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²#/HZLV#&DUUROO#IURP#7KURXJK#WKH#/RRNLQJ#*ODVV

6HFWLRQ#4

,QWURGXFWLRQ

,Q#4<<7/#WKH#0DU\ODQG#'HSDUWPHQW#RI#1DWXUDO#5HVRXUFHV#+'15,#EHJDQ#FKDUDFWHUL]LQJ#WKH
ELRORJLFDO#FRQGLWLRQ#RI#LWV#IUHVKZDWHU#VWUHDPV#VWDWHZLGH1##$V#SDUW#RI#WKHVH#HIIRUWV/#WKH#0DU\ODQG
%LRORJLFDO#6WUHDP#6XUYH\#+0%66,#KDV#VDPSOHG#VWUHDPV#DQG#JDWKHUHG#GDWD#RQ#EHQWKLF
PDFURLQYHUWHEUDWHV/#ILVK/#SK\VLFDO#KDELWDW/#DQG#VHOHFWHG#ZDWHU#FKHPLVWU\#IURP#*DUUHWW#&RXQW\#WR
WKH#(DVWHUQ#6KRUH1##7KHUH#LV#EURDG#LQWHUHVW#LQ#LQFUHDVLQJ#WKH#LQYROYHPHQW#RI#WKH#SXEOLF#DQG
LPSURYLQJ#WKH#DFFHVVLELOLW\#RI#WKH#0%66#UHVXOWV1#7KLV#WD[RQRPLF#LGHQWLILFDWLRQ#NH\#KDV#UHVXOWHG/
LQ#SDUW/#IURP#D#UHVSRQVH#WR#WKDW#LQWHUHVW1

+XPDQNLQG¶V#QHHG#WR#FDWHJRUL]H#DQG#FODVVLI\#REMHFWV#LQ#QDWXUH#LV#DV#ROG#DV#RXU#TXHVW#WR
XQGHUVWDQG#RXU#VXUURXQGLQJV1##&ODVVLILFDWLRQ#VHUYHV#WR#RUJDQL]H#GLYHUVLW\#+LQ#RXU#FDVH/#ELRORJLFDO
GLYHUVLW\,#LQWR#XQLWV#RU#JURXSV#WKDW#FDQ#EH#PDQDJHG#E\#WKH#KXPDQ#PLQG/#DQG#DURXQG#ZKLFK
RWKHU#NQRZOHGJH#FDQ#EH#RUJDQL]HG#DQG#LQWHUSUHWHG1##7D[RQRPLF#NH\V#VHUYH#DV#D#W\SH#RI#³H[SHUW´
V\VWHP#E\#ZKLFK#ELRORJLFDO#FODVVLILFDWLRQ#FDQ#EH#GRQH#E\#WKRVH#ZKR#DUH#QRW#H[SHUWV#LQ#WKH
LGHQWLILFDWLRQ#RI#SDUWLFXODU#SODQWV#RU#DQLPDOV1##7KLV#NH\#ZDV#GHYHORSHG#WR#KHOS#LQ#WKH#IDPLO\0OHYHO
LGHQWLILFDWLRQ#RI#VWUHDP#PDFURLQYHUWHEUDWHV#RI#0DU\ODQG>#ZH#DOVR#KRSH#WKDW#LW#ZLOO#KHOS#LPSURYH
WKH#DZDUHQHVV/#DSSUHFLDWLRQ/#DQG#UHFRJQLWLRQ#RI#VWUHDP#ELRORJ\#DQG#FRQWULEXWH#WR#LWV#SURWHFWLRQ1

6FRSH#RI#WKH#.H\

$V#LV#FRPPRQ#SUDFWLFH#LQ#GHYHORSLQJ#NH\V/#HVSHFLDOO\#IRU#KLJKHU#WD[RQRPLF#OHYHOV/#VXFK#DV#IDPLO\
RU#RUGHU/#PXFK#RI#WKH#NH\¶V#VWUXFWXUH/#WKH#FKDUDFWHUV#XVHG/#DQG#PDQ\#RI#WKH#LOOXVWUDWLRQV/#DUH
WDNHQ#DQG#DGDSWHG#IURP#H[LVWLQJ#ZRUNV#RQ#LQYHUWHEUDWH#WD[RQRP\#DQG#HFRORJ\#+0HUULWW#DQG
&XPPLQV#4<<9/#7KRUS#DQG#&RYLFK#4<<4/#3HFNDUVN\#HW#DO#4<;7/#%XUFK#4<;5,1##0XFK#HIIRUW#ZDV
PDGH#WR#FRQYHUW#WHFKQLFDO#WD[RQRPLF#DQG#PRUSKRORJLFDO#WHUPLQRORJ\#WR#PRUH#EURDGO\
XQGHUVWRRG#ODQJXDJH/#RU#WR#SURYLGH#FOHDU#GHILQLWLRQV1##7KH#WD[RQRPLF#JURXSV#WKDW#DUH#LQFOXGHG
DUH#WKRVH#EHQWKLF#PDFURLQYHUWHEUDWHV#WKDW#DUH#HLWKHU#NQRZQ#WR#RFFXU#LQ#0DU\ODQG#IURP#WKH
VDPSOLQJ#UHVXOWV#RI#WKH#0%66/#RU#OLNHO\#WR#RFFXU#IURP#WKH#QDWLRQDO#DQG#UHJLRQDO#WD[RQRPLF
OLWHUDWXUH#FLWHG#DERYH1##$V#VXFK/#LW#VKRXOG#DOVR#EH#XVHIXO#IRU#LGHQWLI\LQJ#PDFURLQYHUWHEUDWHV#IURP
VDPSOHV#JDWKHUHG#IURP#QRQ0WLGDO#VWUHDPV#LQ#VXUURXQGLQJ#VWDWHV1##

0RVW#JURXSV#DUH#NH\HG#WR#WKH#IDPLO\#OHYHO/#SDUWLFXODUO\#WKRVH#WKDW#DUH#PRVW#FRPPRQO\#FROOHFWHG
E\#VWUHDP#PRQLWRUV#DQG#HFRORJLVWV1##+RZHYHU/#WKLV#NH\#ZLOO#127#DOORZ#LGHQWLILFDWLRQ#RI/#IRU
H[DPSOH/#$QQHOLGD#EH\RQG#2OLJRFKDHWD#DQG#+LUXGLQHD>#RU#DQ\#WD[RQRPLF#OHYHO#RI#WKH#IO\LQJ#DGXOW
VWDJHV#RI#JURXSV#VXFK#DV#PD\IOLHV#+,QVHFWD=#(SKHPHURSWHUD,/#FDGGLVIOLHV#+,QVHFWD=#7ULFKRSWHUD,/
RU#GUDJRQ0#DQG#GDPVHOIOLHV#+,QVHFWD=#2GRQDWD,#WKDW#DUH#UDUHO\#FDXJKW#ZKHQ#VWUHDP#VDPSOLQJ1##,W
DOVR#GRHV#QRW#KHOS#LQ#WKH#LGHQWLILFDWLRQ#RI#HJJ#RU#SXSDO#VWDJHV1##6RPH#RI#WKH#DQDWRPLFDO#IHDWXUHV
GHVFULEHG#LQ#WKH#NH\#PD\#EH#YLVLEOH#WR#WKH#QDNHG#H\H#RU#E\#XVH#RI#D#KDQG#OHQV>#KRZHYHU/#LW#ZLOO#EH
QHFHVVDU\#WR#XVH#D#GLVVHFWLQJ#PLFURVFRSH#ZLWK#D#PDJQLI\LQJ#SRZHU#RI#830433[#WR#LGHQWLI\#PDQ\
RI#WKH#FKDUDFWHULVWLFV1###8VHUV#RI#WKLV#NH\#VKRXOG#DVVXPH#WKDW#VRPH#VRUW#RI#PDJQLILFDWLRQ#ZLOO#EH
QHHGHG#WR#LGHQWLI\/#ZLWK#FRQILGHQFH/#PRVW#RI#WKH#RUJDQLVPV#LQ#WKH#NH\1
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8VLQJ#WKH#.H\

$TXDWLF#LQVHFWV/#OLNH#DOO#RUJDQLVPV/#DUH#FODVVLILHG#XVLQJ#D#VSHFLILF#KLHUDUFKLFDO#DUUDQJHPHQW#ZLWK
YDULRXV#QDPHG#OHYHOV1##$#JURXS#RI#RUJDQLVPV#DW#DQ\#OHYHO#LV#FDOOHG#D#WD[RQ#+RU/#LQ#WKH#SOXUDO/#WD[D,1

7KLV#NH\#LV#SULPDULO\#FRQFHUQHG#ZLWK#IDPLO\0OHYHO#FODVVLILFDWLRQ1##+RZHYHU/#VRPH#JURXSV#DUH#RQO\
NH\HG#WR#FODVV#RU#RUGHU#OHYHO1##$V#DQ#H[DPSOH/#ZLWKLQ#WKH#IDPLO\#/HSWRFHULGDH/#WKHUH#DUH#VHYHUDO
JHQHUD#DQG#ZLWKLQ#HDFK#RI#WKRVH#JHQHUD#DUH#RQH#RU#PRUH#VSHFLHV1##7KH#IROORZLQJ#WDEOH#LOOXVWUDWHV
WKH#WD[RQRPLF#KHLUDUFK\#XVHG#WR#FODVVLI\#DQLPDOV²D#V\VWHP#GHYHORSHG#E\#&DUROXV#/LQQDHXV#LQ
WKH#4;WK#FHQWXU\1##<RX#FDQ#UHDG#WKH#WDEOH#EHORZ#DV#IROORZV=

/HSWRFHULGDH#LV#D#IDPLO\#ZLWKLQ#WKH#RUGHU#7ULFKRSWHUD#�#
7ULFKRSWHUD#LV#DQ#RUGHU#ZLWKLQ#WKH#FODVV#,QVHFWD#�#

,QVHFWD#LV#D#FODVV#ZLWKLQ#WKH#SK\OXP#$UWKURSRGD#�
$UWKURSRGD#LV#D#SK\OXP#XQGHU#WKH#NLQJGRP#$QLPDOLD1

.LQJGRP $QLPDOLD

3K\OXP $UWKURSRGD

&ODVV ,QVHFWD

2UGHU 7ULFKRSWHUD

6XERUGHU ²²²²######

)DPLO\ /HSWRFHULGDH

6XEIDPLO\ ²²²²######

*HQXV ²²²²######

6SHFLHV ²²²²######

,Q#VRPH#LQVWDQFHV/#WKH#WD[RQRPLF#OHYHOV#RI#³VXERUGHU´##DQG#³VXEIDPLO\´#PD\#EH#XVHG/#EXW#DUH
UDUH#LQ#WKLV#NH\1##:LWKLQ#WKH#NH\/#HDFK#WD[RQRPLF#RUGHU#RI#RUJDQLVPV#+IRU#H[DPSOH/#7ULFKRSWHUD,
LV#VHSDUDWHG#LQWR#VHYHUDO#QXPEHUHG#FRXSOHWV/#FRQVLVWLQJ#RI#DQ#³D´#DQG#D#³E´#+VHH#WKH#H[DPSOH#RQ
WKH#QH[W#SDJH,1##2QFH#\RX#KDYH#LGHQWLILHG#WKH#WD[RQRPLF#RUGHU#RI#DQ#RUJDQLVP#+IRU#H[DPSOH/
7ULFKRSWHUD,/#XVH#WKH#NH\#WR#LGHQWLI\#WKH#IDPLO\#RI#WKH#RUJDQLVP#+IRU#H[DPSOH/#/HSWRFHULGDH,1#
$OZD\V#VWDUW#ZLWK#FRXSOHW#&#4#ZLWKLQ#DQ\#RUGHU1##7KH#RUJDQLVP#\RX#DUH#WU\LQJ#WR#LGHQWLI\#ZLOO
PDWFK#WKH#GHVFULSWLRQ#LQ#HLWKHU#WKH#D#RU#E#KDOI#RI#WKH#FRXSOHW²EXW#QRW#ERWK1##

