELRORJLFDO�FKDQJHV��DV�KHUH�REVHUYHG��
PD\� EH� HDVLHU� WR� GHWHFW� WKDQ� WKH� SK\VLFDO� DQG�RU� FKHPLFDO�
FKDQJHV�WKDW�FDXVH�WKHP��:DQJ�DQG�/\RQV�������

CONCLUSIONS

7KLV� %0,� DVVHPEODJH� H[KLELWHG� VWDELOLW\� DQG� UHVLOLHQFH�
IURP������WR������GHVSLWH�FROGHU�WKDQ�QRUPDO�WHPSHUDWXUHV�
DQG�KLJK�ZDWHU��+RZHYHU��IURP������WR������WKLV�DVVHPEODJH�
ZDV� FKDQJLQJ�� REVHUYHG� DPRQJ� WKH� +\GURSV\FKLGDH�
HVSHFLDOO\��DV�ODQG�XVH�FKDQJHV��KXPDQ�SRSXODWLRQ�LQFUHDVHV��
PRUH�IUHTXHQW�ÀRRGV��FROGHU�WKDQ�QRUPDO�WHPSHUDWXUHV�DQG�
SRVVLEOH�XQLGHQWL¿HG�IDFWRUV�LPSDFW�WKLV�DVVHPEODJH�
7KH� ����¶V� DVVHPEODJHV�ZHUH� QRW� DV� VLPLODU� DV� WKRVH� RI�

WKH�����¶V�DQG�HDUO\�����¶V��)LJXUH�����/RZHU� WKDQ�QRUPDO�
WHPSHUDWXUHV�DQG�WKH�IUHTXHQW��VHYHUH�ÀRRGV�RI�����������
PD\�KDYH�SURORQJHG�RU�SUHYHQWHG� UHFRYHU\�RI� FHUWDLQ� WD[D�
WR� ����¶V� DVVHPEODJH� FRPSRVLWLRQ� DQG� DEXQGDQFH�� 7KHUH�
KDG�EHHQ�OLPLWHG�UHFRYHU\�E\�VSULQJ��������+\GURSV\FKLGDH�
DSSHDU�WR�EH�WKH�PRVW�LPSDFWHG�IDPLO\�ZKLOH�UHSRUWHGO\�OHVV�
WROHUDQW� (SKHPHUHOOLGDH� UHJLVWHUHG� QR� FKDQJHV�� 7KH� PRUH�
WROHUDQW�&KLURQRPLGDH�DOVR�GLG�QRW�UHJLVWHU�DQ\�VWDWLVWLFDOO\�
VLJQL¿FDQW� FKDQJHV� LQ� HLWKHU� QXPEHUV� RU� SHUFHQWDJHV� RYHU�
WKH� VWXG\�� $VVHPEODJHV� QRW� FRPPRQO\� H[SRVHG� WR� WKHVH�
SDUWLFXODU� FRQGLWLRQV�PD\� QRW� EH� DGDSWHG� WR� VXFK� H[WUHPH�
SK\VLFDO�GLVWXUEDQFHV��RXWVLGH� WKH�SUHGLFWDEOH� UDQJH��5HLFH�
������
$GGLWLRQDO� VWUHVVRUV� RQ� WKLV� DVVHPEODJH� WKDW� PD\� GHOD\�

UHFRYHU\�LQFOXGH�FRQWLQXHG�ODQG�XVH�FKDQJHV�ZLWK�LQFUHDVLQJ�
LPSHUYLRXV�FRYHU�� ORVV�RI�GLVSHUVLRQ�FRUULGRUV�DQG�ULSDULDQ�
YHJHWDWLRQ�� KXPDQ� GHYHORSPHQW� DQG� SRSXODWLRQ� GHQVLW\�
LQFUHDVHV�� DQG� LUUHJXODU� ÀRZV� GXH� WR� TXDUU\� SXPSLQJ��
7ULFKRSWHUD��DOVR��PD\�EH�LPSDFWHG�E\�IHHGLQJ�RQ�SROOHQ�DQG�
RU�GHEULV�EORZQ�IURP�QHLJKERULQJ�IDUPV�JURZLQJ�JHQHWLFDOO\�
HQJLQHHUHG� FRUQ� FRQWDLQLQJ� Bacillus thuringiensis�� ³%W´�
WR[LQV��5RVL�0DUVKDOO�et al.�������
%W�FRUQ��FRQWDLQLQJ�&U\�$E�SURWHLQ��ZDV�LQWURGXFHG�LQ�WKH�

PLG�����¶V�DQG�E\���������WR�����RI�FRUQ�DFUHV�LQ�86�ZHUH�
SODQWHG�ZLWK�%W�FRUQ��86'$��������%HWZHHQ������DQG������
DQ� DYHUDJH�RI� ������NP�� ��������RI�1RUWKDPSWRQ� FRXQW\��
ZHUH�SODQWHG�ZLWK�FRUQ� �1$66��������EXW�GDWD�RQ�%W� FRUQ�

SODQWHG�DUH�XQDYDLODEOH��7KH�DUHD�XSVWUHDP�RI�WKH�VDPSOLQJ�
VLWH�LV�������NP��DQG�DSSUR[LPDWHO\����SHUFHQW�RI�WKLV�DUHD�LV�
DJULFXOWXUDO��/93&��������7KHUHIRUH�ZH�DVVXPH�WKDW�DW�OHDVW�
����NP��RI�%W�FRUQ�ZHUH�SODQWHG�XSVWUHDP�RI�WKH�VDPSOLQJ�
VLWH�� 6R� SROOHQ� DQG�RU� GHEULV� IURP�%W� FRUQ� FRXOG� HQWHU� WKH�
VWUHDP�YLD�ZLQG�RU� UXQRII��&DUVWHQV�et al.� �������FRQFOXGH�
WKDW� FXUUHQW� UHVHDUFK� RQ� WKH� LPSDFW� RI�%W� FRUQ� SROOHQ� DQG�
GHEULV� RQ� DTXDWLF� LQYHUWHEUDWHV� LV� LQFRQFOXVLYH�� 7KHUHIRUH��
WKH� LPSDFW� RI� %W� SURGXFWV� RQ� +\GURSV\FKLGDH� UHTXLUHV�
DGGLWLRQDO�UHVHDUFK�
$� FRPELQDWLRQ� RI� GLVWXUEDQFHV� DQG� VWUHVVRUV� PD\� KDYH�

UHGXFHG�ELRPDVV��DV�ZHW�ZHLJKW���)LJXUH����DQG�7ULFKRSWHUD�
�)LJXUH� ���� UHVXOWLQJ� LQ� ORQJ� WHUP� FKDQJHV� LQ� DVVHPEODJH�
VWUXFWXUH��FRPSDUHG�WR�WKH�����¶V��$OWHUDWLRQV�LQ�DVVHPEODJH�
FRPSRVLWLRQ��DV�KHUH�REVHUYHG��DUH�D�VHQVLWLYH�PHDVXUHPHQW�
RI� HFRORJLFDOO\� UHOHYDQW� FKDQJH� �(OPTYLVW�et al.� ������ DQG�
PD\� IRUHVKDGRZ� HFRV\VWHP� IXQFWLRQDO� FKDQJHV� �9DXJKQ�
������
'LVWXUEDQFH�� D� NH\� IDFWRU� LQ� GHWHUPLQLQJ� FRPPXQLW\�

VWUXFWXUH��PD\�KDYH�OLWWOH�LPSDFW�RQ�WD[D�ULFKQHVV��EXW�PD\�
VKLIW� GRPLQDQW� WD[D� �5HLFH������� DV� KHUH� REVHUYHG�� &ROHV�
et al.� ������� SURSRVH� WKDW� LQFUHDVHV� LQ� GLVWXUEDQFHV� DUH�
DVVRFLDWHG�ZLWK�LQFUHDVLQJ�XUEDQL]DWLRQ�DV�REVHUYHG�ZLWKLQ�
WKLV�GUDLQDJH�EDVLQ��%\������&KLURQRPLGDH�ZHUH�QXPHULFDOO\�
GRPLQDQW�ZKLOH�+\GURSV\FKLGDH�ZHUH�GRPLQDQW�LQ�WKH�����¶V�
DQG�WKH�����¶V��)LJXUH�����UHLQIRUFLQJ�DVVHPEODJH�FKDQJHV�
0RVW� VWXGLHV� RQ� WKH� HIIHFW� RI� GLVWXUEDQFHV� RQ� %0,�

FRQFHQWUDWH�RQ�ÀRRGLQJ��:RRWHQ�et al.�������6ZDQVRQ�et al. 
�������:H�SURSRVH�WKDW�QRW�RQO\�PD\�IUHTXHQW�ÀRRGLQJ�DIIHFW�
%0,�DVVHPEODJHV��EXW�ORZ�WHPSHUDWXUHV��FKDQJLQJ�ODQG�XVH�
DQG� LQFUHDVLQJ� KXPDQ� SRSXODWLRQV�PD\� DOVR� FRQWULEXWH� WR�
DVVHPEODJH�GLIIHUHQFHV��:KHHOHU�et al.��������VWDWH�WKDW�WKH�
JUHDWHVW�WKUHDW�WR�VWUHDP�ELRWD�DQG�KDELWDW�LV�WKH�XUEDQL]LQJ�
VWDJH�ZLWKLQ�D�GUDLQDJH�EDVLQ�DQG�WKDW�ERWK�ELRWD�DQG�KDELWDW�
DUH� H[WUHPHO\� VHQVLWLYH� WR� ORZ� OHYHOV� RI� XUEDQL]DWLRQ�� $�
VHULHV�RI�SHUWXUEDWLRQV�ZLOO�KDYH�JUHDWHU�HFRORJLFDO� LPSDFW�
WKDQ�LVRODWHG�HYHQWV��9RJO�������DQG�DOO�WKHVH�IDFWRUV�PD\�EH�
LQÀXHQFLQJ�WKH�%0,�DVVHPEODJH�FKDQJHV�KHUH�GRFXPHQWHG�
7KLV�%0,�DVVHPEODJH�GRHV�QRW�FRQWLQXH�WR�H[KLELW�VWDELOLW\�

DQG�UHVLOLHQFH��HVSHFLDOO\�DPRQJ�7ULFKRSWHUD��7KH�FKDQJHV�LQ�
QXPHULFDOO\�GRPLQDQW�IDPLOLHV�DQG�JHQHUD�REVHUYHG�GXULQJ�
WKLV�VWXG\�UHLQIRUFH�WKDW�DVVHPEODJH�VWUXFWXUH�LV�FKDQJLQJ�
$OWKRXJK�ZH�KDYH�PDGH�VRPH�SURJUHVV�LQ�XQGHUVWDQGLQJ�

%0,� DVVHPEODJHV� LQ� WKLV� VWUHDP�� VHYHUDO� TXHVWLRQV� VWLOO�
UHTXLUH�DQVZHUV��$UH�FRQWLQXLQJ�DQG�LQFUHDVLQJ�GLVWXUEDQFHV�
RYHUZKHOPLQJ� WKH� VWDELOLW\� RI� WKLV� VWUHDP¶V� 7ULFKRSWHUDQ�
DVVHPEODJHV"� :LOO� WKLV� %0,� DVVHPEODJH� UHWXUQ� WR� WKH�
����¶V� VWUXFWXUH� RU� GR� WKHVH� GRFXPHQWHG� FKDQJHV� VLJQLI\�
DQ� LPSHQGLQJ� UHJLPH� VKLIW� �%LJJV� et al.� ������ VLJQDOLQJ�
IXWXUH�%0,�FKDQJHV�LQ�WKLV�YDOXHG�EURZQ�WURXW�VWUHDP"�2QO\�
FRQWLQXLQJ� VWXGLHV�ZLOO� EH� DEOH� WR� DQVZHU� WKHVH� TXHVWLRQV��
7KLV� VWXG\� LV�RQJRLQJ� WR�QRW�RQO\�FRQWLQXH� WKH�DGGLWLRQ�RI�
GDWD�WR�WKLV�ORQJ�WHUP�GDWDEDVH��EXW�DOVR�DWWHPSW�WR�DQVZHU�
TXHVWLRQV�LGHQWL¿HG�E\�WKLV�VWXG\�
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6RFLHW\���������������

5LFFLDUGL��$��	�-��5DVPXVVHQ�������([WLQFWLRQ�5DWHV�RI�
1RUWK�$PHULFDQ�)UHVKZDWHU�)DXQD��&RQVHUYDWLRQ�%LROR�
J\������������������

5RELQVRQ��&��7��DQG�*��:��0LQVKDOO��������(IIHFWV�RI�GLVWXU�
EDQFH�IUHTXHQF\�RQ�VWUHDP�EHQWKLF�FRPPXQLW\�VWUXFWXUH�
LQ� UHODWLRQ� WR�FDQRS\�FRYHU�DQG�VHDVRQ�� -RXUQDO�1RUWK�
$PHULFDQ�%HQWKRORJLFDO�6RFLHW\������������

5RVL�0DUVKDOO��(��-���-��/��7DQN��7��9��5R\HU��0��5��:KLOHV��
0�� (YDQV�:KLWH�� &�� &KDPEHUV�� 1�� $�*ULII LWKV�� -���
3RNHOVHN�DQG�0��/��6WHSKHQ��������7R[LQV�LQ�WUDQVJHQLF�
FURS�E\SURGXFWV�PD\�DIIHFW�KHDGZDWHU� VWUHDP�HFRV\V�
WHPV��3URFHHGLQJV�RI�1DWLRQDO�$FDGHP\�RI�6FLHQFHV������
������������

5RVV��+��+��������6WUHDP�FRPPXQLWLHV�DQG�WHUUHVWULDO�EL�
RPHV��$UFKLYHV��+\GURELRORJLFD��������������

5R\��$��+���$��'��5RVHPRQG��'��6��/HLJK��0��-��3DXO�DQG�-��
%UXFH�:DOODFH�������+DELWDW�VSHFL¿F�UHVSRQVHV�RI�VWUHDP�
LQVHFWV�WR�ODQG�FRYHU�GLVWXUEDQFH��ELRORJLFDO�FRQVHTXHQF�
HV�DQG�PRQLWRULQJ�LPSOLFDWLRQV��-RXUQDO�1RUWK�$PHULFDQ�
%HQWKRORJLFDO�6RFLHW\���������������

6FKLQGOHU��'��:��������'HWHFWLQJ�HFRV\VWHP�UHVSRQVHV�WR�
DQWKURSRJHQLF�VWUHVV��&DQDGLDQ�-RXUQDO�RI�)LVKHULHV�DQG�
$TXDWLF�6FLHQFH�����6����V��V���

6PLWK��'��*��������3HQQDN¶V�IUHVKZDWHU�LQYHUWHEUDWHV�RI�WKH�
8QLWHG�6WDWHV��3RULIHUD�WR�&UXVWDFHD���WK�(G��-��:LOH\�	�
6RQV��1HZ�<RUN������SS�

6WDWLVWLFDO�3URJUDP�IRU�WKH�6RFLDO�6FLHQFHV��633�6���������
6366������IRU�:LQGRZV��6366��,QF��&KLFDJR��,/�

6RQJ��0�<��)��/HSULHXU��$��7KRPDV��6��/HN�$QJ��7�6�&KRQ�
DQG�6��/HN�� ������ ,PSDFW� RI� DJULFXOWXUDO� ODQG� XVH� RQ�
DTXDWLF�LQVHFW�DVVHPEODJHV�LQ�WKH�*DURQQH�ULYHU�FDWFK�
PHQW��6:�)UDQFH���$TXDWLF�(FRORJ\��������������

6WUD\HU��'��������7KH�FULVLV�RI� IUHVKZDWHU� LQYHUWHEUDWHV��
:LQJV��)DOO��;HUFHV�6RFLHW\��3RUWODQG��25��SS������

6XUEHU��(��:��������5DLQERZ�WURXW�DQG�ERWWRP�IDXQD�SUR�
GXFWLRQ� LQ�RQH�PLOH�RI�VWUHDP��7UDQVDFWLRQV�$PHULFDQ�
)LVKHULHV�6RFLHW\�������������

6ZDQVRQ��)��-���6��/��-RKQVRQ��6��9��*UHJRU\�DQG�6��$��$FN�
HU��������)ORRG�GLVWXUEDQFH�LQ�D�IRUHVWHG�PRXQWDLQ��ODQG�
VFDSH��%LR6FLHQFH��������������

8QLWHG�6WDWHV�$UP\�&RUSV�RI�(QJLQHHUV��86&2(��������
)ORRG�3ODLQ� ,QIRUPDWLRQ��%XVKNLOO�&UHHN��(DVWRQ��3$��
'HSW��RI�$UP\�&RUSV�RI�(QJLQHHUV��3KLODGHOSKLD��3$�����
SS�

8QLWHG� 6WDWHV� 'HSW�� RI� &RPPHUFH�� &HQVXV� %XUHDX��
�86'&��������������FHQVXV�RI�KRXVLQJ��+RXVLQJ�FKDU�
DFWHULVWLFV� IRU� VWDWHV�� FLWLHV� DQG� FRXQWLHV�� 3$�9RO�� ���
86� *RYHUQPHQW� 3ULQWLQJ� 2IILFH�� :DVKLQJWRQ�� '&��
F������������Y���SW�

8QLWHG� 6WDWHV� � 'HSW�� RI� &RPPHUFH�� &HQVXV� %XUHDX��
�86'&�������������FHQVXV�RI�SRSXODWLRQ�DQG�KRXVLQJ��
VXPPDU\�VRFLDO�HFRQRPLF��DQG�KRXVLQJ�FKDUDFWHULVWLFV��
3HQQV\OYDQLD��8��6��*RYHUQPHQW�3ULQWLQJ�2I¿FH��:DVK�
LQJWRQ��'&��&�������������&3+������

8QLWHG� 6WDWHV� 'HSW�� RI� &RPPHUFH�� &HQVXV� %XUHDX��
�86'&��������������FHQVXV�RI�SRSXODWLRQ�DQG�KRXVLQJ��
VXPPDU\�VRFLDO�HFRQRPLF��DQG�KRXVLQJ�FKDUDFWHULVWLFV��
3HQQV\OYDQLD��8�6��*RYHUQPHQW�3ULQWLQJ�2I¿FH��:DVK�
LQJWRQ��'&��&�������������&3+������

8QLWHG�6WDWHV�'HSDUWPHQW�RI��$JULFXOWXUH���86'$���������
$GRSWLRQ� RI� JHQHWLFDOO\� HQJLQHHUHG� FURSV� LQ� WKH�8�6���
KWWS���ZZZ�HUV�XVGD�JRY�GDWD�SURGXFWV�DGRSWLRQ�RI�JHQHW�
LFDOO\�HQJLQHHUHG�FURSV�LQ�WKH�XV���$FFHVVHG���������
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8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86(3$���
������%LRORJLFDO�DQG�)LHOG�DQG�/DERUDWRU\�0HWKRGV��&��,��
:HEHU��(G��2I¿FH�RI�5HVHDUFK�DQG�'HYHORSPHQW��&LQFLQ�
QDWL��2+��(3$��������������

8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86(3$���
������&KDSWHU����%HQWKLF�PDFURLQYHUWHEUDWH��SURWRFROV���
,Q�UHYLVLRQ�WR�5DSLG�%LRDVVHVVPHQW�3URWRFROV�IRU�XVH�LQ�
VWUHDPV�DQG� ULYHUV��SHULSK\WRQ��EHQWKLF�PDFURLQYHUWH�
EUDWHV�DQG�¿VK��KWWS���ZZZ�HSD�JRY�2:2:�PRQLWRULQJ�
$:3'�5%3�ELRDVVHV�KWPO�

8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\��86*6��������D��86*6�
���������0RQRFDF\�&UHHN�DW�%HWKOHKHP��3$��3HDN�ÀRZ�
DQG� GLVFKDUJH� GDWD��:DWHU�5HVRXUFHV�'LYLVLRQ�� /HP�
R\QH��3$�� KWWS���QZLV�ZDWHUGDWD�XVJV�JRY�QZLV�GY�"GGB
FG ��B�����B�����	IRUPDW LPJBGHIDXWO	V��$FFHVVHG�
���������$YDLODEOH��:DWVWRUH�3HDN�)ORZ�)LOH�5HWULHYDO�
3URJUDP��-����

8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\��86*6��������E��86*6�
���������%XVKNLOO�&UHHN�EO�65�����DW�7DWDP\��3$��3UR�
YLVLRQDO�'DWD��$FFHVVHG����������1DWLRQDO�:DWHU�,QIRU�
PDWLRQ�6\VWHP�,QWHUIDFH��KWWS���ZDWHUGDWD�XVJV�JRY�QZLV�
QZLVPDQ�"VLWHBQR ��������	DJHQF\BFG 86*6�

8UEDQ��0���'��6NHOOH\��'��%XUFKVWHG��:��3ULFH�DQG�6��/RZ�
U\��������6WUHDP�FRPPXQLWLHV�DFURVV�D�UXUDO�XUEDQ�ODQG�
VFDSH�JUDGLHQW��'LYHUVLW\�DQG�'LVWULEXWLRQV�������������

9DXJKQ��&��&�� ������%LRGLYHUVLW\� ORVVHV� DQG� HFRV\VWHP�
IXQFWLRQ� LQ� IUHVKZDWHUV��HPHUJLQJ�FRQFOXVLRQV�DQG�UH�
VHDUFK�GLUHFWLRQV��%LR6FLHQFH�����������

9LQVRQ��0��5��������/RQJ�7HUP�G\QDPLFV�RI�DQ�LQYHUWH�
EUDWH�DVVHPEODJH�GRZQVWUHDP�IURP�D�ODUJH�GDP��(FRORJL�
FDO�$SSOLFDWLRQV�����������������

9RJO��5��-��������7KH�HFRORJLFDO�IDFWRUV�WKDW�SURGXFH�SHU�
WXUEDWLRQ�GHSHQGHQW�HFRV\VWHPV��,Q�-��&DLUQV��(G����7KH��
UHFRYHU\�SURFHVV� LQ�GDPDJHG�HFRV\VWHPV��$QQ�$UERU�
6FLHQFH�3XEOLVKHUV��$QQ�$UERU��0,��SS�������

:DQJ��/���-��/\RQV��3��.DQHKO�DQG�5��%DQQHUPDQ��������,P�
SDFWV�RI�XUEDQL]DWLRQ�RQ�VWUHDP�KDELWDW�DQG�¿VK�DFURVV�
PXOWLSOH�VSDWLDO�VFDOHV��(QYLURQPHQWDO�0DQDJHPHQW�����
���������

:DQJ��/��DQG�-��/\RQV��������)LVK�DQG�EHQWKLF�PDFURLQYHU�
WHEUDWH�DVVHPEODJHV�DV�LQGLFDWRUV�RI�VWUHDP�GHJUDGDWLRQ�
LQ�XUEDQL]LQJ�ZDWHUVKHGV��,Q�7��3��6LPRQ��(G����%LRORJLFDO�
5HVSRQVH�6LJQDWXUHV��,QGLFDWRU�3DWWHUQV�XVLQJ�$TXDWLF�
&RPPXQLWLHV��&5&�3UHVV�//&��%RFD�5DWRQ��)/��SS�����
����

:DUG��-��9��������%RWWRP�IDXQD�VXEVWUDWH�UHODWLRQVKLSV�LQ�D�
QRUWKHUQ�&RORUDGR�WURXW�VWUHDP�������DQG�������(FRORJ\�
���������������

:HW]HO��5��*��DQG�*��(��/LNHQV�������/LPQRORJLFDO�$QDO\�
VHV��:��%��6DXQGHUV�&R���3KLODGHOSKLD��3$������SS�

:KHHOHU��$��3���3��/��$QJHUPHLHU�DQG�$��(��5RVHQEHUJHU��
������ ,PSDFWV�RI�QHZ�KLJKZD\V� DQG� VXEVHTXHQW� ODQG�
VFDSH�XUEDQL]DWLRQ�RQ�VWUHDP�KDELWDW�DQG�ELRWD��5HYLHZV�
LQ�)LVKHULHV�6FLHQFH�������������

:LJJLQV��*��%��������/DUYDH�RI�WKH�1RUWK�$PHULFDQ�&DG�
GLVÀ\�JHQHUD��7ULFKRSWHUD���8QLYHUVLW\�RI�7RURQWR�3UHVV��
7RURQWR��&DQDGD������SS�

:LJJLQV��*��%��������/DUYDH�RI�WKH�1RUWK�$PHULFDQ�&DG�
GLVÀ\���QG�(G��8QLYHUVLW\�RI�7RURQWR�3UHVV��7RURQWR������
SS�

:LVKDUW���0��-��DQG�%��5��'DYLHV��������&ROODERUDWLRQ��FRQ�
VHUYDWLRQ�DQG�WKH�FKDQJLQJ�IDFH�RI� OLPQRORJ\��$TXDWLF�
&RQVHUYDWLRQ��0DULQH�DQG�)UHVKZDWHU�(FRV\VWHPV�����
��������

:RRWHQ��-��7���0��6��3DUNHU�DQG�0��(��3RZHU��������(IIHFWV�
RI�GLVWXUEDQFH�RQ� ULYHU� IRRG�ZHEV��6FLHQFH�����������
�����
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RESEARCH NOTE: 
ANTIBIOTIC RESISTANT BACTERIA ISOLATED FROM WATER POOLS AT A FORMER DUMP 

SITE IN PENNSYLVANIA1
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ABSTRACT

A bacterial survey of three water pools at different 
locations on a former furnace slag and casting sand 
dump site in East Stroudsburg, PA was conducted. 
Water nitrates, pH, water temperature, biochemical and 
chemical oxygen demand, and metals were also measured 
to characterize the physical and chemical features of these 
pools. Escherichia coli, Klebsiella pneumoniae, Klebsiella 

ozeanae, Serratia marcescens, Micrococcus luteus 

and Micrococcus roseus were isolated. The reservoirs 
of antibiotic resistance (ROAR) for oxytetracycline, 
chloramphenicol, streptomycin and penicillin were 
assessed for the organisms isolated in the study. All 
isolates were resistant to penicillin, and intermediate 
resistance to oxytetracycline and streptomycin was found. 
None of the isolates were resistant to chloramphenicol. 
There was no difference in antibiotic resistance in the 
[ J PA Acad Sci  88(4): 216-219, 2014 ]

INTRODUCTION

'XH�WR�WKHLU�XQLTXH�DGDSWLYH�IHDWXUHV��EDFWHULD�DQG�RWKHU�
PLFURRUJDQLVPV� RFFXS\� HYHU\� NQRZQ� KDELWDW� �0DQGHOO��
������� 7KHLU� FRPPXQLWLHV� DUH� WKH� PRVW� FRPSOH[�� GLYHUVH��
DQG� LPSRUWDQW� DVVHPEODJHV� LQ� WKH� ELRVSKHUH� �=KRX� HW� DO��
�������0DQ\�PLFURRUJDQLVPV� DUH� NQRZQ� WR� GHJUDGH� WR[LF�
FRPSRXQGV�LQ�WKH�VRLO�DQG�VRPH�KDYH�EHHQ�VXFFHVVIXOO\�XVHG�
IRU� ELRUHPHGLDWLRQ�� +RZHYHU�� LQ� VRLOV� FRQWDPLQDWHG� ZLWK�
PHWDOV�DQG�RUJDQLF�SROOXWDQWV��UHPHGLDWLRQ�KDV�SURYHG�WR�EH�
GLI¿FXOW�EHFDXVH�RI�WKH�PL[HG�QDWXUH�RI�FRQWDPLQDQWV��5RDQH�
et al.���������2UJDQLVPV�WKDW�FDQ�GHJUDGH�RUJDQLF�FRPSRXQGV�
DUH�XVXDOO\�LQKLELWHG�E\�WR[LF�PHWDOV��7R�EH�VXFFHVVIXO��PHWDO�
GHJUDGDWLRQ�PXVW�¿UVW�RFFXU�EHIRUH�RUJDQLF�FRPSRXQGV�DUH�
GHJUDGHG� HYHQ� LI� WKH� RUJDQLVP� LQYROYHG� LQ� WKLV� SURFHVV� LV�
WKH�VDPH��0XFK�RI�WKH�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�LQÀXHQFHV�
RI�KHDY\�PHWDOV�RQ�PLFURRUJDQLVPV�DQG�WKH�SURFHVVHV�WKH\�

PHGLDWH��LV�IUDJPHQWDU\�DQG�VFDWWHUHG�RYHU�D�ZLGH�UDQJH�RI�
VFLHQWL¿F�OLWHUDWXUH��'X[EXU\��������
6HYHUDO� VWXGLHV� KDYH� IRXQG� WKDW� PHWDOV� LQÀXHQFH�

PLFURRUJDQLVPV� E\� DGYHUVHO\� DIIHFWLQJ� WKHLU� JURZWK��
PRUSKRORJ\�� DQG� ELRFKHPLFDO� DFWLYLWLHV�� UHVXOWLQJ� LQ�
GHFUHDVHG� ELRPDVV� DQG� GLYHUVLW\� �%DDWK�� ������'HDQ�5RVV�
DQG� 0LOOV�� ������ +XJKHV� DQG� 3RROH�� ������� 'HVSLWH� WKHVH�
WR[LF�VWUHVVHV��QXPHURXV�PLFURRUJDQLVPV�KDYH�HYROYHG�PHWDO�
UHVLVWDQFH� DQG� GHWR[L¿FDWLRQ� PHFKDQLVPV�� ZKLFK� LQFOXGH�
YRODWLOL]DWLRQ�� H[WUD� FHOOXODU� SUHFLSLWDWLRQ� DQG� H[FOXVLRQ��
LQWUDFHOOXODU�VHTXHVWUDWLRQ��DQG�PHPEUDQH�DVVRFLDWHG�PHWDO�
SXPSV��+XJKHV�DQG�3RROH��������
5HVLVWDQFH�WR�DQWLELRWLFV� LQ�EDFWHULD� LV�QRW�XQFRPPRQ�LQ�

WKH� HQYLURQPHQW� EHFDXVH� EDFWHULD�ZLWK� LQWULQVLF� UHVLVWDQFH�
WR� DQWLELRWLFV� DUH� IRXQG� LQ� QDWXUH�� ,W� LV� WKH� RFFXUUHQFH� RI�
EDFWHULD�WKDW�KDYH�EHFRPH�UHVLVWDQW�WR�PXOWLSOH�DQWLELRWLFV�LQ�
UHFHQW� \HDUV� WKDW� KDV� EHFRPH� SUREOHPDWLF� WR� SXEOLF� KHDOWK�
RI¿FLDOV� ZRUOGZLGH�� 7KH� ZLGHVSUHDG� XVH� RI� DQWLELRWLFV� WR�
WUHDW� EDFWHULDO� LQIHFWLRQV� DV�ZHOO� DV� WKHLU� LQFUHDVHG� XVH� LQ�
IDUPLQJ�KDV�UHVXOWHG�LQ�D�JUHDWHU�LQFUHDVH�LQ�WKH�HPHUJHQFH�
RI� UHVLVWDQW� EDFWHULDO� VWUDLQV�� $� VWXG\� FRQGXFWHG� E\� ,VHWW�
DQG� +XIIPDQ� ������� UHYHDOHG� KRZ� DJULFXOWXUDO� ODQG�XVH�
SUDFWLFHV�FDQ�LQÀXHQFH�EDFWHULDO�GLYHUVLW\�DQG�UHVLVWDQFH�WR�
DQWLELRWLFV�QRW�RQO\�LQ�D�VWUHDP�HFRV\VWHP��EXW�LQ�PDQ\�RWKHU�
HQYLURQPHQWV�DV�ZHOO��0H\HU�DQG�+XIIPDQ�������
7KH�HPHUJHQFH�RI�EDFWHULD�LQ�KRVSLWDOV�VXFK�DV�PHWKLFLOOLQ�

UHVLVWDQW� Staphylococcus aureus� WKDW� GHI\� HYHQ� WKH� PRVW�
SRZHUIXO�UHJLPHQ�RI�DQWLELRWLFV�LV�GLVWXUELQJ��6RPH�RI�WKHVH�
PLFUREHV�DUH�HQWHULQJ�WKH�HQYLURQPHQW�WKURXJK�UDZ�VHZDJH�
GLVFKDUJH� LQWR� UHFHLYLQJ� ZDWHU� DQG� WKHUHIRUH� KRUL]RQWDOO\�
WUDQVIHUULQJ�WKH�UHVLVWDQW�WUDLWV�WR�RWKHU�EDFWHULDO�SRSXODWLRQV��
6WXGLHV�RQ�DQWLELRWLF�UHVLVWDQFH�LQGLFDWH�WKDW�WKH�IUHTXHQF\�RI�
DQWLELRWLF�UHVLVWDQFH�LV�VLJQL¿FDQWO\�HOHYDWHG�LQ�KHDY\�PHWDO�
FRQWDPLQDWHG� HQYLURQPHQW� LQFOXGLQJ� VHGLPHQWV�� EHQWKLF�
¿VK�DQG�RUJDQLF� IRDP� �0F$UWKXU� DQG�7XFN¿HOG��������$V�
UHVLVWDQFH� WR� DQWLELRWLFV� VSUHDGV�� WKH� HIIHFWLYHQHVV� RI�PRVW�
DQWLELRWLFV�ZLOO�EH� UHGXFHG�DQG�PD\�EHFRPH� LQHIIHFWLYH� WR�
WUHDW�LQIHFWLRXV�GLVHDVHV��
(QYLURQPHQWDO� FRQWDPLQDWLRQ� E\� KHDY\� PHWDOV� DIIHFWV�

PLFURELDO�FRPPXQLWLHV��7KH�QXPEHU�RI�VLQJOH�DQG�PXOWLSOH�
KHDY\�PHWDO�UHVLVWDQW�EDFWHULD�PD\�EH�DQ�LQGLFWRU�RI�WKH�OHYHO�
RI�FRQWDPLQDWLRQ��+HDY\�PHWDOV�PD\�LQKLELW�WKH�GLYHUVLW\�RI�
EDFWHULD��7KLV�SDSHU�GHWDLOV� WKH� LVRODWLRQ�DQG� LGHQWL¿FDWLRQ�

�$FFHSWHG�IRU�SXEOLFDWLRQ�1RYHPEHU������
�&RUUHVSRQGLQJ�DXWKRU��MKXIIPDQ#HVX�HGX
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RI� PLFURRUJDQLVPV� LVRODWHG� IURP� ZDWHU� VDPSOHV� REWDLQHG�
IURP� D� IRUPHU� GXPS� VLWH� IRU� IXUQDFH� VODJ� DQG� FDVWLQJ�
VDQG��7KH� LVRODWHG�EDFWHULD�ZHUH�DVVHVVHG� IRU� UHVHUYRLUV�RI�
DQWLELRWLF�UHVLVWDQFH��52$5���7KH�HIIHFW�RI�ZDWHU�FKHPLVWU\�
S+�� WHPSHUDWXUH��ELRORJLFDO�R[\JHQ�GHPDQG�DQG�PHWDOV�RQ�
WKH� WHPSRUDO� DQG� VSDWLDO� GLVWULEXWLRQ�RI� WKH�EDFWHULD� DW� WKH�
VDPSOHG�VLWHV�ZDV�HYDOXDWHG��

MATERIALS AND METHODS

Study Area

/RFDWHG� LQ� (DVW� 6WURXGVEXUJ�� 3$� �1��� ��¶����¶¶� :���
��¶����¶¶� HOHYDWLRQ� ��� IHHW��� WKH� VWXG\� DUHD� ZDV� IRUPHUO\�
XVHG�DV�GXPS�VLWH�IRU�IXUQDFH�VODJ�DQG�FDVWLQJ�VDQG�LQ�WKH�
����V�� 7KH� DUHD� LV� WRSRJUDSKLFDOO\� GHSUHVVHG� DQG� UXQRII�
IURP�WKH�VXUURXQGLQJ�HOHYDWHG�DUHDV�IRUPV�WHPSRUDU\�SRROV��
$Q�HQYLURQPHQWDO�DVVHVVPHQW�FRQGXFWHG�E\�%DUU� ,VHWW�DQG�
$VVRFLDWHV�,QF��LQ�������GHWHUPLQHG�WKDW�WKHUH�LV�QR�VSULQJ�
DW� WKH� VLWH� DQG� DQ\� ZDWHU� DYDLODEOH� LV� LQ� VWDQGLQJ� SRQGV��
7KUHH�ORFDWLRQV�ZLWK�VWDJQDQW�SRROV�RI�ZDWHU�ZHUH�UDQGRPO\�
VHOHFWHG�IRU�VDPSOLQJ�LQ�0D\�������

Sample Collection and Analysis

7ZR�VDPSOHV������PO��IURP�HDFK�ORFDWLRQ�ZHUH�DVHSWLFDOO\�
FROOHFWHG�LQ�7����VWHULOH�ERWWOHV��)LVKHU�6FLHQWL¿F��DERXW�¿YH�
LQFKHV� EHORZ� WKH� VXUIDFH� RI� WKH�ZDWHU��:DWHU� WHPSHUDWXUH�
DW� WKH� WLPH�RI� VDPSOLQJ�ZDV�PHDVXUHG�DQG� UHFRUGHG�XVLQJ�
D� GLJLWDO� WKHUPRPHWHU� �7D\ORU� 0RGHO� ������� 7KH� S+� ZDV�
GHWHUPLQHG� ZLWKLQ� RQH� KRXU� RI� VDPSOLQJ� XVLQJ� WKH� )LVKHU�
;/���S+�PHWHU��0RGHO�;����������)LVKHU�6FLHQWL¿F���:DWHU�
QLWUDWH� FRQWHQW�� ELRFKHPLFDO� R[\JHQ� GHPDQG� �%2'��� DQG�
FKHPLFDO� R[\JHQ�GHPDQG� �&2'��DQDO\VHV�ZHUH�SHUIRUPHG�
RQ� WKH� VDPSOHV� DV� LQGLFDWHG� LQ� WKH� 6WDQGDUGV�0HWKRGV� IRU�
WKH� H[DPLQDWLRQ� RI�:DWHU� DQG�:DVWHZDWHU� �������� $� VFDQ�
IRU�PHWDOV�ZDV�FRQGXFWHG�XVLQJ�LQGXFWLYHO\�FRXSOHG�SODVPD�
DWRPLF�HPLVVLRQ�VSHFWURPHWU\� �7KHUPR�(OHFWURQ��0DGLVRQ�
:,���&RXUWHV\�RI�*DUGHQ�6WDWH�ODEV�,QF��+LOOVLGH�1-��
)RU�EDFWHULDO�DQDO\VLV����PO�RI�VDPSOH�IURP�HDFK�ORFDWLRQ�

ZDV� ¿OWHUHG� WKURXJK� 0LOOLSRUH� ����� PLFURQ� FHOOXORVH�
GLVSRVDEOH� ¿OWHUV� �0LOOLSRUH� &R��� %HGIRUG� 0$��������
XVLQJ�D�YDFXXP�¿OWUDWLRQ�XQLW��)RU�*UDP�QHJDWLYH�EDFWHULD��
WKH� ¿OWHUV� ZHUH� SODFHG� RQ� 0DF&RQNH\�� DQG� 7KLRVXOIDWH�
&LWUDWH�%LOH�6DOWV��7&%6��DJDU��DQG�LQFXEDWHG�IRU����KRXUV�
DW� ��� �&�� 6XEFXOWXUHV� ZHUH� PDGH� RQ� 7U\SWLF� 6R\� $JDU�
�76$�� WR� REWDLQ� SXUH� FXOWXUHV�� 7R� LVRODWH� IRU� Salmonella 
DQG� Shigella, Salmonella�Shigella� $JDU� ZDV� XVHG� ZKLOH�
&ROXPELD� 1DOLGL[LF� $FLG� �&1$�� DJDU� ZDV� XVHG� WR� LVRODWH�
*UDP��SRVLWLYH�EDFWHULD�

%DFWHULD�,GHQWL¿FDWLRQ�DQG�$QWLELRWLF�6HQVLWLYLW\�7HVWLQJ�

7R� LGHQWLI\� WKH� *UDP�QHJDWLYH� EDFWHULD�� WKH� $QDO\WLFDO�
3UR¿OH�LQGH[��$3,���(��VWULSV�IRU�%LRFKHPLFDO�,GHQWL¿FDWLRQ�
�ELRPHULHX[��9LWHN��,QF���ZHUH�XVHG��,VRODWHG�FRORQLHV�ZHUH�
SODFHG� LQ� ��PO� RI� VWHULOL]HG� GLVWLOOHG� ZDWHU� DQG� ��PO� ZDV�
SLSHWWHG� RQWR� WKH�$3,� ��(�ZHOOV� DV� SHU� WKH�PDQXIDFWXUH¶V�
LQVWUXFWLRQV�
7KH� EDFWHULDO� LVRODWHV� ZHUH� VFUHHQHG� IRU� UHVHUYRLUV�

RI� DQWLELRWLF� UHVLVWDQFH� XVLQJ� WKH� .LUE\� %DXHU� PHWKRG��
%DFWHULDO�LVRODWHV�ZHUH�WHVWHG�RQ�0XHOOHU�+LQWRQ�DJDU�E\�XVH�
RI�LPSUHJQDWHG�GLVFV��R[\WHWUDF\FOLQH�����ȝJ���VWUHSWRP\FLQ�
���� ȝJ��� SHQLFLOOLQ� ���� XQLWV�� DQG� FKORUDPSKHQLFRO� ���� ȝJ��
�%HFWRQ�'LFNVRQ��&RFNH\VYLOOH��0'��RQ�D�EDFWHULDO�VHHGHG�
ODZQ�

RESULTS

%RWK� *UDP�QHJDWLYH� DQG� *UDP�SRVLWLYH� EDFWHULD� ZHUH�
LVRODWHG� IURP� DOO� WKUHH� ORFDWLRQV� DW� WKH� VLWH�� 1R� YLEULRV��
Salmonella� VS�� RU� Shigella� VS�� ZHUH� LVRODWHG� DW� WKH� VLWHV�
VDPSOHG��7KH�ZDWHU�WHPSHUDWXUH�DW�WKH�WKUHH�VDPSOLQJ�VLWHV�
UDQJHG�EHWZHHQ���� WR�������&��7KH�ZDWHU�S+�UDQJHG� IURP�
����WR������7KH�QLWUDWH�OHYHO�ZDV�EHORZ����PJ�/�LQ�DOO�WKUHH�
ORFDWLRQV��%LRFKHPLFDO�R[\JHQ�GHPDQG��%2'��UDQJHG�IURP�
���PJ�/�WR����PJ�/�ZKLOH�FKHPLFDO�R[\JHQ�GHPDQG��&2'��
UDQJHG� IURP����PJ�/� WR� ���PJ�/��$�PHWDO� VFDQ� RI�ZDWHU�
VDPSOHV�FROOHFWHG�DW�WKH�WKUHH�VLWHV�LV�VXPPDUL]HG�LQ�7DEOH�����
7KH�KLJKHVW�FRQFHQWUDWLRQV�RI�DOO�PHWDOV�ZHUH�IRXQG�LQ�ZDWHU�
IURP�VLWH���

Escherichia coli, Serratia marcescens, Klebsiella 
pneumoniae�ZHUH�WKH�RQO\�*UDP�QHJDWLYH�EDFWHULD�LVRODWHG�
IURP� DOO� WKUHH� VLWHV� VDPSOHG�� Klebsiella ozeanae� ZDV�
LVRODWHG�DW�VLWH����7KH�*UDP�SRVLWLYH�EDFWHULD�LVRODWHG�ZHUH�
Micrococcus luteus� DQG�M. roseus. M. luteus�ZDV� LVRODWHG�
IURP� VLWHV� �� DQG� ��� DQG�M. roseus� IURP� VLWH� ��� :LWK� WKH�
H[FHSWLRQ� RI� E. coli�� WKH� FRORQ\� IRUPLQJ� XQLWV� IRU� HDFK�
EDFWHULDO� VSHFLHV� LVRODWHG� ZHUH� IHZ� LQ� DOO� WKUHH� ORFDWLRQV��
$OO�LVRODWHV�ZHUH�UHVLVWDQW�WR�SHQLFLOOLQ�EXW�ZHUH�VXVFHSWLEOH�
WR� FKORUDPSKHQLFRO�� S. marcescens� DQG� K. pneumoniae 
LVRODWHV� VKRZHG� LQWHUPHGLDWH� UHVLVWDQFH� WR� VWUHSWRP\FLQ�
DQG�R[\WHWUDF\FOLQH�� �7KH�E. coli� LVRODWHV�ZHUH� UHVLVWDQW� WR�
R[\WHWUDF\FOLQH�EXW�QRW�VWUHSWRP\FLQ�

DISCUSSION

%ODVW� IXUQDFH� VODJ� LV� D� QRQPHWDOOLF� FRSURGXFW� SURGXFHG�
LQ� LQGXVWULDO� SURFHVVHV�� ,W� FRQVLVWV� SULPDULO\� RI� VLOLFDWHV��
DOXPLQRVLOLFDWHV�� DQG� FDOFLXP�DOXPLQXP� VLOLFDWHV�� 7KH�
IXUQDFH�VODJ�DW�WKH�VWXG\�VLWH�ZDV�GHSRVLWHG�LQ�WKH�����¶V��7KH�
W\SLFDO�FRPSRVLWLRQ�RI�IXUQDFH�VODJ�IURP�WKH�����¶V�LQFOXGHG�
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FDOFLXP�R[LGH��������VLOLFRQ�GLR[LGH��������DOXPLQXP�R[LGH�
������� PDJQHVLXP� R[LGH� ������ LURQ� R[LGH� RU� LURQ� GLR[LGH�
�������� PDQJDQHVH� R[LGH� �������� DQG� VXOIXU� �������� %ODVW�
IXUQDFH�VODJ�LV�DONDOLQH�DQG�H[KLELWV�D�S+�UDQJH�RI���WR����
�6KRUW��������7KH�DONDOLQH�SURSHUW\�RI�IXUQDFH�VODJ�PD\�KDYH�
FRQWULEXWHG�WR�WKH�S+�UDQJH�RI�����WR�����LQ�WKH�ZDWHU�VDPSOHV�
DW�WKH�VLWHV�
%LRFKHPLFDO� R[\JHQ� GHPDQG� LV� WKH� DPRXQW� RI� GLVVROYHG�

R[\JHQ� QHHGHG� E\� DHURELF� ELRORJLFDO� RUJDQLVPV� LQ� ZDWHU�
WR� EUHDN� GRZQ� RUJDQLF� PDWHULDO� SUHVHQW� LQ� ZDWHU� VDPSOH�
DW� FHUWDLQ� WHPSHUDWXUH� RYHU� D� VSHFL¿F� WLPH� SHULRG�� %2'�
LV� DQ� HIIHFWLYH� LQGLFDWRU� RI� RUJDQLF� TXDOLW\� RI� ZDWHU� DQG�
ZDVWHZDWHU�WUHDWPHQW�SODQWV��&ODLU�et al.���������,Q�WKLV�VWXG\�
ELRFKHPLFDO�R[\JHQ�GHPDQG� �%2'�� UDQJHG� IURP����PJ�/�
WR� ���PJ�/��$� YDOXH� JUHDWHU� WKDQ� ���PJ�/� LQGLFDWHV� YHU\�
SRRU�ZDWHU�TXDOLW\��ZLWK�ODUJH�DPRXQWV�RI�RUJDQLF�PDWHULDO�LQ�
WKH�ZDWHU��6WUHDPNHHSHU
V�)LHOG�*XLGH��:DWHUVKHG�,QYHQWRU\�
DQG�6WUHDP�0RQLWRULQJ�0HWKRGV��������
&KHPLFDO� R[\JHQ� GHPDQG� LV� D� YDOXDEOH� ZDWHU� TXDOLW\�

SDUDPHWHU��,W�LV�H[SUHVVHG�DV�PJ�/�ZKLFK�LQGLFDWHV�WKH�PDVV�
RI� R[\JHQ� FRQVXPHG� SHU� OLWHU�� 7KH� YDOXH� RI� &2'� LQ� WKLV�
VWXG\�ZDV�IRXQG�LQ�WKH�UDQJH�RI����PJ�/�WR����PJ�/�ZKLFK�
LV� PXFK� KLJKHU� WKDQ� WKH� PD[LPXP� SHUPLVVLEOH� OLPLWV� DV�
SUHVFULEHG�E\�:RUOG�+HDOWK�2UJDQL]DWLRQ�VWDQGDUGV���������
7KH�HOHYDWHG�&2'�LQ�WKLV�VWXG\�LV�DQ�LQGLFDWRU�RI�SROOXWLRQ�
LQ�WKH�VDPSOHV�WHVWHG�
+HDY\� PHWDOV� JHQHUDOO\� H[HUW� DQ� LQKLELWRU\� DFWLRQ� RQ�

PLFURRUJDQLVPV� E\� EORFNLQJ� HVVHQWLDO� IXQFWLRQDO� JURXSV��
GLVSODFLQJ� HVVHQWLDO� PHWDO� LRQV� DQG� PRGLI\LQJ� WKH� DFWLYH�
FRQIRUPDWLRQV�RI�ELRORJLFDO�PROHFXOHV��+DVVHQ�et al.���������

2QO\� ¿YH� EDFWHULDO� VSHFLHV� ZHUH� LVRODWHG� LQ� WKH� VDPSOHG�
ORFDWLRQV��7KH�ZDWHU�ZDV�VWDJQDQW�DQG�HYLGHQFH�RI�GHFD\LQJ�
PDWHULDO�ZDV�SUHVHQW�ZKLFK�PLJKW�VXSSRUW�JUHDWHU�PLFURELDO�
GLYHUVLW\��2QH�H[SODQDWLRQ� IRU� WKH� ODFN�RI�EDFWHULDO� VSHFLHV�
FRXOG�EH�WKH�VLJQL¿FDQWO\�KLJK�FRQFHQWUDWLRQ�RI�KHDY\�PHWDOV�
ZKLFK�FDQ�LQKLELW�EDFWHULD��
6RPH�PHWDOV�VXFK�DV�DOXPLQXP��FDGPLXP��OHDG��VHOHQLXP��

YDQDGLXP�DQG�]LQF� DUH�PLFURFLGDO� DQG�GHSHQGLQJ�RQ� WKHLU�
FRQFHQWUDWLRQ�� WKH\�FDQ�EH�GDQJHURXVO\� WR[LF� WR�SODQWV�DQG�
DQLPDOV�DV�WKHLU�PDUJLQ�RI�VDIHW\�LV�QDUURZ��,Q�IDFW�WKH�VSDQ�
EHWZHHQ� WKH� PLQLPXP� DQG� PD[LPXP� WROHUDEOH� OHYHOV� RI�
VRPH�RI� WKHVH�PHWDOV� LV�RIWHQ�D�PDWWHU�RI�SDUWV�SHU�PLOOLRQ�
RU�HYHQ�OHVV�DQG�WKHLU�FRQWDPLQDWLRQ�FDQ�SUHVHQW�UHDO�KHDOWK�
FRQFHUQV� WR� OLYLQJ� RUJDQLVPV� �$QWRQLROL� et al.� ������� 7KH�
HOHYDWHG� FRQFHQWUDWLRQV� LQ� WKH� VDPSOHG� ORFDWLRQV� LQ� WKH�
SUHVHQW�VWXG\�FRXOG�KDYH�KDG�D�OLPLWLQJ�HIIHFW�RQ�PLFURELDO�
DFWLYLW\�DQG�WKHUHIRUH�OHG�WR�GHFUHDVHG�GLYHUVLW\�
7KH� EDFWHULD� LVRODWHG� IURP� WKH� VLWHV� H[KLELWHG� UHVLVWDQFH�

WR� WKH� KHDY\�PHWDOV� WKDW�ZHUH� SUHVHQW�� )LODOL� et al.� �������
UHSRUWHG� WKDW� K. pneumoniae� H[KLELWV� KLJK� PLQLPDO�
LQKLELWRU\�FRQFHQWUDWLRQV�IRU�KHDY\�PHWDOV�VXFK�DV�FDGPLXP�
RU�PHUFXU\��5DMEDQVKL��������UHSRUWHG�RQ�FKURPLXP�UHVLVWDQW�
Staphylococcus� VSS�� E. coli�� DQG� Klebsiella� VSS�� 7ZHOYH�
LVRODWHV� RI� E. coli� ZHUH� LVRODWHG� IURP� ZDVWHZDWHU� RI� (O�
0DODK�FDQDO�ORFDWHG�LQ�$VVLXW��(J\SW�DQG�ZHUH�FKHFNHG�IRU�
WKHLU�KHDY\�PHWDO�WROHUDQFH��$EVNKDURQ�et al.��������7KHVH�
LVRODWHV�ZHUH�UHVLVWDQW�WR�&X��, Co��, Ni��, Zn����&U����&U��, 
&G���DQG�3E����7KH�UHVXOWV�IURP�WKH�FXUUHQW�GHPRQVWUDWH�WKDW�
WKH�VSHFLHV�LVRODWHG�PD\�EH�JRRG�FDQGLGDWHV�IRU�UHPHGLDWLRQ�
RI� VRPH�KHDY\�PHWDOV�DQG�DURPDWLF�FRPSRXQGV� LQ�KHDYLO\�
SROOXWHG�VLWHV�
$OO� LVRODWHV� LQ� WKLV� VWXG\� VKRZHG� FRPSOHWH� UHVLVWDQFH� WR�

SHQLFLOOLQ�� 7KLV� LV� GXH� WR� WKH� SUHVHQFH� RI� DEXQGDQW� EHWD�
ODFWDPDVH��DQ�HQ]\PH�WKDW�EUHDNV�GRZQ�WKH�EHWD�ODFWDP�ULQJ�
LQ�SHQLFLOOLQ�UHQGHULQJ�LW�LQHIIHFWLYH�DJDLQVW�EDFWHULD��,Q�VRPH�
VSHFLHV�� UHVLVWDQFH� LV� GXH� WR� WKHLU� LPSHUPHDEOH�PHPEUDQH�
DQG�WKH�HI¿FLHQW�HIÀX[�RI�SURWHLQV�WKDW�HIIHFWLYHO\�SXPS�WKH�
DQWLELRWLFV� RXW� RI� WKH� EDFWHULDO� FHOOV��2WKHUV� KDYH� LQWULQVLF�
DELOLWLHV�WR�UHVLVW�DQWLELRWLFV��
$OWKRXJK�WKH�UHVXOWV�RI�WKLV�VWXG\�PD\�KDYH�OLPLWDWLRQV�DV�

PDQ\�EDFWHULDO�VSHFLHV�DUH�QRW�HDVLO\�FXOWXUHG��WKH�GLYHUVLW\�
RI�PLFURRUJDQLVPV�ZDV�ORZ�DW�WKH�VLWHV�VDPSOHG��7KH�VWXG\�
DOVR�GHPRQVWUDWHG�WKDW�WKH�EDFWHULD�LVRODWHG�IURP�WHPSRUDU\�
SRROV�DW�WKH�IRUPHU�GXPS�VLWH�ZHUH�UHVLVWDQW�WR�DQWLELRWLFV�
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THE EFFICACY OF CLEANING BIRD FEEDERS WITH 10 % BLEACH WIPES TO REDUCE 
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ABSTRACT

Many authorities recommend cleaning bird feeders 
regularly to prevent the transmission of disease at feeders, 
but the effectiveness of cleaning methods has not been 
studied. We tested the effectiveness of cleaning bird feeders 
with 10 % bleach wipes to reduce bacteria immediately 
after cleaning and over ten weeks when cleaning feeders 
HYHU\� WZR� ZHHNV�� $HURELF� EDFWHULD� ZHUH� VLJQL¿FDQWO\�
reduced on feeders immediately following cleaning 
with bleach wipes. Over ten weeks, aerobic bacteria 
RQ� IHHGHUV�ZHUH� VLJQL¿FDQWO\� UHGXFHG� E\� FOHDQLQJ�ZLWK�
bleach wipes, but aerobic bacteria increased over time.  
7KHUH�DOVR�ZDV�D�VLJQL¿FDQW�LQWHUDFWLRQ�EHWZHHQ�FOHDQLQJ�
and time on aerobic bacterial counts, which suggests that 
bleach wipes were effective in reducing aerobic bacteria 
LQ�WKH�¿UVW�ZHHNV�RI�WKH�VWXG\�EXW�EHFDPH�OHVV�HIIHFWLYH�
over the long term. We suspect the loss of effectiveness 
was due to a buildup of organic matter on feeders over 
WLPH�� :H� IRXQG� QR� VLJQL¿FDQW� UHODWLRQVKLS� EHWZHHQ�
animal activity (as indicated by seed consumption) and 
aerobic bacteria on cleaned and non-cleaned feeders, 
ZKLFK� LQGLFDWHV� WKDW� DHURELF� EDFWHULD� ZHUH� LQÀXHQFHG�
by multiple environmental sources. By contrast, neither 
FOHDQLQJ�QRU�WLPH�VLJQL¿FDQWO\�LQÀXHQFHG�*UDP�QHJDWLYH�
EDFWHULD�RQ�IHHGHUV��7KH�ODFN�RI�D�VLJQL¿FDQW�LQÀXHQFH�RQ�
Gram-negative bacteria may have been due to the high 
variability in the numbers of Gram-negative bacteria on 
feeders and in the environment. However, we found that 
DQLPDO�DFWLYLW\�ZDV�VLJQL¿FDQWO\�UHODWHG�WR�*UDP�QHJDWLYH�
bacteria at non-cleaned feeders but not at cleaned feeders.  
The lack of a relationship at cleaned feeders suggests that 
cleaning with bleach wipes helped reduce Gram-negative 
bacteria on very active feeders. Overall, our results 
suggest that bleach wipes may be a simple and useful 
sanitization method for bird feeders if organic matter 
FDQ�EH� UHPRYHG�¿UVW�XVLQJ�DQRWKHU� FOHDQLQJ� WHFKQLTXH�
[ J PA Acad Sci  88(4): 220-226, 2014 ]

INTRODUCTION

)HHGLQJ� ZLOG� ELUGV� LV� D� SRSXODU� DFWLYLW\� WKURXJKRXW� WKH�
ZHVWHUQ�ZRUOG��-RQHV�DQG�5H\QROGV�������DQG�KDV�EHFRPH�
DQ�LPSRUWDQW�SDUW�RI�WKH�HFRQRP\��)RU�H[DPSOH��LQ����������
PLOOLRQ�SHRSOH�PDLQWDLQHG�ELUG�IHHGHUV�LQ�WKH�8QLWHG�6WDWHV�
DQG� VSHQW����ELOOLRQ�RQ� IRRG�DORQH� �8�6�)LVK� DQG�:LOGOLIH�
6HUYLFH��������,QGLYLGXDOV�WKDW�IHHG�ELUGV�JDLQ�SOHDVXUH�IURP�
ZDWFKLQJ� ELUGV� LQ� WKHLU� \DUGV� �-RQHV� DQG� 5H\QROGV� ������
DQG�ZLOG�ELUGV�EHQH¿W� IURP� WKLV� VXSSOHPHQWDO� IRRG� VRXUFH�
DV� ZHOO�� %LUG� IHHGHUV� SURYLGH� IRRG� IRU� ELUGV�ZKHQ� QDWXUDO�
IRRG� VRXUFHV� DUH� OLPLWHG� DQG� FDQ� LQFUHDVH�ZLQWHU� VXUYLYDO�
UDWHV��%ULWWLQJKDP�DQG�7HPSOH��������������0RUH�UHFHQWO\��
VXSSOHPHQWDO�IHHGLQJ�KDV�EHHQ�VKRZQ�WR�SURYLGH�ELUGV�ZLWK�
PRUH� HQHUJ\� GXULQJ� WKH� EUHHGLQJ� VHDVRQ�� ZKLFK� OHDGV� WR�
LQFUHDVHG�UHSURGXFWLYH�VXFFHVV��5REE�et al.��������'HVSLWH�
WKHVH�EHQH¿WV��PRVW�SHRSOH�GR�QRW�UHDOL]H� WKDW�ELUG�IHHGHUV�
PD\�DFW�DV�LQWHUPHGLDWHV�LQ�WKH�WUDQVIHU�RI�GLVHDVHV��/XWWUHOO�
������+HVV� DQG�*URVNLQ� ������ -RQHV� DQG�5H\QROGV� ��������
%LUG�IHHGHUV�DUH�YHU\�DFWLYH�ORFDWLRQV�ZKHUH�ELUGV�RI�PDQ\�
VSHFLHV� DUH� FRQFHQWUDWHG� DQG� KDYH� WKH� SRWHQWLDO� WR� VSUHDG�
GLVHDVH��%ULWWLQJKDP�DQG�7HPSOH�������
$� QXPEHU� RI� DYLDQ� GLVHDVHV�PD\� EH� WUDQVPLWWHG� DPRQJ�

ELUGV� DW� IHHGHUV� �/XWWUHOO� DQG� 0HDG� ������� )RU� H[DPSOH��
PDMRU� RXWEUHDNV� RI� VDOPRQHOORVLV� DQG� P\FRSODVPRVLV�
LQ� VRQJELUGV� KDYH� EHHQ� OLQNHG� WR� IHHGHUV� �+DUWXS� et al. 
������ 7L]DUG� ������� %HFDXVH� Salmonella� LV� VKHG� LQ� IHFHV��
ELUG� IHHGHUV� FRQWDPLQDWHG� ZLWK� IHFHV� DUH� D� OLNHO\� VLWH� RI�
WUDQVPLVVLRQ�WR�RWKHU�ELUGV��)ULHQG�DQG�)UDQVRQ�������'DRXVW�
DQG�3UHVFRWW��������$OWKRXJK�P\FRSODVPRVLV�DSSHDUV�WR�EH�
SULPDULO\� VSUHDG� WKURXJK� GLUHFW� FRQWDFW� EHWZHHQ� LQIHFWHG�
ELUGV� �)ULHQG�DQG�)UDQVRQ�������/XWWUHOO� DQG�0HDG��������
LQIHFWHG�ELUGV�DUH�NQRZQ�WR�OLQJHU�DW�ELUG�IHHGHUV�ZKHUH�RWKHU�
ELUGV�DUH�FRQFHQWUDWHG� WKHUHE\� LQFUHDVLQJ� WKH� OLNHOLKRRG�RI�
WUDQVPLVVLRQ��)LVFKHU�et al.�������+DUWXS�et al.��������0RUH�
UHFHQWO\��'KRQGW�et al.� ������� FRQ¿UPHG� WKDW� WUDQVPLVVLRQ�
RI�P\FRSODVPRVLV� FDQ� DOVR� RFFXU� YLD� WKH� SK\VLFDO� VXUIDFH�
RI�ELUG�IHHGHUV��7KHVH�PDMRU�GLVHDVH�ULVNV�KDYH�WR�OHG�VRPH�
GHEDWH�RYHU�ZKHWKHU�RU�QRW�WKH�SXEOLF�VKRXOG�IHHG�ZLOG�ELUGV�
�+HVV�DQG�*URVNLQ�������3UHVFRWW�������6FKUHLEHU�������
7R� NHHS� ELUG� IHHGHUV� FOHDQ� DQG� SRWHQWLDOO\� GHFUHDVH� WKH�

VSUHDG� RI� GLVHDVH�� PDQ\� DXWKRULWLHV� UHFRPPHQG� URXWLQH�
FOHDQLQJ� RI� IHHGHUV� �%ULWWLQJKDP� DQG� 7HPSOH� ������

�$FFHSWHG�IRU�SXEOLFDWLRQ�'HFHPEHU������
�&XUUHQW� DGGUHVV�� ���� 5LGJH� 6W��� :LOPLQJWRQ�� ,/� �������
PER\G���#OLYH�NXW]WRZQ�HGX
�&RUUHVSRQGLQJ�DXWKRU�XQGHUZRR#NXW]WRZQ�HGX��SKRQH���������
����
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/XWWUHOO� ������ )ULHQG� DQG� )UDQVRQ� ������� 7KHVH� FOHDQLQJ�
UHFRPPHQGDWLRQV� DUH� GLVVHPLQDWHG� WR� WKH� SXEOLF� WKURXJK�
SRSXODU� ELUG� ZDWFKLQJ� RUJDQL]DWLRQV�� )RU� H[DPSOH�� WKH�
$XGXERQ�6RFLHW\�UHFRPPHQGV�VRDNLQJ�ELUG�IHHGHUV�LQ������
EOHDFK�DW�OHDVW�RQFH�RU�WZLFH�D�PRQWK��$XGXERQ�6RFLHW\���������
6LPLODUO\�� WKH� &RUQHOO� /DE� RI� 2UQLWKRORJ\� UHFRPPHQGV�
FOHDQLQJ�IHHGHUV�ZLWK�KRW�VRDS\�ZDWHU�HYHU\� WZR�ZHHNV�RU�
ZLWK������EOHDFK� LI� VLFN�ELUGV�KDYH�EHHQ�REVHUYHG�QHDUE\�
�&RUQHOO� 8QLYHUVLW\� ������� %RWK� RUJDQL]DWLRQV� UHFRPPHQG�
UHPRYLQJ� VHHG� KXOO� GHEULV� RQ� WKH� JURXQG� EHORZ� IHHGHUV�
DV� ZHOO�� +RZHYHU�� UHFRPPHQGHG� FOHDQLQJ� LQWHUYDOV� DQG�
PHWKRGV�YDU\�DQG��PRUH�LPSRUWDQWO\��WKH\�DUH�QRW�EDVHG�RQ�
DQ\�SXEOLVKHG�VWXGLHV�RI�IHHGHU�K\JLHQH��&OHDUO\��UHVHDUFK�LV�
QHHGHG�WR�GHWHUPLQH�ZKHWKHU�YDULRXV�FOHDQLQJ�PHWKRGV�DUH�
HIIHFWLYH�DW�UHGXFLQJ�WKH�ULVN�RI�GLVHDVH�WUDQVPLVVLRQ�
,Q� WKLV� VWXG\�� RXU� REMHFWLYH� ZDV� WR� GHWHUPLQH� WKH�

HIIHFWLYHQHVV�RI�D�FOHDQLQJ�PHWKRG�DQG�IUHTXHQF\�DW�UHGXFLQJ�
EDFWHULDO� SRSXODWLRQV� RQ� ELUG� IHHGHUV� RYHU� WLPH� LQ� ZLQWHU���
:H� WHVWHG� D� PRGL¿HG� YHUVLRQ� RI� WKH� $XGXERQ� 6RFLHW\¶V�
UHFRPPHQGHG� FOHDQLQJ� PHWKRG� RI� XVLQJ� ��� �� EOHDFK� WR�
FOHDQ� IHHGHUV�HYHU\� WZR�ZHHNV�� ,QVWHDG�RI�VRDNLQJ� IHHGHUV�
LQ�EOHDFK��ZH�FOHDQHG� IHHGHUV�ZLWK�FRPPHUFLDOO\�DYDLODEOH�
VDQLWL]LQJ�ZLSHV�WKDW�FRQWDLQ�D������EOHDFK�VROXWLRQ��:LSHV�
ZHUH�XVHG�EHFDXVH�WKHVH�SURGXFWV�DUH�PXFK�HDVLHU�WR�XVH�WKDQ�
LPPHUVLQJ�D�IHHGHU�LQ�D�ODUJH�YROXPH�RI�EOHDFK�VROXWLRQ�DQG�
PD\�EH�D�PRUH�IHDVLEOH�RSWLRQ�IRU�XVH�RQ�D�UHJXODU�EDVLV��:H�
GHWHUPLQHG�ZKHWKHU�FOHDQLQJ�KRSSHU�VW\OH�ELUG�IHHGHUV�HYHU\�
WZR�ZHHNV�ZLWK� �����EOHDFK�ZLSHV� UHGXFHG� WKH� FRXQWV� RI�
WRWDO�DHURELF�EDFWHULD�DQG�*UDP�QHJDWLYH�EDFWHULD�RQ�IHHGHUV�
RYHU� WLPH�LQ� WKH�ZLQWHU��*UDP�QHJDWLYH�EDFWHULD�ZHUH�XVHG�
DV�D�VDPSOLQJ�PHDVXUH�EHFDXVH�WKH\�DUH�JRRG�LQGLFDWRUV�RI�
SRWHQWLDO�SDWKRJHQLF�EDFWHULD�WKDW�DUH�FRPPRQO\�XVHG�LQ�IRRG�
DQG�ZDWHU�WHVWLQJ��7RUDQ]RV�et al.�������DQG�EHFDXVH�DYLDQ�
SDWKRJHQV�FDQ�EH�GLI¿FXOW�WR�GHWHFW�LQ�WKH�HQYLURQPHQW��H�J���
3UHVFRWW�et al.��������7RWDO�DHURELF�EDFWHULD�ZHUH�DOVR�XVHG�
DV�D�VDPSOLQJ�PHDVXUH�EHFDXVH�WKLV�SURYLGHG�D�PRUH�JHQHUDO�
PHDVXUH� RI� EDFWHULD� SUHVHQW� WR� WHVW� FOHDQLQJ� HIIHFWLYHQHVV��
ZKLFK�PD\�EH�SDUWLFXODUO\�LPSRUWDQW�LI�SRWHQWLDO�SDWKRJHQV�
ZHUH�QRW�SUHVHQW�LQ�DQ\�DEXQGDQFH�LQ�RXU�VWXG\�DUHD�

MATERIALS AND METHODS

Immediate Effectiveness of Bleach Wipes at Reducing 
Bacteria on Feeders

:H�WHVWHG�ZKHWKHU�6DQL�FORWK������EOHDFK�ZLSHV��+�������
3URIHVVLRQDO� 'LVSRVDEOHV� ,QF��� 2UDQJHEXUJ�� 1<�� ZHUH�
HIIHFWLYH�LQ�FOHDQLQJ�IHHGHUV�LQ�WKH�VKRUW�WHUP�E\�PHDVXULQJ�
WKH�UHGXFWLRQ�LQ�FRXQWV�RI�WRWDO�DHURELF�EDFWHULD�EHIRUH�DQG�
DIWHU� FOHDQLQJ��(OHYHQ� KRSSHU�VW\OH� IHHGHUV� �3HUN\�3HW�1R��
����� :RRGVWUHDP� &RUS��� /LWLW]�� 3$�� PDGH� RI� SODVWLF� ZHUH�
SODFHG�RXW�LQ�%HUNV�&RXQW\��3$�IRU�VL[�ZHHNV�IURP�0DUFK�WR�
$SULO�������:KHQ�UHWXUQHG�WR�WKH�ODE��WKH�HQWLUH�VXUIDFHV�RI�WKH�

IRXU�SHUFKHV�RQ�HDFK�IHHGHU�ZHUH�VZDEEHG�XVLQJ�4�VZDEV��
VDPSOH�FROOHFWLRQ�GHYLFHV��:HEHU�6FLHQWL¿F��+DPLOWRQ��1-����
7KH�VZDEV�ZHUH�PL[HG�E\�YRUWH[�IRU����VHFRQGV��7KH�ULQVDWH�
ZDV� WKHQ� VHULDO� GLOXWHG�� DQG� WKH� GLOXWLRQV� ZHUH� SODWHG� RQ�
/XULD�%HUWDQL� DJDU� �/%��1HRJHQ�&RUS��� /DQVLQJ��0,��� /%�
DJDU�ZDV�XVHG� WR� FXOWXUH� WKH� WRWDO� DHURELF�EDFWHULD�SUHVHQW�
SHU�PO�RI�ULQVDWH��$IWHU�VZDEELQJ��WKH�IRXU�SHUFKHV�RI�HDFK�
IHHGHU�ZHUH� ³FOHDQHG´�ZLWK� 6DQL�&ORWK� EOHDFK�ZLSHV��2QH�
WR�WZR�ZLSHV�ZHUH�XVHG�WR�UHPRYH�DQ\�GHEULV�SUHVHQW�RQ�WKH�
VXUIDFH��$QRWKHU�ZLSH�ZDV�XVHG� WR� VDQLWL]H� WKH�SHUFKHV�RI�
WKH�IHHGHU��7KH�IHHGHUV�ZHUH�WKHQ�DOORZHG�WR�DLU�GU\��$IWHU�
WKH�IHHGHUV�ZHUH�FRPSOHWHO\�GU\�� WKH�HQWLUH�SHUFK�DUHD�ZDV�
VZDEEHG�XVLQJ�4�VZDEV���7KH�VZDEV�ZHUH�PL[HG�E\�YRUWH[�
IRU����VHFRQGV��7KH�ULQVDWH�ZDV�VHULDO�GLOXWHG�DQG�SODWHG�RQ�
/%�DJDU��%RWK�VHWV�RI�SODWHV�ZHUH�LQFXEDWHG�DW�����&�IRU����
KRXUV��&RORQ\�FRXQWV�ZHUH�SHUIRUPHG�WR�GHWHUPLQH�ZKHWKHU�
WKH� 6DQL�FORWK� ZLSHV� UHGXFHG� WKH� OHYHO� RI� WRWDO� DHURELF�
EDFWHULD�SUHVHQW�RQ�WKH�VXUIDFH�RI�WKH�IHHGHUV�

Feeder Sanitization prior to Ten Week Cleaning Study

3ULRU� WR� RXU� WHQ�ZHHN� H[SHULPHQW�� IRUW\� KRSSHU�VW\OH�
IHHGHUV� �3HUN\�3HW� 1R�� ����� :RRGVWUHDP� &RUS��� /LWLW]��
3$��ZHUH�VFUXEEHG�XVLQJ�D�VSRQJH�ZLWK�VRDS�DQG�ZDWHU� WR�
UHPRYH� DQ\� GHEULV��:H� WKHQ� VSUD\HG� IHHGHUV�ZLWK� D� �����
EOHDFK� VROXWLRQ� DQG� DOORZHG� WKHP� WR� DLU� GU\� WR� VDQLWL]H�
PLFURRUJDQLVPV� SUHVHQW� RQ� WKH� IHHGHUV�� $IWHU� FOHDQLQJ��
WKH�HQWLUH�SHUFK�VXUIDFHV�RI�WKH�IHHGHUV�ZHUH�VZDEEHG�ZLWK�
4�VZDEV�� VDPSOH� FROOHFWLRQ� GHYLFHV� WR� HQVXUH� EDFWHULD�
DQG�IXQJL�ZHUH�QRW�SUHVHQW�DIWHU�FOHDQLQJ��7KH�VZDEV�ZHUH�
PL[HG�E\�YRUWH[�IRU����VHFRQGV��7KH�VZDEV�ZHUH�WKHQ�VSUHDG�
DFURVV� WKH�VXUIDFH�RI�3RWDWR�'H[WURVH�$JDU� �3'$��1HRJHQ�
&RUS���/DQVLQJ��0,��DQG�/%�DJDU��3'$�ZDV�XVHG�WR�FXOWXUH�
IXQJL�DQG�/%�DJDU�ZDV�XVHG�WR�FXOWXUH�WRWDO�DHURELF�EDFWHULD�
SUHVHQW�RQ�WKH�IHHGHUV��3ODWHV�ZHUH�LQFXEDWHG�DW�����&�IRU����
KRXUV�WR�HQVXUH�JURZWK�DQG�GHWHFWLRQ�RI�IXQJDO�FRORQLHV��7KH�
SUHVHQFH�RU�DEVHQFH�RI�IXQJL�DQG�EDFWHULD�ZDV�GHWHUPLQHG�E\�
JURZWK�RQ�WKH�SODWHV�

Feeder Placement and Maintenance

7KH�IHHGHUV�ZHUH�SODFHG�LQ�SDLUV�DW� ORFDWLRQV�WKURXJKRXW�
%HUNV��%XFNV��/HKLJK�DQG�&DUERQ�FRXQWLHV�LQ�3HQQV\OYDQLD�
LQ� ODWH� -DQXDU\� ����� DQG� PDLQWDLQHG� XQWLO� $SULO� E\�
YROXQWHHUV��(DFK� SDLU� RI� IHHGHUV�ZDV� KXQJ� IURP� D� GRXEOH�
VLGHG�ELUG�IHHGHU�SRVW��L�H���D�VKHSKHUG¶V�KRRN��RU�IURP�D�WUHH���
$�SDLUHG�GHVLJQ�ZDV�XVHG�WR�HQVXUH�WKDW�WKH�FOHDQHG�DQG�QRQ�
FOHDQHG� IHHGHUV� ZHUH� H[SRVHG� WR� WKH� VDPH� HQYLURQPHQWDO�
FRQGLWLRQV�� $OWKRXJK� D� SDLUHG� GHVLJQ� PLJKW� IDFLOLWDWH� WKH�
WUDQVIHU� RI� EDFWHULD� EHWZHHQ� FOHDQHG� DQG� QRQ�FOHDQHG�
IHHGHUV��WKLV�SUR[LPLW\�RI�IHHGHUV�UHÀHFWV�DFWXDO�IHHGHU�XVH�
DQG�WKH�HQYLURQPHQWDO�FRQGLWLRQV�H[SHFWHG�LQ�VXEXUEDQ�DQG�
XUEDQ� DUHDV�� )RU� H[DPSOH�� )XOOHU� et al.� ������� HVWLPDWHG�
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IHHGHU�GHQVLW\�DW�����IHHGHUV�NP��LQ�6KHI¿HOG��8.��ZKLFK�
LV�WKH�HTXLYDOHQW�RI�RQH�IHHGHU�SHU������DFUHV��)XUWKHUPRUH��
WKH�DYHUDJH�ELUGZDWFKHU�PDLQWDLQV�PXOWLSOH�IHHGHUV�LQ�WKHLU�
\DUGV��H�J���DYHUDJH�RI�����IHHGHUV�SHU�KRXVHKROG� LQ�%ULWDLQ�
�6FKUHLEHU� ������� 7KH� IHHGHUV� ZHUH� ¿OOHG� ZLWK� )HDWKHUHG�
)ULHQG�SUHPLXP�EODFN�RLO�VXQÀRZHU�VHHGV��&+6�6XQÀRZHU��
*UDQGLQ��1'��
7KH� IHHGHUV� ZHUH� UH¿OOHG� SHULRGLFDOO\� DV� QHHGHG�� 7KH�

DSSUR[LPDWH� YROXPH� RI� VHHG� DGGHG� WR� WKH� IHHGHUV� HDFK�
WLPH�WKH\�ZHUH�UH¿OOHG�ZDV�UHFRUGHG��7R�PHDVXUH�WKLV��IRXU�
HYHQO\�VSDFHG�OLQHV�ZHUH�GUDZQ�RQ�WKH�IHHGHUV��9ROXQWHHUV�
QRWHG�WKH�VHHG�YROXPH�EHIRUH�DQG�DIWHU�VHHGV�ZHUH�DGGHG�WR�
HDFK� IHHGHU��7KH�PDVV�RI� VHHGV�ZLWKLQ� WKH� IHHGHUV� DW� HDFK�
JLYHQ�LQFUHPHQW�ZDV�SUH�GHWHUPLQHG�DQG�XVHG�WR�GHWHUPLQH�
VHHG�FRQVXPSWLRQ�E\�DQLPDOV��L�H���ELUGV�DQG�JUD\�VTXLUUHOV�
�Sciurus carolinensis��� DW� HDFK� IHHGHU� RYHU� WLPH�� JUD\�
VTXLUUHOV�DUH�UHJXODU�YLVLWRUV�WR�ELUG�IHHGHUV�DQG�DUH�D�OLNHO\�
VRXUFH� RI� EDFWHULD� LQ� DGGLWLRQ� WR� ELUGV�� 7KLV� SURMHFW� ZDV�
HWKLFDOO\�UHYLHZHG�DQG�DSSURYHG�E\�.XW]WRZQ�8QLYHUVLW\¶V�
,QVWLWXWLRQDO�$QLPDO�&DUH�DQG�8VH�&RPPLWWHH�

Feeder Cleaning Protocol

2QH�IHHGHU� LQ�HDFK�SDLU�VHUYHG�DV�D�FRQWURO�DQG�ZDV�QRW�
FOHDQHG� WKURXJKRXW� WKH� H[SHULPHQW� �KHUHDIWHU� QRQ�FOHDQHG�
IHHGHUV���7KH�RWKHU�IHHGHU�ZDV�FOHDQHG�RQFH�HYHU\�WZR�ZHHNV�
�WKH�ZHHNV�DOWHUQDWH�WR�VZDEELQJ��XVLQJ�D�6DQL�FORWK�%OHDFK�
ZLSH� WKDW� FRQWDLQHG������EOHDFK� DFURVV� WKH� HQWLUH� VXUIDFH�
DQG� LQWHULRU�RI� WKH�IHHGHU� �KHUHDIWHU�FOHDQHG�IHHGHUV���6HHG�
ZDV� UHPRYHG� IURP� HDFK� IHHGHU� SULRU� WR� FOHDQLQJ�� 2QH� WR�
WZR�ZLSHV�ZHUH�¿UVW�XVHG�WR�UHPRYH�GLUW�RU�GHEULV��$�¿QDO�
EOHDFK�ZLSH�ZDV�WKHQ�XVHG�WR�VDQLWL]H�WKH�VXUIDFH�E\�ZLSLQJ�
LW� DFURVV� VXUIDFH� RI� WKH� IHHGHU� DQG� DOORZLQJ� LW� WR� DLU� GU\���
$IWHU�WKH�IHHGHU�ZDV�GU\��WKH�VHHG�ZDV�UHWXUQHG�WR�WKH�IHHGHU���
+RZHYHU��ZH� GLG� QRW� FOHDQ� XS� WKH� VHHG� KXOO� GHEULV� RQ� WKH�
JURXQG�XQGHU�WKH�IHHGHU�

Surface Sampling

(YHU\� WZR� ZHHNV� �WKH� ZHHNV� DOWHUQDWH� WR� FOHDQLQJ��� WKH�
VXUIDFHV�RI� WKH� IRXU�SHUFKHV�DQG�VHHG�ZHOOV�RI�HDFK� IHHGHU�
ZHUH� VZDEEHG� XVLQJ� 4�VZDEV�� VDPSOLQJ� GHYLFHV�� 7KH�
4�VZDEV�� ZHUH� PL[HG� E\� YRUWH[� IRU� ��� VHFRQGV� DQG�
WKHQ�ZHUH� VHULDO� GLOXWHG� LQ� VWHULOH� EXIIHUHG� SHSWRQH�ZDWHU��
'LOXWLRQV�ZHUH�SODWHG�RQ�/%�DJDU�DQG�(RVLQ�0HWK\OHQH�%OXH�
DJDU��(0%��1HRJHQ��/DQVLQJ��0,���(0%�DJDU�ZDV�XVHG�WR�
FXOWXUH�*UDP�QHJDWLYH�EDFWHULD�SUHVHQW�RQ�WKH�IHHGHUV��7KH�
SODWHV�ZHUH�LQFXEDWHG�DW�����&�IRU����KRXUV��&RORQ\�FRXQWV�
ZHUH�SHUIRUPHG�RQ�HDFK�W\SH�RI�PHGLD�

Statistical Analysis

7R�HYDOXDWH�WKH�LPPHGLDWH�HIIHFWLYHQHVV�RI�EOHDFK�ZLSHV��
D� SDLUHG� W�WHVW� ZDV� XVHG� WR� GHWHUPLQH� ZKHWKHU� WKH� ZLSHV�
UHGXFHG�WKH�FRXQWV�RI�WRWDO�DHURELF�EDFWHULD�DIWHU�FOHDQLQJ�D�
VDPSOH�RI�IHHGHUV��([SHULPHQWDO�FOHDQLQJ�GDWD�ZHUH�DQDO\]HG�
XVLQJ�D� WZR�ZD\� UHSHDWHG�PHDVXUHV�$129$�WR�GHWHUPLQH�
ZKHWKHU� WKH� FRXQWV� RI� WRWDO� DHURELF� EDFWHULD� �KHUHDIWHU�
DHURELF�EDFWHULD��DQG�FRXQWV�RI�*UDP�QHJDWLYH�EDFWHULD�ZHUH�
VLJQL¿FDQWO\� LQÀXHQFHG� E\� H[SHULPHQWDO� FOHDQLQJ� DQG� E\�
WLPH�LQ�ZHHNV��)LQDOO\��OLQHDU�UHJUHVVLRQ�DQDO\VLV�ZDV�XVHG�WR�
GHWHUPLQH�ZKHWKHU�WKHUH�ZDV�D�UHODWLRQVKLS�EHWZHHQ�WKH�PDVV�
RI�VHHG�FRQVXPHG�DW�HDFK�IHHGHU��DV�DQ�LQGLFDWRU�RI�DQLPDO�
DFWLYLW\��LQ�WKH�WZR�ZHHNV�SULRU�WR�HDFK�VDPSOLQJ�SHULRG�DQG�
WKH�FRXQWV�RI�EDFWHULD�RQ�WKH�IHHGHUV��$OO�VWDWLVWLFDO�DQDO\VHV�
ZHUH�FRQGXFWHG�XVLQJ�6366�YHUVLRQ����

RESULTS

Immediate Effectiveness of Bleach Wipes at Reducing 
Bacteria on Feeders

7KH�6DQL�FORWK�EOHDFK�ZLSHV�VLJQL¿FDQWO\�UHGXFHG�DHURELF�
EDFWHULD� IURP� WKH� VXUIDFH�RI� WKH� IHHGHUV� �W� �������� Q� ����
IHHGHUV�� S� �� �������� %HIRUH� FOHDQLQJ�� WKH� FRXQW� RI� DHURELF�
EDFWHULD�RQ� IHHGHUV�ZDV����� ORJ�&)8�PO�RI� ULQVDWH� ��������
6(��� DQG� DIWHU� FOHDQLQJ�� WKH� FRXQW� RI� DHURELF� EDFWHULD� RQ�
IHHGHUV�ZDV�����ORJ�&)8�PO�RI�ULQVDWH���������6(���7KXV��WKH�
EOHDFK�ZLSHV�HIIHFWLYHO\�UHGXFHG�WKH�DHURELF�EDFWHULD�FRXQW�
E\�����ORJ�&)8�PO�RI�ULQVDWH�

Feeder Sanitization prior to Ten Week Cleaning Study

$IWHU� WKH�SUHOLPLQDU\�FOHDQLQJ�RI� IHHGHUV�ZLWK� VRDS�DQG�
ZDWHU�IROORZHG�E\�D������EOHDFK�VROXWLRQ��QR�FRORQLHV�ZHUH�
SUHVHQW�LQ�IHHGHU�VDPSOHV�RQ�3'$�RU�/%�DJDU�SODWHV��ZKLFK�
LQGLFDWHG�WKDW� WKH�EOHDFK�VDQLWL]DWLRQ�SURFHVV�ZDV�HIIHFWLYH�
DW�NLOOLQJ�PLFUREHV�DQG�WKDW�DOO�IHHGHUV�EHJDQ�RXU�WHQ�ZHHN�
H[SHULPHQW�ZLWKRXW�PLFURRUJDQLVPV�SUHVHQW��2YHU� WKH� WHQ�
ZHHN�H[SHULPHQW��RQH�SDLU�RI�IHHGHUV�ZDV�UHPRYHG�IURP�WKH�
VWXG\�GXH� WR� VTXLUUHO� GDPDJH� DQG� WKH�ZHHN� WZR� VZDEELQJ�
VDPSOHV�ZHUH�ORVW�GXH�WR�ORJLVWLFDO�SUREOHPV��VR����IHHGHUV�
ZHUH�XVHG�DQG�WKH�VZDE�VDPSOLQJ�EHJDQ�DW�ZHHN�IRXU�

Effectiveness of Cleaning Feeders with Bleach Wipes Over 
Ten Weeks

&OHDQLQJ�ZLWK�EOHDFK�ZLSHV�VLJQL¿FDQWO\�UHGXFHG�DHURELF�
EDFWHULD�RQ�IHHGHUV��)������ �������S� ��������)LJXUH��$���EXW�
DHURELF�EDFWHULD�VLJQL¿FDQWO\�LQFUHDVHG�RQ�IHHGHUV�RYHU�WLPH�
�)������ �������S� ��������)LJXUH��$���,Q�DGGLWLRQ��WKHUH�ZDV�
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D� VLJQL¿FDQW� LQWHUDFWLRQ� EHWZHHQ� FOHDQLQJ� DQG� WLPH� WKDW�
LQÀXHQFHG� DHURELF� EDFWHULD� RQ� IHHGHUV� �)��� ���  � ������ S�  �
������� )LJXUH� �$��� 7KLV� LQWHUDFWLRQ� VXJJHVWV� WKDW� FOHDQLQJ�
EHFDPH� OHVV� HIIHFWLYH�RYHU� WLPH�EHFDXVH� FRXQWV� RI� DHURELF�
EDFWHULD�RQ�FOHDQHG� IHHGHUV� LQFUHDVHG� IURP�ZHHNV���DQG���
WR�ZHHNV���DQG����DQG�WKHVH�FRXQWV�ZHUH�VLPLODU�WR�FRXQWV�
RQ�QRQ�FOHDQHG�IHHGHUV�DW�WKH�HQG�RI�RXU�H[SHULPHQW��)LJXUH�
�$��� %\� FRPSDULVRQ�� FOHDQLQJ� ZLWK� EOHDFK� ZLSHV� GLG� QRW�
VLJQL¿FDQWO\� UHGXFH� *UDP�QHJDWLYH� EDFWHULD� RQ� IHHGHUV�
�)������ �������S� ��������)LJXUH��%��DQG�WLPH�LQ�ZHHNV�GLG�QRW�
VLJQL¿FDQWO\� LQÀXHQFH� *UDP�QHJDWLYH� EDFWHULD� RQ� IHHGHUV�
�)������ �������S� ��������)LJXUH��%���,Q�DGGLWLRQ��WKHUH�ZDV�
QR� VLJQL¿FDQW� LQWHUDFWLRQ� EHWZHHQ� FOHDQLQJ� DQG� WLPH� WKDW�
LQÀXHQFHG�*UDP�QHJDWLYH�EDFWHULD�RQ�IHHGHUV��)������ �������
S� ��������)LJXUH��%��

0RVW�RI�WKH�EDFWHULD�FRXQWV�RQ�WKH�FOHDQHG�DQG�QRQ�FOHDQHG�
IHHGHUV�ZHUH�QRW�UHODWHG�WR�WKH�DPRXQW�RI�VHHG�FRQVXPHG�DW�
WKRVH� IHHGHUV��1R� UHODWLRQVKLS�ZDV� IRXQG� EHWZHHQ� DHURELF�
EDFWHULD� DQG� VHHG� FRQVXPHG� DW� WKH� FOHDQHG� IHHGHUV� �U� 
 �������� Q� ����� S� ��������)LJXUH��$��RU� WKH�QRQ�FOHDQHG�

IHHGHUV��U�� ��������Q� �����S� ��������)LJXUH��%���7KHUH�ZDV�
QR� UHODWLRQVKLS� EHWZHHQ� *UDP�QHJDWLYH� EDFWHULD� DQG� VHHG�
FRQVXPHG�DW�WKH�FOHDQHG�IHHGHUV��U�� ��������Q� �����S� ��������
)LJXUH��&���EXW�WKHUH�ZDV�D�VLJQL¿FDQW�SRVLWLYH�UHODWLRQVKLS�
EHWZHHQ�*UDP�QHJDWLYH�EDFWHULD�DQG�VHHG�FRQVXPHG�DW�WKH�
QRQ�FOHDQHG� IHHGHUV� �U�� ��������Q� �����S� ��������)LJXUH�
�'��

DISCUSSION

:H� IRXQG� WKDW� EOHDFK� ZLSHV� ZHUH� HIIHFWLYH� DW� UHGXFLQJ�
DHURELF�EDFWHULD�RQ�IHHGHUV��EXW�WKH�ZLSHV�GLG�QRW�FRPSOHWHO\�
VDQLWL]H� WKH� VXUIDFH� RI� IHHGHUV�� ,Q� RXU� WHQ�ZHHN� FOHDQLQJ�
H[SHULPHQW��ZH� UHFRUGHG� KLJK� FRXQWV�� L�H��� !� ����&)8�PO��
RI� WRWDO� DHURELF�EDFWHULD� E\�ZHHN� IRXU� �)LJXUH��$��GHVSLWH�
EHJLQQLQJ� WKH� H[SHULPHQW� ZLWK� QR� FRORQLHV� GHWHFWHG� LQ�
IHHGHU�VXUIDFH�VDPSOHV��7KHVH�OHYHOV�VXJJHVW�WKDW�WKHUH�ZDV�
D� QHHG� WR� FOHDQ� IHHGHUV� DIWHU� IRXU�ZHHNV� RI� XVH�� &OHDQLQJ�
ZLWK�EOHDFK�ZLSHV�HYHU\�WZR�ZHHNV�UHGXFHG�DHURELF�EDFWHULD�
RQ� IHHGHUV��EXW� DHURELF�EDFWHULD� LQFUHDVHG�RYHU� VXEVHTXHQW�
ZHHNV�� QRWDEO\� VR� DIWHU� ZHHN� VL[�� 7KH� EOHDFK� ZLSHV� PD\�
KDYH� EHFRPH� OHVV� HIIHFWLYH� RYHU� WLPH�� L�H��� E\�ZHHNV� HLJKW�
DQG� WHQ� �VHH� )LJXUH� �$��� DV� LQGLFDWHG� E\� D� VLJQL¿FDQW�
LQWHUDFWLRQ� EHWZHHQ� WLPH� DQG� FOHDQLQJ�RQ� DHURELF� EDFWHULD�
FRXQWV��%\�FRQWUDVW��ZH�IRXQG�QR�VLJQL¿FDQW�WUHQGV�EHWZHHQ�
VHHG�FRQVXPSWLRQ�DQG�DHURELF�EDFWHULD�DW�FOHDQHG�DQG�QRQ�
FOHDQHG�IHHGHUV��7KLV�VXJJHVWV�WKDW�FRXQWV�RI�DHURELF�EDFWHULD�
ZHUH�LQÀXHQFHG�E\�PXOWLSOH�HQYLURQPHQWDO�VRXUFHV�DQG�QRW�
VROHO\�E\�DQLPDO�DFWLYLW\�
:H�VXVSHFW� WKDW� WKH� ORVV�RI�FOHDQLQJ�HI¿FDF\� IRU�DHURELF�

EDFWHULD�RYHU� WLPH�ZDV�GXH� WR� WKH�DFFXPXODWLRQ�RI�RUJDQLF�
PDWHULDO�IURP�VRLO��VHHG�KXOO�GHEULV��DQG�IHFHV�RQ�WKH�VXUIDFH�
RI�IHHGHUV��2UJDQLF�PDWWHU�FDQ�SRWHQWLDOO\�LQDFWLYDWH�EOHDFK�
�L�H��� VRGLXP�K\SHUFKORULWH�� RU� DFW� DV� D� EDUULHU� IRU� EDFWHULD�
DJDLQVW� GLVLQIHFWDQWV� �5XVVHOO� ������ 6KDUPD� et al.� ��������
$OWKRXJK�WKH�6DQL�&ORWK�ZLSHV�FRQWDLQ�VXUIDFWDQWV�DQG�RWKHU�
FOHDQHUV�LQ�DGGLWLRQ�WR�EOHDFK��WKH\�DUH�GHVLJQHG�WR�GLVLQIHFW�
VXUIDFHV�DQG�HTXLSPHQW�IRU�WKH�KHDOWKFDUH�LQGXVWU\�DQG�DUH�
QRW�LQWHQGHG�IRU�UHPRYLQJ�ODUJH�DPRXQWV�RI�GHEULV��7KXV��RXU�
IHHGHU� FOHDQLQJ�SURWRFRO�RI�XVLQJ�RQO\�EOHDFK�ZLSHV� OLNHO\�
OHIW�EHKLQG�RUJDQLF�PDWWHU� LQ� WKH�FRUQHUV�RI� WKH�VHHG�ZHOOV�
DQG�LQ�WKH�¿QH�JURRYHV�SUHVHQW�RQ�WKH�SHUFKHV�RI�WKH�IHHGHUV���
7KLV�RUJDQLF�PDWWHU�EXLOG�XS�PD\�KDYH�LQFUHDVHG�RYHU�WLPH�
OHDGLQJ� WR� WKH� UHGXFWLRQ� LQ� FOHDQLQJ� HI¿FDF\� DIWHU� VHYHUDO�
ZHHNV�
%\� FRQWUDVW�� QHLWKHU� FOHDQLQJ� QRU� WLPH� VLJQL¿FDQWO\�

LQÀXHQFHG�*UDP�QHJDWLYH�EDFWHULD�RQ�WKH�VXUIDFH�RI�IHHGHUV�
GHVSLWH� DQ� DSSDUHQW� WUHQG� WRZDUG� ORZHU� FRXQWV� RQ� FOHDQHG�
IHHGHUV�LQ�WKUHH�RI�WKH�IRXU�VDPSOLQJ�SHULRGV��VHH�)LJXUH��%���
7KH�ODFN�RI�D�VLJQL¿FDQW�HIIHFW�RI�FOHDQLQJ�ZDV�OLNHO\�GXH�WR�
WKH�KLJK�YDULDELOLW\�LQ�*UDP�QHJDWLYH�EDFWHULD�DW�ERWK�FOHDQHG�
DQG�QRQ�FOHDQHG� IHHGHUV��7KLV� YDULDELOLW\� LV� QRW� VXUSULVLQJ�
EHFDXVH�SRWHQWLDO�SDWKRJHQV�KDYH�EHHQ�GLI¿FXOW�WR�GHWHFW�DW�
ELUG�IHHGHUV��H�J���3UHVFRWW�et al.�������DQG�WKH�SUHYDOHQFH�RI�

)LJXUH� ��� $YHUDJH� ��� 6(�� DHURELF� �$�� DQG� *UDP�QHJDWLYH� �%��
EDFWHULDO� FRXQWV� �ORJ�&)8�PO� RI� ULQVDWH�� RYHU� WHQ�ZHHNV� RQ� ELUG�
IHHGHUV� FOHDQHG� ZLWK� ��� �� EOHDFK� ZLSHV� FRPSDUHG� ZLWK� QRQ�
FOHDQHG� IHHGHUV�� %DFWHULDO� FRXQWV� RFFXUUHG� HYHU\� WZR� ZHHNV�
EHJLQQLQJ�ZLWK�ZHHN�IRXU���
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SRWHQWLDO�SDWKRJHQV�LV�ORZ�DPRQJ�ZLOG�VRQJELUGV��%ULWWLQJKDP�
et al.��������EXW�FDQ�EH�YDULDEOH�LQ�VRPH�SDWKRJHQV��VXFK�DV�
Salmonella �%HQVNLQ�et al.��������,QWHUHVWLQJO\��WKHUH�ZDV�D�
VLJQL¿FDQW�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�VHHG�FRQVXPSWLRQ�
DQG� *UDP�QHJDWLYH� EDFWHULD� DW� QRQ�FOHDQHG� IHHGHUV� DQG�
QR� VLJQL¿FDQW� UHODWLRQVKLS� DW� FOHDQHG� IHHGHUV��7KH�SRVLWLYH�
UHODWLRQVKLS�IRU�QRQ�FOHDQHG�IHHGHUV�VXJJHVWV�WKDW�ELUGV�DQG�
VTXLUUHOV�ZHUH�D�VRXUFH�RI�*UDP�QHJDWLYH�EDFWHULD�DW�IHHGHUV�
WKURXJK�HLWKHU�WKHLU�SK\VLFDO�FRQWDFW�RU�WKH�GHSRVLWLRQ�RI�IHFHV�
RQ�IHHGHUV��$OWKRXJK�ZH�GLG�QRW�PHDVXUH�WKH�DPRXQW�RI�IHFDO�
PDWWHU�SUHVHQW�RQ�IHHGHUV��3UHVFRWW�et al.��������IRXQG�WKDW�
IHFDO�PDWWHU�GRHV�DFFXPXODWH�DW�IHHGHUV��HVSHFLDOO\�KRSSHU�
VW\OH�DQG�SODWIRUP�IHHGHUV��0RUH�LPSRUWDQWO\��WKH�ODFN�RI�D�
VLJQL¿FDQW�UHODWLRQVKLS�IRU�FOHDQHG�IHHGHUV�DOVR�VXJJHVWV�WKDW�
FOHDQLQJ�ZLWK�EOHDFK�ZLSHV�KHOSHG�WR�FRQWURO�*UDP�QHJDWLYH�
EDFWHULD�RQ�YHU\�DFWLYH�IHHGHUV�

2YHUDOO�� ZH� IRXQG� WKDW� EOHDFK� ZLSHV� UHGXFHG� DHURELF�
EDFWHULD�RQ�IHHGHUV�DQG�ZHUH�DEOH�WR�FRQWURO�DHURELF�EDFWHULD�
IRU�D�IHZ�ZHHNV��+RZHYHU��WKLV�HI¿FDF\�DSSHDUHG�WR�GLPLQLVK�
DIWHU�VHYHUDO�ZHHNV��ZKLFK�PD\�KDYH�EHHQ�GXH�WR�WKH�EXLOGXS�
RI�RUJDQLF�PDWWHU�RQ�IHHGHUV��%OHDFK�ZLSHV�ZHUH�QRW�HIIHFWLYH�
DW�FRQWUROOLQJ�*UDP�QHJDWLYH�EDFWHULD�RYHU�VHYHUDO�ZHHNV�EXW�
VKRZHG� VRPH� DELOLW\� WR� UHGXFH�*UDP�QHJDWLYH� EDFWHULD� RQ�
YHU\� DFWLYH� IHHGHUV��2XU� UHVXOWV� VXJJHVW� WKDW� EOHDFK�ZLSHV�
PLJKW� EH� D� VLPSOH� DQG� XVHIXO� VDQLWL]LQJ� PHWKRG� IRU� ELUG�
IHHGHUV�LI�RUJDQLF�PDWWHU�FDQ�EH�UHPRYHG�¿UVW�WKURXJK�RWKHU�
PHDQV� RI� FOHDQLQJ� RU� VFUXEELQJ�� )XWXUH� UHVHDUFK� VKRXOG�
LQYHVWLJDWH�WKH�LQÀXHQFH�RI�RUJDQLF�PDWWHU�RQ�WKH�HI¿FDF\�RI�
GLVLQIHFWDQWV�WR�FOHDQ�ELUG�IHHGHUV�DQG�WR�GHWHUPLQH�ZKHWKHU�
WKH�DPRXQW�RI�IHFHV�RU�GHEULV�RQ�IHHGHUV�LV�UHODWHG�WR�OHYHOV�RI�
SRWHQWLDO�SDWKRJHQLF�EDFWHULD��

)LJXUH����7KH�LQÀXHQFH�RI�DQLPDO�DFWLYLW\��DV�PHDVXUHG�E\�VHHG�FRQVXPSWLRQ�DW�HDFK�IHHGHU�WZR�ZHHNV�SULRU�WR�HDFK�EDFWHULDO�VDPSOLQJ�SHULRG��
RQ�EDFWHULDO�FRXQWV��ORJ�&)8�PO�RI�ULQVDWH��RQ�LQGLYLGXDO�IHHGHUV�IRU�� � WRWDO�DHURELF�EDFWHULD�RQ�FOHDQHG�IHHGHUV��$��� WRWDO�DHURELF�EDFWHULD�
RQ�QRQ�FOHDQHG� IHHGHUV� �%���*UDP�QHJDWLYH�EDFWHULD�RQ�FOHDQHG� IHHGHUV� �&���DQG�*UDP�QHJDWLYH�EDFWHULD�RQ�QRQ�FOHDQHG� IHHGHUV� �'���7KH�
WUHQGOLQHV�UHSUHVHQW�OLQHDU�UHJUHVVLRQ�EHVW�RI�¿W�OLQHV�
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:DVKLQJWRQ��'�&�

)XOOHU��5�$���:DUUHQ��3�+���$UPVZRUWK��3�5���%DUERVD��2���
DQG�*DVWRQ��.�-��������*DUGHQ�ELUG�IHHGLQJ�SUHGLFWV�WKH�
VWUXFWXUH�RI�XUEDQ�DYLDQ�DVVHPEODJHV��'LYHUVLW\�'LVWULE���
�����������

+DUWXS��%�.���0RKDPPHG��+�2���.ROOLDV��*�9���DQG�'KRQGW��
$�$��������5LVN� IDFWRUV� DVVRFLDWHG�ZLWK�P\FRSODVPDO�
FRQMXQFWLYLWLV� LQ�+RXVH�)LQFKHV��-��:LOGO��'LV���������
����

+HVV��/���DQG�*URVNLQ��5���������:LOG�ELUG�IHHGLQJ��WKH�SURV�
DQG�WKH�FRQV��-��$YLDQ�0HG��6XUJ�������������

-RQHV��'�1���DQG�5H\QROGV��6�-��������)HHGLQJ�ELUGV�LQ�RXU�
WRZQV�DQG�FLWLHV��D�JOREDO�UHVHDUFK�RSSRUWXQLW\��-��$YLDQ�
%LRO�������������

/XWWUHOO��0�3���������'LVHDVH�SUHYHQWLRQ�DW�ELUG�IHHGHUV���3S��
���������,Q�:�5��'DYLGVRQ�DQG�9�)��1HWWOHV��(GV����)LHOG�
PDQXDO�RI�ZLOGOLIH�GLVHDVHV�LQ�WKH�VRXWKHDVWHUQ�8QLWHG�
6WDWHV��VHFRQG�HGLWLRQ��6RXWKHDVWHUQ�&RRSHUDWLYH�:LOGOLIH�
'LVHDVH�6WXG\��&ROOHJH�RI�9HWHULQDU\�0HGLFLQH��7KH�8QL�
YHUVLW\�RI�*HRUJLD��$WKHQV��*$�

/XWWUHOO��3���DQG�0HDG��'���������,QIHFWLRXV�DQG�WR[LF�GLV�
HDVHV�RI�VRQJELUGV��3S�����������,Q�6�.��0DMXPGDU��-�(��
+XIIPDQ��)�-��%UHQQHU�DQG�$�,��3DQDK��(GV����:LOGOLIH�
GLVHDVHV��ODQGVFDSH�HSLGHPLRORJ\��VSDWLDO�GLVWULEXWLRQ�DQG�
XWLOL]DWLRQ�RI�UHPRWH�VHQVLQJ�WHFKQRORJ\���3HQQV\OYDQLD�
$FDGHP\�RI�6FLHQFH��(DVWRQ��3$�

3UHVFRWW��-��������6KRXOG�ZH�IHHG�ELUGV"�2QW��)LHOG�2UQL�
WKRORJLVWV�1HZV���������

3UHVFRWW��-�)���+XQWHU��'�%���DQG�&DPSEHOO��*�'��������+\�
JLHQH�DW�ZLQWHU�ELUG�IHHGHUV� LQ�D�VRXWKZHVWHUQ�2QWDULR�
FLW\��&DQ��9HW��-�������������

5REE��*�1���0F'RQDOG��5�$���&KDPEHUODLQ��'�(���DQG�%HDU�
KRS��6��������)RRG�IRU�WKRXJKW��VXSSOHPHQWDU\�IHHGLQJ�DV�
D�GULYHU�RI�HFRORJLFDO�FKDQJH�LQ�DYLDQ�SRSXODWLRQV��)URQW��
(FRO��(QYLURQ������������

5XVVHOO��$�'��������%DFWHULDO� UHVLVWDQFH� WR�GLVLQIHFWDQWV��
SUHVHQW�NQRZOHGJH�DQG�IXWXUH�SUREOHPV��-��+RVS��,QIHFW��
���6XSSOHPHQW����6���6���

6FKUHLEHU��/�$�� ������ �:K\�ZH� IHHG�ZLOG�ELUGV��$� FDVH�
VWXG\�RI�%72�PHPEHUV¶�PRWLYDWLRQ�IRU�IHHGLQJ�ELUGV�LQ�
WKHLU�JDUGHQV��0�6F��WKHVLV��8QLYHUVLW\�&ROOHJH�/RQGRQ��
/RQGRQ��8�.�
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6KDUPD��0���(DVWULGJH��-���DQG�0XGG��&���������(IIHFWLYH�
KRXVHKROG�GLVLQIHFWLRQ�PHWKRGV�RI�NLWFKHQ�VSRQJHV��)RRG�
&RQWURO������������

7L]DUG��,���������6DOPRQHOORVLV�LQ�ZLOG�ELUGV��6HPLQ��$YLDQ�
([RW��3HW�0HG�����������

7RUDQ]RV��*�$���0F)HWHUV��*�$���%RUUHJR��-�-���DQG�6DYLOO��
0��������'HWHFWLRQ�RI�PLFURRUJDQLVPV�LQ�HQYLURQPHQ�
WDO�IUHVKZDWHUV�DQG�GULQNLQJ�ZDWHUV��3S�����������,Q��&�-�
+XUVW��5�/��&UDZIRUG��-�/��*DUODQG��'�$��/LSVRQ��$�/��
0LOOV��DQG�/��6WHW]HQEDFK��(GV����0DQXDO�RI�(QYLURQPHQ�
WDO�0LFURELRORJ\���UG�(GLWLRQ��$60�3UHVV��:DVKLQJWRQ�
D.C.