,W#ZLOO#EH#HDVLHU#WR#XQGHUVWDQG#WKH#WHUPLQRORJ\#GHVFULELQJ#ERG\#SDUWV#LI#VRPH#/DWLQ#FRQYHQWLRQV
DUH#NHSW#LQ#PLQG1##6SHFLILFDOO\/#LQ#/DWLQ/#D#VLQJXODU#QRXQ#LV#QRW#PDGH#SOXUDO#E\#DGGLQJ#DQ#³V1´#
5DWKHU/#DQ#³L/´#³D/´#RU#³DH´#DUH#VXEVWLWXWHG#IRU#D#SOXUDO#HQGLQJ1##)RU#H[DPSOH/#WKH#SOXUDO#RI#WKH
ZRUG#DQWHQQD#LV#DQWHQQDH1

,I#WKH#GHVFULSWLRQ#NH\V#WR#D#IDPLO\#+DV#LQ#7D#EHORZ,/#\RX#KDYH#LGHQWLILHG#WKDW#RUJDQLVP1##,I#WKH
GHVFULSWLRQ#GRHVQ¶W#NH\#WR#D#IDPLO\/#JR#WR#WKH#QH[W#FRXSOHW#LQGLFDWHG#+DV#LQ#&7E#EHORZ#ZKLFK
GLUHFWV#WKH#WD[RQRPLVW#WR#FRXSOHW#&8,1##7KH#NH\#DOVR#FRQWDLQV#D#EULHI#SDUDJUDSK#DERXW#HDFK#IDPLO\
LPPHGLDWHO\#DIWHU#WKH#VSHFLPHQ¶V#LGHQWLW\#LV#UHVROYHG1##7KHVH#IDPLO\#IDFWV#SURYLGH#DGGLWLRQDO
LQIRUPDWLRQ#RQ#WKH#KDELWDW#DQG#KDELWV#RI#WKH#RUJDQLVPV1
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7

D1 $QWHQQDH#ORQJ#+DW#OHDVW#9#WLPHV#DV#ORQJ#DV
ZLGH,#DQG2RU#VFOHULWHV#RQ#PHVRQRWXP
+PLGGOH#EDFN,#OLJKWO\#SLJPHQWHG#H[FHSW#IRU
D#SDLU#RI#GDUN#FXUYHG#OLQHV>#KLQG#OHJV
ORQJHU#WKDQ#RWKHUV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /HSWRFHULGDH

7KHVH#ODUYDH#DUH#GLYHUVH#LQ#FDVH#FRQVWUXFWLRQ/
KDELWDW#DQG#IHHGLQJ#EHKDYLRU/#WKRXJK#WKH\#DUH
JHQHUDOO\#RPQLYRURXV1##>0282:2&@

E1 $QWHQQDH#QRW#PRUH#WKDQ#6#WLPHV#DV#ORQJ#DV
ZLGH>#QR#VFOHURWL]HG#OLQHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

� LI#WKH#RUJDQLVP#LV#GHVFULEHG#E\#WKLV#KDOI##+D,#RI#
FRXSOHW#&7/#WKHQ#WKH#RUJDQLVP#NH\V#WR#+LV#D
PHPEHU#RI,#WKH#FDGGLVIO\#IDPLO\#FDOOHG
/HSWRFHULGDH

� DGGLWLRQDO#GHWDLOV#RU#³IDPLO\#IDFWV´²#VHH#EHORZ
IRU#LQVWUXFWLRQ#RQ#GHFLSKHULQJ#WKH#EUDFNHWHG
LQIRUPDWLRQ

� LI#WKH#RUJDQLVP#LV#GHVFULEHG#E\#WKLV#KDOI#+E,#RI
FRXSOHW#&7/#WKHQ#PRYH#RQ#WR##FRXSOHW#&8

7KH#IDPLO\#IDFWV#GHVFULEHG#DERYH#FRQWDLQ#LQIRUPDWLRQ#RQ#WKH#KDELWDW#DQG#KDELWV#RI#WKH
RUJDQLVPV1##7KH#LQIRUPDWLRQ#LQ#WKH#EUDFNHWV#SURYLGH#PRUH#VSHFLILF#GHWDLO#DERXW#WKH#JHQHUDO
SROOXWLRQ#WROHUDQFH#DQG#UHODWLYH#DEXQGDQFH#RI#WKH#IDPLO\#DV#ZHOO#DV#HVWLPDWHV#RI#WKH#QXPEHU#RI
JHQHUD#LQ#0DU\ODQG#DQG#QRUWKHDVWHUQ#1RUWK#$PHULFD1##7KH#OHJHQG#EHORZ#SURYLGHV#LQVWUXFWLRQ#RQ
KRZ#WR#UHDG#WKLV#LQIRUPDWLRQ1

*HQHUDO
SROOXWLRQ
WROHUDQFH#RI
IDPLO\

(VWLPDWHG
QXPEHU#RI
JHQHUD#IRXQG
LQ#0DU\ODQG
VWUHDPV

(VWLPDWHG
QXPEHU#RI
JHQHUD
#IRXQG#LQ

QRUWKHDVWHUQ
1RUWK

$PHULFDQ
VWUHDPV

5HODWLYH
DEXQGDQFH#RI
IDPLO\#LQ
0DU\ODQG
VWUHDPV

>02 82 :2 &@
#+# #KLJK

0# #PHGLXP
/# #ORZ

$# #DEXQGDQW
&# #FRPPRQ
5# #UDUH

7KH#WROHUDQFH#RI#DTXDWLF#RUJDQLVPV#WR#HQYLURQPHQWDO#SROOXWLRQ#LV#RIWHQ#HVWLPDWHG#RQ#D#VFDOH#RI#3
WR#43/#ZLWK#3#EHLQJ#H[WUHPHO\#VHQVLWLYH#WR#SROOXWLRQ#DQG#43#EHLQJ#H[WUHPHO\#WROHUDQW#RI#SROOXWLRQ1#
)RU#SXUSRVHV#RI#WKLV#NH\/#IDPLOLHV#ZLWK#D#WROHUDQFH#YDOXH#RI#306#DUH#FRQVLGHUHG#WR#KDYH#D#ORZ#+/,
WROHUDQFH#WR#SROOXWLRQ1##)DPLOLHV#ZLWK#YDOXHV#RI#709#DUH#FRQVLGHUHG#WR#KDYH#PRGHUDWH#RU#PHGLXP
+0,#WROHUDQFH#DQG#IDPLOLHV#ZLWK#YDOXHV#RI#:043#DUH#FRQVLGHUHG#WR#KDYH#KLJK#++,#WROHUDQFH1#
7ROHUDQFH#FDWHJRULHV#DUH#EDVHG#RQ#YDOXHV#OLVWHG#LQ#$SSHQGL[#$#RI#6WULEOLQJ#HW#DO#+4<<;,1

8VLQJ#WKH#H[DPSOH#SURYLGHG#IRU#WKH#WULFKRSWHUDQ#IDPLO\#/HSWRFHULGDH/#WKLV#IDPLO\#KDV#D#PHGLXP
WROHUDQFH#WR#SROOXWLRQ1##:LWKLQ#WKH#IDPLO\/#WKHUH#DUH#DQ#HVWLPDWHG#8#JHQHUD#LQ#0DU\ODQG#DQG#:#LQ
QRUWKHDVWHUQ#1RUWK#$PHULFD1##7KH#VWDWH#HVWLPDWH#FRPHV#IURP#VHYHUDO#\HDUV#RI#VWUHDP#VDPSOLQJ
E\#WKH#0DU\ODQG#%LRORJLFDO#6WUHDP#6XUYH\#+0%66,#+6WULEOLQJ#HW#DO#>4<<;@,>#WKH#QRUWKHDVWHUQ
1RUWK#$PHULFD#HVWLPDWH#LV#WDNHQ#IURP#3HFNDUVN\#HW#DO#+4<;7,1##/DVWO\/#/HSWRFHULGDH#DUH#FRPPRQ
LQ#0DU\ODQG#VWUHDPV1
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7KH#UHODWLYH#DEXQGDQFH#RI#IDPLOLHV#LV#EDVHG#RQ#TXDOLWDWLYH#FRQVHQVXV#ZLWKLQ#WKH#0DU\ODQG#'15
RQ#KRZ#JHRJUDSKLFDOO\#ZLGHVSUHDG#D#IDPLO\#LV/#DV#ZHOO#DV#LWV#W\SLFDO#RFFXUUHQFH#LQ#ODUJH#RU#VPDOO
QXPEHUV1##,Q#VRPH#FDVHV#DQ#³;´#ZLOO#DSSHDU#LQ#RQH#RU#PRUH#VSDFHV#ZLWKLQ#WKH#EUDFNHWV/
LQGLFDWLQJ#WKDW#WKH#LQIRUPDWLRQ#LV#QRW#NQRZQ#RU#DYDLODEOH1##,I#WKHUH#DUH#QR#EUDFNHWV#DVVRFLDWHG
ZLWK#D#IDPLO\/#WKH#LQIRUPDWLRQ#LV#XQNQRZQ#RU#XQDYDLODEOH1



.H\#WR#0DMRU#7D[D24

2SHQLQJ#WR
GLJHVWLYH
WUDFW

3UHVHUYHG#VSHFLPHQ>
H[WHQGHG#SURERVFLV

/LYH#VSHFLPHQ

6HFWLRQ#5

.H\#WR#WKH#0DMRU#7D[D

7KLV#VHFWLRQ#LV#DQ#LQWURGXFWRU\#NH\#WR#WKH#PDMRU
WD[RQRPLF#JURXSLQJV#LGHQWLILHG#LQ#WKLV#PDQXDO1##8VH
WKLV#VHFWLRQ#WR#GHWHUPLQH#ZKHUH#WR#JR#QH[W#LQ
FODVVLI\LQJ#DQ#RUJDQLVP1##)RU#H[DPSOH/#LI#WKH
RUJDQLVP#NH\V#WR#FRXSOHW#9D#LQ#WKLV#VHFWLRQ#+VQDLO#RU
OLPSHW,/#\RXU#QH[W#VWRS#LV#6HFWLRQ#7/#.H\#WR#6QDLOV#DQG
/LPSHWV#+*DVWURSRGD,1

3KRWRJUDSKV#DQG#LOOXVWUDWLRQV#RI##PDQ\#RI#WKHVH
JURXSV#DUH#FRQWDLQHG#ZLWKLQ#WKH#VSHFLILF#IDPLO\0OHYHO
NH\V1##)RU#H[DPSOH/#WR#ILQG#SKRWRV#RI##YDULRXV
*DVWURSRGD/#ORRN#LQ#6HFWLRQ#7#RI#WKH#NH\

4

D1 )ODWWHQHG#RU#F\OLQGULFDO#ZRUPV/#ODWHUDOO\
V\PPHWULFDO/#ZLWK#RQO\#D#VLQJOH#YHQWUDO
RSHQLQJ#WR#WKH#GLJHVWLYH#WUDFW/#QRQ0
VHJPHQWHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )ODWZRUPV/

SK\OXP#3ODW\KHOPLQWKHV/
FODVV#7XUEHOODULD

*2#WR#6HFWLRQ#;/#$TXDWLF#:RUPV/
*URXS#'HVFULSWLRQV#:LWKRXW#.H\V

E1 1RW#DV#DERYH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

5

D1 )ODWWHQHG#XQVHJPHQWHG#ZRUPV#ZLWK#DQ
H[WHQGDEOH#SURERVFLV#+OLNH#D#KDUSRRQ#IURP
WKH#PRXWK,1#:KHQ#SUHVHUYHG/#WKH\#WHQG#WR
FRQWUDFW#LQWR#D#URXQG#VKDSH#ZLWK#DQ
H[WHQGHG#SURERVFLV1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5LEERQ#:RUPV/

SK\OXP#1HPHUWHD

*2#WR#6HFWLRQ#;/#$TXDWLF#:RUPV/
*URXS#'HVFULSWLRQV#:LWKRXW#.H\V

E1 1RW#DV#DERYH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

6

D1 /HJV#DQG#WHQWDFOHV#DEVHQW>#QRQ0VHJPHQWHG
ZRUPV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

E1 /HJV/#VHJPHQWDWLRQ/#WHQWDFOHV#RU#KDUG#VKHOO#
SUHVHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

7XUEHOODULDQ#ZRUPV################+4,

1HPHUWHDQ#ZRUPV##################+5,

http://www.bgsd.k12.wa.us/hml/jr_cam/macros/amc/flatworm.html


.H\#WR#WKH#0DMRU#7D[D25

7

D1 &\OLQGULFDO#ERG\#WDSHUHG#DW#ERWK#HQGV/
PRVW#OHVV#WKDQ#4#FP#ORQJ
1 1 1 1 1 1 5RXQGZRUPV/#SK\OXP#1HPDWRGD

*2#WR#6HFWLRQ#;/#$TXDWLF#:RUPV/
*URXS#'HVFULSWLRQV#:LWKRXW#.H\V

E1 (QGV#EOXQW#RU#URXQGHG/#ORQJHU#WKDQ#4#FP
+XS#WR#4#P,#DQG#3158#WR#6#PP#LQ#ZLGWK
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +RUVHKDLU#:RUPV/

SK\OXP#1HPDWRPRUSKD

*2#WR#6HFWLRQ#;/#$TXDWLF#:RUPV/
*URXS#'HVFULSWLRQV#:LWKRXW#.H\V

8

D1 6RIW0ERGLHG#ZLWK#D#KDUG#VKHOO#DQG#QR#OHJV
+VQDLOV/#FODPV/#PXVVHOV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 SK\OXP#0ROOXVFD1119

E1 %RG\#QRW#HQFORVHG#LQ#D#VKHOO/#PD\#KDYH
MRLQWHG#OHJV#RU#SUROHJV#RU#VHJPHQWHG#ERG\1
,I#QHLWKHU/#WKHQ#KHDG#ZLWK#SDLUHG
PDQGLEOHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

9

D1 %RG\#HQFORVHG#LQ#D#VLQJOH#VKHOO/#XVXDOO\
VSLUDOOHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6QDLOV#DQG#/LPSHWV/

FODVV#*DVWURSRGD

*2#WR#6HFWLRQ#7/#.H\#WR#6QDLOV#DQG
/LPSHWV#+*DVWURSRGD,

E1 %RG\#HQFORVHG#EHWZHHQ#WZR#KLQJHG#VKHOOV
1 1 1 1 1 1 &ODPV#DQG#0XVVHOV/#FODVV#%LYDOYLD

*2#WR#6HFWLRQ#6/#.H\#WR#0XVVHOV#DQG
&ODPV#+%LYDOYLD,

:

D1 $GXOWV#DQG#PRVW#ODUYDO#VWDJHV#ZLWK#OHJV>#LI
ODUYDH#ZLWKRXW#OHJV#RU#SUROHJV/#WKHQ#KHDG
ZLWK#SDLUHG#PDQGLEOHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 SK\OXP#$UWKURSRGD

*2#WR#6HFWLRQ#8/#,QLWLDO#&RXSOHW#WR
$UWKURSRGD

E1 /HJV#DEVHQW#LQ#DOO#OLIH#VWDJHV/#VHJPHQWHG
ERG\
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6HJPHQWHG#:RUPV/#

SK\OXP#$QQHOLGD

*2#WR#6HFWLRQ#;/#$TXDWLF#:RUPV/
*URXS#'HVFULSWLRQV#:LWKRXW#.H\V

8QVHJPHQWHG#ZRUPV#############+7,

7DSHUHG#HQGV#+7D,

%OXQW2URXQGHG
HQGV#+7E,



%LYDOYLD24

/DWHUDO#WHHWK /DWHUDO#WHHWK

&DUGLQDO#WHHWK

&RUELFXOLGDH#DQG#6SKDHULGDH
+4E,

8QLRQLGDH +4D,

&RUELFXOLGDH +5D,

'UHLVVHQHLGDH#+]HEUD#PXVVHO,

3VHXGRFDUGLQDO#
WHHWK

/DWHUDO#WHHWK

6HFWLRQ#6

0XVVHOV#DQG#&ODPV#+%LYDOYLD,

0DQ\#IDPLOLHV#RI#%LYDOYLD#KDYH#FRPPRQ#QDPHV1#
7KHVH#QDPHV#DUH#JLYHQ#LQ#WKH#NH\#LPPHGLDWHO\#EHIRUH
WKH#/DWLQ#QDPH1

4

D1 6KHOO#ZLWK#ODWHUDO#WHHWK#+ORQJHU#ULGJHV
LQVLGH#WKH#VKHOO#QHDU#WKH#KLQJH,#RQO\#RQ
RQH#VLGH#RI#SVHXGR0FDUGLQDO#WHHWK#+SRLQWHG
QREV#QHDUHVW#WKH#KLQJH,>#DGXOWV#JHQHUDOO\#!
58#PP
1 1 1 1 1 1 )UHVKZDWHU#0XVVHOV/#8QLRQLGDH

7KH#8QLRQLGDH#DUH#GLYHUVH#DQG#DEXQGDQW#LQ
VXLWDEOH#KDELWDW#RI#ODNHV/#ULYHUV#DQG#SRQGV1#
>;2;2562&@

E1 6KHOO#ZLWK#ODWHUDO#WHHWK#RQ#ERWK#VLGHV#RI#
FDUGLQDO#WHHWK>#VL]H#YDULDEOH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

5

D1 6KHOO#ODUJH#+DGXOWV#XVXDOO\#58083#PP,/
WKLFN#DQG#PDVVLYH#ZLWK#SURPLQHQW
FRQFHQWULF#JURZWK#ULQJV
1 1 1 1 1 1 1 1 1 1 $VLDQ#&ODPV/#&RUELFXOLGDH

7KH#$VLDQ#FODP#+JHQXV#&RUELFXOD,#LV#QRW#QDWLYH
WR#0DU\ODQG1##>024242&@

E1 6KHOO#VPDOO#+DGXOWV#XVXDOO\#?#58#PP,/#WKLQ
DQG#XVXDOO\#IUDJLOH
1 1 1 1 1 1 )UHVKZDWHU#&ODPV/#6SKDHULLGDH

+D1N1D1#3LVLGLLGDH,

7KH#6SKDHULLGDH#DUH#DOVR#NQRZQ#DV#³ILQJHUQDLO
FODPV´#EHFDXVH#RI#WKHLU#VL]H#DQG#WUDQVOXFHQW
VKHOO1##>+25262&@

7KH#]HEUD#PXVVHO/#D#IUHVKZDWHU#PXVVHO#LQ#WKH#IDPLO\
'UHLVVHQHLGDH/#KDV#QRW#\HW#EHHQ#IRXQG#LQ
0DU\ODQG1##+RZHYHU/#LW#LV#HDVLO\#WUDQVSRUWHG#DQG
ELRORJLVWV#VKRXOG#EH#ZDWFKIXO#LQ#RUGHU#WR#FRQWURO#WKH
VSUHDG#RI#WKLV#WURXEOHVRPH#H[RWLF#VSHFLHV1#,W#LV
UHFRJQL]DEOH#IURP#GDUN#DQG#OLJKW#VWULSHG#SDWWHUQV#RQ
WKH#8073#PP#VKHOO1

http://www.emporia.edu/biosci/invert/lab5/unionid.jpg
http://el.erdc.usace.army.mil/zebra/zmis/zmishelp4/corbiculidae.htm
http://members.aol.com/savetheclams/Dreissenidae.html


*DVWURSRGD24

9DOYDWLGDH +5D,

FRQFHQWULF
JURZWK#SDWWHUQ

SDXFL0VSLUDO
JURZWK#SDWWHUQ

PXOWL0VSLUDO#
JURZWK#SDWWHUQ

2SHUFXOD#JURZWK#SDWWHUQV+6D26E,

6HFWLRQ#7

6QDLOV#DQG#/LPSHWV#
+*DVWURSRGD,

6QDLOV#DQG#OLPSHWV#GR#QRW#KDYH#ZLGHO\#XVHG#FRPPRQ
QDPHV1

4

D1 $QLPDO#ZLWK#DQ#RSHUFXOXP#+GLVN#WKDW#VHDOV
WKH#VKHOO#RSHQLQJ#OLNH#D#GRRU/#LW#PD\#EH
ZHOO#LQVLGH#VKHOO#RU#PLVVLQJ,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

E1 1R#RSHUFXOXP#SUHVHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

5

D1 6KHOO#DV#ZLGH#RU#ZLGHU#WKDQ#KLJK/#VSLUH
VXQNHQ#RU#VOLJKWO\#UDLVHG#ZLWK#HDFK#ZKRUO>
RSHUFXOXP#URXQG#DQG#PXOWL0VSLUDO/#URXQG
PRXWKHG#VQDLOV>#VKHOO#?#;PP
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9DOYDWLGDH

7KLV#IDPLO\#LV#UHSUHVHQWHG#E\#D#VLQJOH#JHQXV
+9DOYDWD,#FRQWDLQLQJ#VHYHUDO#VSHFLHV#LQ
0DU\ODQG1#7KH\#DUH#HJJ#OD\LQJ#KHUPDSKURGLWHV
+ZLWK#ERWK#PDOH#DQG#IHPDOH#RUJDQV#RQ#HDFK
LQGLYLGXDO,1##>;242425@