8�6��)LVK�DQG�:LOGOLIH�6HUYLFH�������������1DWLRQDO�6XUYH\�
RI�)LVKLQJ��+XQWLQJ��DQG�:LOGOLIH�$VVRFLDWHG�5HFUHDWLRQ��
8�6��'HSDUWPHQW�RI�WKH�,QWHULRU��8�6��)LVK�DQG�:LOGOLIH�
6HUYLFH��DQG�8�6��'HSDUWPHQW�RI�&RPPHUFH��8�6��&HQVXV�
%XUHDX��:DVKLQJWRQ�'�&��$YDLODEOH�IURP�ZZZ�FHQVXV�
JRY�SURG�����SXEV�IKZ���QDW�SGI�
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ABSTRACT

$YLDQ�LQÀXHQ]D�YLUXV��$,9��XVHV�ZLOG�ELUG�SRSXODWLRQV�
as a natural reservoir. Waterfowl, in particular wild 
dabbling ducks (Family Anatidae), are believed to 
constitute the main natural viral reservoir for low 
SDWKRJHQLF� LQÀXHQ]D� $� YLUXV�� 2YHU� WKH� SDVW� ��� \HDUV��
only 30 studies have characterized AIV subtype 
distribution and prevalence in North America, and most 
of these studies were conducted between 1970 and 1980. 
Understanding AIV distribution and prevalence is critical 
for developing an objective risk assessment for the role 
that waterfowl may play as a reservoir of AIV subtypes 
that pose health concerns for humans and other animals. 
+LJKO\�SDWKRJHQLF�DYLDQ�LQÀXHQ]D�LQ�SRXOWU\�RULJLQDWHV�
from the transmission of low pathogenic viruses from 
wild birds. These outbreaks have occurred relatively 
frequently in the last decade emphasizing the need for 
continuous surveillance of the waterfowl populations 
for AIV. We collected 200 cloacal swab samples from 
waterfowl in Erie and Mercer counties, Pennsylvania, 
during August-September 2012 to determine the 
prevalence of AIV subtypes between species, ages, and 
sexes. We used RT-PCR analysis to determine that 
AIV was not present in the waterfowl we sampled.
[ J PA Acad Sci  88(4): 227-230, 2014 ]

INTRODUCTION

,QÀXHQ]D� LV�D�JOREDO�SXEOLF�KHDOWK�SUREOHP��&'&��������
$YLDQ�LQÀXHQ]D��$,9��UHIHUV�WR�LQIHFWLRQ�RI�ELUGV�ZLWK�DYLDQ�
LQÀXHQ]D� 7\SH� $� YLUXVHV�� 7KHVH� YLUXVHV� RFFXU� QDWXUDOO\�
DPRQJ�ZLOG�DTXDWLF�ELUGV�ZRUOGZLGH�DQG�FDQ�LQIHFW�GRPHVWLF�

SRXOWU\� DQG� RWKHU� ELUG� DQG� DQLPDO� VSHFLHV� �:HEVWHU� et al. 
������� &ODUN� DQG� +DOO� ������� KDYH� VXJJHVWHG� WKDW� WKH�
RULJLQ�RI�KLJK�SDWKRJHQLF�$,9�VXEW\SHV�PD\�EH�ZLOG�ELUG�
SRSXODWLRQV��:DWHUIRZO� �)DPLO\� $QDWLGDH��� DUH� RQH� RI� WKH�
PDLQ�UHVHUYRLUV�RI�$,9�LQ�ZLOG�ELUG�SRSXODWLRQV��:HEVWHU�et 
al.��������%LUGV�FDQ�EH�LQIHFWHG�ZLWK�$,9�LQ�WKHLU�LQWHVWLQHV�
DQG�UHVSLUDWRU\�WUDFW��EXW�XVXDOO\�GR�QRW�JHW�VLFN��&ODUN�DQG�
+DOO��������+RZHYHU��$,9�LV�YHU\�FRQWDJLRXV�DPRQJ�ELUGV�
DQG�VRPH�RI�WKHVH�YLUXVHV�FDQ�VLFNHQ�DQG�HYHQ�NLOO�FHUWDLQ�
GRPHVWLFDWHG�ELUG�VSHFLHV�LQFOXGLQJ�FKLFNHQV��Gallus gallus���
GXFNV�� DQG� WXUNH\V� �Meleagris gallopavo�� �0XQVWHU� et al. 
�������,QIHFWHG�ELUGV�FDQ�VKHG�DYLDQ�LQÀXHQ]D�$�YLUXVHV�LQ�
WKHLU�VDOLYD��QDVDO�VHFUHWLRQV��DQG�IHFHV��6OHPRQV�et al.��������
6XVFHSWLEOH�ELUGV�EHFRPH� LQIHFWHG�ZKHQ� WKH\�KDYH�FRQWDFW�
ZLWK�WKH�YLUXV�DV�LW�LV�VKHG�E\�LQIHFWHG�ELUGV��7KH\�FDQ�DOVR�
EHFRPH�LQIHFWHG�E\�FRPLQJ�LQ�FRQWDFW�ZLWK�VXUIDFHV�WKDW�DUH�
FRQWDPLQDWHG�ZLWK�YLUXV�IURP�LQIHFWHG�ELUGV��&'&�������
5HODWLYHO\� IHZ� VWXGLHV� KDYH� EHHQ� GRQH� WR� VWXG\� WKH�

SUHYDOHQFH� RI� $,9� LQ� 1RUWK� $PHULFD�� 2XU� SURMHFW� ZLOO�
SURYLGH�VXUYHLOODQFH�RQ�WKH�VXEW\SHV�RI�$,9�WKDW�DUH�SUHVHQW�
LQ�ZLOG�ELUG�SRSXODWLRQV� LQ�3HQQV\OYDQLD��2XU�JRDO�ZDV� WR�
GHWHUPLQH�WKH�SUHYDOHQFH�RI�$,9�LQ�ZDWHUIRZO�SRSXODWLRQV�
IURP�(ULH�DQG�0HUFHU�FRXQWLHV�LQ�3HQQV\OYDQLD��

MATERIALS AND METHODS

Field Collection Sites

3\PDWXQLQJ� :LOGOLIH� 0DQDJHPHQW� $UHD� LQ� 0HUFHU�
&RXQW\�DQG�3UHVTXH�,VOH�6WDWH�3DUN�LQ�(ULH�&RXQW\�DUH�WZR�
RI� WKH� ODUJHVW� ZDWHUIRZO� VWDJLQJ� DUHDV� LQ� 3HQQV\OYDQLD��
3\PDWXQLQJ�:LOGOLIH�0DQDJHPHQW�$UHD�FRQWDLQV�WKH�ODUJHVW�
LQODQG� LPSRXQGPHQW� LQ� 3HQQV\OYDQLD�� RI� WKH� ������� KD� LQ�
WKH�PDQDJHPHQW�DUHD��������KD�DUH�FRYHUHG�E\�ZDWHU�DQG�WKH�
UHPDLQGHU�LV�FRYHUHG�E\�ODQG��3\PDWXQLQJ�SURYLGHV�KDELWDW�
IRU� DQ� HVWLPDWHG� ������� WR� ������� QRQ�UHVLGHQW� JHHVH� DQG�
GXFNV�GXULQJ�WKH�IDOO�DQG�VSULQJ�PLJUDWLRQ�VHDVRQV��$OIRQVR�
et al.�������
3UHVTXH� ,VOH� 6WDWH� 3DUN� LV� D� ������DFUH� SHQLQVXOD� WKDW�

SURWUXGHV�LQWR�/DNH�(ULH�3UHVTXH�,VOH�LV�D�SUHIHUUHG�VSRW�IRU�
PLJUDWLQJ�ELUGV��7KH�SDUN¶V�ORFDWLRQ�RQ�WKH�$WODQWLF�)O\ZD\�

�$FFHSWHG�IRU�SXEOLFDWLRQ�2FWREHU������
�&RUUHVSRQGLQJ� DXWKRU�� -LOO� '�� +HQQLQJ�� KHQQLQJ#SLWW�HGX��
$VVLVWDQW� 3URIHVVRU� RI� %LRORJ\�� 8QLYHUVLW\� RI� 3LWWVEXUJK� DW�
-RKQVWRZQ�� 2I¿FH�� ���(� (QJLQHHULQJ� 	� 6FLHQFH� %XLOGLQJ��
-RKQVWRZQ��3$��������3KRQH����������������)D[��������������
�3UHVHQW�DGGUHVV��'\ODQ�-��'HJRO��&RPPRQZHDOWK�0HGLFDO�&ROOHJH��
6FUDQWRQ�3$������
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PDNHV�LW�D�IDYRUDEOH�VSRW�IRU�ELUGV�WR�VWRS�RQ�WKHLU�PLJUDWLRQ�
DFURVV�/DNH�(ULH��:DWHUIRZO�PLJUDWLRQ�RFFXUV�LQ�0DUFK�DQG�
LQ� ODWH� 1RYHPEHU� WKURXJK� 'HFHPEHU�� 2YHU� ���� GLIIHUHQW�
VSHFLHV� RI� ELUGV� KDYH� EHHQ� LGHQWL¿HG� RQ� WKH� SHQLQVXOD�
�3UHVTXH�,VOH�$XGXERQ�6RFLHW\�������

Collection Methods

3HDN�$,9� WUDQVPLVVLRQ� DPRQJ�ZDWHUIRZO� RFFXUV� GXULQJ�
SUHPLJUDWRU\�VWDJLQJ�LQ�ODWH�VXPPHU��+LQVKDZ�DQG�:HEVWHU�
�������2Q�$XJXVW��������DQG�6HSWHPEHU����������ZH�FROOHFWHG�
VDPSOHV�IURP�����ZLOG�ZDWHUIRZO�DW�RXU�VWXG\�ORFDWLRQV������
IURP�3\PDWXQLQJ�DQG����IURP�3UHVTXH�,VOH�6WDWH�3DUN��%LUGV�
ZHUH� FDXJKW� LQ� IXQQHO� OLYH�WUDSV�� 7KH� WUDSV� ZHUH� FKHFNHG�
HYHU\� PRUQLQJ� DQG� HYHQLQJ�� &DSWXUHG� ELUGV� ZHUH� EDQGHG�
ZLWK� VWHHO� ULQJV� DQG� LGHQWL¿HG� IRU� VSHFLHV�� VH[�� DQG� DJH�
�DGXOW� RU� MXYHQLOH�� EDVHG� RQ� SOXPDJH��8VLQJ� VWHULOH� SODVWLF�
Q\ORQ� ÀRFNHG� VZDEV�� ZH� VDPSOHG� HDFK� ELUG� E\� VZLUOLQJ�
WKH�VZDE� LQ� LWV�FORDFD��1\ORQ�VZDEV�ZHUH� LPPHGLDWHO\�SXW�
LQ�YLDOV�FRQWDLQLQJ�YLUXV� WUDQVSRUW�PHGLD��+DQNV�EDODQFHG�
VDOW� VROXWLRQ�ZLWK� ERYLQH� VHUXP� DOEXPLQ�� JHODWLQ�� VXFURVH��
/�JOXWDPLF�DFLG��+(3(6�EXIIHU��SKHQRO�UHG��JHQWDPLFLQ��DQG�
DPSKRWHULFLQ�%� �UHPHO�0�57�� 7KHUPR� 6FLHQWL¿F�� /HQH[D��
.DQVDV��� DQG� NHSW� RQ� LFH�� $OO� VDPSOHV� ZHUH� PRYHG� WR� D�
IUHH]HU�ZLWKLQ����KRXUV� WKDW�VWRUHG�VDPSOHV�DW�±����&��$OO�
DQLPDO�ZRUN�ZDV�UHYLHZHG�DQG�DSSURYHG�E\�WKH�8QLYHUVLW\�
RI�3LWWVEXUJK�,QVWLWXWLRQDO�$QLPDO�&DUH�DQG�8VH�&RPPLWWHH�
DQG� WKH� VWXG\� ZDV� FRQGXFWHG� LQ� DFFRUGDQFH� ZLWK� WKH�
JXLGHOLQHV�RI�WKH�8�6��2I¿FH�RI�/DERUDWRU\�$QLPDO�:HOIDUH�

$YLDQ�,QÀXHQ]D�'HWHFWLRQ

7KH� SURFHGXUH� ZDV� WDNHQ� IURP� WKH� :RUOG� +HDOWK�
2UJDQL]DWLRQ�5HDO�7LPH�3&5�SURWRFRO� IRU� WKH�GHWHFWLRQ�RI�
$YLDQ� ,QÀXHQ]D� �:+2� �������:H� XVHG� WKH� FRPPHUFLDOO\�
DYDLODEOH�YLUDO�51$�H[WUDFWLRQ�NLW� IURP�4LDJHQ� WR� UHFRYHU�
$,9�51$�IURP�WKH�VDPSOHV��.RPDU�et al.�������2KDMXUXND�
HW� DO� �������([WUDFWHG�YLUDO�51$�ZDV� FRQYHUWHG� WR� F'1$�
ZLWK� D� FRPPHUFLDOO\� DYDLODEOH�NLW� IURP�/LIH�7HFKQRORJLHV��
$J�3DWK�2QH�6WHS�57�3&5�.LW��7KLV�NLW�XWLOL]HG�SXEOLVKHG�
SULPHUV�IRU�$,9�WR�GHWHUPLQH�SRVLWLYLW\��:+2��������7KH�
SULPHUV�XVHG�ZHUH�)OX$�,QI$�)RUZDUG��¶�*$&�&5$7�&&7�
*7&�$&&�7&7�*$�&��¶�DQG�)OX$�,QI$�5HYHUVH��¶�$**�
*&$7�7<7�**$�&$$$�.&*�7&7�$��¶��7KH�SUREH�XVHG�
ZDV�,QI$�3UREH���¶�)$0�7*&�$*7�&&7�&*&�7&$�&7*�
**&�$&*�%+4���¶��$�6WHS2QH�5HDO�7LPH�3&5�V\VWHP�ZDV�
XVHG�ZLWK�WKH�IROORZLQJ�FRQGLWLRQV�����Û&�IRU����PLQ�����Û&�
IRU����PLQ��IROORZHG�E\����F\FOHV�RI����Û&�IRU����V�DQG����Û&�
IRU����V��1XFOHDVH�IUHH�ZDWHU�ZDV�XVHG�DV�D�QHJDWLYH�FRQWURO�
DQG� JHQRPLF� 51$� LVRODWHG� IURP� D� SUHSDUDWLRQ� RI� SRROHG�
DOODQWRLF� ÀXLG� IURP� VSHFL¿F�SDWKRJHQ� IUHH� HPEU\RQDWHG�
FKLFNHQ�HJJV�LQIHFWHG�ZLWK�DQ�DYLDQ�LVRODWH��.LOERXUQH�)����
RI� LQÀXHQ]D�$�YLUXV�ZDV�SURYLGHG�E\�%(,�5HVRXUFHV� DV� D�

SRVLWLYH�FRQWURO��3RVLWLYH�FRQWURO�VDPSOHV�DPSOL¿HG�DW�F\FOH�
���� QR� GHWHFWLRQ� RI�$,9�ZDV� VHHQ� LQ� WKH� QHJDWLYH� FRQWURO�
VDPSOHV�

RESULTS

:H� FROOHFWHG� FORDFDO� VZDE� VDPSOHV� IURP� ���� PDOODUGV�
�Anas platyrhynchos��� �� EOXH�ZLQJHG� WHDO� �Anas discors���
���ZRRG�GXFNV� �Aix sponsa��� DQG���&DQDGD�JHHVH� �Branta 
canadensis���7KH�QXPEHUV�RI�LQGLYLGXDOV�VDPSOHG�E\�VSHFLHV��
DJH��DQG�VH[�DUH�LQ�7DEOH����$OWKRXJK�ZH�VDPSOHG�LQGLYLGXDOV�
IURP�VHYHUDO�VSHFLHV�DQG�IURP�GLIIHUHQW�DJH�DQG�VH[�FODVVHV�
QR�$,9�ZDV�GHWHFWHG�

DISCUSSION

$TXDWLF�ELUGV��KXPDQV�DQG�SLJV�DUH�WKH�KRVWV�IRU�LQÀXHQ]D�
YLUXV� DQG� WKH� HPHUJHQFH� RI� QHZ� KXPDQ� SDQGHPLF� VWUDLQV�
RFFXU�WKURXJK�WKH�YLUDO�PRYHPHQW�EHWZHHQ�WKHVH�KRVW�VSHFLHV�
�:HEVWHU� et al.� ������ %RXYLHU� DQG� /RZHQ� ������� $TXDWLF�
ELUGV�DUH�UHVHUYRLUV�RI�DOO�NQRZQ�$,9�VXEW\SHV��:HEVWHU�et 
al.��������7KDW�EHLQJ�VDLG��ZDWHUIRZO�SOD\�DQ�LPSRUWDQW�UROH�
LQ�WKH�JHQHUDWLRQ��WUDQVPLVVLRQ��DQG�VSUHDG�RI�$,9��+LQVKDZ�
et al.�������.DUXQDNDUDQ�et al.�������:HEVWHU�et al.��������
$,9�KDV�PRVW�IUHTXHQWO\�EHHQ�LVRODWHG�IURP�PDOODUG�GXFNV�
�+LQVKDZ�et al.�������+LQVKDZ�et al.�������EXW�KDV�DOVR�EHHQ�
LVRODWHG�IURP�RWKHU�VSHFLHV�RI�ZDWHUIRZO��1HWWOHV�et al.�������
6WDOONQHFKW�et al.�������*UDYHV��������
7KH� 3HQQV\OYDQLD�*DPH�&RPPLVVLRQ� �3$*&�� URXWLQHO\�

VDPSOHV�IRU�$,9�GXULQJ�)DOO�PLJUDWLRQ��WKHVH�VWXGLHV�VKRZ�
WKH� SUHYDOHQFH� RI�$,9� WR� EH� DSSUR[LPDWHO\� ����� RI� ELUGV�
VDPSOHG�� 7KH� VDPSOH� VL]HV� UDQJH� IURP� ��������ZDWHUIRZO�
�3$*&�� ������� $QRWKHU� VWXG\� FRQGXFWHG� LQ� 3HQQV\OYDQLD�
IRXQG�$,9�SUHVHQW�LQ�PDOODUG�DQG�$PHULFDQ�ZLJHRQ��Anas 
americana�� �$OIRQVR� et al.� �������$� VLPLODU� VWXG\� WR� RXUV�
IRU� $,9� LQ� 3HQQV\OYDQLD� DW� 3\PDWXQLQJ� GXULQJ� ����� DQG�
�����GHWHFWHG�$,9�VXEW\SHV�+�1��DQG�+�1��IURP�PDOODUG�
DQG�$PHULFDQ�ZLGJHRQ�GXULQJ�IDOO�PLJUDWLRQ��$OIRQVR�et al. 
�������7KHUH�KDYH�EHHQ�PL[HG�UHVXOWV�DV�WR�ZKHWKHU�GLIIHUHQW�
VSHFLHV�DUH�PRUH�OLNHO\�WR�FRQWUDFW�$,9��$�VWXG\�FRQGXFWHG�
LQ�3HQQV\OYDQLD�GLG�QRW�¿QG�D�GLIIHUHQFH�RI�$,9�UHFRYHU\�
EDVHG�RQ�VSHFLHV��$OIRQVR�et al.��������XQOLNH�'HLEHO�et al. 
��������3UHYDOHQFH�OHYHOV�LQ�3HQQV\OYDQLD�DUH�VOLJKWO\�ORZHU�
WKDQ�OHYHOV�GHWHFWHG�WKURXJKRXW�1RUWK�$PHULFD�DV�VHHQ�LQ�D�
UHFHQW� VWXG\��+XDQJ�DQG�FROOHDJXHV�FRQGXFWHG�D� VXUYH\�RI�
$,9� LQ� 1RUWK� $PHULFD� DQG� GHWHUPLQHG� WKH� SUHYDOHQFH� RI�
$,9�WR�EH�VOLJKWO\�KLJKHU�DW�������+XDQJ�HW��DO��������
$OWKRXJK�ZH�GLG�QRW�UHFRYHU�DQ\�$,9��RWKHU�UHVHDUFK�KDV�

VKRZQ� WKDW� ZDWHUIRZO� DUH�PRUH� OLNHO\� WR� EHFRPH� LQIHFWHG�
ZLWK�$,9�GXULQJ�WKH�PLJUDWLRQ�VHDVRQ��+LQVKDZ�et al.�������
6OHPRQV�et al.��������$OIRQ]R�DQG�FROOHDJXHV�GHWHFWHG�$,9�
LQ�EUHHGLQJ� LQGLYLGXDOV�GXULQJ� WKH� IDOO�PLJUDWLRQ� �$OIRQ]R�
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HW�DO�������DQG�RWKHUV�KDYH�VKRZQ�WKDW�VH[�RI�WKH�LQGLYLGXDO�
KDV�QR�HIIHFW�RQ�$,9�SUHVHQFH��'HLEHO�HW�DO�������6OHPRQV�
HW��DO��������7KH�PDMRULW\�RI�RXU�VDPSOHV�ZHUH�MXYHQLOH�ELUGV�
DQG� RXU� VDPSOLQJ� RFFXUUHG� SUH�PLJUDWLRQ� LQ� ODWH� $XJXVW�
DQG�HDUO\�6HSWHPEHU��7KLV�PD\�KDYH�DIIHFWHG�RXU�GHWHFWLRQ�
UDWHV� DV� $,9� LV� SUHYDOHQW� LQ� ZDWHUIRZO� SRSXODWLRQV� LQ� WKH�
IDOO���:HEVWHU�et al.��������6LQFH�$,9�LV�WUDQVPLWWHG�WKURXJK�
ZDWHU�DQG�IHFHV��LW�LV�XQOLNHO\�WKH�PDQ\�MXYHQLOH�ZDWHUIRZO�
LQ� WKHVH� ÀRFNV� ZLOO� UHPDLQ� XQLQIHFWHG� DIWHU� WKH� DXWXPQ�
HSLGHPLF�
(YHQ�WKRXJK�ZH�GLG�QRW�GHWHFW�$,9�LQ�RXU�VWXG\��WKH�RWKHU�

UHVHDUFK�VKRZV�WKDW�ZDWHUIRZO�KDYH�EHHQ�LQIHFWHG�ZLWK�$,9�
LQ�WKHVH�VDPH�ORFDWLRQV��$OIRQVR�et al.��������*LYHQ�WKDW�$,9�
LV�VKHG�IURP�WKH�LQWHVWLQDO�WUDFW�EHWZHHQ���GD\V�DQG���ZHHNV��
DIWHU� ZKLFK� WKHUH� LV� QR� HYLGHQFH� WKDW� FRQWLQXHG� VKHGGLQJ�
RFFXUV�PD\�H[SODLQ�ZK\�ZH�GLG�QRW�¿QG�WKH�YLUXV�LQ�ELUGV�ZH�
VDPSOHG��+LQVKDZ�et al.�������/X�DQG�&DVWUR��������$OVR��
WKH�YLUXV�PD\�EH�SUHVHQW�LQ�RXU�VWXG\�VLWHV��EXW�WKH�ELUGV�PD\�
KDYH�UHFRYHUHG�DQG�WKXV�QRW�EH�VKHGGLQJ��
'HVSLWH� RXU� GDWD� VKRZLQJ� QR� SRVLWLYH� VDPSOHV� LW� LV�

LPSHUDWLYH�WR�FRQWLQXH�VDPSOLQJ�DTXDWLF�ELUGV�DV�WKH\�DUH�WKH�
UHVHUYRLUV�RI�DOO�NQRZ�$,9�VXEW\SHV��:HEVWHU�et al.���������
(DFK�RI� WKH�KLJKO\�SDWKRJHQLF�RXWEUHDNV�RI�$,9� WKDW�KDYH�
RFFXUUHG� LQ� UHFHQW� \HDUV� �%HDQ� et al.� ������0XUSK\� ������
&URVE\�������OLNHO\�RULJLQDWHG�IURP�ZDWHUIRZO�SRSXODWLRQV�
�:HEVWHU� et al.� ������� :DWHUIRZO� SRSXODWLRQ� VXUYHLOODQFH�
FRQWLQXHV� WR�EH� DQ� LPSRUWDQW� FRPSRQHQW�RI�$,9� UHVHDUFK��
7DNHQ� WRJHWKHU� WKHVH� SRLQWV� VWUHVV� WKH� LPSRUWDQFH� IRU�
FRQWLQXHG�VXUYHLOODQFH�WR�DVVHVV� WKH�DFWXDO�ULVN�IRU�$,9�WR�
ERWK�KXPDQV�DQG�DTXDWLF�ELUGV�
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ABSTRACT

Overabundance of deer presents a threat to individual 
plant populations and may in the long term alter 
forest structure. Pyrularia pubera, the buffalo nut, 
is a plant already considered rare in Pennsylvania, 
the northernmost extent of its natural range. At one 
site in western PA, buffalo nut appears to be heavily 
browsed by deer. In this study, the demographic effects 
of deer browsing on a population of buffalo nut are 
investigated by comparison of growth and density 
inside and outside of deer exclosures. Shoot density in 
exclosures was approximately 40 times greater than in 
the surrounding forests. Shoots outside of exclosures 
ZHUH� VLJQL¿FDQWO\� VKRUWHU� WKDQ� WKRVH� LQ� H[FORVXUHV���
Preservation of buffalo nut in western Pennsylvania, 
and thus the entire state, will likely depend on efforts 
to curtail the negative effects of deer overabundance.
[ J PA Acad Sci  88(4): 231-234, 2014 ]

INTRODUCTION

Pyrularia pubera� 0LFK[��� WKH� EXIIDOR� QXW�� LV� D� FORQDO��
URRW�SDUDVLWLF� VKUXE� RI� PHVLF� IRUHVWV� RI� WKH� HDVWHUQ� DQG�
VRXWKHDVWHUQ� 86�� ,W� LV� WKH� RQO\� 1RUWK� $PHULFDQ� PHPEHU�
RI� WKH� IDPLO\� &HUYDQWHVLDFHDH�� D� VHJUHJDWH� RI� 6DQWDODFHDH�
s.  lat.� �1LFNUHQW�et al.��������%XIIDOR�QXW�RFFXUV�QDWXUDOO\�
DORQJ�WKH�$SSDODFKLDQ�XSOLIW�IURP�QRUWKHUQ�$ODEDPD�WKURXJK�
ZHVWHUQ�3HQQV\OYDQLD��&RGHU��������'LVMXQFW�RU�QRQ�QDWLYH�
SRSXODWLRQV�DOVR�H[LVW�LQ�6XIIRON�DQG�4XHHQV�FRXQWLHV��1�<��
�0LWFKHOO��������$V�D�KHPLSDUDVLWH��EXIIDOR�QXW�SUHVXPDEO\�
REWDLQV� QXWULHQWV� IURP� WKH� URRWV� RI� RWKHU� SODQWV� WKURXJK� D�
PRGL¿HG� URRW� FDOOHG� D� KDXVWRULXP�� %XIIDOR� QXW� LV� FDSDEOH�
RI�SDUDVLWL]LQJ�D�ZLGH�YDULHW\�RI�KRVWV��LQFOXGLQJ����JHQHUD�
LQ� ��� IDPLOLHV� RI� IHUQV�� J\PQRVSHUPV� DQG� DQJLRVSHUPV�
�/HRSROG� DQG� 0XOOHU� ������� :KLOH� WKH� OLIH�F\FOH� RI� WKLV�
SODQW�KDV�QRW�EHHQ�VWXGLHG�H[WHQVLYHO\��LW�JURZV�E\�PHDQV�RI�

XQGHUJURXQG�UKL]RPHV�IURP�ZKLFK�VKRRWV�DULVH�DW�LQWHUYDOV���
7KHVH�UKL]RPHV�PD\�EUDQFK�SURGXFLQJ�PRUH�WKDQ�RQH�VKRRW�
VLPXOWDQHRXVO\� �5DQGOH�� SHUVRQDO� REVHUYDWLRQ��� 3ODQWV� DUH�
GLRHFLRXV��EHDULQJ�VSLNHV�RI�PDOH�RU�IHPDOH�ÀRZHUV�LQ�ODWH�
VSULQJ��DQG�SURGXFLQJ�IUXLW�IURP�-XO\�WR�2FWREHU��DOWKRXJK�
QRW�DEXQGDQWO\��&RGHU�������
%XIIDOR�QXW�LV�OLVWHG�DV�D�FRQVHUYDWLRQ�SULRULW\�LQ�$ODEDPD�

�LPSHULOHG��$ODEDPD�1DWXUDO�+HULWDJH�3URJUDP��������DQG�
3HQQV\OYDQLD��UDUH��3HQQV\OYDQLD�1DWXUDO�+HULWDJH�3URJUDP�
�������:KLOH�PHPEHUV�RI�D�VSHFLHV�DUH�H[SHFWHG�WR�EH�OHVV�
DEXQGDQW�DW�WKH�H[WUHPHV�RI�WKHLU�UDQJH��EURZVLQJ�E\�ZKLWH�
WDLOHG�GHHU��Odocoileus virginianus�=LPPHUPDQ�������LQ�WKH�
QRUWKHUQPRVW�NQRZQ�SRSXODWLRQV�PD\�SUHVHQW�DQ�DGGLWLRQDO�
FRQVHUYDWLRQ�WKUHDW��,Q�ZHVWHUQ�3HQQV\OYDQLD��EXIIDOR�QXW�LV�
DPRQJ�WKH�¿UVW�ZRRG\�SODQWV�WR�OHDI�RXW�LQ�WKH�VSULQJ��ODWH�
$SULO���7KURXJKRXW�WKH�JURZLQJ�VHDVRQ��EURZVLQJ�E\�GHHU�LV�
DSSDUHQW��ZLWK�IHZ�SODQWV�UHDFKLQJ�PRUH�WKDQ����FP�LQ�KHLJKW���
,Q� 0D\� ������ DQ� LQLWLDO� LQYHVWLJDWLRQ� DW� WKH� 3RZGHUPLOO�
1DWXUH�5HVHUYH�LQ�3HQQV\OYDQLD�LQGLFDWHG�WKDW�GDPDJH�IURP�
GHHU� EURZVLQJ� ZDV� KHDY\�� ZLWK� PRVW� QHZ� VKRRWV� FKHZHG�
WR� WKH� UKL]RPH� RU� OLWWHU� OD\HU�� 5KL]RPHV� WKHPVHOYHV� DOVR�
VKRZHG�VLJQV�RI�EUHDNDJH��%UHDNV� LQ�UKL]RPHV�ZHUH�UDWKHU�
FOHDQ�DQG�QRW�DFFRPSDQLHG�E\�VFDUULQJ�DV�IURP�PHFKDQLFDO�
GDPDJH�QRW�OLNHO\�FDXVHG�E\�GHHU��EXW�SRVVLEO\�E\�DXWRWRP\��
WKH�VSRQWDQHRXV�VKHGGLQJ�RI�DQ�H[WUHPLW\��:HQ]HO��SHUVRQDO�
REVHUYDWLRQ���0RWLYDWHG�E\�WKHVH�REVHUYDWLRQV��ZH�VWXGLHG�WKH�
H[WHQW�RI�EURZVLQJ�GDPDJH�E\�H[DPLQLQJ�WKH�GHPRJUDSKLFV�
RI�SODQWV�ERWK�ZLWKLQ�DQG�RXWVLGH�RI�GHHU�H[FORVXUHV�

MATERIALS AND METHODS

Study site

'DWD� ZHUH� FROOHFWHG� IURP� OLYLQJ� SODQWV� SUHVHQW� LQ� WKH�
&DUQHJLH�0XVHXP� RI� 1DWXUDO� +LVWRU\�� 3RZGHUPLOO� 1DWXUH�
5HVHUYH�� 7KLV� SURSHUW\� LQ� &RRN� 7RZQVKLS��:HVWPRUHODQG�
&RXQW\�� 3HQQV\OYDQLD�� LV� FKDUDFWHUL]HG� DV� DQ� RDN�PDSOH�
IRUHVW�� EXW� DQ�H[WHQVLYH� VXUYH\� LQFOXGHG����ZRRG\� VSHFLHV�
ODUJHU�WKDQ���LQFKHV�'%+��7KH�IXOO�GDWD�VHW�DQG�ZHE�PDS�RI�
WKH�PRVW�DEXQGDQW����VSHFLHV�RI�WUHHV�RQ�WKH�PDLQ�SURSHUW\�
RI�WKH�5HVHUYH�LV�DYDLODEOH�DW�KWWS���PDSV�FDUQHJLHPQK�RUJ����

�$FFHSWHG�IRU�SXEOLFDWLRQ�'HFHPEHU������
�&RUUHVSRQGLQJ�DXWKRU��UDQGOH#VKVX�HGX����������������
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7KH� XQGHUVWRU\� LQ� WKH� VLWH� FRQVLVWV� RI� VSLFHEXVK� �Lindera 
benzoin� �/���%OXPH��� FOXEPRVV� �Lycopodium complanatum 
/����DQG�YDULRXV�IHUQV�DQG�IRUE�VSHFLHV�WKDW�JHQHUDOO\�VXUYLYH�
GHHU�EURZVLQJ��7KH�HQWLUHW\�RI�WKH�VLWH�VORSHV�JHQWO\�XSZDUG�
IURP� WKH� VRXWK�� 7KH� SRSXODWLRQ� RI� EXIIDOR� QXW� RQ� WKLV�
SURSHUW\�PD\�EH�WKH�QRUWKHUQPRVW�QDWXUDO�SRSXODWLRQ�RI�WKLV�
VSHFLHV��EDVHG�RQ�FROOHFWLRQ�GDWD�IURP�WKH�86'$�DQG�&RGHU�
��������,Q�WKH�HDUO\�VSULQJ�RI�������WKUHH�GHHU�H[FORVXUHV�RI�
DSSUR[LPDWHO\����[����P�ZHUH�HUHFWHG�E\�UHVHUYH�SHUVRQQHO�
RQ�WKH�VRXWKZHVW�FRUQHU�RI�WKH�SURSHUW\�ZLWK�WKH�LQWHQWLRQ�RI�
SUHVHUYLQJ�EXIIDOR�QXW�LQ�LWV�QDWLYH�KDELWDW�

Data collection

,Q� 0D\� ������ DOO� VKRRWV� WDOOHU� WKDQ� ���� FP� WKDW� ZHUH�
RXWVLGH�RI�GHHU�H[FORVXUHV�ZHUH�PDUNHG�ZLWK�ÀDJJLQJ�WDSH���
0DQ\�KXQGUHGV�RI�VPDOO�VKRRWV�LQ�WKH�OLWWHU�ZHUH�REVHUYHG�
WKURXJKRXW� WKH� DUHD�� HDVLO\� LGHQWL¿HG� E\� WKHLU� HDUO\� EXG�
EUHDN��,Q�6HSWHPEHU��������VL[����P�WUDQVHFWV�ZHUH�UDQGRPO\�
SODFHG� RXWVLGH� RI� GHHU� H[FORVXUHV� DQG� ZHUH� VXUYH\HG� IRU�
EXIIDOR� QXW� VKRRWV�� +HLJKW� LQ� LQFKHV� RI� DOO� VKRRWV� ZLWKLQ�
���FP�RI�HDFK�WUDQVHFW�ZDV�UHFRUGHG��DQG�ODWHU�FRQYHUWHG�WR�
FHQWLPHWHUV��6KRRWV�ZHUH�PHDVXUHG� IURP� WKH�JURXQG� WR�DQ�
DSLFDO�PHULVWHP�DORQJ�WKH�ORQJHVW�D[LV�RI�WKH�SODQW��:LWKLQ�
HDFK� GHHU� H[FORVXUH�� D� ��� P� WUDQVHFW� H[WHQGLQJ� IURP� RQH�
FRUQHU� RI� WKH� H[FORVXUH� WRZDUG� WKH� RWKHU� ZDV� VXUYH\HG� LQ�
WKH�VDPH�IDVKLRQ��7KH�GLDPHWHU�DW�EUHDVW�KHLJKW��'%+��ZDV�
DOVR�PHDVXUHG� IRU� DOO� VKRRWV� UHDFKLQJ� D� KHLJKW� RI� ���� FP�
RU�PRUH��$GGLWLRQDOO\�� UKL]RPHV�RI���� VKRRWV� IURP�RXWVLGH�
WKH� GHHU� H[FORVXUH� ZHUH� H[FDYDWHG� WR� PRQLWRU� SDUDVLWLF�
DFWLYLW\��%HFDXVH�WKH�H[FORVXUH�ZDV�EXLOW�H[SOLFLWO\�WR�SURWHFW�
SODQWV� IURP�EURZVLQJ�� VKRRWV� IURP�ZLWKLQ� H[FORVXUHV�ZHUH�

QRW� H[FDYDWHG�� 7KH� OHQJWK� DORQJ� WKH� ORQJHVW� D[LV� RI� HDFK�
H[FDYDWHG�UKL]RPH�ZDV�PHDVXUHG��0DMRU�VWHPV�WKDW�KDG�EHHQ�
PDUNHG�LQ�0D\�ZHUH�UHYLVLWHG�LQ�6HSWHPEHU�DQG�H[DPLQHG�
IRU�VLJQV�RI�GDPDJH�

Analysis

,QGLYLGXDO� PHDVXUHPHQWV� ZHUH� ELQQHG� LQWR� JURXSV�
UHSUHVHQWLQJ������FP�LQWHUYDOV�IURP�������FP�WR�PD[LPL]H�
VWDWLVWLFDO� SRZHU� ZKLOH� DYRLGLQJ� LQWHUYDOV� LQ� ZKLFK� QR�
PHDVXUHPHQWV� KDG� EHHQ� WDNHQ��7R� WHVW� WKH� K\SRWKHVLV� WKDW�
VDPSOHV�IURP�H[FORVXUHV�DQG�VXUURXQGLQJ�IRUHVW�ZHUH�GUDZQ�
IURP�WKH�VDPH�GLVWULEXWLRQ��WKH�QRQ�SDUDPHWULF�.ROPRJRURY�
6PLUQRY� WZR�VDPSOH� WHVW�ZDV� LPSOHPHQWHG�XVLQJ� WKH�5HDO�
6WDWLVWLFV�5HVRXUFH�3DFN�IRU�0LFURVRIW�([FHO��=DLRQW]�������

RESULTS

$�WRWDO�RI�����VKRRWV�ZHUH�VXUYH\HG�ZLWKLQ�GHHU�H[FORVXUHV�
DQG� ��� VKRRWV� ZHUH� VXUYH\HG� DORQJ� WUDQVHFWV� LQ� WKH�
VXUURXQGLQJ�IRUHVW��%URZVLQJ�E\�KHUELYRUHV�ZDV�VWURQJO\�LQ�
HYLGHQFH�RXWVLGH�RI�WKH�H[FORVXUHV��UHVXOWLQJ�LQ�PDQ\�VKRRWV�
PLVVLQJ� OHDYHV� RU� ZLWK� KLJKO\� GDPDJHG� OHDYHV�� 1R� VXFK�
HYLGHQFH� RI� EURZVLQJ�ZDV� DSSDUHQW�ZLWKLQ� WKH� H[FORVXUHV��
6KRRW�GHQVLW\�LQVLGH�WKH�GHHU�H[FORVXUHV�������VKRRWV�P���ZDV�
QRWDEO\�KLJKHU� WKDQ� LQ� WKH�VXUURXQGLQJ� IRUHVW� ������VKRRWV�
P��� 7DEOH� ���� )XUWKHU�� WKH� GLVWULEXWLRQ� RI� VKRRW� KHLJKWV�
ZLWKLQ� H[FORVXUHV� ZDV� VLJQL¿FDQWO\� GLIIHUHQW� WKDQ� WKDW� RI�
WKH� VXUURXQGLQJ� IRUHVW� �'VWDW�  � ������� S�������� )LJ�� ���� ,Q�
H[FORVXUHV��WKH�DYHUDJH�SODQW�KHLJKW�ZDV������FP�ZLWK�����RI�

 1XPEHU 'HQVLW\�P� 0HDQ�KHLJKW��FP� S.E.
([FORVXUH

7UDQVHFW�� ��� ���� ���� ����
7UDQVHFW�� �� ���� ���� ����
7UDQVHFW�� �� ���� ���� ����
&RPELQHG ��� ���� ���� ����

6XUURXQGLQJ�IRUHVW
7UDQVHFW�� �� ���� ���� ���
7UDQVHFW�� � ���� ���� ���
7UDQVHFW�� � ���� ���� ���
7UDQVHFW�� � ���� ���� ���
7UDQVHFW�� � ���� ���� ���
7UDQVHFW�� �� ���� ���� ����
&RPELQHG �� ���� ���� ����

7DEOH�����5HVXOWV�RI�WUDQVHFW�VXUYH\�VKRZLQJ�WKH�QXPEHU�RI�SODQWV�FROOHFWHG�DORQJ�HDFK�WUDQVHFW��WKH�GHQVLW\�RI�SODQWV�SHU�VTXDUH�PHWHU�DQG�WKH�
PHDQ�KHLJKW�LQ�FP�ZLWK�VWDQGDUG�GHYLDWLRQ�
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VKRRWV����FP�RU�OHVV���,Q�WKH�VXUURXQGLQJ�IRUHVW��WKH�DYHUDJH�
SODQW�KHLJKW�ZDV������FP��ZLWK�����RI�VKRRWV�����FP�RU�OHVV���
7ZR�VKRRWV�PHDVXUHG�RXWVLGH�RI�H[FORVXUHV�ZHUH�������FP�
RU� WDOOHU�� WKH� UHPDLQGHU�ZHUH� OHVV� WKDQ����FP��&RQYHUVHO\��
�������RI�SODQWV�ZLWKLQ�H[FORVXUHV�ZHUH�EHWZHHQ����FP�DQG�
������FP�
7KH� QXPEHU� RI� VXUYH\HG� SODQWV� WKDW� ZHUH� JUHDWHU� WKDQ�

����FP�LQ�KHLJKW�ZDV�QRW�HQRXJK�WR�OHQG�SRZHU�WR�VWDWLVWLFDO�
DQDO\VLV��EXW�ZH�UHSRUW�WKHP�KHUH��,Q�GHHU�H[FORVXUHV�����RI�
����SODQWV���������ZHUH�����FP�RU�WDOOHU�LQ�KHLJKW��ZLWK�DQ�
DYHUDJH�KHLJKW�RI�������FP�DQG�DQ�DYHUDJH�'%+�RI�����FP��
,Q� WKH� VXUURXQGLQJ� IRUHVW�� WZR� RI� ��� SODQWV� �������� ZHUH�
WDOOHU�WKDQ�����FP��ZLWK�DQ�DYHUDJH�KHLJKW�RI�������FP�DQG�
DQ� DYHUDJH�'%+�RI����� FP��2I� WKH���� VKRRWV� JUHDWHU� WKDQ�
�����FP�PDUNHG�LQ�0D\��QLQH�������ZHUH�FRPSOHWHO\�OHDÀHVV�
DQG� DSSHDUHG� WR� KDYH� GLHG� DV� IDU� EDFN� DV� WKH� UKL]RPH� E\�
6HSWHPEHU��2Q�WKH�FRQWUDU\��RI�WKH�PDQ\�VKRRWV�WDOOHU�WKDQ�
���� FP� LQ� WKH� WKUHH� GHHU� H[FORVXUHV�� DOO� DSSHDUHG� WR� EH�
KHDOWK\�DQG�LQ�IXOO�OHDI�
5KL]RPHV�RI�H[FDYDWHG�SODQWV�ZHUH�LQ�JHQHUDO�ORQJHU�WKDQ�

�����FP��)RU�VHYHQ�RI�WKHVH��WKH�GLVWDO�HQG�RI�WKH�UKL]RPH�ZDV�
EXULHG�GHHS�XQGHU�URFN\�IRUHVW�VRLO�DQG�ZDV�QRW�REWDLQDEOH���
+RZHYHU��LQ�RQO\�RQH�RI�WKH�H[FDYDWHG�SODQWV�ZDV�D�KDXVWRULDO�
FRQQHFWLRQ�HYLGHQW��DQG�WKDW�ZDV�DW�WKH�EDVH�RI�D�VKRRW�WKDW�
ZDV�DWWDFKHG�WR�D�KRVW�URRW�WKDW�KDG�EHHQ�VHYHUHG�SUHYLRXVO\�
DQG�FRXOG�QRW�EH�LGHQWL¿HG�WR�VSHFLHV�

DISCUSSION

7KH� GLIIHUHQFH� LQ� VKRRW� QXPEHU� DQG� KHLJKW� EHWZHHQ�
H[FORVXUHV�DQG�WKH�VXUURXQGLQJ�IRUHVW�LV�DSSDUHQWO\�D�UHVXOW�
RI�EURZVLQJ�E\�GHHU��'HHU�DUH�SDUWLFXODUO\�DEXQGDQW�DW� WKH�
VWXG\� VLWH� DQG� VHYHUDO� ZHUH� VLJKWHG� GXULQJ� WKH� FRXUVH� RI�
¿HOG� VWXG\�� DORQJ� ZLWK� FRSLRXV� GURSSLQJV�� :KLOH� WKHVH�
UHVXOWV� LPSOLFDWH�GHHU� LQ�DOWHULQJ�VKRRW�KHLJKW�GLVWULEXWLRQV�
LQ�D�SRSXODWLRQ�RI�EXIIDOR�QXW�� WKH�EURDG�JHRJUDSKLFDO�DQG�
ORQJ�WHUP�LPSDFWV�RI�EURZVLQJ�DUH�XQNQRZQ��'HHU�EURZVLQJ�
PD\� DIIHFW� VXUYLYDO�� DEXQGDQFH�� DQG� JURZWK� SDWWHUQV� RI�
SODQW� SRSXODWLRQV�� ZKLFK� PD\� KDYH� EURDGHU� UDQJLQJ� DQG�
OHVV�SUHGLFWDEOH�HIIHFWV�RQ�VXFFHVVLRQ�DQG�SODQW�FRPPXQLW\�
VWUXFWXUH� �&{Wp� et al.� ������ )RUUHVWHU� et al.� ������� 7KH�
GLUHFW� HIIHFWV� RI� GHHU� EURZVLQJ� RQ� EXIIDOR� QXW� SRSXODWLRQV�
PD\� LQFOXGH�D�GHFUHDVH� LQ�DERYHJURXQG�ELRPDVV� �DV� IRXQG�
LQ�RXU� VWXG\��� WKXV� OLPLWLQJ� WKH�DELOLW\� WR� VHTXHVWHU� FDUERQ�
IRU� JURZLQJ� UKL]RPHV� DQG�SUHYHQWLQJ� VH[XDO� UHSURGXFWLRQ���
7KH� ODWWHU� PD\� GHFUHDVH� SRSXODWLRQ� JHQHWLF� GLYHUVLW\� DQG�
JHQH�ÀRZ� DPRQJ� SRSXODWLRQV��/DSRLQWH� HW� DO� ������� IRXQG�
WKDW�WROHUDQFH�WR�VLPXODWHG�EURZVLQJ�RQ�OLOLDFHRXV�VSHFLHV�RI�
PHVLF�IRUHVWV�ZDV�SRVLWLYHO\�FRUUHODWHG�ZLWK�WKH�SURSRUWLRQ�RI�
FDUERQ�VHTXHVWHUHG�LQ�XQGHUJURXQG�RUJDQV��)XUWKHU��FORQDOLW\�
ZDV�FRUUHODWHG�ZLWK�DELOLW\�WR�UHFRYHU�IURP�GDPDJH�UHVXOWLQJ�
IURP�VLPXODWHG�EURZVLQJ��7KHUHIRUH��EXIIDOR�QXW�DSSHDUV�WR�
EH�VXUYLYLQJ�LQ�WKH�IDFH�RI�KHDY\�GHHU�EURZVLQJ�EHFDXVH�RI�
LWV�SHUHQQLDO�QHWZRUNV�RI�LQWHUFRQQHFWHG�UKL]RPHV��ZKLFK�LQ�

RXU�VWXG\�ZHUH�RIWHQ�PXFK�ODUJHU�DQG�H[WHQVLYH�WKDQ�VKRRWV���
:KLOH� EURZVLQJ�PD\� DIIHFW� DQ� LQGLYLGXDO� UDPHW�� LWV� JHQHW�
PD\� VXUYLYH� IRU� ORQJ� SHULRGV� RI� WLPH� HYHQ� XQGHU� VWHDG\�
EURZVLQJ� SUHVVXUH�� $VVXPLQJ� WKDW� EURZVLQJ� LQWHQVLW\�ZDV�
XQLIRUP�WKURXJKRXW�WKH�VLWH�EHIRUH�WKH�FRQVWUXFWLRQ�RI�GHHU�
H[FORVXUHV��WKH�JUHDWHU�GHQVLW\�DQG�SODQW�KHLJKW�LQ�H[FORVXUHV�
FRPSDUHG�WR�WKH�VXUURXQGLQJ�IRUHVW�LV�HYLGHQFH�WKDW�EXIIDOR�
QXW�FDQ�UHFRYHU�IURP�EURZVLQJ�GDPDJH�
7KH� ODFN� RI� KDXVWRULD� RQ� H[FDYDWHG� SODQWV� DQG� RQ� URRWV�

LQ�WKH�VXUURXQGLQJ�VRLO�PD\�LQGLFDWH�WKDW�EXIIDOR�QXW�LV�OHVV�
GHSHQGHQW�RQ�KRVW�SODQWV�WKDQ�SUHYLRXVO\�EHOLHYHG��/HRSROG�
DQG�0XOOHU���������$Q�DOWHUQDWLYH�H[SODQDWLRQ�LV�WKDW�UKL]RPH�
JURZWK� SDWWHUQV� UHVXOW� LQ� VKRRWV� WKDW� HPHUJH� IDUWKHU� DQG�
IDUWKHU� IURP� LQLWLDO� KRVW� SODQWV�PDNLQJ� LW� YHU\� GLI¿FXOW� WR�
REWDLQ�SURGXFWLYH�KDXVWRULD�IURP�GLVWDO�URRWV��7KH�OHQJWK�RI�
H[FDYDWHG� UKL]RPHV� LQGLFDWHV� WKDW� OLNHO\� IHZ�RI� WKH� VKRRWV�
H[FDYDWHG�ZHUH�UHFHQWO\�VHHGOLQJV��D�VXSSRVLWLRQ�VXSSRUWHG�
E\�WKH�ODFN�RI�IUXLWV�REVHUYHG�DQ\ZKHUH�RQ�WKH�SURSHUW\��$�
WKLUG� H[SODQDWLRQ� LV� WKDW� RXU� H[FDYDWLRQ� PHWKRG� IDLOHG� WR�
UHFRYHU� KDXVWRULD�� HLWKHU� EHFDXVH� ZH� FRXOG� QRW� ORFDWH� WKH�
\RXQJHVW� URRWV��ZKLFK� DUH� UDWKHU� IUDJLOH�EXW�PRVW� OLNHO\� WR�
IRUP�KDXVWRULD��RU�WKDW�IHZ�DFWLYH�KDXVWRULD�PD\�EH�VXI¿FLHQW�
WR�SURYLGH�QHFHVVDU\�QXWULHQWV�
7KH� KLJK� PRUWDOLW\� RI� ODUJH� VKRRWV� RXWVLGH� RI� GHHU�

H[FORVXUHV�LV��DV�IDU�DV�ZH�NQRZ��XQSUHFHGHQWHG�DQG�DODUPLQJ���
2I�WKH�HOHYHQ�VKRRWV�WKDW�VXUYLYHG�WKH�VXPPHU��VHYHUDO�KDG�
EUDQFKHV�WKDW�ZHUH�OHDÀHVV�DQG�DSSHDUHG�WR�EH�GHDG���:H�FDQ�
RQO\� VSHFXODWH�ZKHWKHU� OLPE� GLH�RII� LV� WKH� GLUHFW� UHVXOW� RI�
EURZVLQJ�E\�GHHU��D�UHVSRQVH�WR�D�SDWKRJHQ�VXFK�DV�D�IXQJDO�
FDQNHU��WKDW�PD\�EH�VSUHDG�E\�GHHU�EURZVLQJ��RU�GXH�WR�VRPH�
RWKHU�FDXVH���1RQHWKHOHVV��LW�UHSUHVHQWV�D�SRWHQWLDO�WKUHDW�WR�D�
SRSXODWLRQ�DOUHDG\�VWUHVVHG�E\�RYHU�DEXQGDQFH�RI�GHHU�

)LJXUH� ��� 'LVWULEXWLRQ� LQ� VKRRW� KHLJKW� IURP� JURXQG� OHYHO� WR� WKH�
DSLFDO�PHULVWHP�DORQJ�WKH�ORQJHVW�D[LV�IRU�SODQWV�VXUYH\HG�LQ�GHHU�
H[FORVXUHV�DQG�WKRVH�LQ�WKH�VXUURXQGLQJ�IRUHVW�
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ASSESSING MATING READINESS IN MALE MIGRATORY BATS FROM PENNSYLVANIA1

JENNIFER L. WHITE� AND JANINE UMBERGER�

Department of Biological Sciences, East Stroudsburg University, East Stroudsburg, PA 18301

ABSTRACT

Little is known about mating behaviors and seasonal 
reproductive conditions in migratory bats, but mating is 
believed to usually occur in the fall. Recent studies noting 
deaths of bats at wind turbines have hypothesized that 
bats may be attracted to these tall tree-like structures 
WR�¿QG�PDWHV��DQG�LI�VR��WKHUH�VKRXOG�EH�HYLGHQFH�WKDW�WKH�
killed bats were in a state of mating readiness at the time 
of death. We studied reproductive anatomy and histology 
of 63 male bats of 3 migratory species (Lasiurus borealis, 
Lasiurus cinereus, and Lasionycteris noctivagans) collected 
in eastern Pennsylvania in the summer and fall of 2007 
and 2008. Testes of all three species exhibited evidence 
of spermatogenesis during the summer, and testis length 
and mass decreased as fall approached, presumably 
because sperm were transferred to the epididymis prior to 
mating. Epididymides of nearly all individuals contained 
sperm at the time of death, indicating that males were 
capable of inseminating females. Our data indicate 
that these bats were in a state of mating readiness at 
the time of death and are consistent with the hypothesis 
WKDW� EDWV� DUH� DWWUDFWHG� WR�ZLQG� WXUELQHV� WR� ¿QG�PDWHV�
[ J PA Acad Sci  88(4): 235-246, 2014 ] 

INTRODUCTION

%DWV� RI� WKH� )DPLO\� 9HVSHUWLOLRQLGDH� DUH� IRXQG� QHDUO\�
ZRUOGZLGH� DQG� DUH� FRPPRQ� WKURXJKRXW� PRVW� RI� 1RUWK�
$PHULFD��.RRSPDQ�������.UXW]VFK��������������7HPSHUDWH�
]RQH� YHVSHUWLOLRQLGV�� LQFOXGLQJ� WKRVH� LQ� 3HQQV\OYDQLD��
KDYH�VKRUW� UHSURGXFWLYH�F\FOHV�DQG�RQO\�RQH� OLWWHU�SHU�\HDU�
�:LOOLJ��������1RUWK�$PHULFDQ�PDOH�YHVSHUWLOLRQLGV�XVXDOO\�
XQGHUJR�VSHUPDWRJHQHVLV� LQ� WKH�VXPPHU�DQG�FRSXODWLRQ� LQ�
WKH�IDOO��EXW�VRPHWLPHV�FRSXODWH�LQ�ZLQWHU�RU�VSULQJ��)HPDOH�
YHVSHUWLOLRQLGV�W\SLFDOO\�VWRUH�VSHUP�GXULQJ�IDOO�DQG�ZLQWHU��
DQG� XQGHUJR� RYXODWLRQ�� IHUWLOL]DWLRQ�� DQG� SUHJQDQF\� LQ�

VSULQJ��&U\DQ�et al.�������(QWZLVWOH�et al.�������.ZLHFLQVNL�
DQG�'DPDVVD�������0\HUV�������2UU�DQG�=XN�������3HDUVRQ�
et al.�������5RVVLWHU�et al.��������7KLV�VWUDWHJ\�RI�WHPSRUDOO\�
VHSDUDWLQJ� JDPHWRJHQHVLV� DQG� FRSXODWLRQ� IURP� D� GHOD\HG�
IHUWLOL]DWLRQ� DQG� SUHJQDQF\� KDV� FOHDU� EHQH¿WV� IRU� WUXH�
KLEHUQDWLQJ�EDWV��EXW� LW�DOVR�RFFXUV� LQ�PLJUDWRU\� WD[D�VXFK�
DV�Lasionycteris� DQG�Lasiurus� �&U\DQ�et al.� ������2UU�DQG�
=XN�������
0RVW� IHPDOH� YHVSHUWLOLRQLGV� H[KLELW� HLWKHU� VHDVRQDO�

PRQHVWU\� RU� SRO\HVWU\�� DOWKRXJK� WKHUH� LV� WUHPHQGRXV�
YDULDWLRQ� LQ� EUHHGLQJ� SDWWHUQV� ZLWKLQ� WKLV� IDPLO\� �0\HUV�
������� 0HPEHUV� RI� WKH� JHQXV� Lasiurus�� DORQJ� ZLWK� RWKHU�
JHQHUD� WKDW� LQKDELW� UHODWLYHO\�PLOG� WHPSHUDWH� UHJLRQV��KDYH�
EHHQ� IRXQG� WR� EH� VHDVRQDOO\�PRQHVWURXV� �.UXW]VFK� �������
DOWKRXJK� WKHUH� LV� QR� REYLRXV� EHKDYLRUDO� LQGLFDWLRQ� RI�
ZKHQ� HVWUXV� DQG� RYXODWLRQ�PD\� EH� RFFXUULQJ� �0DUWLQ� DQG�
%HUQDUG��������,Q�VRPH�EDW�VSHFLHV��VSHUP�SURGXFWLRQ��JODQG�
VHFUHWLRQ�� FRSXODWLRQ�� IHPDOH� RYXODWLRQ�� DQG� IHUWLOL]DWLRQ�
DUH� V\QFKURQRXV� �.UXW]VFK� ������ 0\HUV� ������� ,Q� RWKHU�
VSHFLHV�� LQFOXGLQJ� PDQ\� JHQHUD� RI� WUXH� KLEHUQDWLQJ� EDWV�
DV�ZHOO� DV� WKH� JHQHUD� RI�PLJUDWRU\� YHVSHUWLOLRQLGV� VWXGLHG�
KHUH�� VSHUPDWRJHQHVLV�� VSHUP� VWRUDJH�� JODQGXODU� VHFUHWLRQ��
DQG�FRSXODWLRQ�RFFXU�DW�GLIIHUHQW�WLPHV�WKURXJKRXW�WKH�\HDU�
�(QFDUQDomR� et al.� ������ (QWZLVWOH� et al.� ������*XVWDIVRQ�
������� 6SHUP� PD\� EH� SURGXFHG� LQ� RQH� VHDVRQ� DQG� WKHQ�
VWRUHG�LQ�WKH�HSLGLG\PLGHV�IRU�WKH�UHPDLQGHU�RI�WKH�EUHHGLQJ�
VHDVRQ�XQWLO� IHPDOHV�DUH� UHFHSWLYH� WR�FRSXODWLRQ� �.UXW]VFK�
�������)RU�H[DPSOH��0\HUV��������QRWHG�YLDEOH�VSHUP�LQ�WKH�
HSLGLG\PLV�LQ�Lasiurus�IRU�XS�WR�WZR�PRQWKV�SDVW�UHJUHVVLRQ�
RI� WKH� WHVWHV�� )HPDOHV� VWRUH� VSHUP� LQ� WKH� XWHUXV� XQWLO�
IHUWLOL]DWLRQ� ODWHU� LQ� WKH� VHDVRQ� RU� DV� ODWH� DV� WKH� IROORZLQJ�
VSULQJ��'UXHFNHU�������3HDUVRQ�et al.�������:LPVDWW���������
*HUHOO� DQG� /XQGEHUJ� ������� IRXQG� WKDW� IHPDOH� SLSLVWUHOOHV�
�Pipistrellus pipistrellus�� MRLQHG� PDOHV� LQ� WKH� HQG� RI� -XO\�
DQG� H[SHULHQFHG� VHYHUDO� FRSXODWLRQV�� ZLWK� PRVW� PDWLQJV�
RFFXUULQJ� LQ� WKH� ¿UVW� KDOI� RI� $XJXVW�� +RZHYHU�� OLWWOH� LV�
NQRZQ�DERXW� WKH� H[DFW� WLPLQJ�RI� WKHVH� HYHQWV� LQ�Lasiurus 
DQG�Lasionycteris��(QFDUQDomR�et al.��������DQG�WKH�IDFW�WKDW�
PRVW�PLJUDWRU\�EDWV�DUH�SRO\J\QRXV�DQG�RIWHQ�SURPLVFXRXV�
FRPSOLFDWHV�LQWHUSUHWDWLRQV��&U\DQ�������
5DFH\� ������� UHYLHZHG� YDULRXV� QRQ�LQYDVLYH� PHWKRGV�

RI� DVVHVVLQJ� WKH� UHSURGXFWLYH� VWDWXV� RI� PDOH� DQG� IHPDOH�
EDWV�� 7KLV� FDQ� EH� SDUWLFXODUO\� GLI¿FXOW� GXH� WR� WKH� JUHDW�
YDULDELOLW\�LQ�UHSURGXFWLYH�PRUSKRORJ\�DQG�EHKDYLRUV�ZLWKLQ�
&KLURSWHUD��&KDQJHV�LQ�WKH�VL]H�RI�WKH�WHVWHV��HSLGLG\PLGHV��

�$FFHSWHG�IRU�SXEOLFDWLRQ�'HFHPEHU�����
�&RUUHVSRQGLQJ�DXWKRU���������������
�&XUUHQW� DGGUHVV�� 'HSDUWPHQW� RI� 3K\VLFLDQ� $VVLVWDQW� 6WXGLHV��
'H6DOHV�8QLYHUVLW\��&HQWHU�9DOOH\��3$������
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DQG�DFFHVVRU\� VH[�JODQGV�DVVRFLDWHG�ZLWK� VSHUPDWRJHQHVLV�
UHÀHFW� PDWLQJ� UHDGLQHVV� LQ� PDOHV� DQG� FRUUHVSRQG� ZLWK�
IHPDOH�HVWUXV��*HUHOO�DQG�/XQGEHUJ�������.UXW]VFK��������,Q�
YHVSHUWLOLRQLGV��WKH�WHVWHV�DUH�VXSHU¿FLDOO\�SODFHG�DJDLQVW�WKH�
PHGLDO�WKLJK��DQG�DUH�QRW�HQFDVHG�LQ�D�VFURWXP��5DFH\��������
7KHUHIRUH��WKH\�DUH�UHODWLYHO\�HDV\�WR�ORFDWH�DQG�REVHUYH��DQG�
WR�GLVVHFW�LI�WKH�VSHFLPHQ�LV�GHDG��,Q�DGGLWLRQ��WHVWHV��DORQJ�
ZLWK�HSLGLG\PLGHV��DUH�VXUURXQGHG�E\�D�SLJPHQWHG�VKHDWK��
ZKLFK� FDQ� VRPHWLPHV� EH� QRWLFHG� WKURXJK� WKH� WKLQ� VNLQ��
HVSHFLDOO\�LQ�VH[XDOO\�LPPDWXUH�PDOHV��(QWZLVWOH�et al.�������
.HUPRWW�DQG�7LPP��������7HVWHV�FDQ�LQFUHDVH�GUDVWLFDOO\�LQ�
VL]H� GXULQJ� VSHUPDWRJHQHVLV� DV� WKH� VHPLQLIHURXV� WXEXOHV�
JURZ� DQG� VSHUP� DUH� SURGXFHG�� RIWHQ� SHDNLQJ� LQ� VL]H� E\�
PLG�$XJXVW� RU� HDUO\� IDOO� �(QWZLVWOH�et al.� ������*XVWDIVRQ�
������3HDUVRQ�et al.��������5DFH\�DQG�7DP��������UHSRUWHG�
XS�WR�D�IRUW\�IROG�LQFUHDVH�LQ�WHVWLV�PDVV�LQ�WKH�YHVSHUWLOLRQLG�
Pipistrellus pipistrellus��7KHUH�LV�VRPH�HYLGHQFH�WKDW�LQFUHDVH�
LQ�VL]H�RI� WHVWHV�GXULQJ�VSHUPDWRJHQHVLV� LV�DVVRFLDWHG�ZLWK�
LPSURYHG�ERG\�FRQGLWLRQ�RU�LQFUHDVHV�LQ�ERG\�ZHLJKW�GXULQJ�
VHDVRQV�ZKHQ�IRRG�LV�PRUH�UHDGLO\�DYDLODEOH��(QWZLVWOH�et al. 
������0\HUV�������5DFH\��������6LJQV�RI�PDWLQJ�UHDGLQHVV�
LQ�PDWXUH�PDOHV�LQFOXGH�VKULQNDJH�RI� WKH�WHVWHV�FRLQFLGLQJ�
ZLWK�H[SDQVLRQ�RI�WKH�FDXGDH�HSLGLG\PLGHV�DQG�UHGXFWLRQ�RI�
WKH�SLJPHQWDWLRQ�GXH�WR�VWUHWFKLQJ�RI�WKH�VKHDWK��(QWZLVWOH�
et al.� ������ 3HDUVRQ� et al.� ������ 5DFH\�� ������ �������
(QFDUQDomR�et al.��������H[DPLQHG�HSLGLG\PDO�H[SDQVLRQ�LQ�
Myotis daubentonii�DQG�FDWHJRUL]HG�WKH�VL]H�RI�WKH�GXFW�YLD�
H[WHUQDO�YLVXDO�REVHUYDWLRQ��WKH\�IRXQG�WKDW�¿OOLQJ�UHDFKHG�D�
PD[LPXP�LQ�PLG�6HSWHPEHU�DQG�ZDV�PDUNHGO\�UHGXFHG�E\�
WKH�VHFRQG�KDOI�RI�2FWREHU��*XVWDIVRQ��������PDGH�VLPLODU�
REVHUYDWLRQV�RQ�M. lucifugus��DQG�QRWHG�WKDW�UHGXFWLRQ�LQ�VL]H�
RI�DFFHVVRU\�VWUXFWXUHV�DIWHU�PLG�6HSWHPEHU�FRLQFLGHG�ZLWK�
WKH�RQVHW�RI�FRSXODWLRQ��$OWKRXJK�WKH�FDXGDH�HSLGLG\PLGHV�
XQGHUJR�D�UHGXFWLRQ�LQ�VL]H�DIWHU�VSHUP�DUH�HMDFXODWHG��VSHUP�
KDYH�EHHQ�NQRZQ�WR�UHPDLQ�YLDEOH�LQ�WKH�HSLGLG\PLV�IRU�RYHU�
VL[� PRQWKV� �.UXW]VFK� DQG� &ULFKWRQ� ������ 3HDUVRQ� et al. 
������
+LVWRORJLFDOO\�� PDWLQJ� UHDGLQHVV� FDQ� EH� DVVHVVHG� E\�

H[DPLQLQJ�VWDJHV�RI�VSHUPDWRJHQHVLV�LQ�WKH�WHVWHV��'UXHFNHU�
������3HDUVRQ�et al.��������3HDUVRQ�et al.��������DOVR�UHSRUWHG�
WKDW�DGXOW�WHVWHV�RI�5D¿QHVTXH
V�ELJ�HDUHG�EDW��Corynorhinus 
UD¿QHVTXLL��ZHUH�FKDUDFWHUL]HG�E\�UHGXFHG�LQWHUVWLWLDO�WLVVXH��
ODUJH�VHPLQLIHURXV�WXEXOHV��DQG�YLVLEOH�PHLRWLF�VWDJHV�LQ�PLG�
VXPPHU��%\�ODWH�$XJXVW�WR�HDUO\�6HSWHPEHU��WHVWHV�UHDFKHG�
WKHLU�PD[LPXP�VL]H�DQG�VSHUPDWLGV�DQG�VSHUPDWR]RD�ZHUH�
YLVLEOH��DOWKRXJK�WKH�PDOH�ZDV�QRW�\HW�FDSDEOH�RI�IHUWLOL]LQJ�
D� IHPDOH�DV� VSHUP�ZHUH�QRW�\HW�SUHVHQW� LQ� WKH�HSLGLG\PLV��
%\� ODWH� 6HSWHPEHU�� DEXQGDQW� VSHUPDWLGV� DQG� VSHUPDWR]RD�
ZHUH� YLVLEOH� LQ� WKH� VHPLQLIHURXV� WXEXOHV�� DQG� VSHUP�ZHUH�
SUHVHQW�LQ�WKH�HSLGLG\PLV��%\�2FWREHU��VHPLQLIHURXV�WXEXOHV�
FRQWDLQHG�HLWKHU�TXLHVFHQW�VSHUPDWRJRQLD�RU�PDWXUH�VSHUP��
DQG�WKH�WHVWHV�DQG�VHPLQLIHURXV�WXEXOHV�UHJUHVVHG�DV�VSHUP�
ZHUH� VHQW� LQWR� WKH� HSLGLG\PLV�� 6SHUP�ZHUH� VWLOO� REVHUYHG�
LQ� WKH� WHVWHV� LQ� HDUO\�1RYHPEHU�� EXW� RYHU� WKH�ZLQWHU� RQO\�
TXLHVFHQW� VSHUPDWRJRQLD� DQG� 6HUWROL� FHOOV� ZHUH� YLVLEOH��

$GXOW� HSLGLG\PLGHV� ZHUH� IRXQG� WR� EH� TXLWH� ODUJH� GXULQJ�
ODWH� IDOO� DQG�ZLQWHU�� EXW� VKUDQN� JUDGXDOO\� RYHU� WKH�ZLQWHU��
SUHVXPDEO\�DV�FRSXODWLRQV�RFFXUUHG��3HDUVRQ�et al.�������
'UXHFNHU� ������� H[DPLQHG� UHSURGXFWLYH� DQDWRP\� DQG�

VSHUPDWRJHQHVLV�LQ�Lasionycteris noctivagans�DQG�Lasiurus 
cinereus� IURP� WKH� VRXWKZHVW� 8QLWHG� 6WDWHV� DQG� 0H[LFR���
In L. noctivagans�� KH� QRWHG� WKH� FRPPHQFHPHQW� RI� VSHUP�
SURGXFWLRQ� LQ� PDOHV� LQ� 0D\�� ZLWK� D� SHDN� LQ� PHLRVLV� E\�
ODWH� -XO\��%\� HDUO\�$XJXVW� VSHUPDWLGV�ZHUH� DEXQGDQW�� DQG�
WKHLU� WUDQVIHU� WR� WKH� HSLGLG\PLV� �VSHUPLDWLRQ�� RFFXUUHG�
IURP� ODWH� $XJXVW� WKURXJK� HDUO\� 2FWREHU�� $OWKRXJK� VSHUP�
ZHUH� QRWHG� LQ� HSLGLG\PLGHV�� PDOHV� ZHUH� VWLOO� XQGHUJRLQJ�
VSHUPDWRJHQHVLV�LQ�IDOO��,Q�L. cinereus��PRVW�VSHUPDWRJHQHVLV�
EHJDQ�E\�ODWH�0D\�DQG�PHLRVLV�SHDNHG�E\�HDUO\�6HSWHPEHU��
DOWKRXJK� PRVW� KDG� YLVLEOH� VSHUPDWLGV� E\� ODWH� -XO\�� 0RVW�
VSHUPLDWLRQ�RFFXUUHG�EHWZHHQ�ODWH�-XO\�DQG�ODWH�6HSWHPEHU��
WKH�PDMRULW\�RI�HSLGLG\PLGHV�KDG�QRWDEOH�DPRXQWV�RI�VSHUP�
E\�HDUO\�$XJXVW��DQG�DOO�KDG�DEXQGDQW�VSHUP�E\�6HSWHPEHU��
'UXHFNHU� ������� DOVR� IRXQG� WKDW� WHVWLV� OHQJWK� LQFUHDVHG� DV�
PHLRVLV�DQG�VSHUPDWRJHQHVLV�LQFUHDVHG��SHDNLQJ�LQ�$XJXVW���
EXW�WKDW�LW�GHFUHDVHG�LQ�ODWH�VXPPHU�DQG�IDOO�DV�VSHUP�PRYHG�
LQWR� HSLGLG\PLGHV�� 'UXHFNHU� FRQFOXGHG� WKDW� VSHUPLDWLRQ�
FRQWLQXHG�LQWR�WKH�IDOO�LQ�WKHVH�VSHFLHV�ORQJHU�WKDQ�LW�GRHV�LQ�
KLEHUQDWLQJ�VSHFLHV��DOWKRXJK�PRVW�LQGLYLGXDOV�DOUHDG\�KDG�
DW�OHDVW�PRGHUDWH�DPRXQWV�RI�VSHUP�LQ�WKH�HSLGLG\PLGHV�E\�
-XO\� �L. cinereus�� RU�$XJXVW� �L. noctivagans���2QH� IHPDOH�
L. cinereus�H[KLELWHG�DEXQGDQW�VSHUP�LQ�WKH�XWHUXV��EXW�QRW�
WKH�RYLGXFW��LQ�6HSWHPEHU��EXW�RYHUDOO�GDWD�RQ�WKH�WLPLQJ�RI�
LQVHPLQDWLRQ�RI�IHPDOHV�ZHUH�LQFRQFOXVLYH�
5HFHQW�GHFOLQHV�LQ�EDW�SRSXODWLRQV�KDYH�LQWHQVL¿HG�WKH�QHHG�

IRU�PRUH�LQIRUPDWLRQ�DERXW�EUHHGLQJ�SDWWHUQV�DQG�WKH�WLPLQJ�
RI� UHSURGXFWLYH� HYHQWV� LQ� 1RUWK� $PHULFDQ� WHPSHUDWH� EDWV�
�&U\DQ�DQG�%DUFOD\�������&U\DQ�et al.�������0\HUV��������
2QH�UHFHQWO\�UHFRJQL]HG�IDFWRU�FRQWULEXWLQJ�WR�PRUWDOLW\�LQ�
WUHH�URRVWLQJ�PLJUDWRU\�EDWV� LQ� WKH�QRUWKHDVW�8QLWHG�6WDWHV�
LV�WKH�UHFHQW�H[SDQVLRQ�RI�FRPPHUFLDO�ZLQG�HQHUJ\�IDFLOLWLHV�
�$UQHWW�et al.� ������&U\DQ� DQG�%DUFOD\�������&U\DQ�et al. 
�������$OWKRXJK�WKH�FDXVHV�RI�EDW�PRUWDOLW\�DW�WKHVH�IDFLOLWLHV�
DUH� QRW� IXOO\� XQGHUVWRRG�� RQH� K\SRWKHVLV� LV� WKDW� EDWV� DUH�
DWWUDFWHG�WR�ZLQG�WXUELQHV�DV�WKH\�VHHN�PDWHV�QHDU�WKHVH�WDOO�
WUHH�OLNH�VWUXFWXUHV� �&U\DQ�������&U\DQ�DQG�%DUFOD\�������
&U\DQ�et al.��������������,I�WKLV�K\SRWKHVLV�LV�FRUUHFW��WKHUH�
VKRXOG�EH�HYLGHQFH�WKDW�WKH�EDWV�NLOOHG�E\�WXUELQHV�KDG�EHHQ�
LQ� D� VWDWH� RI� PDWLQJ� UHDGLQHVV�� KDYLQJ� DOUHDG\� FRPSOHWHG�
VSHUPDWRJHQHVLV� LQ� PDOHV� RU� H[KLELWLQJ� VWRUHG� VSHUP� LQ�
IHPDOHV��&U\DQ�et al.�������
7R�DGGUHVV�WKLV�K\SRWKHVLV��&U\DQ�et al.��������VWXGLHG�WHVWHV�

DQG�HSLGLG\PLGHV�RI����DGXOW�PDOH�PLJUDWRU\�EDWV�NLOOHG�DW�
ZLQG�HQHUJ\�IDFLOLWLHV�DFURVV�IRXU�VHDVRQV�LQ�WZR�8�6��VWDWHV�
�1HZ�<RUN�DQG�7H[DV��DQG�WZR�&DQDGLDQ�SURYLQFHV��$OEHUWD�
DQG�0DQLWRED��� 0RVW� ZHUH� FROOHFWHG� EHWZHHQ� PLG�$XJXVW�
DQG�PLG�2FWREHU��ZKLFK�FRLQFLGHV�ZLWK�IDOO�PLJUDWLRQV�DQG�
WKH� FRPPHQFHPHQW� RI� PDWLQJ� DFWLYLW\�� DQG� WKH� PDMRULW\�
ZHUH� HLWKHU� Lasiurus cinereus� �KRDU\� EDW��� L. borealis 
�HDVWHUQ�UHG�EDW���RU�Lasioncyteris noctivagans��VLOYHU�KDLUHG�
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EDW��� 0DOHV� ZHUH� H[DPLQHG� IRU� WKH� SUHVHQFH� RI� VSHUP� LQ�
WKH�FDXGDH�HSLGLG\PLGHV��WKH�SUHVHQFH��OHQJWK��DQG�W\SH�RI�
SHQLOH� VSLQHV�� DQG� WKH� OHQJWK�RI� WHVWHV��&U\DQ�et al.� �������
IRXQG� WKDW� LQ� DOO� WKUHH� VSHFLHV� WKH� PDMRULW\� RI� EDWV� NLOOHG�
LQ�ODWH�VXPPHU�WKURXJK�HDUO\�IDOO�KDG�VSHUP�SUHVHQW�LQ�WKH�
HSLGLG\PLV��6SHUP�LQFUHDVHG�LQ�DEXQGDQFH�WRZDUG�WKH�HQG�RI�
VXPPHU�DQG�LQWR�WKH�IDOO��DQG�DSSHDUHG�HDUOLHVW�LQ�L. borealis 
DQG� ODWHVW� LQ� L. noctivagans�� 7HVWLV� OHQJWK� DOVR� GHFUHDVHG�
VLJQL¿FDQWO\��S����������IURP�VXPPHU�LQWR�IDOO��DW�OHDVW�LQ�L. 
cinereus��ZKLOH�WKH�QXPEHU�RI�SHQLOH�VSLQHV�LQFUHDVHG�LQ�ERWK�
VSHFLHV�RI�Lasiurus��S����������7KH�SUHVHQFH�RI�VSHUP�LQ�RQH�
IHPDOH�L. cinereus� IURP� 6HSWHPEHU�� DQG� JURZLQJ� RYDULDQ�
IROOLFOHV�DQG�HYLGHQFH�RI�XWHULQH�VWLPXODWLRQ�LQ�VHYHUDO�DGXOW�
IHPDOHV�RI�DOO�WKUHH�VSHFLHV��HVSHFLDOO\�LQ�L. cinereus���DOVR�
OHQG�VXSSRUW�WR�WKHLU�FRQFOXVLRQ�WKDW�PDQ\�RI�WKHVH�EDWV�ZHUH�
LQGHHG� LQ�D� VWDWH�RI�PDWLQJ� UHDGLQHVV�DW� WKH� WLPH�RI�GHDWK��
&U\DQ�et al.��������QRWHG�WKH�QHHG�IRU�LQFUHDVHG�VDPSOH�VL]HV��
SDUWLFXODUO\� IRU�L. noctivagans��HVSHFLDOO\�VLQFH�PLJUDWLRQ��
WUDQVIHU� RI� VSHUP� WR� WKH� HSLGLG\PLV�� DQG� PDWLQJ� VHHP� WR�
RFFXU�ODWHU�LQ�WKLV�VSHFLHV�WKDQ�LQ�WKH�WZR�Lasiurus�VSHFLHV��
,Q�DGGLWLRQ��WKH�IDFW�WKDW�VRPH�VSHFLPHQV�RI�L. noctivagans 
KDG� QR� VSHUP� LQ� WKH� HSLGLG\PLV� DW� WKH� WLPH� RI� GHDWK� �DQG�
no L. noctivagans�IHPDOHV�ZHUH�IRXQG�ZLWK�VSHUP��VXJJHVWV�
WKDW�PDWLQJ�EHKDYLRUV�PD\�QRW�KDYH�EHHQ�D�IDFWRU�LQ�GHDWK�DW�
ZLQG�WXUELQHV�IRU�WKLV�VSHFLHV��7KHVH�DXWKRUV�FRQFOXGH�WKDW�
WKHUH�LV�VXSSRUW�IRU�WKH�K\SRWKHVLV�WKDW�EDWV�DUH�DWWUDFWHG�WR�
ZLQG�WXUELQHV�DV�D�SUR[\�IRU�WDOO�URRVWLQJ�WUHHV��&U\DQ�������
&U\DQ� et al.� ������� EXW� WKH\� QRWHG� WKDW� IXUWKHU� VWXGLHV� DUH�
ZDUUDQWHG��HVSHFLDOO\�RI�EDWV�IURP�RWKHU�DUHDV�RI�WKH�FRXQWU\��
WR�DGHTXDWHO\�WHVW�WKH�K\SRWKHVLV�WKDW�PDWLQJ�EHKDYLRUV�DUH�D�
IDFWRU�LQ�PRUWDOLW\�RI�PLJUDWRU\�WUHH�EDWV�
7KH� JRDO� RI� WKH� SUHVHQW� VWXG\�ZDV� WR� SURYLGH� DGGLWLRQDO�

LQIRUPDWLRQ�RQ�PLJUDWRU\�EDW�UHSURGXFWLYH�ELRORJ\�WKDW�FDQ�
EH�XVHG�IRU� WHVWLQJ�WKH�K\SRWKHVLV� WKDW�PDWLQJ�UHDGLQHVV�LQ�
PDOH� EDWV� LV� D� IDFWRU� LQ�PRUWDOLW\� RI� WKUHH�PLJUDWRU\� WD[D�
FRPPRQO\�NLOOHG�DW�ZLQG�WXUELQHV��:H�H[DPLQHG����FDUFDVVHV�
FROOHFWHG�QHDU�ZLQG�WXUELQHV�LQ�HDVWHUQ�3HQQV\OYDQLD�GXULQJ�
WKH�VXPPHU�DQG�IDOO�RI������DQG�������7KLV�VWXG\�SURYLGHV�
GDWD�RQ�DGGLWLRQDO�VDPSOHV�RI�L. borealis, L. cinereus��DQG�
L. noctivagans��FROOHFWHG�LQ�DQ�DUHD�RI�WKH�FRQWLQHQW�WKDW�KDV�
QRW�\HW�EHHQ�VDPSOHG��DQG�WKHUHIRUH�SURYLGHV�LQIRUPDWLRQ�RQ�
UHSURGXFWLYH�ELRORJ\�RI�YHVSHUWLOLRQLGV�WKDW�PD\�DLG�IXWXUH�
FRQVHUYDWLRQ�HIIRUWV�

MATERIALS AND METHODS

%DW� FDUFDVVHV� ZHUH� FROOHFWHG� GXULQJ� GDLO\� PRUWDOLW\�
VXUYH\V� IURP� 0D\� WKURXJK� 1RYHPEHU� LQ� ����� DQG� �����
DW� WKH� /RFXVW� 5LGJH� ,� :LQG� )DUP� LQ� 6FKX\ONLOO� &RXQW\��
3HQQV\OYDQLD��=HOOQHU�et al.��������:H�H[DPLQHG�DGXOW�PDOH�
FDUFDVVHV�RI�WKH�WKUHH�PLJUDWRU\�WD[D�WKDW�ZHUH�IRXQG�PRVW�
IUHTXHQWO\�� Lasiurus borealis� �HDVWHUQ� UHG� EDW��� Lasiurus 
cinereus��KRDU\�EDW���DQG�Lasionycteris noctivagans��VLOYHU�
KDLUHG�EDW���$�IHZ�LQGLYLGXDOV�RI�Myotis lucifugus, Eptesicus 

fuscus��DQG�3LSLVWUHOOXV�VXEÀDYXV�ZHUH�FROOHFWHG��EXW�QRW�LQ�
VDPSOH�VL]HV�JUHDW�HQRXJK�IRU�WKLV�VWXG\�
:H� UHVWULFWHG� RXU� DQDO\VLV� WR� PDOHV� WKDW� ZHUH� FROOHFWHG�

IURP�-XO\� WKURXJK�2FWREHU��ZKLFK�FRLQFLGHV�ZLWK� WKH� WLPH�
IUDPH�UHSRUWHG�E\�&U\DQ�et al.��������DQG�LV�WKH�SHULRG�WKDW�
LQFOXGHV� VSHUPDWRJHQHVLV�� VSHUPLDWLRQ�� DQG� SUHVXPDEO\�
FRSXODWLRQ�� :H� H[DPLQHG� ��� LQGLYLGXDOV� RI� L. borealis 
FROOHFWHG�EHWZHHQ�-XO\����DQG�6HSWHPEHU��������L. cinereus 
FROOHFWHG�EHWZHHQ�-XO\���DQG�2FWREHU����DQG����L. noctivagans 
FROOHFWHG� EHWZHHQ� $XJXVW� ��� DQG� 2FWREHU� ���� 'DWD� ZHUH�
SRROHG� DFURVV� WKH� WZR� \HDUV� EHFDXVH� WUHQGV� LQ� FROOHFWLRQ�
GDWHV�DQG�FRQGLWLRQ�RI�UHSURGXFWLYH�RUJDQV�ZHUH�VLPLODU��DQG�
WKHUH�ZHUH�QR�PDMRU�ÀXFWXDWLRQV�LQ�HQYLURQPHQWDO�FRQGLWLRQV�
EHWZHHQ�WKH�WZR�\HDUV�
3ULRU� WR�RXU�DQDO\VHV�� WKH� WHVWHV�DQG�HSLGLG\PLGHV�RI�DOO�

FDUFDVVHV� KDG� EHHQ� VHYHUHG� IURP� WKH� GXFWXV� GHIHUHQV� DQG�
SUHVHUYHG�LQ�����EXIIHUHG�IRUPDOLQ�GXULQJ�WKH�SUHSDUDWLRQ�
RI�YRXFKHU�VSHFLPHQV��)LJ��$���:H�UHPRYHG�HSLGLG\PLGHV�
IURP� WHVWHV� XQGHU� D� 1LNRQ� 60=� GLVVHFWLQJ� PLFURVFRSH��
VHSDUDWHG� WKH� RUJDQV�� DQG� UHPRYHG� DQ\� REYLRXV� DGLSRVH�
WLVVXH��:H�EORWWHG� WHVWHV�RQ�SDSHU� WRZHOV� WR�UHPRYH�H[FHVV�
PRLVWXUH��DQG�WKHQ�ZHLJKHG�WHVWHV�WR�WKH�QHDUHVW�������JUDP�
RQ�DQ�$FFXODE�/� VHULHV�GLJLWDO�EDODQFH��0D[LPXP� OHQJWKV�
DQG� ZLGWKV� RI� WHVWHV� ZHUH� PHDVXUHG� LQ� PLOOLPHWHUV� ZLWK�
0LWXWR\R�'LJLPDWLF�FDOLSHUV��DQG�DOO�GDWD�ZHUH�UHFRUGHG�LQ�
0LFURVRIW�([FHO��YHUVLRQ����������6LQFH�2UU�DQG�=XN��������
IRXQG�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�YROXPH�EHWZHHQ�ULJKW�DQG�
OHIW� WHVWHV� LQ�D� ODUJH�VDPSOH�RI�PXOWLSOH�JHQHUD�RI�EDWV�� WKH�
WHVWLV�LQ�WKH�EHVW�FRQGLWLRQ�ZDV�PHDVXUHG�IRU�HDFK�PDOH��DQG�
ZH� GLG� QRW� GLVWLQJXLVK� EHWZHHQ� VLGHV�� (SLGLG\PLGHV� ZHUH�
H[DPLQHG�IRU�GDUN�SLJPHQWDWLRQ�RI�WKH�WXQLFD�YDJLQDOLV�DQG�
GHJUHH�RI�FRLOLQJ�LQ�WKH�FDXGDH�HSLGLG\PLV��)LJXUH��%���%RWK�
WHVWHV� DQG� HSLGLG\PLGHV�ZHUH� SODFHG� LQWR� SODVWLF� FDVVHWWHV�
IRU�LPPHGLDWH�LPPHUVLRQ�LQ�D�7LVVXH�7HN�,,�WLVVXH�SURFHVVRU��
ZKLFK�URWDWHG�VSHFLPHQV�DPRQJ�ELQV�RI�����HWKDQRO�������
HWKDQRO��&LWUL6ROYTM�FOHDULQJ�DJHQW��DQG�SDUDI¿Q�IRU�D�WRWDO�
RI� �� KRXUV�� 3URFHVVHG� WLVVXHV� ZHUH� HPEHGGHG� LQ� SDUDI¿Q�
EORFNV�XVLQJ�D�7LVVXH�7HN�,,,�'LVSHQVLQJ�&RQVROH�DQG�&U\R�
&RQVROH��DQG�WKHQ�VROLGL¿HG�LQ�D�UHIULJHUDWRU��6DPSOHV�ZHUH�
VHFWLRQHG� DW� �� PLFURPHWHUV� ZLWK� D� /HLFD� 50����� 576�
PDQXDO� PLFURWRPH�� DQG� ���� FRQVHFXWLYH� FURVV� VHFWLRQV� RI�
HDFK�ZHUH�SODFHG�RQ�VOLGHV�DQG�VWDLQHG�ZLWK�KHPDWR[\OLQ�DQG�
HRVLQ� �*DOLJKHU� DQG� .R]ORII� ������� 0XOWLSOH� SKRWRJUDSKV�
RI�HDFK�KLVWRORJLFDO�SUHSDUDWLRQ�DW����;�ZHUH�WDNHQ�ZLWK�D�
/HLW]�:HW]ODU�FRPSRXQG�PLFURVFRSH�PRXQWHG�ZLWK�D�1LNRQ�
'6�)L��GLJLWDO�FDPHUD�DFFRPSDQLHG�E\�1LNRQ�1,6�(OHPHQWV�
'� LPDJLQJ� VRIWZDUH�� (SLGLG\PLGHV� ZHUH� H[DPLQHG� IRU�
SUHVHQFH�DQG�DEXQGDQFH�RI�VSHUP�LQ�WXEXOHV��DQG�WHVWHV�ZHUH�
H[DPLQHG�IRU�RYHUDOO�ZLGWK�DQG�WKLFNQHVV�RI�WXEXOHV��SUHVHQFH�
RI�VSHUP�LQ�WKH�OXPHQ��DQG�VWDJHV�RI�VSHUPDWRJHQHVLV��([FHO�
ZDV�XVHG�WR�JUDSK�ERWK�WHVWLV�PDVV�DQG�WHVWLV�OHQJWK�DJDLQVW�
FROOHFWLRQ�GDWH��PRQWK�GD\��IRU�HDFK�VSHFLHV��([FHO�ZDV�WKHQ�
XVHG� WR� FUHDWH� WUHQG� OLQHV� YLD� UHJUHVVLRQ� DQDO\VLV�� DQG� WR�
FRPSXWH�5��YDOXHV��W�YDOXHV�DQG�S�YDOXHV�IRU�DOO�VSHFLPHQV�
FROOHFWHG�EHWZHHQ�-XO\�DQG�2FWREHU�
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RESULTS

7HVWHV�RI�DOO�WKUHH�WD[D�H[KLELWHG�GHFOLQLQJ�WUHQGV�LQ�ERWK�
PDVV� DQG� OHQJWK� IURP� PLG�VXPPHU� LQWR� IDOO�� *UDSKV� RI�
PDVV�DQG�OHQJWK�SORWWHG�DJDLQVW�GDWH�DUH�SUHVHQWHG�EHORZ�IRU�
HDFK�WD[RQ��,QWHUSUHWDEOH�KLVWRORJLFDO�VOLGHV�ZHUH�SURGXFHG�
IRU�QHDUO\�DOO�LQGLYLGXDOV��DQG�ZH�FKRVH�IRXU�UHSUHVHQWDWLYH�
YLHZV� RI� ERWK� WHVWHV� DQG� HSLGLG\PLGHV� WR� GRFXPHQW� WKH�
GHYHORSPHQWDO� VWDJHV� RI� VSHUP� LQ� VHPLQLIHURXV� WXEXOHV�
DQG� SUHVHQFH� RI� VSHUP� LQ� FDXGDH� HSLGLG\PLGHV�� 9DULDWLRQ�
LQ� H[SDQVLRQ� RI� WXEXOHV�� SUHYDOHQFH� RI�PHLRWLF� VWDJHV�� DQG�
SUHVHQFH� RI� VSHUP� LQ� WKH� OXPHQ� ZDV� HYLGHQW� DFURVV� WKH�
FROOHFWLRQ� SHULRG� LQ� WKH� VHPLQLIHURXV� WXEXOHV�� 1HDUO\� DOO�
KRDU\�DQG�HDVWHUQ�UHG�EDWV��DQG�PRVW�VLOYHU�KDLUHG�EDWV��KDG�
HYLGHQFH�RI� VSHUP� LQ� WKH� FDXGDH� HSLGLG\PLGHV� WKURXJKRXW�

WKH� HQWLUH� FROOHFWLRQ� SHULRG�� DOWKRXJK� DEXQGDQFH� LQ� WKH�
OXPHQ�ZDV�YDULDEOH�

Lasiurus borealis

7HVWLV� PDVV� RI� ��� HDVWHUQ� UHG� EDWV� VKRZV� D� QHJDWLYH�
WUHQG�ZLWK�UHVSHFW�WR�WLPH��5�� ���������S���������W� ��������
LQGLFDWLQJ�WKDW�DYHUDJH�WHVWLV�PDVV�EHJDQ�WR�GHFOLQH�QHDU�WKH�
HQG� RI� VXPPHU� SULRU� WR� IDOO� FRSXODWLRQ� �)LJ� �$���*UHDWHVW�
PDVV�ZDV�LQ�ODWH�-XO\�WR�PLG�$XJXVW��IROORZHG�E\�D�VWHDG\�
GHFOLQH�WKURXJK�ODWH�6HSWHPEHU��$�VWURQJ�QHJDWLYH�WUHQG��5� 
 ���������S���������W� ��������LV�DOVR�HYLGHQW�LQ�WHVWLV�OHQJWK�
IRU����LQGLYLGXDOV��)LJ��%���7KH�PDMRULW\�RI�WHVWHV�VDPSOHG�
IDOO� DORQJ� WKH� WUHQG� OLQH� LQ� VLPLODU�SRVLWLRQV� IRU�ERWK�PDVV�
DQG�OHQJWK��VXJJHVWLQJ�D�FORVH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�
WZR�PHDVXUHPHQWV��,Q�WZR�RU�WKUHH�FDVHV��WKH�PHDVXUHPHQWV�
IRU�OHQJWK�DQG�PDVV�ZHUH�LQ�YHU\�GLIIHUHQW�SRVLWLRQV�UHODWLYH�
WR�WKH�WUHQG�OLQH��VXJJHVWLQJ�HLWKHU�DQ�LQGLYLGXDO�GLVFRQQHFW�
EHWZHHQ�WKH�H[SDQVLRQ�RI�D�WXEXOH�ZLWK�WKH�LQFUHDVH�LQ�VSHUP�
SURGXFWLRQ��RU�D�PHDVXUHPHQW�HUURU�
7KLV�WUHQG�LV�GHSLFWHG�E\�D�VHULHV�RI�KLVWRORJLFDO�VOLGHV�RI�

WKH� WHVWHV� DQG� HSLGLG\PLGHV� RI� IRXU� UHSUHVHQWDWLYH� HDVWHUQ�
UHG� EDWV� FROOHFWHG� EHWZHHQ� PLG�-XO\� DQG� ODWH� 6HSWHPEHU�
�)LJ�����QRQH�ZHUH�IRXQG�LQ�2FWREHU��2QH�IURP�-XO\����KDV�
H[SDQGHG� VHPLQLIHURXV� WXEXOHV� H[KLELWLQJ� PXOWLSOH� VWDJHV�
RI�VSHUP�FHOOV�LQ�D�PXOWLOD\HUHG�DUUDQJHPHQW��ZLWK�D�PRVWO\�
RSHQ� OXPHQ�� LWV� HSLGLG\PLV� H[KLELWV� VRPH� WXEXOHV� ZLWK� D�
VPDOO� DPRXQW� RI� VSHUP� DQG� RWKHU� WXEXOHV� WKDW� DUH� HPSW\�
�)LJ� �$��� 2QH� IURP� DSSUR[LPDWHO\� D� PRQWK� ODWHU� �$XJXVW�
���� DOVR� H[KLELWV� JUHDWO\� H[SDQGHG� WXEXOHV� ZLWK� PXOWLSOH�
URZV�RI�VSHUP�FHOOV��VSHUPDWR]RD�DUH�PRUH�SUHYDOHQW�LQ�WKH�
OXPHQ�DQG�WKH�HSLGLG\PLV�KDV�DEXQGDQW�VSHUP�LQ�WKH�OXPHQ�
RI�HDFK�WXEXOH��LQGLFDWLQJ�SDVVDJH�RI�VSHUP�IURP�WKH�WHVWLV�
WR� WKH� GXFWV� �)LJ� �%��� 7KH� WHVWHV� RI� RQH� IURP� 6HSWHPEHU�
�� DSSHDU� WR� EH� DSSURDFKLQJ� WKH� HQG� RI� WKH� SHDN� SHULRG� RI�
VSHUPDWRJHQHVLV�� DV� HYLGHQFHG� E\� IHZHU� URZV� RI� VSHUP�
FHOOV� DQG� PRUH� VSHUPDWLGV�� WKH� HSLGLG\PLV� QRZ� FRQWDLQV�
DQ� DEXQGDQFH� RI� GHQVHO\� SDFNHG� VSHUP� �)LJ� �&��� $Q�
LQGLYLGXDO�IURP�6HSWHPEHU����H[KLELWV�WHVWHV�ZLWK�VKUXQNHQ�
VHPLQLIHURXV�WXEXOHV��DV�HYLGHQFHG�E\�WKH�ORZHVW�PDVV�DQG�
OHQJWK��WKH�UHGXFHG�QXPEHU�RI�URZV�RI�GHYHORSLQJ�VSHUP�FHOOV��
DQG�WKH�PRVWO\�RSHQ�OXPHQV��7KH�FRUUHVSRQGLQJ�HSLGLG\PLV��
KRZHYHU��H[KLELWV�H[SDQGHG�WXEXOHV�ZLWK�DEXQGDQW��GHQVHO\�
SDFNHG�VSHUP��)LJ��'��

Lasiurus cinereus

7HVWLV�PDVV�RI����KRDU\�EDWV�VKRZV�D�QHJDWLYH�WUHQG��5�� �
��������S���������W� ��������LQGLFDWLQJ�WKDW�WKH�DYHUDJH�WHVWLV�
PDVV�ZDV�JUHDWHVW�LQ�ODWH�-XO\�DQG�HDUO\�$XJXVW�DQG�GHFOLQHG�
VLJQL¿FDQWO\� WKURXJK� ODWH� 6HSWHPEHU� �)LJ� �$��� $� VOLJKWO\�
QHJDWLYH� WUHQG� �5��  � �������� S�  � ����� >16@�� W�  � ������� LQ�
WHVWLV�OHQJWK�LV�VKRZQ�IRU����EDWV��)LJ��%���7KH�PDMRULW\�IDOO�

)LJXUH������$��:KROH�WHVWLV��ULJKW��DQG�FDXGDH�HSLGLG\PLV��OHIW��RI�
Lasionycteris noctivagans.� � �%�� &DXGDH� HSLGLG\PLV� RI�Lasiurus 
borealis�H[KLELWLQJ�FRLOHG�WXEXOHV�DQG�SLJPHQWHG�WXQLFD�YDJLQDOLV�
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DORQJ� WKH� WUHQG� OLQH� LQ�VLPLODU�SRVLWLRQV�IRU�ERWK�PDVV�DQG�
OHQJWK��VXJJHVWLQJ�D�FORVH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�WZR�
PHDVXUHPHQWV�H[FHSW�LQ�RQO\�WZR�FDVHV�
+LVWRORJLFDO� SUHSDUDWLRQV� RI� WKH� WHVWLV� DQG� HSLGLG\PLV�

RI� IRXU� UHSUHVHQWDWLYH� KRDU\� EDWV� FROOHFWHG� IURP� ODWH�-XO\�
WKURXJK� PLG�6HSWHPEHU� DUH� SUHVHQWHG� LQ� )LJ� �� �WKH� RQO\�
LQGLYLGXDO�FROOHFWHG�LQ�2FWREHU�ZDV�LQFRQFOXVLYH�IRU�SUHVHQFH�
RI� VSHUP��� 2QH� IURP� -XO\� ��� KDV� H[SDQGHG� VHPLQLIHURXV�
WXEXOHV� H[KLELWLQJ� PXOWLSOH� VWDJHV� RI� VSHUP� FHOOV� LQ� D�
PXOWLOD\HUHG�DUUDQJHPHQW��ZLWK�VRPH�VSHUP�SUHVHQW� LQ� WKH�
OXPHQ�� WKLV� WHVWLV�DOVR�H[KLELWV�RQH�RI� WKH�KLJKHVW�UHFRUGHG�
PDVVHV� �)LJ� �$��� 7KH� HSLGLG\PLV� IURP� WKLV� LQGLYLGXDO�
H[KLELWV� VRPH� VSHUP� LQ� HDFK� RI� WKH� WXEXOHV�� ZKHUHDV� L. 
borealis� H[KLELWHG� OLWWOH� RU� QR� VSHUP� LQ� WKH� HSLGLG\PLV� LQ�
-XO\��2QH�KRDU\�EDW�FROOHFWHG�RQ�$XJXVW���LV�DW�WKH�SHDN�RI�

PDVV�DQG�OHQJWK�IRU�WHVWHV��DQG�PXOWLSOH�VWDJHV�RI�VSHUP�FHOOV�
DORQJ�ZLWK�VSHUP�LQ�WKH�OXPHQ�DUH�HYLGHQW��VSHUP�DUH�HYLGHQW�
LQ� WKH� HSLGLG\PLV� DOWKRXJK� LW� VHHPV� WKDW� VSHUP� WUDQVIHU� LV�
VWHDG\�DQG�JUDGXDO��)LJ��%���7KH�WHVWLV�RI�D�EDW�IURP�$XJXVW�
���H[KLELWV� ORZHU�PDVV�DQG� OHQJWK��DQG�VSHUP�FOXVWHU�QHDU�
WKH�OXPHQ��WKH�FRUUHVSRQGLQJ�HSLGLG\PLV�H[KLELWV�VSHUP�LQ�
HYHU\�WXEXOH��)LJ��&���7KH�WHVWLV�RI�RQH�IURP�6HSWHPEHU����
H[KLELWV� WKH� ORZHVW�PDVV� DQG� D� UHODWLYHO\� ORZ� OHQJWK��ZLWK�
IHZ�GHYHORSLQJ�VSHUP�FHOOV�DQG�D�PRVWO\�RSHQ� OXPHQ� �)LJ�
�'��� 7KH� FRUUHVSRQGLQJ� HSLGLG\PLV�� KRZHYHU�� H[KLELWV�
H[SDQGHG� WXEXOHV� ZLWK� DEXQGDQW�� GHQVHO\�SDFNHG� VSHUP��
DSSUR[LPDWHO\�WHQ�GD\V�HDUOLHU�WKDQ�LQ�L. borealis.