E1 6KHOO#KLJKHU#WKDQ#ZLGH>#VKHOO#VPDOO#WR
ODUJH>#VSLUH#GHSUHVVHG#WR#HORQJDWH/
RSHUFXOXP#YDULHG#+PXOWL0VSLUDO/#SDXFL0
VSLUDO#RU#FRQFHQWULF,>#VL]H#YDULHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

6

D1 2SHUFXOXP#ZLWK#D#PXOWL0VSLUDO#RU#SDXFL0
VSLUDO>#ZKRUOV#IODWWHQHG#RU#LQIODWHG/#VKHOO
VPDOO#WR#ODUJH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

E1 2SHUFXOXP##FRQFHQWULF/#ZKRUOV#LQIODWHG>
DGXOW#VKHOO#!#;PP
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8



*DVWURSRGD25

3OHXURFHULGDH +7E,

%LWK\QLLGDH +8D,

9LYLSDULGDH +8E,

$QF\OLGDH +9D,

7

D1 $GXOW#VKHOO#XVXDOO\#?#8#PP#+XS#WR#:#PP,>#
ZKRUOV#LQIODWHG>#RSHUFXOXP#XVXDOO\
VPDOOHU#WKDQ#RXWHU#VKHOO#RSHQLQJ/#FDQ#EH
ZLWKGUDZQ#LQWR#VKHOO>#FRORU#LV#XVXDOO\#GUDE
DQG#XQLFRORUHG>#VKHOO#KDV#IHZ#ZKRUOV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +\GURELLGDH

7KH#+\GURELLGV#DUH#UHSUHVHQWHG#E\#PDULQH#DQG
EUDFNLVK#DV#ZHOO#DV#IUHVKZDWHU#W\SHV1#7KH#VKHOO
IRUP#LV#UHODWLYHO\#VLPLODU#DPRQJ#JHQHUD1#
>+252;2&@

E1 $GXOW#VKHOO#XVXDOO\#!43#PP/#ZKRUOV
IODWWHQHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3OHXURFHULGDH

7KH#VKHOOV#RI#WKHVH#DQLPDOV#DUH#YHU\#VROLG#DQG
WKH#RSHQLQJ#PD\#KDYH#D#IXUURZ#LQ#IURQW1#
>;25262&@

8

D1 $GXOW#VKHOOV#;048#PP>#RSHUFXOXP
FDOFDUHRXV#+ERQH0OLNH,/#DV#ELJ#DV#RXWHU
RSHQLQJ/#FDQQRW#EH#ZLWKGUDZQ#LQWR#VKHOO
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %LWK\QLLGDH

7KH#JHQXV#%LWK\QLD#LV#WKH#VROH#UHSUHVHQWDWLYH#RI
WKLV#IDPLO\#LQ#0DU\ODQG1##,W#ZDV#XQWLO#UHFHQWO\
FRQVLGHUHG#WR#EH#LQ#WKH#+\GURELLGDH#IDPLO\1#
>;242425@

E1 $GXOW#VKHOOV#!#53#PP>#RSHUFXOXP#FRUQHXV
+OLNH#KRUQ#RU#FDUWLODJH,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9LYLSDULGDH

9LYLSDULGV#DUH#FRPPRQ#LQ#ODNHV#DQG#ULYHUV
WKURXJKRXW#HDVWHUQ#1RUWK#$PHULFD1##>025252&@

9

D1 6KHOO#VKDSHG#OLNH#D#ZLGH#FRQH#DQG
XQFRLOHG1#/LPSHW#VQDLOV#+FDS#VKDSHG,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $QF\OLGDH

7KH#VLPSOH#VKDSH#RI#WKH#VKHOO#PDNHV#WKLV#IDPLO\
HDV\#WR#LGHQWLI\1##>+24242&@

E1 6KHOO#FRLOHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

http://www.umsciences.org.uk/invertebrateireland/photo.asp?item=bithtent
http://www.umsciences.org.uk/invertebrateireland/photo.asp?item=vivivivi
http://members.aol.com/Mkohl2/NAPleuroceridae.html
http://members.aol.com/mkohl2/Fwlimpets.html


*DVWURSRGD26

3ODQRUELGDH +:D,

/\PQDHLGDH +;D,

3K\VLGDH +;E,

:

D1 6KHOO#GLVN#VKDSHG#DQG2RU#ZLWK#D#VXQNHQ#
VSLUH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3ODQRUELGDH

7KLV#IDPLO\#LV#FORVHO\#UHODWHG#WR#WKH#$QF\OLGDH/
WKRXJK#WKH\#DUH#QRW#VLPLODU#LQ#DSSHDUDQFH1#7KH\
UDQJH#LQ#VL]H#IURP#4#WR#63#PP#DQG#KDYH
KHPRJORELQ#DV#D#UHVSLUDWRU\#SLJPHQW/#ZKLFK
VRPHWLPHV#JLYHV#WKH#WLVVXH#D#UHG#FRORU1#
>+282:2&@

E1 6SLUH#QRW#VXQNHQ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

;

D1 $QLPDO#DQG#VKHOO#GH[WUDO#+RSHQLQJ#RQ#ULJKW
ZLWK#VSLUH#SRLQWLQJ#XS,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /\PQDHLGDH

/\PQDHLGV#KDYH#EURDG#WULDQJXODU#WHQWDFOHV#DQG
OD\#ORQJ#WXEXODU#HJJ#PDVVHV1##>+282:2&@

E1 $QLPDO#DQG#VKHOO#VLQLVWUDO#+RSHQLQJ#RQ
OHIW,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3K\VLGDH

7KH#WHQWDFOHV#DQG#IRRW#RI#DQLPDOV#LQ#WKLV#IDPLO\
DUH#VOHQGHU#ZLWK#ILQJHUOLNH#H[WHQVLRQV#IURP#WKH
PDQWOH#+WKH#ERG\#ZDOO#EHQHDWK#WKH#VKHOO,1##

http://members.aol.com/Mkohl2/Planorbidae.html
http://members.aol.com/Mkohl2/Physidae.html
http://members.aol.com/Mkohl2/Lymnaeidae.html


$UWKURSRGD24

6HFWLRQ#8

,QVHFW#DQG#1RQ0,QVHFW
$UWKURSRGD#

$UWKURSRGV#DUH#DQLPDOV#ZLWK#DQ#H[WHUQDO/#KDUG
FRYHULQJ#DQG#MRLQWHG#OHJV1##0RVW#RI#WKH#RUJDQLVPV
LGHQWLILHG#LQ#WKLV#NH\#IDOO#LQWR#WKH#DUWKURSRG#JURXSV#RI
DTXDWLF#LQVHFWV#DQG#VHPL0DTXDWLF#&ROOHPEROD1##

8VH#WKH#IROORZLQJ#FRXSOHW#WR#GHWHUPLQH#ZKHWKHU#\RXU
QH[W#VWRS#LV#6HFWLRQ#9/#7D[RQRPLF#.H\#WR#WKH
1RQ0,QVHFW#$UWKURSRGD#RU#6HFWLRQ#:/#.H\#WR#
,QVHFWV#DQG#&ROOHPEROD

D1 7KUHH#SDLUV#RI#OHJV#+QRW#LQFOXGLQJ#SUROHJV/#VXFNHUV
RU#FUHHSLQJ#ZHOWV,#RU#ZRUP0OLNH/#EXW#ZLWK#GLVWLQFW
KHDG#SDUWV>#4#SDLU#RI#DQWHQQDH
1 1 1 1 1 1 1 1 6HFWLRQ#:>#,QVHFWV#DQG#&ROOHPEROD

*2#WR#6HFWLRQ#:/#7D[RQRPLF#.H\#WR#WKH#2UGHUV
RI#,QVHFWV#DQG#&ROOHPEROD

E1 0RUH#WKDQ#6#SDLUV#RI#OHJV#RU#6#SDLUV#RI
DSSHQGDJHV#DQG#D#ELYDOYH0OLNH#FDUDSDFH#+KDUG/
VKHOO0OLNH#FRYHULQJ,/#5#SDLU#RI#DQWHQQDH#RU
DQWHQQDH#DEVHQW
1 1 1 1 1 1 1 6HFWLRQ#9>#1RQ0,QVHFW#$UWKURSRGD

*2#WR#6HFWLRQ#9/#7D[RQRPLF#.H\#WR#WKH#1RQ0
,QVHFW#$UWKURSRGD



1RQ0,QVHFW#$UWKURSRGD24

$FDUL +4D,

&DPEDULGDH +7E,

6HFWLRQ#9

1RQ0,QVHFW#$UWKURSRGD

0DQ\#DUWKURSRGV#KDYH#FRPPRQ#QDPHV1##7KHVH
QDPHV#DUH#JLYHQ#LQ#WKH#NH\#LPPHGLDWHO\#EHIRUH#WKH
/DWLQ#QDPH1##*URXSV#WKDW#DUH#YHU\#LQIUHTXHQWO\
FROOHFWHG#LQ#0DU\ODQG#VWUHDPV#DUH#RQO\#NH\HG#WR
KLJKHU#WD[RQRPLF#OHYHOV/#H1J1#RUGHU#RU#FODVV1##6RPH
JURXSV/#VXFK#DV#GHFDSRGV#DQG#DPSKLSRGV/#DUH#NH\HG
WR#IDPLO\#LQ#WKLV#VHFWLRQ1

4

D1 )RXU#SDLUV#RI#OHJV#+VRPHWLPHV#KDUG#WR#VHH
IURP#DERYH,#DQG#ERG\#VHJPHQWDWLRQ#LV#QRW
UHDGLO\#DSSDUHQW>#DQWHQQDH#DEVHQW
1 1 1 1 1 1 1 1 1 1 :DWHU#0LWHV/#VXEFODVV#$FDUL

E1 0RUH#WKDQ#7#SDLUV#RI#OHJV>#5#SDLUV#RI
DQWHQQDH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

5

D1 :LWK#D#FRPSOHWH#FDUDSDFH/#VKDSHG#OLNH#DQ
LQFRPSOHWH#F\OLQGHU#RU#ZLWK#WZR#KDOYHV
OLNH#D#ELYDOYH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

E1 1R#FDUDSDFH#RU#RQH#ZKLFK#OHDYHV#ODVW#5
WKRUDFLF#VHJPHQWV#H[SRVHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

6

D1 &DUDSDFH#QHDUO\#F\OLQGULFDO/#FRYHULQJ#ERWK
WKH#GRUVDO#DQG#ODWHUDO#VXUIDFHV#RI#WKH#KHDG
DQG#WKRUD[
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 RUGHU#'HFDSRGD1117

E1 &DUDSDFH#ELYDOYH0OLNH
111:DWHU#)OHDV/#&ODP#6KULPS/#DQG#6HHG
6KULPS#+DOO#QRW#LQFOXGHG#LQ#WKLV#NH\,1

7

D1 $EGRPHQ#IODWWHQHG#VLGH#WR#VLGH>#5#SDLUV#RI
OHJV#ZLWK#SLQFHUV
1 1 1 1 1 1 1 6KULPS/#IDPLO\#3DODHPRQLGDH

E1 $EGRPHQ#IODWWHQHG#WRS#WR#ERWWRP>#6#SDLUV
OHJV#ZLWK#SLQFHUV
1 1 1 1 1 1 1 1 &UD\ILVK/#IDPLO\#&DPEDULGDH

http://lakes.chebucto.org/ZOOBENTH/BENTHOS/xxi.html
http://webby.cc.denison.edu/~stocker/craywv.html


1RQ0,QVHFW#$UWKURSRGD25

$VHOOLGDH +:D,

$PSKLSRGD +:E,

8

D1 (\HV#VWDONHG>#FDUDSDFH#QRW#FRYHULQJ#ODVW#5
WKRUDFLF#VHJPHQWV>#VL[#SDLUV#RI#OHJV

)DLU\#DQG#2SSRVVXP#6KULPS/#RUGHU####################
##############0\VLGDFHD/#IDPLO\#0\VLGDH

E1 (\HV#QRW#VWDONHG>#QR#FDUDSDFH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

9

D1 :#WKRUDFLF#VHJPHQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

E1 709#WKRUDFLF#VHJPHQWV
1111111111111111111111111:DWHU#)OHDV#DQG#&RSHSRGV#

########################################+QRW#FRYHUHG#LQ#WKLV#NH\,

:

D1 %RG\#IODWWHQHG#WRS#WR#ERWWRP>#90:#SDLUV#RI
OHJV
1 1 1 1 1 1 1 1 1 1 1 1 1 6RZ#%XJV/#RUGHU#,VRSRGD/

#IDPLO\#$VHOOLGDH

,VRSRGV#LQFOXGH#WKH#WHUUHVWULDO#SRWDWR#EXJ
FRPPRQ#LQ#JDUGHQV#DQG#IRUHVW#OLWWHU1#7KH
DTXDWLF#LVRSRGV#XVXDOO\#DUH#EXUURZHUV#DQG
GHWULWXV#IHHGHUV#RQ#WKH#ERWWRP#RI#VWUHDPV#DQG
ODNHV1

E1 %RG\#IODWWHQHG#VLGH#WR#VLGH#+ODWHUDOO\,>#8
SDLUV#RI#OHJV
1 1 1 1 1 1 1 1 1 1 6FXGV/#RUGHU#$PSKLSRGD111;

$PSKLSRGV#FDQ#EH#REVHUYHG#VZLPPLQJ#VKRUW
GLVWDQFHV#DQG#FUDZOLQJ#DPRQJ#DOJDH#RU#FOXPSV
RI#RUJDQLF#GHEULV#LQ#HGGLHV#RU#ZDWHU#HGJHV1#7KH\
IHHG#RQ#PLFUREHV#DQG#GHWULWXV#DVVRFLDWHG##ZLWK
GHFD\LQJ#RUJDQLF#PDWHULDO1

;

D1 $QWHQQDH#KLJKHVW#RQ#WKH#KHDG#+ILUVW
DQWHQQDH,#VKRUWHU#WKDQ#WKH#ORZHU#SDLU>
HDFK#XSSHU#DQWHQQD#ODFNV#D#VPDOO
DSSHQGDJH#+DFFHVVRU\#IODJHOOXP,#
EUDQFKLQJ#IURP#WKH#WKLUG#VHJPHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IDPLO\#7DOLWULGDH

+DOVR#NQRZQ#DV##+\DOHOOLGDH,

E1 +LJKHVW#SDLU#RI#DQWHQQDH#ORQJHU#WKDQ
ORZHU#SDLU>#VPDOO#DFFHVVRU\#IODJHOOXP
+VXE0DQWHQQD,#EUDQFKLQJ#IURP#WKLUG
VHJPHQW#RI#XSSHU#DQWHQQD
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

http://www.troutnut.com/specimen/382
http://www.troutnut.com/specimen/379


1RQ0,QVHFW#$UWKURSRGD26

<

D1 $FFHVVRU\#IODJHOOXP#ZLWK#50:#VHJPHQWV/
XVXDOO\#PRUH#WKDQ#5>#SURPLQHQW#VSLQHV
SRLQWHG#XSZDUG#QHDU#WKH#HQG#RI#WKH
DEGRPHQ>#WHOVRQ#+IODW#OREH#EHKLQG#VSLQH,
VSOLW#IURP#WLS#WR#EDVH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IDPLO\#*DPPDULGDH

E1 $FFHVVRU\#IODJHOOXP#ZLWK#405#VHJPHQWV>#QR
VSLQHV#SRLQWLQJ#XSZDUG#QHDU#HQG#RI
DEGRPHQ>#WHOVRQ#QRW#VSOLW#RU#VSOLW#RQO\
IURP#WLS#WR#426#LWV#OHQJWK
1 1 1 1 1 1 1 1 1 1 1 1 1 IDPLO\#&UDQJRQ\FWLGDH

+($'#:,7+#$17(11$(

$FFHVVRU\#
IODJHOOXP

8521,7(6#21#*$00$5,'$(

3URPLQHQW
VSLQHV

7HOVRQ

7(/621

*DPPDULGDH &UDQJRQ\FWLGDH

2U

6SOLW

$PSKLSRGD #########+<,



,QVHFW#)#&ROOHPEROD24

#6HFWLRQ#:

,QVHFWV#DQG#&ROOHPEROD

0DQ\#DUWKURSRG#RUGHUV#RI#LQVHFWV#DQG#&ROOHPEROD
KDYH#FRPPRQ#QDPHV1##7KHVH#QDPHV#DUH#JLYHQ#LQ#WKH
NH\#LPPHGLDWHO\#EHIRUH#WKH#/DWLQ#QDPH1##2QFH#\RX
KDYH#LGHQWLILHG#DQ#RUJDQLVP#WR#RUGHU0OHYHO/##JR#WR#WKH
UHOHYDQW#IDPLO\0OHYHO#NH\#WR#FRQWLQXH#WKH
LGHQWLILFDWLRQ#SURFHVV1##

3KRWRJUDSKV#DQG#LOOXVWUDWLRQV#RI##PDQ\#RI#WKHVH
JURXSV#DUH#FRQWDLQHG#ZLWKLQ#WKH#VSHFLILF#IDPLO\0OHYHO
NH\V1##)RU#H[DPSOH/#WR#ILQG#SKRWRV#RI#7UXH#)OLHV
+'LSWHUD,/#ORRN#LQ#WKDW#VHFWLRQ#RI#WKH#NH\1

4

D1 7KRUD[#ZLWKRXW#VHJPHQWHG#OHJV#+H[FHSW
SXSDH,
1 1 1 1 1 7UXH#)OLHV/#'LSWHUD#+6HFWLRQ#:F,

E1 7KRUD[#ZLWK#6#SDLUV#RI#VHJPHQWHG#OHJV
+H[FHSWLRQ=#&XUFXOLRQLGDH#ODUYDH#RI#WKH
RUGHU#&ROHRSWHUD#KDYH#QR#OHJV#EXW#LQVWHDG
KDYH#WKUHH#SDLUV#RI#VZHOOLQJV#ZLWK#WLQ\
KDLUV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

5

D1 :LWK#ODUJH/#IXQFWLRQDO#ZLQJV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

E1 :LQJOHVV/#RU#ZLWK#ZLQJSDGV#+LPPDWXUH
ZLQJV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

6

D1 +DUGHQHG#ZLQJ#FRYHUV#PHHW#DORQJ#WKH
FHQWHUOLQH#RI#WKH#EDFN>#FKHZLQJ
PRXWKSDUWV
%HHWOHV/#&ROHRSWHUD#+DGXOWV,+6HFWLRQ#:E,

E1 :LQJV#OHDWKHU\#DW#EDVH/#ZLWK#PHPEUDQRXV
WLSV#RYHUODSSLQJ#+H[FHSWLRQ=#ZLQJV#RI
3OHLGDH#RI#WKH#RUGHU#+HPLSWHUD#PHHW#DORQJ
FHQWHUOLQH,>#VXFNLQJ#WXEH0OLNH#PRXWKSDUWV

7UXH#%XJV/#+HPLSWHUD#+LQ#SDUW,+6HFWLRQ#:H,



,QVHFW#DQG#&ROOHPEROD25

7

D1 $EGRPHQ#ZLWK#9#VHJPHQWV#RU#OHVV>
DEGRPLQDO#IXUFXOD#+OHDSLQJ#DSSHQGDJH#RU
VSULQJ#WDLO,#XVXDOO\#SUHVHQW>#OHQJWK#?#8
PP
1 #6SULQJWDLOV/#&ROOHPEROD+6HFWLRQ#:D,

E1 $EGRPHQ#ZLWK#PRUH#WKDQ#9#VHJPHQWV>#QR
IXUFXOD>#VL]H#YDULDEOH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

8

D1 :LWK#506#ORQJ/#WHUPLQDO#ILODPHQWV#+WDLOV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

E1 7HUPLQDO#ILODPHQWV#DEVHQW#RU#QRW#PXOWL0
VHJPHQWHG/#OHDI0OLNH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

9

D1 $EGRPHQ#ZLWK#SODWH0OLNH/#IHDWKHU0OLNH#RU
OHDI0OLNH#JLOOV>#XVXDOO\#ZLWK#6#WHUPLQDO
ILODPHQWV/#VRPHWLPHV#5>#FODZV#VLQJOH/
H[FHSW#LQ#0HWUHWRSRGLGDH#ZKHUH#WKHUH
DUH#WZR#RQ#WKH#ILUVW#FODZ
#0D\IOLHV/#(SKHPHURSWHUD#+6HFWLRQ#:G,

E1 *LOO#DEVHQW#IURP#PLGGOH#VHJPHQWV#+709,#RI
DEGRPHQ>#5#WHUPLQDO#ILODPHQWV>#FODZV
GRXEOH
1 1 1 6WRQHIOLHV/#3OHFRSWHUD#+6HFWLRQ#:L,

:

D1 /DELXP#+ORZHU#MDZ,#IRUPLQJ#DQ#HOERZHG/
JUDVSLQJ#H[WHQVLRQ
1 1 1 1 1 1 1 1 1 1 1 'UDJRQIOLHV#DQG#'DPVHOIOLHV/

2GRQDWD#+6HFWLRQ#:K,

E1 0RXWKSDUWV#DGDSWHG#IRU#FKHZLQJ#RU
VXFNLQJ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

;

D1 6XFNLQJ#PRXWKSDUWV/#WXEH0OLNH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

E1 &KHZLQJ#PRXWKSDUWV/#QRW#WXEH0OLNH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43