Lasionycteris noctivagans

6HDVRQDO�WUHQGV�IRU�ERWK�WHVWLV�PDVV��5�� ���������S���������
W� ��������DQG�OHQJWK��5�� ���������S���������W� ��������VKRZ�
FORVHO\�FRUUHVSRQGLQJ�VLJQL¿FDQW�QHJDWLYH�WUDMHFWRULHV�IRU����
VSHFLPHQV�RI�WKLV�VSHFLHV��LQGLFDWLQJ�WKDW�ERWK�PHDVXUHPHQWV�
SHDNHG� LQ�PLG�$XJXVW� DQG�GHFOLQHG� VWHDGLO\� WKURXJK�PLG�
2FWREHU��)LJ��$��%���1HDUO\�DOO�EDWV�IDOO�DORQJ�WKH�WUHQG�OLQH�
LQ�VLPLODU�SRVLWLRQV�IRU�ERWK�PDVV�DQG�OHQJWK��VXJJHVWLQJ�D�
FORVH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�WZR�PHDVXUHPHQWV�H[FHSW�
LQ�RQO\�WZR�FDVHV�
+LVWRORJLFDO�SUHSDUDWLRQV�RI� WKH� WHVWLV�DQG�HSLGLG\PLV�RI�

IRXU� UHSUHVHQWDWLYH� VLOYHU�KDLUHG� EDWV� FROOHFWHG� IURP� PLG�
$XJXVW��QRQH�ZHUH�IRXQG�LQ�-XO\��WKURXJK�PLG�2FWREHU�DUH�
GHSLFWHG� LQ� )LJXUH� ��� 2QH� IURP� $XJXVW� ��� KDV� H[SDQGHG�
VHPLQLIHURXV� WXEXOHV� RI� D� UHODWLYHO\� KLJK�PDVV�� H[KLELWLQJ�
PXOWLSOH� VWDJHV� DQG� OD\HUV� RI� GHYHORSLQJ� VSHUP� FHOOV� �)LJ�
�$��� ,WV� HSLGLG\PLV� DSSHDUV� WR�KDYH�QR� VSHUP�DW� DOO� LQ� WKH�
OXPHQ��DV�LV�WKH�FDVH�ZLWK�RQH�FROOHFWHG�RQ�$XJXVW�����QRW�
GHSLFWHG���%\�WKH�HQG�RI�$XJXVW��KRZHYHU��VSHUP�SURGXFWLRQ�
DSSHDUV� WR� KDYH� LQFUHDVHG� GUDPDWLFDOO\� DQG� WUDQVSRUW� LQWR�
WKH� HSLGLG\PLV� KDG� RFFXUUHG�� $� EDW� FROOHFWHG� RQ� $XJXVW�
���H[KLELWV�DQ�DEXQGDQFH�RI�VSHUPDWR]RD�LQ� WKH� OXPHQV�RI�
ERWK�WKH�VHPLQLIHURXV�WXEXOHV�DQG�HSLGLG\PLV��)LJ��%���%\�
PLG�6HSWHPEHU��VSHUPDWRJHQHVLV�DSSHDUV�WR�EH�VORZLQJ��DV�
HYLGHQFHG�E\�UHGXFHG�VHPLQLIHURXV�WXEXOHV��ZLWK�ORZ�PDVV�
DQG�OHQJWK��RI�D�EDW�FROOHFWHG�RQ�6HSWHPEHU�����)LJ��&���WKHUH�
DUH�DOVR�IHZHU�URZV�RI�GHYHORSLQJ�VSHUP�FHOOV��OHVV�HYLGHQFH�
RI� PHLRVLV�� DQG� UHODWLYHO\� IHZ� VSHUPDWLGV� LQ� WKH� OXPHQ��
7KH�WXEXOHV�RI�WKH�FRUUHVSRQGLQJ�HSLGLG\PLV��KRZHYHU��DUH�
VWUHWFKHG� DQG� SDFNHG� ZLWK� DEXQGDQW� VSHUP� �)LJ�� �&��� %\�
PLG�2FWREHU�� ZKHQ� WHVWHV� DUH� DW� WKHLU� ORZHVW� PDVVHV� DQG�
OHQJWKV��WKH�VHPLQLIHURXV�WXEXOHV�DSSHDU�WR�EH�UHGXFHG�DQG�
PRVWO\�HPSW\�RI�VSHUP�LQ�WKH�OXPHQV��ZLWK�OHVV�HYLGHQFH�RI�
PHLRVLV�DV�VHHQ�LQ�D�EDW�FROOHFWHG�RQ�2FWREHU�����)LJXUH��'���
7KH�HSLGLG\PLV�RI�WKLV�LQGLYLGXDO�VWLOO�H[KLELWHG�D�VLJQL¿FDQW�
DPRXQW�RI�VSHUP�LQ�WKH�OXPHQV�RI�WKH�WXEXOHV��ZKHUHDV�WKH�
ODVW� UHFRUGHG�VSHUP�ODGHQ�HSLGLG\PLGHV�RI�L. borealis�DQG�
L. cinereus�LQ�WKH�VWXG\�SHULRG�ZHUH�ERWK�LQ�ODWH�6HSWHPEHU�

A

B

)LJXUH�����$��7HVWLV�PDVV��J��DV�D�IXQFWLRQ�RI�PRQWK�DQG�GD\��SRROHG�
IRU������DQG�������IRU����VSHFLPHQV�RI�Lasiurus borealis� �5�� �
��������S���������� �%��7HVWLV� OHQJWK��PP��DV�D�IXQFWLRQ�RI�PRQWK�
DQG�GD\��SRROHG�IRU������DQG�������IRU����VSHFLPHQV�RI�Lasiurus 
borealis��5�� ���������S���������
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DISCUSSION

'DWD�UHSRUWHG�KHUH�SURYLGH�QHZ�LQIRUPDWLRQ�DERXW�PDWLQJ�
UHDGLQHVV� DW� WKH� WLPH�RI� GHDWK� IRU�PDOHV� RI�L. borealis, L. 
cinereus�� DQG� L. noctivagans� FROOHFWHG� DW� D� FRPPHUFLDO�
ZLQG�HQHUJ\�IDFLOLW\�LQ�HDVWHUQ�3HQQV\OYDQLD��7KH�PDMRULW\�
RI�FDUFDVVHV�ZHUH�IRXQG�GXULQJ�D�FRPSDUDEOH�UDQJH�RI�WLPH�
�HDUO\� -XO\� WKURXJK� HDUO\� 2FWREHU�� WR� WKRVH� UHSRUWHG� E\�
'UXHFNHU� ������� DQG� &U\DQ� et al.� ������� ������� DOWKRXJK�
WKH� WLPH� UDQJH� IRU� L. noctivagans� ZDV� VKLIWHG� VRPHZKDW�
ODWHU�LQ�WKH�VHDVRQ��SRVVLEO\�GXH�WR�D�ODWHU�PLJUDWLRQ�SDWWHUQ�
IRU� WKLV� VSHFLHV� LQ� HDVWHUQ� 1RUWK� $PHULFD�� $OO� WKUHH� WD[D�
H[KLELWHG�D�GHFOLQH�LQ�WHVWLV�PDVV�DQG�OHQJWK�IURP�D�VXPPHU�
SHDN��ODWH�-XO\� LQ�L. cinereus�DQG�L. borealis��PLG�$XJXVW�
in L. noctivagans�� WR� WKH�HQG�RI� WKH�FROOHFWLRQ�SHULRG� �ODWH�

6HSWHPEHU�LQ�/��ERUHDOLV��HDUO\�2FWREHU�LQ�L. cinereus��DQG�
PLG�2FWREHU� LQ� L. noctivagans��� $FWLYH� VSHUPDWRJHQHVLV��
DV� HYLGHQFHG� E\� WKH� SUHVHQFH� RI�PXOWLSOH� VWDJHV� DQG� URZV�
RI�VSHUP�FHOOV�XQGHUJRLQJ�PHLRVLV��ZDV�HYLGHQW� IURP�PLG�
-XO\�WKURXJK�ODWH�$XJXVW�LQ�L. borealis��HDUO\�-XO\�WKURXJK�
PLG�$XJXVW� LQ�L. cinereus�� DQG�PLG�$XJXVW� WKURXJK�PLG�
6HSWHPEHU� LQ� L. noctivagans�� ZLWK� VHPLQLIHURXV� WXEXOHV�
XQGHUJRLQJ�PHLRVLV� VWLOO� YLVLEOH� LQ� D� VLOYHU�KDLUHG�EDW� IURP�
PLG�2FWREHU�
7KH�¿UVW�HYLGHQFH�RI�VSHUP�EHLQJ�SUHVHQW�LQ�WKH�HSLGLG\PLV��

HYHQ� LQ� VPDOO� DPRXQWV�� LV� LQ� DQ� HDVWHUQ� UHG� EDW� IURP� -XO\�
���� LQ� D� KRDU\� EDW� IURP� -XO\� ��� DQG� LQ� D� VLOYHU�KDLUHG� EDW�
IURP�$XJXVW�����6LQFH�IHZ�VLOYHU�KDLUHG�EDWV�ZHUH�IRXQG�LQ�
$XJXVW��LW�LV�SRVVLEOH�WKDW�DQ�HDUOLHU�LQFLGHQFH�RI�VSHUP�LQ�WKH�
HSLGLG\PLV�ZDV�PLVVHG�GXH�WR�ODFN�RI�VDPSOHV��(SLGLG\PLGHV�
KDG�DEXQGDQW�VSHUP�SUHVHQW�E\�$XJXVW����LQ�L. borealis��E\�
$XJXVW����LQ�L. cinereus��DQG�E\�$XJXVW����LQ�L. noctivagans 
�WKH� ¿UVW� WLPH� LW� ZDV� REVHUYHG�� LW� ZDV� DEXQGDQW��� /DVW�
HYLGHQFH�RI�VSHUP�FRQVLVWHQWO\�SUHVHQW�LQ�HSLGLG\PLGHV�ZDV�
RQ�6HSWHPEHU����LQ�L. borealis��6HSWHPEHU����LQ�L. cinereus, 
DQG� 2FWREHU� ��� LQ� L. noctivagans�� &U\DQ� et al.� �������
UHSRUWHG�RQ�SHUFHQWDJH�RI�LQGLYLGXDOV�ZLWK�VSHUP�SUHVHQW�LQ�
WKH�FDXGDH�HSLGLG\PLGHV�DV�D�IXQFWLRQ�RI�FROOHFWLRQ�SHULRG��
ZKLFK� WKH\� GLYLGHG� LQWR� WKUHH� DSSUR[LPDWHO\� RQH�PRQWK�
ORQJ�LQWHUYDOV��-XO\����±�$XJXVW�����$XJXVW����±�6HSWHPEHU�
����DQG�6HSWHPEHU����±�2FWREHU�����&U\DQ�et al.�������7DEOH�
����6SHUP�ZHUH�SUHVHQW�LQ�HSLGLG\PLGHV�LQ�HDFK�RI�WKH�WKUHH�
WLPH�LQWHUYDOV�IRU�L. borealis�DQG�L. cinereus��DQG�LQ�RQO\�WKH�
ODWHU�WZR�LQWHUYDOV�IRU�L. noctivagans��$OO����HDVWHUQ�UHG�EDWV�
KDG�VSHUP�SUHVHQW�WKURXJKRXW�WKH�WKUHH�FROOHFWLRQ�LQWHUYDOV��
2I����KRDU\�EDW�HSLGLG\PLGHV������RI� WKRVH�IURP�WKH�¿UVW�
FROOHFWLRQ�LQWHUYDO�KDG�VSHUP�SUHVHQW������KDG�VSHUP�LQ�WKH�
VHFRQG� LQWHUYDO�� DQG� �����KDG� VSHUP�SUHVHQW� LQ� WKH� WKLUG�
LQWHUYDO��2I� VL[� VLOYHU�KDLUHG� EDW� HSLGLG\PLGHV�� QRQH� IURP�
WKH� ¿UVW� FROOHFWLRQ� LQWHUYDO� KDG� VSHUP� SUHVHQW�� ���� KDG�
VSHUP�LQ�WKH�VHFRQG�LQWHUYDO��DQG������KDG�VSHUP�SUHVHQW�
LQ�WKH�WKLUG�LQWHUYDO��&U\DQ�et al.�������
'DWD� UHSRUWHG� LQ� RXU� VWXG\� FRUUHVSRQG� YHU\� FORVHO\� WR�

WKRVH� UHSRUWHG� E\� &U\DQ� et al.� ������� IRU� L. borealis, L. 
cinereus��DQG�L. noctivagans�LQ�7H[DV��1HZ�<RUN��$OEHUWD��
DQG� 0DQLWRED�� $OO� VL[WHHQ� VSHFLPHQV� RI� HDVWHUQ� UHG� EDWV�
H[DPLQHG� LQ� RXU� VWXG\� DOVR� DOO� KDG� VSHUP� SUHVHQW� LQ� WKH�
HSLGLG\PLGHV�WKURXJKRXW�RXU�HQWLUH�VDPSOLQJ�SHULRG��-XO\����
±�6HSWHPEHU������2I�RXU����KRDU\�EDWV�FROOHFWHG�EHWZHHQ�-XO\�
��DQG�2FWREHU����DOO�KDG�VSHUP�SUHVHQW�LQ�WKH�¿UVW�LQWHUYDO��
���� LQ� WKH� VHFRQG�� DQG� DOO� LQ� WKH� WKLUG� LQWHUYDO�� 2XU� ���
VLOYHU�KDLUHG�EDWV�FROOHFWHG�EHWZHHQ�$XJXVW����DQG�2FWREHU�
���FRUUHVSRQG�H[DFWO\�WR�SHUFHQWDJHV�UHSRUWHG�E\�&U\DQ�et 
al.� ������� IRU� WKH�VHFRQG�DQG� WKLUG�FROOHFWLRQ� LQWHUYDOV� �ZH�
GLG�QRW�KDYH�DFFHVV�WR�DQ\�EDWV�RI�WKLV�VSHFLHV�IURP�WKH�¿UVW�
FROOHFWLRQ�LQWHUYDO�DV�GH¿QHG�E\�&U\DQ�et al.���������
'DWD� UHSRUWHG� KHUH� IRU� L. borealis, L. cinereus�� DQG� L. 

noctivagans� IURP� 3HQQV\OYDQLD� VXSSRUW� DQG� VWUHQJWKHQ�
WKH� FRQFOXVLRQV� RI� ERWK�'UXHFNHU� ������� DQG� &U\DQ� et al. 
������� ������� 7KH� IHZ� GLIIHUHQFHV� LQ� UHVXOWV� FRXOG� HDVLO\�

A

B

)LJXUH� ��� � �$�� 7HVWLV� PDVV� �J�� DV� D� IXQFWLRQ� RI� PRQWK� DQG� GD\�
�SRROHG�IRU������DQG�������IRU����VSHFLPHQV�RI�Lasiurus cinereus 
�5ð� ���������S���������� � �%��7HVWLV� OHQJWK� �PP��DV�D� IXQFWLRQ�RI�
PRQWK� DQG�GD\� �SRROHG� IRU� ����� DQG������� IRU� ��� VSHFLPHQV�RI�
Lasiurus cinereus��5ð� ���������16��
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EH� GXH� WR� VDPSOLQJ� HUURU� RU� JHRJUDSKLF� YDULDWLRQ�� )RU�
H[DPSOH��'UXHFNHU��������QRWHG�PRGHUDWH�DPRXQWV�RI�VSHUP�
LQ� HSLGLG\PLGHV� RI� L. noctivagans� LQ� PLG�-XO\�� ZKHUHDV�
VSHUP�ZHUH� QRW� QRWHG� LQ� DQ\� RI� RXU� LQGLYLGXDOV� XQWLO� ODWH�
$XJXVW��%RWK�RXU� VWXG\�DQG�&U\DQ�et al.� �������FRQFOXGHG�
WKDW�L. noctivagans�VKRZHG�HYLGHQFH�RI�WKH�ODWHVW�FRQVLVWHQW�
RFFXUUHQFH� RI� VSHUP� LQ� HSLGLG\PLGHV�� DOWKRXJK� ZH� ZHUH�
XQDEOH�WR�H[DPLQH�Lasiurus�VSHFLPHQV�IURP�2FWREHU��QR�L. 
borealis�ZHUH�IRXQG��DQG�WKH�RQO\�L. cinereus�LQGLYLGXDO�ZDV�
LQFRQFOXVLYH��� LQ� DGGLWLRQ�� D� VLQJOH� L. cinereus� LQGLYLGXDO�
IRXQG� RXWVLGH� RI� WKH� VWXG\� SHULRG� LQ� 1RYHPEHU� UHYHDOHG�
D� WUDFH� RI� VSHUP��&U\DQ� et al.� ������� UHSRUWHG� WKH� HDUOLHVW�
HYLGHQFH� RI� HSLGLG\PDO� VSHUP� LQ� L. borealis�� ZKLOH� ZH�
IRXQG�HDUOLHVW�HYLGHQFH�LQ�L. cinereus��)LQDOO\��&U\DQ�et al. 
�������QRWHG�WKH�ELJJHVW�GHFUHDVH�LQ�WHVWLV�VL]H�LQ�L. cinereus, 

ZKHUHDV� ZH� QRWHG� WKH� VWHHSHVW� GHFOLQH� LQ� L. noctivagans 
�HYLGHQFHG�E\�ERWK�5��DQG�S�YDOXHV��
0LQRU�GLVFUHSDQFLHV�QRWZLWKVWDQGLQJ��GDWD�UHSRUWHG�KHUH�

SURYLGH� LPSRUWDQW� DGGLWLRQDO� LQIRUPDWLRQ�DERXW� WKH� WLPLQJ�
RI� PDOH� UHSURGXFWLYH� HYHQWV� LQ� 3HQQV\OYDQLD� SRSXODWLRQV�
RI� WKH� VSHFLHV� RI� PLJUDWRU\� WUHH�URRVWLQJ� EDWV� WKDW� DUH�
PRVW�YXOQHUDEOH�WR�GHDWK�DW�ZLQG�WXUELQHV��DQG�VXSSRUW�WKH�
FRQFOXVLRQV� RI� &U\DQ� et al.� �������� 7KH�PDMRULW\� RI�PDOHV�
RI�WKH�WKUHH�VSHFLHV�VWXGLHG�KHUH�VKRZHG�HYLGHQFH�RI�DFWLYH�
VSHUPDWRJHQHVLV� GXULQJ� WKH� VXPPHU�� DQG� D� UHGXFWLRQ� RI�
VL]H� RI� WHVWHV� DQG� QXPEHU� RI�PHLRWLF� VWDJHV� DV� WKH� VHDVRQ�
SURJUHVVHG�LQWR�IDOO��0RVW�LQGLYLGXDOV�FROOHFWHG�RI�DOO�WKUHH�
WD[D�KDG�DW�OHDVW�VRPH�VSHUP�SUHVHQW�LQ�WKH�HSLGLG\PLGHV��DQG�
DOO�H[KLELWHG�DEXQGDQW�VSHUP�DW�VRPH�SRLQW�LQ�$XJXVW��7KHVH�
REVHUYDWLRQV� GR� QRW� GHPRQVWUDWH� WKDW� EDWV� ZHUH� DFWLYHO\�
FRSXODWLQJ�DW�WKLV�WLPH��DQG�LQ�IDFW�WKHUH�LV�HYLGHQFH�LQ�VRPH�
VPDOO�PDPPDOV��H�J��URGHQWV�VXFK�DV�Peromyscus��WKDW�PHUH�
SUR[LPLW\�WR�IHPDOHV�FDQ�LQFUHDVH�JRQDG�PDVV��VSHUP�FRXQWV��
DQG� WHVWRVWHURQH� SURGXFWLRQ�� UHJDUGOHVV� RI�ZKHWKHU�PDWLQJ�
RFFXUV� �'HPDV� DQG� 1HOVRQ� ������� ,Q� DGGLWLRQ�� WHVWLV� VL]H�
DQG�WHVWRVWHURQH�SURGXFWLRQ�LQFUHDVH�LQ�VRPH�YHVSHUWLOLRQLG�
PDOHV�XSRQ�ZDNLQJ�IURP�KLEHUQDWLRQ�LQ�WKH�VSULQJ��0DUWLQ�
DQG�%HUQDUG� �������+RZHYHU�� VXFK� IDFWRUV� DUH� XQOLNHO\� WR�
KDYH�D�FRQVLVWHQW� LQÀXHQFH� LQ�EDWV� WKURXJKRXW� WKH�\HDU�� DV�
UHSURGXFWLYH� EHKDYLRUV� DUH� KLJKO\� VHDVRQDO� �.ZLHFLQVNL�
DQG�'DPDVVD�������DQG�PDOHV�DQG�IHPDOHV�DUH�QRW�FRQ¿QHG�
WRJHWKHU�
7KH� IDFW� WKDW� PRVW� PDOHV� GLHG� LQ� D� VWDWH� RI� PDWLQJ�

UHDGLQHVV� LV� FRQVLVWHQW� ZLWK� WKH� K\SRWKHVLV� WKDW� EDWV� DUH�
DWWUDFWHG� WR� ZLQG� WXUELQHV� ZKHQ� VHDUFKLQJ� IRU�PDWHV�� DQG�
ZDUUDQWV�IXUWKHU�HYDOXDWLRQ��0DQ\�K\SRWKHVHV�WKDW�DGGUHVV�
SUR[LPDWH�DQG�XOWLPDWH�FDXVHV�RI�WXUELQH�GHDWKV�LQ�EDWV�IDYRU�
FRLQFLGHQWDO�PLJUDWLRQ�DV�DQ�XOWLPDWH�FDXVH��VHH�&U\DQ�������
&U\DQ� DQG�%DUFOD\� ������&U\DQ� et al.� ������� IRU� H[DPSOH��
EDWV� PD\� EH� SUHGLVSRVHG� WRZDUG� À\LQJ� WKURXJK� FRUULGRUV�
WKDW�DUH�VXLWDEOH�IRU�ZLQG�WXUELQHV��,I�WKH�VHDUFK�IRU�PDWHV�LV�
DFWXDOO\�DQ�XOWLPDWH�FDXVH�RI�IDWDOLW\�EHFDXVH�PLJUDWLQJ�EDWV�
SHUFHLYH� WKHP� DV� WDOO� WUHHV�� WKHQ� WKHUH� VKRXOG� EH� HYLGHQFH�
WKDW� EDWV� ZHUH� LQ� D� VWDWH� RI� PDWLQJ� UHDGLQHVV� �&U\DQ� DQG�
%DUFOD\�������&U\DQ�et al.�������DW�WKH�WLPH�RI�GHDWK��0RVW�
K\SRWKHVHV� DGYDQFHG� KDYH� QRW� EHHQ� DGHTXDWHO\� WHVWHG��
KRZHYHU�� DQG� WKLV� VWXG\� SURYLGHV� DGGLWLRQDO� LQIRUPDWLRQ�
DERXW�UHSURGXFWLYH�VWDWXV�DQG�WLPLQJ�RI�PDWLQJ�HYHQWV�QHHGHG�
WR�EHWWHU�XQGHUVWDQG�PDWLQJ�EHKDYLRUV�DQG�WR�WHVW�K\SRWKHVHV�
DERXW� PRUWDOLW\�� 0RUH� LQIRUPDWLRQ� DERXW� WKH� UHSURGXFWLYH�
FRQGLWLRQ� RI� IHPDOH� EDWV� NLOOHG� DW� ZLQG� WXUELQHV� ZLOO� DOVR�
KHOS� ZKHQ� HYDOXDWLQJ� WKHVH� K\SRWKHVHV� DQG� IRUPXODWLQJ�
FRQVHUYDWLRQ�HIIRUWV�IRU�YHVSHUWLOLRQLG�EDWV�

A

B

)LJXUH������$��7HVWLV�PDVV��J��DV�D�IXQFWLRQ�RI�PRQWK�DQG�GD\��SRROHG�
IRU������DQG�������IRU����VSHFLPHQV�RI�Lasionycteris noctivagans 
�5ð� ���������S���������� � �%��7HVWLV� OHQJWK� �PP��DV� D� IXQFWLRQ�RI�
PRQWK� DQG�GD\� �SRROHG� IRU� ����� DQG������� IRU� ��� VSHFLPHQV� RI�
Lasionycteris noctivagans��5ð� ���������S���������
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0DPPDOLDQ�%LRORJ\����������������

(QWZLVWOH��$�&���3�$��5DFH\��DQG�-�5��6SHDNPDQ��������7KH�
UHSURGXFWLYH�F\FOH�DQG�GHWHUPLQDWLRQ�RI�VH[XDO�PDWXULW\�
LQ�PDOH�EURZQ� ORQJ�HDUHG�EDWV��Plecotus auritus� �&KL�
URSWHUD��9HVSHUWLOLRQLGDH���-RXUQDO�RI�=RRORJ\��/RQGRQ���
�����������

*DOLJKHU��$�(���DQG�(�1��.R]ORII��������(VVHQWLDOV�RI�3UDFWL�
FDO�0LFURWHFKQLTXH���QG�HG��/HD�	�)HELJHU��3KLODGHOSKLD��
3$��[�������SS�

*HUHOO��5���DQG�.��/XQGEHUJ���������6RFLDO�RUJDQL]DWLRQ�LQ�
WKH�EDW�Pipistrellus pipistrellus��%HKDYLRUDO�(FRORJ\�DQG�
6RFLRELRORJ\�������������

*XVWDIVRQ��$�:��������2EVHUYDWLRQV�RQ�WKH�PDOH�DFFHVVR�
U\�DSSDUDWXV�LQ�WKH�KLEHUQDWLQJ�YHVSHUWLOLRQLG�EDW�Myotis 
lucifugus lucifugus�GXULQJ�WKH�DQQXDO�UHSURGXFWLYH�F\FOH��
7KH�$QDWRPLFDO�5HFRUG�����������DEVWUDFW��

*XVWDIVRQ��$�:��������0DOH�UHSURGXFWLYH�SDWWHUQV�LQ�KLEHU�
QDWLQJ�EDWV��-RXUQDO�RI�5HSURGXFWLRQ�DQG�)HUWLOLW\���������
����

.HUPRWW��/�+���DQG�5�0��7LPP��������6FURWDO�PHODQLQV�LQ�
EDWV��&KLURSWHUD���GHVFULSWLRQ��GLVWULEXWLRQ�DQG�IXQFWLRQ��
-RXUQDO�RI�=RRORJ\��/RQGRQ���������������

.RRSPDQ��.�)����������2UGHU�&KLURSWHUD��,Q��:LOVRQ��'�(��
DQG�'�0��5HHGHU��HGV�����0DPPDO�6SHFLHV�RI�WKH�:RUOG��D�
7D[RQRPLF�DQG�*HRJUDSKLF�5HIHUHQFH���QG�HG��6PLWKVR�
QLDQ�,QVWLWXWLRQ�3UHVV��:DVKLQJWRQ��'�&���S����������

.UXW]VFK��3�+��������0DOH�UHSURGXFWLYH�SDWWHUQV�LQ�QRQKL�
EHUQDWLQJ�EDWV��-RXUQDO�RI�5HSURGXFWLRQ�DQG�)HUWLOLW\�����
��������

.UXW]VFK��3�+��������$QDWRP\��3K\VLRORJ\��DQG�&\FOLFLW\�RI�
WKH�0DOH�5HSURGXFWLYH�7UDFW��,Q��&ULFKWRQ��(�*��DQG�3�+��
.UXW]VFK��HGV���5HSURGXFWLYH�%LRORJ\�RI�%DWV��$FDGHPLF�
3UHVV��SS���������

.UXW]VFK��3�+��������$QDWRP\��3K\VLRORJ\��DQG�&\FOLFLW\�RI�
WKH�0DOH�5HSURGXFWLYH�7UDFW��,Q��&ULFKWRQ��(�*��DQG�3�+��
.UXW]VFK��HGV���5HSURGXFWLYH�%LRORJ\�RI�%DWV��$FDGHPLF�
3UHVV��6DQ�'LHJR��SS���������

.ZLHFLQVNL��*�*���DQG�'�$��'DPDVVD��������3HULSKHUDO�(Q�
GRFULQHV�LQ�%DW�5HSURGXFWLRQ��,Q��&ULFKWRQ��(�*��DQG�3�+��
.UXW]VFK��HGV���5HSURGXFWLYH�%LRORJ\�RI�%DWV��$FDGHPLF�
3UHVV��6DQ�'LHJR��SS��������

0DUWLQ��/���DQG�5�7�)��%HUQDUG��������(QGRFULQH�5HJXODWLRQ�
RI�5HSURGXFWLRQ�LQ�%DWV��WKH�5ROH�RI�&LUFXODWLQJ�*RQDG�
DO�+RUPRQHV��,Q��&ULFKWRQ��(�*��DQG�3�+��.UXW]VFK��HGV���
5HSURGXFWLYH�%LRORJ\�RI�%DWV��$FDGHPLF�3UHVV��6DQ�'L�
HJR��SS��������

0\HUV��3��������3DWWHUQV�RI�UHSURGXFWLRQ�LQ�IRXU�VSHFLHV�RI�
YHVSHUWLOLRQLG�EDWV�LQ�3DUDJXD\��8QLYHUVLW\�RI�&DOLIRUQLD�
3XEOLFDWLRQV�LQ�=RRORJ\�������������

0\HUV��3��������6H[XDO�GLPRUSKLVP�LQ�VL]H�RI�YHVSHUWLOLRQLG�
EDWV��7KH�$PHULFDQ�1DWXUDOLVW��������������������
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2UU��7�5���DQG�0��=XN��������'RHV�GHOD\HG�IHUWLOL]DWLRQ�ID�
FLOLWDWH�VSHUP�FRPSHWLWLRQ�LQ�EDWV"�%HKDYLRUDO�(FRORJ\�
DQG�6RFLRELRORJ\����������������

3HDUVRQ��2�3���0�5��.RIRUG��DQG�$�.��3HDUVRQ��������5H�
SURGXFWLRQ�RI�WKH�OXPS�QRVHG�EDW��&RU\QRUKLQXV�UD¿Q-
HVTXHL��LQ�&DOLIRUQLD��-RXUQDO�RI�0DPPDORJ\������������
����

5DFH\��3�$��������$JLQJ�DQG�DVVHVVPHQW�RI� UHSURGXFWLYH�
VWDWXV�RI�SLSLVWUHOOH�EDWV��Pipistrellus pipistrellus��-RXUQDO�
RI�=RRORJ\��/RQGRQ���������������

5DFH\��3�$��������5HSURGXFWLYH�$VVHVVPHQW�RI�%DWV�� ,Q��
.XQ]��7�+��DQG�3DUVRQV��6���HGV���(FRORJLFDO�DQG�%HKDY�
LRUDO�0HWKRGV�IRU�WKH�6WXG\�RI�%DWV���QG�HG��7KH�-RKQV�
+RSNLQV�8QLYHUVLW\�3UHVV��%DOWLPRUH��SS����������

5DFH\��3�$���DQG�:�+��7DP��������5HSURGXFWLRQ� LQ�PDOH�
Pipistrellus pipistrellus��0DPPDOLD��&KLURSWHUD���-RXUQDO�
RI�=RRORJ\��/RQGRQ���������������

5RVVLWHU��6�-���*��-RQHV��5�'��5DQVRPH��DQG�(�0��%DUUDWW��
������3DUHQWDJH��UHSURGXFWLYH�VXFFHVV�DQG�EUHHGLQJ�EH�
KDYLRU�LQ�WKH�JUHDWHU�KRUVHVKRH�EDW��Rhinolophus ferru-
PHTXLQXP���3URFHHGLQJV�RI�WKH�5R\DO�6RFLHW\�RI�/RQGRQ�
%���������������

:LOOLJ��0�5��������5HSURGXFWLYH�SDWWHUQV�RI�EDWV�IURP�FDDW�
LQJDV�DQG�FHUUDGR�ELRPHV�LQ�QRUWKHDVW�%UD]LO��-RXUQDO�RI�
0DPPDORJ\����������������

:LPVDWW��:�$��������)XUWKHU� VWXGLHV�RQ� WKH� VXUYLYDO�RI�
VSHUPDWR]RD�LQ�WKH�IHPDOH�UHSURGXFWLYH�WUDFW�RI�WKH�EDW��
7KH�$QDWRPLFDO�5HFRUG����������������

=HOOQHU��$�6���6�-��:ROEHUW��6�0��:LOOLDPV��0�5��6FD¿QL��
DQG�+�3��:KLGGHQ��������([DPLQDWLRQ�RI�%DW�0RUWDOLW\�DW�
3HQREVFRW�0RXQWDLQ�:LQG�)DUP��/X]HUQH�&RXQW\��3HQQ�
V\OYDQLD��)LQDO�UHSRUW�IRU�6WDWH�:LOGOLIH�*UDQW��3HQQV\O�
YDQLD�*DPH�&RPPLVVLRQ��+DUULVEXUJ��3$������SS�
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RESEARCH NOTE: 
MORPHOLOGICAL AND DNA ANALYSIS TO DETERMINE CANID SPECIES1

NICOLE CHINNICI� AND JANE E. HUFFMAN

Department of Biological Sciences, Northeast Wildlife DNA Laboratory. East Stroudsburg University, East Stroudsburg, PA 
18301

ABSTRACT

A partially decomposed carcass of a canid was 
submitted to the Northeast Wildlife DNA Laboratory 
�1(:'/�� RQ� 6HSWHPEHU� ���� ����� IRU� LGHQWL¿FDWLRQ��
A possible case of animal cruelty was suspected. 
The carcass was characterized by active decay. To 
determine if the animal was a domestic dog or coyote 
YDULRXV� LGHQWL¿FDWLRQ� WHFKQLTXHV� ZHUH� HPSOR\HG���
Morphological and molecular techniques were 
FRPELQHG� WR� GHWHUPLQH� WKH� LGHQWL¿FDWLRQ� GXH� WR� WKH�
state of decomposition. Various biological samples were 
collected, including hair, tissue and paws. Molecular 
techniques to compare mitochondrial DNA success 
and nuclear DNA success were evaluated and reported.
[ J PA Acad Sci  88(4): 247-253, 2014 ]

INTRODUCTION

,Q� D� VXVSHFWHG� FDVH� RI� DQLPDO� FUXHOW\� LQYROYLQJ� FDQLGV��
LW�ZDV�QHFHVVDU\�WR�GHWHUPLQH�LI�WKH�FDUFDVV�VXEPLWWHG�ZDV�
D� GRPHVWLF� GRJ� RU� FR\RWH�� )RXU� VSHFLHV� RI�Canis� RFFXU� LQ�
WKH�8QLWHG�6WDWHV��7KH� IRXU� LQFOXGH� WKH� UHG�DQG�JUD\�ZROI��
WKH� FR\RWH�� DQG� WKH� GRPHVWLF� GRJ��$OO� IRXU� FDQ� LQWHUEUHHG�
�:KLWDNHU� DQG�+DPLOWRQ� ������� &R\RWHV� DUH� D�PRGHUDWHO\�
VL]HG� FDQLG�� WKH\� DUH� ODUJHU� WKDQ� IR[HV� EXW� VPDOOHU� WKDQ�
ZROYHV�� 7KH� FR\RWH� LV� D� FDUQLYRURXV� JHQHUDOLVW� IHHGLQJ�
PDLQO\� RQ� PDPPDOLDQ� ÀHVK�� 7KLV� JHQHUDOLVW� EHKDYLRU�
HQDEOHV� WKH� FR\RWH� WR� FRORQL]H� DQG� EUHHG� VXFFHVVIXOO\� LQ�
YLUWXDOO\� DQ\�1RUWK�$PHULFDQ� KDELWDW� �)HQHU� et al.� �������
1DWLYH� WR�ZHVWHUQ�1RUWK�$PHULFD�� FR\RWHV� KDYH� LQFUHDVHG�
LQ� QXPEHUV� DQG� KDYH� LQFUHDVHG� WKHLU� JHRJUDSKLFDO� UDQJH�
GXULQJ� WKH� SDVW� ¿IW\� \HDUV�� GXH� LQ� SDUW� WR� DQWKURSRJHQLF�
IDFWRUV�� &R\RWHV� KDYH� GRXEOHG� WKHLU� KRPH� UDQJHV� DQG� DUH�
QRZ�IRXQG�WKURXJKRXW�PRVW�RI�1RUWK�$PHULFD��,Q�DGGLWLRQ�
WR� RFFXUULQJ� LQ� QDWXUDO� DUHDV�� FR\RWHV� DUH� DOVR� IRXQG� LQ� D�
UDQJH� RI� KXPDQ�SRSXODWHG� DUHDV�� LQFOXGLQJ� UXUDO� IDUPV��

VXEXUEV� DQG� FLWLHV��$FFRUGLQJ� WR� WKH�$PHULFDQ�9HWHULQDU\�
0HGLFDO�$VVRFLDWLRQ��LW�LV�HVWLPDWHG�WKDW�������PLOOLRQ�GRJV�
DUH�RZQHG�LQ�WKH�8QLWHG�6WDWHV�ZKLFK�LV�DSSUR[LPDWHO\����
����RI�DOO�KRXVHKROGV�LQ�WKH�8QLWHG�6WDWHV�KDYLQJ�D�GRJ�
)RU�VSHFLHV�LGHQWL¿FDWLRQ��WKUHH�UHOLDEOH�DQG�FRXUW�DFFHSWHG�

PHWKRGV� FRPPRQO\� HPSOR\HG� E\� IRUHQVLF� ODERUDWRULHV�
DUH� PROHFXODU� WHVWLQJ�� PLFURVFRSLF�� DQG� PRUSKRORJLFDO�
H[DPLQDWLRQ� �:LOVRQ�:LOGH�� ������ /LQDFUH� DQG� 7REH�
�������7KH�DGYDQWDJH�RI�WKH�PROHFXODU�DSSURDFK�LV� LWV�KLJK�
DFFXUDF\�DQG�VHQVLWLYLW\��KRZHYHU��LW�LV�WLPH�FRQVXPLQJ�DQG�
H[SHQVLYH��,Q�WKH�FDVH�RI�GHFRPSRVHG�FDUFDVVHV��PROHFXODU�
WHFKQLTXHV�WR�LGHQWLI\�VSHFLHV�PD\�EH�KDUG�WR�HYDOXDWH�GXH�WR�
GHJUDGLQJ�RI�'1$�HYLGHQFH��7UDGLWLRQDO�KDLU�PRUSKRORJLFDO�
H[DPLQDWLRQ�DQG�FODVVLF�WHFKQLTXHV�RI�FRPSDUDWLYH�DQDWRP\�
WR�LGHQWLI\�DQLPDO�UHPDLQV�WR�VSHFLHV�DUH�YLDEOH�DOWHUQDWLYHV�
IRU� VSHFLHV� LGHQWL¿FDWLRQ�� )RU� DQ� LQLWLDO� PLFURVFRSLF� DQG�
PRUSKRORJLFDO� H[DPLQDWLRQ�� GRFXPHQWDWLRQ� RI� HYLGHQFH�
FKDUDFWHULVWLFV� DUH� IROORZHG� ZLWK� GHWDLOHG� FRPSDULVRQV�
EHWZHHQ�WKH�HYLGHQFH�DQG�UHIHUHQFH�VSHFLPHQV��RU�VWDQGDUGV��
7KH� YHUL¿FDWLRQ� RI� GLDJQRVWLF� FKDUDFWHUV� ZLWK� UHIHUHQFH�
VSHFLPHQV� RU� DXWKRULWDWLYH� SXEOLVKHG� GDWD� LV� HVVHQWLDO� IRU�
LGHQWL¿FDWLRQV�� 7KH� GLVDGYDQWDJH� RI� PRUSKRORJLFDO� DQG�
PLFURVFRSLF� H[DPLQDWLRQ� LV� KDYLQJ� DFFHVV� WR� D� UHIHUHQFH�
GDWDEDVH� VSHFL¿F� WR� WKH� SUREDEOH� VSHFLHV� LGHQWL¿FDWLRQ�
EDVHG� RQ� KDLU� PRUSKRORJ\� KDV� EHHQ� UHSRUWHG� IRU� PDQ\�
DQLPDO� VSHFLHV� �YDQ�GHQ�%URHFN�et al.� ������'HHGULFN�DQG�
.RFK� ������ 0DULQLV� DQG� $VSUHD� ������ 6DWR� et al.� ������
(VSLQR]D�et al.� ������ 6DKDMSDO�et al.� ������ �������$�ZLGH�
UDQJH�RI�KDLU�PRUSKRORJLFDO�IHDWXUHV�KDV�DOVR�EHHQ�UHSRUWHG�
LQ�WKHVH�GLIIHUHQW�VSHFLHV��+RZHYHU��PRVW�VWXGLHV�FDQQRW�EH�
UHOLDEO\�XVHG�LQ�WKH�IRUHQVLF�FRQWH[W��DV�WKH�FULWLFDO�SURFHVV�RI�
YDOLGDWLRQ�LV�ODFNLQJ��$Q�LPSRUWDQW�DVSHFW�RI�YDOLGDWLRQ�LV�D�
ODUJH�HQRXJK�VDPSOH�VL]H�DQG�D�UHSRUWLQJ�RI�VFLHQWL¿F�¿QGLQJV�
ZLWK� VWDWLVWLFV� VXFK� DV� OLNHOLKRRG� UDWLRV�� 7KH� FRQYHQWLRQDO�
KDLU�PRUSKRORJ\�EDVHG�PHWKRG�LV�VXEMHFWLYH��UHO\LQJ�KHDYLO\�
RQ� H[SHUW� RSLQLRQV��&RPSDULVRQV� FDQ� RQO\� EH�PDGH�ZKHQ�
UHIHUHQFH�VDPSOHV�DUH�UHDGLO\�DYDLODEOH��$OVR��YDULDWLRQV� LQ�
KDLU� PRUSKRORJ\�� ZKLFK� DUH� ELRORJLFDOO\� PHDQLQJIXO� �YDQ�
GHQ�%URHFN�et al.� ������ KDYH� EHHQ�RYHUORRNHG� LQ� SUHYLRXV�
VWXGLHV�
0RVW�GRJV�FDQQRW�EH�FRQIXVHG�ZLWK�DQ\�QDWLYH�3$�PDPPDO��

,Q�VRPH�ODUJHU�GRJV�VXFK�DV�PDODPXWHV�RU�*HUPDQ�VKHSKHUGV��
WKH�FUDQLD�DUH�PRUSKRORJLFDOO\�VLPLODU�WR�FR\RWHV�DQG�LW�PD\�

�$FFHSWHG�IRU�SXEOLFDWLRQ�'HFHPEHU������
�&RUUHVSRQGLQJ�DXWKRU��QFKLQQLFL#HVX�HGX
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EH�FRQIXVLQJ�ZKHQ�WU\LQJ�WR�GLIIHUHQWLDWH�EHWZHHQ�WKH� WZR�
�&DOODZD\�� �������+RZDUG� ������� GHVFULEHG� D� WHFKQLTXH� WR�
LGHQWLI\�FR\RWH�DQG�GRJ�VNXOOV�E\�GHWHUPLQLQJ� WKH� UDWLR�RI�
WZR�PHDVXUHPHQWV��7R�LGHQWLI\�D�VNXOO�WKH�UHFLSURFDO�RI�WKH�
UDWLR�RI�WKH�OHQJWK�RI�WKH�XSSHU�PRODU�WRRWK�URZ�GLYLGHG�E\�
SDODWDO�ZLGWK�EHWZHHQ�WKH�XSSHU�¿UVW�SUHPRODUV��,I�WKH�PRODU�
WRRWK�URZ�LV�����RU�PRUH�WLPHV�WKDW�RI�WKH�SDODWDO�ZLGWK��WKH�
VSHFLPHQ� LV�D�FR\RWH��EXW� LI� LW� LV� OHVV� WKDQ����� WLPHV� LW� LV�D�
GRJ��7KH�VQRXW�RI�FR\RWHV�LQ�FRPSDULVRQ�WR�WKDW�RI�D�GRJ�LV�
ORQJ�DQG�WKLQ��7KH�UDWLR�RI�WKH�OHQJWK�RI�WKH�PRODULIRUP�WRRWK�
URZ�WR�WKH�GLVWDQFH�EHWZHHQ�WKH�LQVLGH�IDFHV�RI�WKH�¿UVW�WZR�
PRODULIRUP�WHHWK�LV�XVXDOO\�XQGHU�����LQ�GRJV������WR�����LQ�
K\EULGV��FR\GRJV���DQG�JUHDWHU�WKDQ�����LQ�FR\RWHV��:KLWWDNHU�
DQG�+DPLOWRQ�������
7KH�PRVW�FRPPRQ�PROHFXODU�JHQHWLF�DSSURDFK�WR�VSHFLHV�

LGHQWL¿FDWLRQ�ZLWKLQ�PDPPDOV�LQYROYHV�VHTXHQFH�DQDO\VLV�RI�
WKH�PLWRFKRQGULDO�'1$�F\WRFKURPH�E�JHQH��0LWRFKRQGULDO�
'1$� KDV� JUHDWHU� XVH� LQ� IRUHQVLF� FDVHZRUN� WKDQ� QXFOHDU�
'1$� GXH� WR� WKH� DEXQGDQFH� RI� PLWRFKRQGULDO� '1$� LQ�
FHOOV� FRPSDUHG� WR� QXFOHDU� '1$�� 0RVW� ELRORJLFDO� VDPSOHV�
VXEPLWWHG�WR�D�IRUHQVLF�ODERUDWRU\�IRU�DQDO\VHV�KDYH�ORZ�'1$�
TXDOLW\� WKXV� LQFUHDVLQJ� WKH� VHQVLWLYLW\�RI�PROHFXODU� WHVWLQJ�
LV�LPSRUWDQW�IRU�VHQVLWLYLW\�DQG�DFFXUDF\��%UDQLFNL��.XSLHF�
DQG�3DZORZVNL��������0DQ\�WHFKQLTXHV�IRU�DPSOL¿FDWLRQ�RI�
WKH�PLWRFKRQGULDO�F\WE�JHQH�KDYH�EHHQ�YDOLGDWHG�WKURXJKRXW�
WKH�VFLHQWL¿F�OLWHUDWXUH�DQG�KDYH�EHHQ�GHYHORSHG�VSHFL¿FDOO\�
IRU� IRUHQVLF�XVH� �=HKQHU�et al.� ������+ROODQG�DQG�3DUVRQV��
������3DUVRQ�et al.�������%UDQLFNL��.XSLHF�DQG�3DZORZVNL�
������%UDYL�et al.���������2WKHU�PROHFXODU�PHWKRGV�VXFK�DV�
PLFURVDWHOOLWH�DQDO\VLV�FDQ�EH�XVHG�WR�LGHQWLI\�WKH�JHQGHU�DQG�
LQGLYLGXDO�JHQRW\SHV�RI�YDULRXV�PDPPDOV�
7KH�JRDO�RI�WKLV�UHVHDUFK�QRWH�LV�WR�GHWHUPLQH�WKH�DQLPDO�

VSHFLHV�VXEPLWWHG�WR�WKH�1RUWKHDVW�:LOGOLIH�'1$�/DERUDWRU\�
�1(:'/��� 7KH� REMHFWLYHV� ZHUH� WR� HYDOXDWH� PLFURVFRSLF��
PRUSKRORJLFDO� DQG� PROHFXODU� WHVWLQJ� LQ� LGHQWL¿FDWLRQ� RI�
D� FDQLG� VSHFLHV�� )RU�PROHFXODU� DQDO\VLV�PLWRFKRQGULDO� DQG�
QXFOHDU�'1$�DQDO\VLV�ZDV�FRPSOHWHG�IRU�FRPSDULVRQ�

MATERIALS AND METHODS

Description of Evidence

$� SDUWLDOO\� GHFRPSRVHG� XQNQRZQ� FDQLG� ZDV� VXEPLWWHG�
WR� WKH� 1(:'/� RQ� 6HSWHPEHU� ���� ����� IRU� LGHQWL¿FDWLRQ��
7KH� FDUFDVV� ZDV� FKDUDFWHUL]HG� E\� DFWLYH� GHFD\�� 7LVVXH�
ORVV� RFFXUUHG� DV� D� UHVXOW� RI� WKH� IHHGLQJ� E\� PDJJRWV� DQG�
WKH� SXUJLQJ� RI� GHFRPSRVLWLRQ� ÀXLGV� LQWR� WKH� VXUURXQGLQJ�
HQYLURQPHQW��&DUWHU�DQG�7LEEHWW�������

Morphological Characteristics to Distinguish Canids

7KH�VNXOO�ZDV�UHPRYHG��FOHDQHG��0RRQH\�et al.�������DQG�
XVHG�IRU�PRUSKRORJLFDO�PHDVXUHPHQWV��7KH�VQRXW�RI�D�FR\RWH�
LV�NQRZQ�WR�EH� ORQJHU�DQG�QDUURZHU� WKDQ� WKRVH�RI�GRJV��$�
UDWLR�LQFRUSRUDWLQJ�WKLV�FKDUDFWHULVWLF�ZDV�XVHG�WR�GHWHUPLQH�
WKH� VSHFLHV�� 7KH� UDWLR� LV� WKH� SDODWDO� ZLGWK� �EHWZHHQ� LQQHU�
PDUJLQV�RI�DOYHROL�RI�XSSHU��¿UVW�SUHPRODUV��GLYLGHG�E\�WKH�
OHQJWK� RI� WKH� XSSHU� PRODU� WRRWK�URZ� �DQWHULRU� PDUJLQ� RI�
DOYHROXV�RI�¿UVW�SUHPRODU�WR�WKH�SRVWHULRU�PDUJLQ�RI�WKH�ODVW�
PRODU�DOYHROXV���+RZDUG��������

Qualitative Hair Characteristics

'RUVDO�JXDUG�KDLUV�ZHUH�VHOHFWHG�IRU�H[DPLQDWLRQ��*XDUG�
KDLUV�DUH�LPSRUWDQW�LQ�VSHFLHV�LGHQWL¿FDWLRQ�DV�WKH\�H[KLELW�
GLDJQRVWLFDOO\� UHOLDEOH� IHDWXUHV� �+DUULVRQ�� ������� 7KH� KDLU�
VDPSOHV� ZHUH� FOHDQHG� EHIRUH� H[DPLQDWLRQ� ZLWK� VWHULOH�
GLVWLOOHG� ZDWHU� VROXWLRQ� WR� UHPRYH� GXVW� DQG� GHEULV�� (DFK�
GULHG�KDLU�VWUDQG�ZDV�PRXQWHG�RQ�D�PLFURVFRSH�VOLGH�ZLWK�
D�GURS�RI�GLVWLOOHG�ZDWHU�DQG�D�FRYHU�VOLS��7KH�KDLU�ZDV�WKHQ�
H[DPLQHG�XQGHU����[�DQG����[�PDJQL¿FDWLRQ�
7KH� TXDOLWDWLYH� KDLU� FKDUDFWHULVWLFV� WKDW� ZHUH� UHFRUGHG�

IRU� HDFK� KDLU� FRQVLVWHG� RI� RQH� ZKROH�� PRXQW� DQG� WKH�
FKDUDFWHULVWLFV� RI� WKH� IROOLFOH�� SUR[LPDO�� PLGGOH� DQG� GLVWDO�
SDUWV�� 7KH� ZKROH� PRXQW� FKDUDFWHULVWLF� ZDV� PHGXOOD� W\SH��
7KH� KDLU�VHFWLRQ� FKDUDFWHULVWLFV� ZHUH� KDLU� FRORU�� FRUWH[�
FRORU��VFDOH�PDUJLQ��VFDOH�VHSDUDWLRQ��DQG�VFDOH�SDWWHUQ��7KH�
FODVVL¿FDWLRQ�RI�WKHVH�FKDUDFWHULVWLFV�ZDV�EDVHG�RQ�%UXQQHU�
DQG�&RPDQ� ������� DQG�7HHULQN� ��������+DLU� VDPSOHV�ZHUH�
FRPSDUHG�WR�UHIHUHQFH�VDPSOHV�RI�Canis familiaris�DQG�Canis 
latrans.

DNA Analysis

+DLU��SRUWLRQV�RI�PXVFOH�WLVVXH�DQG�PHWDFDUSDO�SDG�ZHUH�
UHPRYHG� DQG�SODFHG� LQWR� VHSDUDWH� ����P/�PLFURFHQWULIXJH�
WXEHV�� $� VWDQGDUG� '1$� WLVVXH� H[WUDFWLRQ� PHWKRG� ZDV�
FRPSOHWHG�RQ�DOO�WKUHH�VDPSOHV�XVLQJ�D�4LDJHQ�'1HDV\�7LVVXH�
DQG�%ORRG�'1$�H[WUDFWLRQ�NLW��)UHVFR��&DOLIRUQLD���6DPSOHV�
ZHUH� LQFXEDWHG� RYHUQLJKW� DW� ��� �&�� $� ��� PLFURVDWHOOLWH�
PXOWLSOH[� ZDV� XVHG� IRU� JHQRW\SLQJ� DQG� D� XQLYHUVDO�
PLWRFKRQGULDO� PDPPDO� VSHFL¿F� SULPHU� �0&%���������
ZDV�XVHG�WR�DPSOLI\�D�����EDVH�SDLU�DPSOLFRQ��3RO\PHUDVH�
FKDLQ�UHDFWLRQ�PL[WXUHV�ZHUH�SUHSDUHG�LQ�DQ�����/�UHDFWLRQ�
XWLOL]LQJ� 4LDJHQ� 0XOWLSOH[� 3&5� UHDJHQWV�� *HQRW\SLQJ�
ZDV� FRPSOHWHG�ZLWK� D� WRXFKGRZQ�3&5�SURWRFRO� DQG�'1$�
VHTXHQFLQJ� 3&5� SURWRFRO� IRU� 0&%�������� LQFOXGHG� ���
F\FOHV�RI�����&�IRU����VHFRQGV������&�IRU����VHFRQGV�DQG����
�&�IRU�����VHFRQGV��6DPSOHV�ZHUH�DQDO\]HG�XVLQJ�DQ�$SSOLHG�
%LRV\VWHPV�$%,�����JHQHWLF�DQDO\]HU�
)ROORZLQJ� DPSOL¿FDWLRQ� RI� HDFK� VDPSOH�� PLWRFKRQGULDO�

'1$� ZDV� LPSRUWHG� LQWR� 1&%,� EODVW� JHQRPLF� GDWDEDVH�
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IRU� VSHFLHV� LGHQWL¿FDWLRQ�� 6HTXHQFHV� ZHUH� DOLJQHG� XVLQJ�
&OXVWDO:�DQG�OHQJWKV�RI�VHTXHQFHV�ZHUH�UHFRUGHG��1XFOHDU�
'1$�JHQHWLF� SUR¿OHV� IRU� ���PLFURVDWHOOLWHV�ZHUH� UHFRUGHG�
DQG�WKH�VXFFHVV�UDWH�RI�DPSOL¿FDWLRQ�ZDV�FDOFXODWHG�

RESULTS

Morphological characteristics to distinguish canid species

7KLV� VSHFLPHQ�KDG� D� ORQJHU�� QDUURZ�PX]]OH� WKDQ�ZRXOG�
EH�VHHQ�ZLWK�RWKHU�FDQLG�VSHFLHV��([DPLQDWLRQ�RI�WKH�VNXOO�
UHYHDOHG�D�ODUJH�VDJLWWDO�FUHVW�ZLWK�RUELWV� WKDW�IDFH�IRUZDUG�
DQG� WKH� QXFKDO� FUHVW� ZDV� ZLGH� DQG� ZHOO�GH¿QHG� �)LJXUH�
�$���7KH� VSHFLPHQ� KDG�PL[HG� GHQWLWLRQ�ZLWK� ODUJH� FDQLQH�
WHHWK��FUXVKLQJ�PRODUV�DQG�GLVWLQFWLYH�FDUQDVVLDO�WHHWK��7KH�
XSSHU�FDQLQH�WHHWK�LQ�WKLV�VWXG\�UHDFKHG�WKH�LPDJLQDU\�OLQHG�
IRUPHG� E\� WKH� WZR�PDQGLEXODU� IRUDPLQD� SLWV� LQ� WKH� ORZHU�
MDZ�� ZKLFK� LV� D� FKDUDFWHULVWLF� VHHQ� LQ� FR\RWHV� �(OEURFK��
�������7KH�SDODWH�WR�WRRWK�URZ�UDWLR�ZDV�FDOFXODWHG�WR�EH������
�$� �����FP��% �����FP���)LJXUH��%��

Qualitative Hair Characteristics

7KH�KDLU�FRORUDWLRQ�ZDV�JUD\LVK�EURZQ�RQ�WKH�XSSHU�SDUWV��
ZLWK� WKH� WKURDW� DQG� DEGRPLQDO� KDLU� ZKLWLVK�� 7KH� IRUHOHJV��
VLGH�RI�WKH�KHDG��PX]]OH�DQG�IHHW�ZHUH�UHGGLVK�EURZQ��7KH�
EDFN�KDG� IXOYRXV� FRORUHG�XQGHUIXU�� DQG� ORQJ�� EODFN�WLSSHG�
JXDUG� KDLUV� ZLWK� WKH� WDLO� KDYLQJ� D� EODFN� WLS�� 7KH� IROOLFOH�
ZDV�VSDGH�VKDSHG��)LJXUH��$��� WKH�SUR[LPDO�PHGXOODU�ZDV�
FKDUDFWHUL]HG� DV� XQEURNHQ� DQG� FHOOXODU� �)LJXUH� �%��� DQG�
WKH� GLVWDO� PHGXOOD� ZDV� FKDUDFWHUL]HG� DV� VLPSOH� XQEURNHQ�
DPRUSKRXV��)LJXUH��&��

DNA Analysis

'1$�DQDO\VLV�ZDV�FRPSOHWHG�ZLWK�PLWRFKRQGULDO�SULPHUV�
DQG� QXFOHDU� PLFURVDWHOOLWH� SULPHUV�� 7KUHH� VDPSOHV� �DV�
GHVFULEHG� LQ� PDWHULDOV� DQG� PHWKRGV�� ZHUH� FRPSDUHG� IRU�
TXDOLW\�RI�'1$�DQDO\VLV��7KH�WKUHH�VDPSOHV�ZHUH�FRPSDUHG�
WR�D�NQRZQ�FR\RWH��&R\RWH����ZKLFK�ZDV�UHSUHVHQWHG�DV�WKH�
FRQWURO��$�VXFFHVVIXO�VHTXHQFH�OHQJWK�IRU�HDFK�VDPSOH�ZDV�
����������������EDVH�SDLUV�IRU�WKH�SDZ�SDG������������������
EDVH�SDLUV�IRU�WKH�KDLU�VDPSOH�DQG�����������������EDVH�SDLUV�
IRU�WKH�PXVFOH�WLVVXH��(DFK�VDPSOH�ZDV�LPSRUWHG�LQWR�1&%,�

7DEOH����0LFURVDWHOOLWH�JHQRW\SH�UHVXOWV�RI�PXOWLSOH[�,�IRU�FR\RWH�+������7KUHH�VDPSOHV�FROOHFWHG�IURP�WKH�SDUWLDOO\�GHFRPSRVHG�FDUFDVV�ZHUH�
DQDO\]HG�

6DPSOH &[[��� &[[��� &[[��� &[[�� &[[��� &[[��� &[[��� &[[��� &[[���
+�����
Tissue �� �� ��� ��� �� �� ��� ��� ��� ��� �� ��� ; ; ; ; ; ;

+�����
+DLU �� �� ��� ��� �� �� ��� ��� ��� ��� �� ��� ; ; ; ; ; ;

+�����
3DZ �� �� ��� ��� �� �� ��� ��� ��� ��� �� ��� ; ; ; ; ; ;

)LJXUH� ��� �$�� 6NXOO� LOOXVWUDWLQJ� ODUJH� VDJLWWDO� FUHVW�� ZHOO�GH¿HG�
QXFKDO� FUHVW�� RUELW� IDFLQJ� IRUZDUG� DQG� ODUJH� FDQLQH� WHHWK�� � �%���
9HQWUDO� YLHZ� RI� WKH� Canis� VNXOO�� 7KH� SDODWH� WR� WRRWK� URZ� UDWLR�
FDOFXODWHG�ZDV� DQG� LOOXVWUDWHG� E\� WKH� WZR� SHUSHQGLFXODU� OLQHV� LQ�
SKRWR�%��$� �����FP��%� �����FP��
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EODVW� DQG� DOO� WKUHH� VDPSOHV� ZHUH� ����� LGHQWLFDO� WR�Canis 
latrans��FR\RWH��6HTXHQFHV�ZHUH�DOLJQHG�XVLQJ�&OXVWDO:�IRU�
D�VHFRQGDU\�DVVHVVPHQW��$OO� WKUHH�VDPSOHV�ZHUH�FRPSDUHG�
WR�D�NQRZQ�FR\RWH�DQG�RI�WKH�����EDVH�SDLU�DOLJQPHQW��WKHUH�
ZDV�D������LGHQWLFDO�PDWFK�PDGH�WR�Canis latrans��)LJXUH���
LOOXVWUDWHV�WKH�DOLJQPHQW�RI�'1$�VHTXHQFHV�RI�WKH�F\WE�JHQH�
RI�WKH�SDZ�SDG��PXVFOH�WLVVXH�DQG�KDLU�
6HYHQWHHQ� ÀXRUHVFHQWO\� ODEHOHG� PLFURVDWHOOLWH� ORFL� ZHUH�

XVHG� WR� DQDO\]H� WKH� QXFOHDU� '1$� IURP� WKH� KDLU�� PXVFOH�
WLVVXH�DQG�SDZ�SDG�RI� WKH�XQNQRZQ�FDQLG��%DVHG�RQ�'1$�
W\SLQJ�� WKH� VDPSOHV� VKRZHG� WKH� VDPH� DOOHOHV� DW� ��� RI� WKH�
��� WHVWHG� ORFL�� &[[����� &[[����� &[[����� &[[���� &[[�����
&[[������&[[������&[[�����DQG�&[[������7DEOHV���DQG���
�2VWUDQGHU�et al.�������������0HOOHUVK�et al.��������&[[�����
&;;���� DQG�&[[����GLG�QRW� DPSOLI\� DQ\� DOOHOHV� DW� WKHVH�
ORFL��&[[�����SURGXFHG�DOOHOHV�IRU�WKH�PXVFOH�WLVVXH�DQG�KDLU�
IROOLFOHV�WHVWHG�EXW�QRW�IRU�WKH�SDZ�SDG��&;;�����&;;�����
DQG�)+�����ORFL�GLG�QRW�SURGXFH�DOOHOHV�IRU�WKH�PXVFOH�WLVVXH�
EXW�ZDV�VXFFHVVIXO�IRU�WKH�KDLU�IROOLFOHV�DQG�WLVVXH�IURP�WKH�
SDZ�SDG��$OOHOLF�GURSRXW�ZDV�REVHUYHG�RQO\� LQ� WKH�PXVFOH�
WLVVXH� DW� �� ORFL�� &;;����� &;;����� DQG� &;;������ 7KH�
VXFFHVV�UDWH�IRU�WKH�QXFOHDU�'1$�PLFURVDWHOOLWH�DQDO\VLV�ZDV�
��������������IRU�WKH�PXVFOH�WLVVXH����������������IRU�WKH�SDZ�
SDG�DQG���������������IRU�WKH�KDLU��7DEOH���DQG����

DISCUSSION

7KH� HDVWHUQ� FR\RWH� LV� ¿UPO\� HVWDEOLVKHG� WKURXJKRXW�3$��
&R\RWHV� WKULYH� LQ� VXEXUEDQ� VHWWLQJV� DQG� HYHQ� VRPH� XUEDQ�
RQHV�� EHFDXVH� RI� WKH� DYDLODELOLW\� RI� IRRG� DQG� WKH� ODFN� RI�
SUHGDWRUV� �*HKUW� DQG�5LOH\� ������ )HLQVWHLQ�� ������� 'XH� WR�
FORVH� DQFHVWRUV� DQG� VLPLODU� FKDUDFWHULVWLFV� LW� LV� SRVVLEOH� WR�
PLVWDNH�D�FR\RWH�IRU�D�GRPHVWLF�GRJ�DQG�YLFH�YHUVD��9DULRXV�
YDOLGDWLRQ� UHSRUWV� IRU� PROHFXODU� DQDO\VLV� �.RFKHU� et al. 
������ +ROODQG� DQG� 3DUVRQV� ������ %UDQLFNL� et al.� �������
PRUSKRORJLFDO�DQDO\VLV��+RZDUG��������(OEURXFK��������DQG�
KDLU�DQDO\VLV��%UXQQHU�DQG�&RPDQ�������7HHULQN��������DUH�
FXUUHQWO\� GRFXPHQWHG� WKURXJKRXW� WKH� VFLHQWL¿F� OLWHUDWXUH��
7KLV�UHVHDUFK�QRWH�HYDOXDWHG�VSHFLHV�LGHQWL¿FDWLRQ�WHFKQLTXHV�
LQ�DQ�XQNQRZQ�GHFRPSRVHG�FDQLG�FDUFDVV�VXEPLWWHG�WR�WKH�
NEWDL.
,Q� WKLV� VWXG\� PRUSKRORJLFDO� DQG� PROHFXODU� WHFKQLTXHV�

ZHUH� FRPELQHG� WR� GHWHUPLQH� WKH� LGHQWL¿FDWLRQ� RI� WKH�
FDQLG� VSHFLHV�� 'HVSLWH� WKH� FRQIXVLRQ� WKDW� PD\� VWLOO� DULVH�
ZKHQ� GLIIHUHQWLDWLQJ� EHWZHHQ� WKH� WZR� VSHFLHV�� HVSHFLDOO\�
LI� WKH� FUDQLXP� LV� LQFRPSOHWH�� FUDQLRPHWULF� HYDOXDWLRQV�
PD\� EH� XWLOL]HG� WR� HVWDEOLVK� PDWKHPDWLFDO� JXLGHOLQHV� IRU�
GLVWLQJXLVKLQJ�WKH�WZR�VSHFLHV��7KH�SDODWH�WR�WRRWK�URZ�UDWLR�
IRU�WKH�VNXOO�LQ�WKLV�VWXG\�ZDV�GHWHUPLQHG�WR�EH������)LJXUH�
�%��� ,I� WKH�PRODU� WRRWK� URZ� LV� ���� RU�PRUH� WLPHV� WKDW� RI� D�
SDODWDO�ZLGWK�� WKH� VSHFLPHQ� LV�D�FR\RWH�� ,I� WKH�PRODU� WRRWK�
URZ� LV� ���� WLPHV� RU� OHVV�� WKH� VSHFLPHQ� LV� D� GRJ� �+RZDUG��
�������2XU� UHVXOWV� LQGLFDWH� DORQJ�ZLWK� RWKHU� VNXOO� IHDWXUHV�
WKDW�WKH�XQNQRZQ�FDQLG�LV�D�FR\RWH��C. latrans��
(DFK�VSHFLHV�RI�DQLPDO�SRVVHVVHV�KDLU�ZLWK�FKDUDFWHULVWLF�

OHQJWK�� FRORU�� VKDSH�� URRW� DSSHDUDQFH�� DQG� LQWHUQDO�
PLFURVFRSLF� IHDWXUHV� WKDW� GLVWLQJXLVK� RQH� DQLPDO� IURP�
DQRWKHU��7KH�URRW�RI�D�GRPHVWLF�GRJ�LV�VSDGH�VKDSHG�ZKHUHDV�
WKH� URRW� RI� WKH� FR\RWH� LV� EXOERXV� DQG� VSDGH� VKDSHG�� 7KH�
SUR[LPDO� PHGXOOD� RI� D� FR\RWH� LV� XQEURNHQ� DQG� FHOOXODU�
ZKHUHDV�D�GRPHVWLF�GRJ�LV�VLPSOH�XQEURNHQ�DQG�DPRUSKRXV��
2QH�RI�WKH�PRVW�GLVWLQJXLVKLQJ�KDLU�FKDUDFWHULVWLFV�EHWZHHQ�
D�GRPHVWLF�GRJ�DQG�D�FR\RWH�LV�D�EDQGLQJ�SDWWHUQ�RI�WKH�KDLU��
7KHVH�FKDUDFWHULVWLFV�ZHUH�DOO�XVHG�IRU�VSHFLHV�LGHQWL¿FDWLRQ�
LQ� WKLV� DQDO\VLV�� &KDUDFWHULVWLFV� RI� WKH� JXDUG� KDLU� IROOLFOH��
GLVWDO�PHGXOOD�DQG�SUR[LPDO�PHGXOOD�RI�WKH�XQNQRZQ�FDQLG�
FDUFDVV�ZHUH�FRQVLVWHQW�ZLWK�WKDW�RI�D�FR\RWH�ZKHQ�FRPSDUHG�

7DEOH����0LFURVDWHOOLWH�JHQRW\SH�UHVXOWV�RI�PXOWLSOH[�,,�IRU�FR\RWH�+������7KUHH�VDPSOHV�FROOHFWHG�IURP�WKH�SDUWLDOO\�GHFRPSRVHG�FDUFDVV�ZHUH�
DQDO\]HG�

6DPSOH &[[���� &[[���� &[[���� &[[��� &[[��� &[[���� )+���� &[[����
+�����
Tissue ��� ��� ��� ��� ��� ��� ��� ��� ; ; ; ; ; ; ��� ���

+�����
+DLU ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

+�����
3DZ ��� ��� ��� ��� ; ; ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

)LJXUH� ��� �$�� 7KH� IROOLFOH� ZDV� VSDGH� VKDSHG�� �%�� WKH� SUR[LPDO�
PHGXOODU� ZDV� FKDUDFWHUL]HG� DV� XQEURNHQ� DQG� FHOOXODU�� �&�� 7KH�
GLVWDO�PHGXOOD�ZDV�FKDUDFWHUL]HG�DV�VLPSOH�XQEURNHQ�DPRUSKRXV�
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WR�UHIHUHQFH�VDPSOHV�
'1$�ZDV�VXFFHVVIXOO\�H[WUDFWHG�IURP�WKUHH�VRXUFHV�IURP�

WKH�GHFD\LQJ�FDUFDVV��$QDO\VLV�RI�QXFOHDU�'1$�HPSOR\LQJ����
PLFURVDWHOOLWH�PDUNHUV�KDG�DQ�DYHUDJH�VXFFHVV�UDWH�RI�������
RI�WKH�'1$�PLFURVDWHOOLWHV�DPSOLI\LQJ��6HTXHQFH�DQDO\VLV�RI�
WKH�PLWRFKRQGULDO�F\WRFKURPH�E�JHQH�UHVXOWHG�LQ�DQ�DYHUDJH�
VXFFHVV�UDWH�RI��������&RPSDULVRQ�RI�WKH�VHTXHQFH�DQDO\VLV�
XVHG� IRU� PW'1$� F\WRFKURPH� E� KDG� D� ��� KLJKHU� VXFFHVV�
UDWH� WKDQ� WKH� QXFOHDU� '1$� DQDO\VLV� XVLQJ� PLFURVDWHOOLWHV��
7KH�UHVXOWV�LOOXVWUDWHG�LQ�WKLV�SDSHU�DUH�FRQVLVWHQW�ZLWK�WKDW�
RI�3DUVRQ�et al.� �������DQG�%UDQLFNL�et al�� ������� LQ�ZKLFK�
WKH�PLWRFKRQGULDO�'1$�DQDO\VLV�RI� WKH�F\WRFKURPH�E�JHQH�
LV�PRUH�HI¿FLHQW�DQG�DFFXUDWH�LQ�VSHFLHV�LGHQWL¿FDWLRQ�ZKHQ�

XVLQJ�ORZ�TXDOLW\�'1$�VDPSOHV�
:KHQ�DQDO\]LQJ�D�SDUWLDOO\�GHFRPSRVHG�FDUFDVV�WR�FROOHFW�

IRUHQVLF�HYLGHQFH��NQRZLQJ�WKH�W\SH�RI�WLVVXH�WR�FROOHFW�IRU�
WKH�JUHDWHVW�VXFFHVV�LV�LPSRUWDQW��,Q�WKLV�VWXG\�WKUHH�VDPSOHV�
ZHUH� FROOHFWHG� IURP� YDULRXV� DUHDV�� KDLU�� PHWDFDUSDO� SDG�
DQG�PXVFOH� WLVVXH��$OO� WKUHH� VDPSOHV�ZHUH�DPSOL¿HG�XVLQJ�
PW'1$�DQG�QXFOHDU�'1$��6XFFHVV�UDWH�RI�HDFK�VDPSOH�ZDV�
FRPSDUHG� WR�GHWHUPLQH� WKH�ELRORJLFDO�VDPSOH�ZKLFK�ZRXOG�
SURGXFH�WKH�EHVW�'1$�TXDOLW\�IRU�DQDO\VLV��7KH�PHWDFDUSDO�
SDG�KDG�DQ�������VXFFHVV�UDWH�DPSOLI\LQJ���������EDVH�SDLUV�
RI�WKH�F\WE�JHQH�DQG�D�������VXFFHVV�UDWH�LQ�DPSOLI\LQJ�������
PLFURVDWHOOLWHV�IRU�QXFOHDU�'1$�DQDO\VLV��7KH�VDPSOH�ZLWK�D�
ORZ�VWDQGDUG�RI�TXDOLW\�ZDV�WKH�PXVFOH�WLVVXH�VDPSOH�ZKLFK�

)LJXUH����'1$�VHTXHQFH�DOLJQPHQWV�IURP�WKH�SDZ�SDG��PXVFOH�WLVVXH�DQG�KDLU�XVLQJ�XQLYHUVDO�PLWRFKRQGULDO�'1$�SULPHUV��6HTXHQFHV�ZHUH�
FRPSDUHG�WR�D�NQRZQ�FR\RWH�VDPSOH��&R\RWH�����7KH�VHTXHQFH�DOLJQPHQWV�EDVHV�$��&��7��DQG�*�KLJKOLJKWHG�LQ�JUHHQ�LQGLFDWH�WKDW�WKH�VHTXHQFHV�
DUH�LGHQWLFDO�IRU�WKH�WKUHH�VHTXHQFHG�VDPSOHV�
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DPSOL¿HG� ������ �������� PLFURVDWHOOLWHV� ZLWK� WKUHH� RI� WKH�
DPSOL¿HG�PLFURVDWHOOLWHV� H[KLELWLQJ�DOOHOLF�GURSRXW��$OOHOLF�
GURSRXW�LV�NQRZQ�WR�RFFXU�ZKHQ�'1$�LV�GHJUDGHG�XOWLPDWHO\�
UHVXOWLQJ�LQ�ORZ�'1$�FRQFHQWUDWLRQV��$OWKRXJK�WKH�PXVFOH�
WLVVXH�RQ�DYHUDJH�KDG�D�ORZ�VXFFHVV�UDWH��LW�KDG�WKH�KLJKHVW�
VXFFHVV� UDWH� IRU� PW'1$� DQDO\VLV�� ������ RU� �������� EDVH�
SDLUV�RI�WKH�F\WE�JHQH��7KH�VDPSOH�ZLWK�WKH�KLJKHVW�VXFFHVV�
UDWH�DQDO\]HG�LQ�WKLV�VWXG\�ZDV�WKH�KDLU�VDPSOH�DPSOLI\LQJ�
��������������RI�WKH�PLFURVDWHOOLWH�DQG�������RU���������EDVH�
SDLUV�RI�WKH�F\WE�JHQH��$OWKRXJK�DOO�VDPSOHV�ZHUH�VXFFHVVIXO�
LQ�DPSOLI\LQJ�'1$��WKLV�VWXG\�VXJJHVWV�WKH�EHVW�ELRORJLFDO�
VDPSOH� WR� DQDO\]H� ZKHQ� KDQGOLQJ� D� SDUWLDOO\� GHFRPSRVHG�
FDUFDVV�LV�WKH�KDLU��7KLV�PD\�EH�GXH�LQ�SDUW�WR�VRPH�HSLWKHOLDO�
FHOOV�EHLQJ�SUHVHQW�RQ�WKH�IROOLFOH�RI�WKH�KDLU�ZKHQ�UHPRYHG�
IURP�WKH�FDUFDVV�LQFUHDVLQJ�WKH�QXPEHU�RI�FHOOV�SUHVHQW�IRU�
DQDO\VLV�� )XUWKHU� PROHFXODU� DQDO\VLV� ZLWK� D� ODUJHU� VDPSOH�
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