,QVHFW#)#&ROOHPEROD26

<

D1 0LGGOH#OHJV#ZLWK#GRXEOH#FODZV
1 1 1 1 1 1 7UXH#%XJV/#+HPLSWHUD#+LQ#SDUW,

E1 0LGGOH#OHJV#ZLWK#VLQJOH#FODZ>#DOZD\V
DVVRFLDWHG#ZLWK#IUHVKZDWHU#VSRQJHV#
1 1 1 1 1 6SRQJLOOD#)OLHV/#RUGHU#1HXURSWHUD/

6LV\ULGDH

7KLV#LV#WKH#RQO\#IDPLO\#RI#WKH#QHUYH0ZLQJHG
LQVHFWV#+1HXURSWHUD,#ZLWK#DQ#DTXDWLF
DVVRFLDWLRQ#DQG/#WKXV/#DUH#NH\HG#KHUH1##7KH
ODUYDH#DUH#YHU\#XQFRPPRQO\#FROOHFWHG1

43

D1 3UROHJV#RQ#DEGRPHQ#ZLWK#FURFKHWV#+ILQH
KRRNV#OLNH#9HOFUR�,
1 1 1 1 0RWKV/#/HSLGRSWHUD#+6HFWLRQ#:I,

E1 $EGRPHQ#ZLWKRXW#SUROHJV#RU#SUROHJV#RQO\
RQ#ODVW#VHJPHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

44

D1 $QWHQQDH#H[WUHPHO\#VPDOO/#ZLWK#4#VHJPHQW
&DGGLVIOLHV/#7ULFKRSWHUD#+6HFWLRQ#:M,

E1 $QWHQQDH#HORQJDWH#ZLWK#6#RU#PRUH
VHJPHQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

45

D1 &ODZV#GRXEOH>#FRQVSLFXRXV#ILODPHQWV#RQ
VLGHV#RI#DEGRPHQ>#DEGRPHQ#HQGLQJ#LQ#D
VLQJOH#VOHQGHU#ILODPHQW#RU#LQ#5#SUROHJV/
HDFK#ZLWK#5#KRRNV
1 1 1 )LVKIOLHV/#'REVRQIOLHV/#DQG#$OGHUIOLHV/

0HJDORSWHUD#+6HFWLRQ#:J,#

E1 &ODZV#VLQJOH#RU#FODZV#GRXEOH#DQG#ZLWKRXW
FRQVSLFXRXV#ILODPHQWV#RQ#VLGHV#RI
DEGRPHQ#RU#DEGRPHQ#HQGLQJ#LQ#5#VOHQGHU
ILODPHQWV#RU#D#VLQJOH#SUROHJ#ZLWK#7#KRRNV
%HHWOHV/#&ROHRSWHUD#+ODUYDH,#+6HFWLRQ#:E,



&ROOHPEROD24

6PLQWKXULGDH +4D,

&ROOHPEROD#IXUFXOD +5D,

6LGH0YLHZ#RI#,VRWRPLGDH
KHDG +5E,

6HFWLRQ#:D

6HPL0$TXDWLF#6SULQJWDLOV
+&ROOHPEROD,

6SULQJWDLOV#IORDW#RQ#WKH#VXUIDFH#ILOP#DQG#IHHG#RQ
XQLFHOOXODU#DOJDH#DQG#SODQNWRQ1#7KH\#DUH#QRW
RUGLQDULO\#FROOHFWHG#DQG#WKH#IDPLOLHV#KDYH#QR#ZLGHO\
XVHG#FRPPRQ#QDPHV1#7KH#6PLQWKXULGDH#DQG
3RGXULGDH#DUH#PRVW#OLNHO\#WR#EH#IRXQG1

4

D1 %RG\#SOXPS>#QR#GLVWLQFW#VHJPHQWLQJ#RQ
WKRUD[#DQG#DEGRPHQ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6PLQWKXULGDH

>;2;252&@

E1 %RG\#PRUH#HORQJDWH>#WKRUD[#DQG#DEGRPHQ
VHJPHQWHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

5

D1 0RXWK#GLUHFWHG#GRZQZDUG>#IXUFXOD
+IRUNHG#VSULQJ#WDLO,#SUHVHQW#DQG#IRUNV
FRPH#WRJHWKHU#DW#HQGV>#4VW#WKRUDFLF
VHJPHQW#YLVLEOH#IURP#DERYH#DQG#ZLWK#VHWDH
+KDLUV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3RGXULGDH

>;2;242&@

E1 0RXWKSDUWV#GLUHFWHG#IRUZDUG>#IXUFXOD
DEVHQW#RU#SUHVHQW#ZLWK#IRUNV#WKDW#GR#QRW
GLVWLQFWO\#FRQYHUJH>#4VW#WKRUDFLF#VHJPHQW
KLGGHQ#DQG#ZLWKRXW#VHWDH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ,VRWRPLGDH

>;2;252&@

7KHVH#DUH#WKH#RQO\#IDPLOLHV#FRQWDLQLQJ
IUHVKZDWHU#JHQHUD#ZLWK#SULPDU\#RU#VHFRQGDU\
DTXDWLF#DVVRFLDWLRQV1##0HUULWW#DQG#&XPPLQV
+4<<9,#DOVR#LQFOXGH#WKH#2Q\FKLXULGDH/
ZKLFK#DUH#HORQJDWH#DQG#KDYH#6#YLVLEOH#WKRUDFLF
VHJPHQWV1##7KH#IXUFXOD#DUH#DEVHQW#RU#YDULDEOH
DQG#WKH#2Q\FKLXULGDH#KDYH#QR#H\HV1

http://www.waterbugkey.vcsu.edu/php/orderdetails.php?idnum=4


&ROHRSWHUD#+ODUYDH,24

*\ULQLGDH +5D,

6HFWLRQ#:E

$TXDWLF#%HHWOH#/DUYDH#DQG
$GXOWV#+&ROHRSWHUD,

0DQ\#IDPLOLHV#RI#&ROHRSWHUD#KDYH#FRPPRQ#QDPHV1#
7KHVH#QDPHV#DUH#JLYHQ#LQ#WKH#NH\#LPPHGLDWHO\#EHIRUH
WKH#/DWLQ#QDPH1##0DQ\#EHHWOHV#DUH#DTXDWLF#DV#DGXOWV1#
7KH#NH\#WR#DGXOW#EHHWOHV#LPPHGLDWHO\#IROORZV#WKLV#NH\
WR#WKH#ODUYDH1##

%HHWOH#ODUYDH

4

D1 7ZR#FODZV#RQ#HDFK#WDUVXV#+IRRW,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

E1 2QH#FODZ#RQ#HDFK#WDUVXV#RU#OHJV#DEVHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

5

D1 $EGRPHQ#ZLWK#<043#VHJPHQWV#ZLWK
IHDWKHU\#ODWHUDO#JLOOV>#5#SDLUV#RI#KRRNV#RQ
WHUPLQDO#VHJPHQW
1 1 1 1 1 1 1 1 1 :KLUOLJLJ#%HHWOHV/#*\ULQLGDH

7KHVH#EHHWOHV#DUH#FRPPRQO\#VHHQ#VZLPPLQJ#LQ
FLUFOHV#RQ#WKH#ZDWHU¶V#VXUIDFH1#7KLV#LV#QRW#QRUPDO
EHKDYLRU/#EXW#LV#DQ#DODUP#PHFKDQLVP
VRPHWLPHV#WULJJHUHG#E\#WKH#REVHUYHUV#SUHVHQFH1
$GXOWV#VFDYHQJH#IRU#IORDWLQJ#IRRG#ZKLOH#ODUYDH
DUH#SUHGDFHRXV1##>025252&@

E1 $EGRPHQ#ZLWK#;#VHJPHQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

http://www.entomology.umn.edu/midge/Gyrinidae.htm


&ROHRSWHUD#+ODUYDH,25

'\WLVFLGDH +6D,

1RWHULGDH +6E,

+DOLSOLGDH +7D,

6

D1 &HUFL#+WDLO#ILODPHQWV,#ORQJHU#WKDQ#WKH#ILUVW
DEGRPLQDO#VHJPHQW#DQG#VOHQGHU#RU
FHUFL#VKRUWHU#RU#DEVHQW>#OHJV#ORQJ#DQG
DGDSWHG#IRU#VZLPPLQJ>#PDQGLEOHV#VLFNOH0
VKDSHG#ZLWKRXW#HQODUJHG#PRODU#SRUWLRQ
1 1 1 1 1 1 1 1 1 1 1 1 3UHGDFHRXV#'LYLQJ#%HHWOHV/

'\WLVFLGDH

7KHVH#EHHWOHV#VZLP#ZHOO#HQRXJK#WR#FDSWXUH
PDFURLQYHUWHEUDWHV/#WDGSROHV#DQG#ILVK1#$GXOWV
IO\#DQG#FDQ#WKHUHIRUH#EH#IRXQG#LQ#D#YDULHW\#RI
ZDWHU#W\SHV1#7KH\#WUDS#DLU#IRU#XQGHUZDWHU#
EUHDWKLQJ#EHQHDWK#WKH#HO\WUD1##>0292632&@

E1 &HUFL#VKRUWHU#WKDQ#DEGRPLQDO#VHJPHQW#4
RU#DEVHQW>#OHJV#VKRUW#DQG#DGDSWHG#IRU
GLJJLQJ>#PDQGLEOHV#ZLWK#HQODUJHG#PRODU
SRUWLRQ
1 1 1 %XUURZLQJ#:DWHU#%HHWOHV/#1RWHULGDH

7KHVH#EHHWOHV#DUH#PRVWO\#SUHGDWRUV##DV#DGXOWV
DQG#OLYH#LQ#FORVH#DVVRFLDWLRQ#ZLWK#YHJHWDWLRQ1
/DUYDH#PD\#EH#PRUH#RPQLYRURXV1##>;23262;@

7

D1 /HJV#GLVWLQFWO\#80VHJPHQWHG>#DEGRPHQ
HQGV#LQ#4#RU#5#ORQJ#ILODPHQWV>#PDWXUH
ODUYDH#KDYH#SURMHFWLRQV#IURP#EDFN#RI
WKRUDFLF#DQG#DEGRPLQDO#VHJPHQWV#RU#43WK

VHJPHQW#LV#YHU\#ORQJ
1 1 1 1 &UDZOLQJ#:DWHU#%HHWOHV/#+DOLSOLGDH

7KHVH#EHHWOHV#DUH#RIWHQ#IRXQG#LQ#SRQG#ZHHGV#RU
VXEPHUJHG#YHJHWDWLRQ#LQ#VWUHDPV1#7KH\#FDQ
VZLP/#EXW#XVXDOO\#FUDZO1#7KH\#FDUU\#DLU#LQ#D
SRFNHW#XQGHU#WKH#HO\WUD1#$GXOWV#DUH#KHUELYRUHV
DQG#ODUYDH#DUH#SUHGDWRUV1##>025252&@

E1 /HJV#YDULDEOH>#QRW#ZLWK#WKH#DERYH
FRPELQDWLRQ#RI#SURMHFWLRQV#DQG#ILODPHQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

8

D1 /DEUXP#+XSSHU#OLS,#FRQWLQXRXV#ZLWK#KHDG
FDSVXOH#+ODELXP#>ORZHU#OLS@#PD\#EH#YLVLEOH
IURP#DERYH,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

E1 /DEUXP#VHSDUDWHG#IURP#IURQW#RI#KHDG
FDSVXOH#E\#D#WKLQ/#IOH[LEOH#JURRYH#+GLVWLQFW
VXWXUH,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

http://www.entomology.umn.edu/midge/Dytiscidae.htm
http://www.entomology.umn.edu/midge/Haliplidae.htm
http://bugguide.net/node/view/49798


&ROHRSWHUD#+ODUYDH,26

9

D1 0D[LOOD#ZLWK#SDOSLIHU#DSSHDULQJ#DV#SDUW#RI
VWLSHV#+9D,>#VSLUDFOHV#+RSHQLQJV#WR#WKH
UHVSLUDWRU\#V\VWHP#RQ#WKH#DEGRPHQ,#ULQJ0
VKDSHG
1 1 1 1 1 1 1 1 1 5RYH#%HHWOHV/#6WDSK\OLQLGDH

+LQ#SDUW,

5RYH#EHHWOHV#DUH#ZHOO#UHSUHVHQWHG#E\#QRQ0
DTXDWLF#VSHFLHV#+ZKLFK#DUH#FRPPRQO\#IRXQG#LQ
FDUULRQ#RU#IXQJDO#JURZWKV/#DQG#FDQ#EH
SUHGDFLRXV,#DQG#WKH#VSHFLHV#OLNHO\#WR#EH
FROOHFWHG#DUH#XVXDOO\#VHPL0DTXDWLF1##

E1 0D[LOOD#ZLWK#SDOSLIHU#DSSHDULQJ#DV#D
VHJPHQW#RI#SDOS>#VSLUDFOHV#ZLWK#5#RSHQLQJV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

:

D1 $EGRPHQ#ZLWK#43#VHJPHQWV>#FHUFL#YHU\
VKRUW>#OHJV#VKRUW#ZLWK#6#VHJPHQWV
1 1 1 1 1 1 1 1 1 1 1 0LQXWH#0XG0ORYLQJ#%HHWOHV/

*HRU\VVLGDH

7KHVH#EHHWOHV#OLYH#LQ#VHGLPHQWV#RQ#WKH#HGJH#RI
VWUHDPV1##

E1 $EGRPHQ#ZLWK#;#VHJPHQWV#RU#
DEGRPHQ#ZLWK#43#VHJPHQWV>#FHUFL#ORQJ
ZLWK#506#VHJPHQWV>#OHJV#ORQJ#ZLWK#8
VHJPHQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

;

D1 $EGRPHQ#ZLWK#<#FRPSOHWH#VHJPHQWV#DQG
WKH#43WK#UHGXFHG#EXW#GLVWLQFW>#KDUG#VNLQQHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +HORSKRULGDH

+HORSKRULGDH#DUH#UHSUHVHQWHG#E\#D#VLQJOH
DTXDWLF#JHQXV#DQG#DUH#FORVHO\#UHODWHG#WR#WKH
+\GURSKLOLGDH1#$GXOWV#DQG#ODUYDH#DUH#KHUELYRUHV
OLYLQJ#RQ#PDUJLQV#RI#ODNHV#DQG#VWUHDPV1##

E1 $EGRPHQ#ZLWK#;#FRPSOHWH#VHJPHQWV#ZLWK
WKH#<WK#DQG#43WK#UHGXFHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

*HRU\VVLGDH +:D,

+HORSKRULGDH +;D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

)LJ1#9D/#:D/#DQG#;D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1
0HUULWW#DQG#.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK
SHUPLVVLRQ1

SDOSLIHU

VWLSH

PD[LOOD

SDOS

SDOSLIHU

VWLSH

PD[LOODSDOS

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

+9E,

6WDSK\OLQLGDH##################+9D,



&ROHRSWHUD#+ODUYDH,27

+\GURSKLOLGDH +<E,

&KU\VRPHOLGDH +44D,

&XUFXOLRQLGDH +44E,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

<

D1 %DVH#RI#DQWHQQDH#RXWVLGH#DQG#LQ#IURQW#RI
PDQGLEOHV>#ODELXP#DQG#PD[LOODH#LQ#D
IXUURZ#EHQHDWK#KHDG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +\GURFKLGDH

+\GURFKLGDH#DUH#UHSUHVHQWHG#E\#WKH#VLQJOH
DT
XDW
LF#JHQXV#+\GURFKXV#DQG#DUH#FORVHO\#UHODWHG#WR
WKH#+\GURSKLOLGDH1#$GXOWV#DQG#ODUYDH#DUH
KHUELYRUHV/#OLYLQJ#RQ#PDUJLQV#RI#ODNHV#DQG
VWUHDPV1##

E1 %DVH#RI#DQWHQQDH#LQVLGH#DQG#EHKLQG
PDQGLEOHV>#ODELXP#DQG#PD[LOODH#DW#ORZHU
IURQW#HGJH#RI#KHDG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 :DWHU#6FDYHQJHU#%HHWOHV/

#+\GURSKLOLGDH

7KHVH#EHHWOHV#OLYH#LQ#ODNHV#RU#VWUHDPV
EDFNZDWHUV#DQG#XVXDOO\#LQ#DVVRFLDWLRQ#ZLWK
YHJHWDWLRQ1#/DUYDH#DUH#SUHGDFHRXV#DV#DUH#VRPH
DGXOWV/#WKRXJK#RWKHUV#IHHG#RQ#GHWULWXV1#
>02;2532&@

43

D1 7KRUD[#DQG#DEGRPHQ#VKRUW#DQG#SOXPS/
ZLWKRXW#GLVWLQFW#VFOHULWHV#+KDUGHQHG
SODWHV,>#OHJV#UHGXFHG#RU#DEVHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

E1 7KRUD[#DQG#DEGRPHQ#F\OLQGULFDO#RU
IODWWHQHG/#QRW#REHVH>#WRSV#RI#WKRUDFLF#DQG
DEGRPLQDO#VHJPHQWV#FOHDUO\#GHILQHG>#OHJV
DGDSWHG#IRU#ZDONLQJ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

44

D1 /HJV#YHU\#VPDOO#EXW#FRPSOHWH>#VSLUDFOHV#RQ
WRS#RI#DEGRPLQDO#VHJPHQW#;#IRUPLQJ#ODUJH
VSLQHV
1 1 1 1 1 1 1 1 1 /HDI#%HHWOHV/#&KU\VRPHOLGDH

7KH#DTXDWLF#ODUYDH#RI#RQH#JHQXV#RI#OHDI#EHHWOHV
+'RQDFLD,#IHHG#RQ#VXEPHUJHG#YHJHWDWLRQ#DQG
REWDLQ#R[\JHQ#E\#LQVHUWLQJ#WKHLU#DEGRPLQDO
VSLQHV#LQWR#SODQW#WLVVXHV1##$GXOWV#DUH#WHUUHVWULDO
RU#VHPL0DTXDWLF1##>;2;2425@

E1 /HJV#HQWLUHO\#DEVHQW>#VSLUDFOHV#VRPHWLPHV
RQ#WXEXODU#H[WHQVLRQV/#EXW#DEGRPLQDO
VHJPHQW#;#ZLWKRXW#VSLQHV
1 1 1 1 1 1 1 1 1 1 1 1 1 :HHYLOV/#&XUFXOLRQLGDH

7KLV#ODUJH#WHUUHVWULDO#IDPLO\#KDV#D#IHZ#DTXDWLF
VSHFLHV1#0RVW#ODUYDH#DUH#QRW#DTXDWLF/#OLYLQJ#LQ
SODQW#WLVVXHV1#$TXDWLF#DGXOWV#FUDZO#RQ
VXEPHUJHG#YHJHWDWLRQ#QRFWXUQDOO\1##>;242;2;@

)LJ1#44E#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#
1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW#DQG#.1:1#
&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#
FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

http://www.entomology.umn.edu/midge/Hydrophilidae.htm
http://www.entomology.umn.edu/midge/Chrysomelidae.htm


&ROHRSWHUD#+ODUYDH,28

+\GUDHQLGDH#PDQGLEOH#ZLWK#ODUJH
PRODU#OREH +46D,

6FLUWLGDH +47D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

45

D1 $EGRPHQ#ZLWK#43#VHJPHQWV>#VHJPHQW#<
ZLWK#MRLQWHG#FHUFL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

E1 $EGRPHQ#ZLWK#<#VHJPHQWV>#VHJPHQW#;#RU
<#VRPHWLPHV#ZLWK#LPPRYDEOH#DSSHQGDJHV/
EXW#ZLWKRXW#MRLQWHG#FHUFL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

46

D1 0DQGLEOHV#ZLWK#ODUJH#PRODU#OREH
1 1 1 0LQXWH#0RVV#%HHWOHV/#+\GUDHQLGDH

7KH#+\GUDHQLGDH#DUH#FORVHO\#UHODWHG#WR#WKH
+\GURSKLOLGDH#EXW#DUH#JHQHUDOO\#VPDOOHU1#/DUYDH
DUH#ULSDULDQ/#GHYHORSLQJ#LQ#PRLVW#VRLO/#DQG
DGXOWV#OLYH#LQ#VKDOORZ#ZDWHU#RI#VWUHDP#RU#ODNH
PDUJLQV1##>;2;272;@

E1 0DQGLEOHV#VLFNOH0VKDSHG/#ZLWKRXW#PRODU
OREH
1 1 1 1 1 1 1 1 1 5RYH#%HHWOHV/#6WDSK\OLQLGDH

+LQ#SDUW,

5RYH#EHHWOHV#DUH#ZHOO#UHSUHVHQWHG#E\#QRQ0
DTXDWLF#VSHFLHV#+ZKLFK#DUH#FRPPRQO\#IRXQG#LQ
FDUULRQ#RU#IXQJDO#JURZWKV/#DQG#FDQ#EH
SUHGDFLRXV,#DQG#WKH#VSHFLHV#OLNHO\#WR#EH
FROOHFWHG#DUH#XVXDOO\#VHPL0DTXDWLF1##

47

D1 $QWHQQDH#ORQJHU#WKDQ#KHDG#DQG#PDQ\0
MRLQWHG
1 1 1 1 1 1 1 1 1 1 1 1 0DUVK#%HHWOHV/#6FLUWLGDH

7KH#ODUYDH#RI#PDUVK#EHHWOHV#OLYH#LQ#WKH#HPHUJHQW
]RQH/#IHHGLQJ#RQ#YDVFXODU#SODQWV#DQG#GHWULWXV1
$GXOWV#DUH#VHPL0DTXDWLF#RU#WHUUHVWULDO1#
>+24272&@

E1 $QWHQQDH#VKRUW/#ZLWK#506#VHJPHQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

)LJ1#46D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW#DQG
.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1



&ROHRSWHUD#+ODUYDH,29

3WLORGDFW\OLGDH +49D,

3VHSKHQLGDH/#ERWWRP#YLHZ
VKRZLQJ#JLOOV# +48D,

(OPLGDH +4:D,

(OPLGDH/#HWF1################+49E,

48

D1 %RG\#H[WUHPHO\#IODWWHQHG/#ZLWK#WKRUDFLF
DQG#DEGRPLQDO#VHJPHQWV#H[SDQGHG#WR
FRYHU#KHDG#DQG#OHJV
1 1 1 1 1 1 1 1 1 :DWHU#3HQQLHV/#3VHSKHQLGDH

7KH#ZDWHU#SHQQ\#ODUYDH#IODWWHQ#WKHPVHOYHV
DJDLQVW#URFNV#DQG#ZRRG\#GHEULV#LQ#VWUHDPV/
ZKHUH#WKH\#VFUDSH#DOJDH1#$GXOWV#DUH#QRQ0IHHGLQJ
DQG#LQKDELW#WKH#VSODVK#]RQH1##>025262&@

E1 %RG\#F\OLQGULFDO#RU#QHDUO\#F\OLQGULFDO>
KHDG#DQG#OHJV#YLVLEOH#IURP#DERYH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

49

D1 $EGRPLQDO#VHJPHQW#<#ZLWKRXW#DQ
RSHUFXOXP#+KLQJHG#IODS,>#DEGRPHQ#ZLWK
JLOO#FOXVWHUV#RQ#VHJPHQWV#40:#RU#LQ#DQDO
UHJLRQ
1 1 7RHG0ZLQJHG#%HHWOH/#3WLORGDFW\OLGDH

7KHVH#ODUYDH#DUH#GHWULWLYRUHV/#HVSHFLDOO\#RI
URWWLQJ#ZRRG#DQG#OHDI#OLWWHU#LQ#VWUHDPV/#DQG#WKH
DGXOWV#OLYH#LQ#OHDI#OLWWHU#LQ#ULSDULDQ#DUHDV1#
>024242&@

E1 $EGRPLQDO#VHJPHQW#<#ZLWK#D#PRYHDEOH#
RSHUFXOXP#FRYHULQJ#WKH#ORZHU#HQG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

4:

D1 7HUPLQDO#DEGRPLQDO#VHJPHQW#GLYLGHG#RU
QRWFKHG#DQG#ZLWK#ODWHUDO#ULGJHV>#KHDG
FDSVXOH#ZLWK#8#JURXSV#RI#H\H0VSRWV#RQ#WKH
VLGH
# 1 1 1 1 1 1 1 1 1 1 1 1 1 5LIIOH#%HHWOHV/#(OPLGDH#

5LIIOH#EHHWOHV#OLYH#LQ#FRRO/#IDVW#UXQQLQJ#DQG#ZHOO
R[\JHQDWHG#ZDWHU1##/DUYDH#DQG#DGXOWV#DUH
KHUELYRUHV#DQG#GHWULWLYRUHV1##>02:2;2&@

E1 7HUPLQDO#DEGRPLQDO#VHJPHQW#URXQGHG
SRVWHULRUO\>#KHDG#FDSVXOH#ZLWK#JURXSV#RI#9
H\H0VSRWV/#8#RQ#WKH#VLGH#DQG#4#EHORZ#RU
H\HV#DEVHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

http://www.entomology.umn.edu/midge/Elmidae.htm
http://www.troutnut.com/specimen/445


&ROHRSWHUD#+ODUYDH,2:

/XWURFKLGDH +4;D,

'U\RSLGDH +4;E,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

4;

D1 2SHUFXODU#FKDPEHU#ZLWK#5#UHWUDFWDEOH
KRRNV#DQG#6#WXIWV#RI#UHWUDFWDEOH#JLOOV>
PDQGLEOHV#ZLWK#SURVWKHFD#+DFFHVVRU\
IHHOHU,
1 1 1 0DUVK#/RYLQJ#%HHWOHV/#/XWURFKLGDH

/XWURFKLGDH#IHHG#RQ#SHULSK\WRQ#DQG#DGXOWV#OLYH
LQ#WKH#VSODVK#]RQH1##>;24242&@

E1 2SHUFXODU#FKDPEHU#ZLWKRXW#KRRNV#RU#JLOOV>
PDQGLEOHV#ZLWKRXW#SURVWKHFD
1 1 /RQJ0WRHG#:DWHU#%HHWOHV/#'U\RSLGDH

7KHVH#EHHWOHV#DUH#FRYHUHG#ZLWK#KDLUV#WKDW#UHSHO
ZDWHU#DQG#UHWDLQ#DLU#IRU#EUHDWKLQJ#XQGHU#ZDWHU1
7KH\#FUDZO#RQ#WKH#ERWWRP#RI#VWUHDPV#DQG#DUH
KHUELYRUHV1##>024242&@

)LJ1#4;D#DQG#4;E#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1
0HUULWW#DQG#.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK
SHUPLVVLRQ1



&ROHRSWHUD#+DGXOWV,2;

*\ULQLGDH#DGXOW/#VLGH#YLHZ +4D,

6LGH#YLHZ#RI#DGXOW
&XUFXOLRQLGDH#KHDG/
H[WHQGHG#IRUZDUG#LQWR#D
VQRXW +5D,

6WDSK\OLQLGDH#DGXOW +6D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

%HHWOH#DGXOWV

4

D1 (\HV#GLYLGHG#LQWR#XSSHU#DQG#ORZHU#SDUWV#+7
H\HV,#HLWKHU#FRPSOHWHO\#VHSDUDWH#RU#ZLWK#D
GLYLGLQJ#ULGJH>#DQWHQQDH#VKRUW#DQG
FOXEEHG
1 1 1 1 1 1 1 1 1 1 :KLUOLJLJ#%HHWOHV/#*\ULQLGDH

7KHVH#EHHWOHV#DUH#FRPPRQO\#VHHQ#VZLPPLQJ#LQ
FLUFOHV#RQ#WKH#ZDWHU¶V#VXUIDFH1#7KLV#LV#QRW#QRUPDO
EHKDYLRU/#EXW#LV#DQ#DODUP#PHFKDQLVP
VRPHWLPHV#WULJJHUHG#E\#WKH#REVHUYHU¶V#SUHVHQFH1
$GXOWV#VFDYHQJH#IRU#IORDWLQJ#IRRG#ZKLOH#ODUYDH
DUH#SUHGDFHRXV1##>025262&@

E1 (\HV#QRW#GLYLGHG#+5#H\HV,>#DQWHQQDH#QRW
VKRUW#DQG#FOXEEHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

5

D1 +HDG#H[WHQGHG#IRUZDUG#OLNH#D#VQRXW
1 1 1 1 1 1 1 1 1 1 1 1 1 :HHYLOV/#&XUFXOLRQLGDH

7KLV#ODUJH#WHUUHVWULDO#IDPLO\#KDV#D#IHZ#DTXDWLF
VSHFLHV1#0RVW#ODUYDH#DUH#QRW#DTXDWLF/#OLYLQJ#LQ
SODQW#WLVVXHV1#$TXDWLF#DGXOWV#FUDZO#RQ
VXEPHUJHG#YHJHWDWLRQ#QRFWXUQDOO\1##>;242;2;@

E1 +HDG#QRW#H[WHQGHG#OLNH#D#VQRXW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

6

D1 (O\WUD#+KDUG#ZLQJ#FRYHUV,#VKRUW/#ZLWK#DW
OHDVW#5#DEGRPLQDO#VHJPHQWV#H[SRVHG
1 1 1 1 1 1 1 1 1 5RYH#%HHWOHV/#6WDSK\OLQLGDH

5RYH#EHHWOHV#DUH#ZHOO#UHSUHVHQWHG#E\#QRQ0
DTXDWLF#VSHFLHV#+ZKLFK#DUH#FRPPRQO\#IRXQG#LQ
FDUULRQ,#DQG#WKH#VSHFLHV#OLNHO\#WR#EH#FROOHFWHG#LQ
VWUHDPV#DUH#XVXDOO\#RQO\#VHPL0DTXDWLF1#

E1 (O\WUD#FRYHULQJ#HQWLUH#DEGRPHQ#ZLWK#DW
PRVW#4#DEGRPLQDO#VHJPHQW#H[SRVHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

)LJ1#4D#DQG#6D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1
0HUULWW#DQG#.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK
SHUPLVVLRQ1

http://www.entomology.umn.edu/midge/Gyrinidaeadult.htm


&ROHRSWHUD#+DGXOWV,2<

+DOLSOLGDH#DGXOW +7D,

6HJPHQW#$04
GLYLGHG#+8D,

6HJPHQW#$04#QRW
GLYLGHG#+8E,

+LQG#FR[DH#DQG#ILUVW#DEGRPLQDO
VHJPHQWV#+$04, +8D28E,

'\WLVFLGDH#DGXOW +9E,

1RWHULGDH#DGXOW +9D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

7

D1 +LQG#FR[DH#+EDVHV#RI#OHJV,#EURDG/#IODWWHQHG
DQG#FRYHULQJ#IURQW#406#DEGRPLQDO
VHJPHQWV#DQG#EDVH#RI#KLQG#IHPXU
1 1 1 &UDZOLQJ#:DWHU#%HHWOHV/#+DOLSOLGDH

7KHVH#EHHWOHV#DUH#RIWHQ#IRXQG#LQ#SRQG#ZHHGV#RU
VXEPHUJHG#YHJHWDWLRQ#LQ#VWUHDPV1#7KH\#FDQ
VZLP/#EXW#XVXDOO\#FUDZO1#7KH\#FDUU\#DLU#LQ#D
SRFNHW#XQGHU#WKH#HO\WUD1#$GXOWV#DUH#KHUELYRUHV
DQG#ODUYDH#DUH#SUHGDWRUV1##>025252&@

E1 +LQG#FR[DH#QRW#EURDGHQHG#RU#FRYHULQJ
DEGRPLQDO#VHJPHQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

8

D1 +LQG#FR[DH#H[WHQGHG#EDFN#DORQJ#PLGOLQH/
GLYLGLQJ#ILUVW#DEGRPLQDO#VHJPHQW#LQWR#5
VHSDUDWH#SODWHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

E1 +LQG#FR[DH#QRW#H[WHQGLQJ#WR#GLYLGH#ILUVW
DEGRPLQDO#VHJPHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

9

D1 )RUH#DQG#PLGGOH#WDUVL#+IHHW,#ZLWK#8
VHJPHQWV#+VHJPHQW#7#VLPLODU#LQ#VL]H#WR
VHJPHQW#6,#DQG#KLQG#WDUVL#ZLWK#5#HTXDO/
VOHQGHU#FXUYHG#FODZV#DQG#VFXWHOOXP#+QRE
RU#WULDQJXODU#SODWH#EHWZHHQ#HO\WUD,
FRQFHDOHG
1 1 1 1 1 1 1 1 1 1 1 1 1 %XUURZLQJ#:DWHU#%HHWOHV/

1RWHULGDH

7KHVH#EHHWOHV#DUH#PRVWO\#SUHGDWRUV##DV#DGXOWV
DQG#OLYH#LQ#FORVH#DVVRFLDWLRQ#ZLWK#YHJHWDWLRQ1
/DUYDH#PD\#EH#PRUH#RPQLYRURXV1##>;23262;@

E1 )RUH#DQG#PLGGOH#WDUVL#ZLWK#7#VHJPHQWV#RU
IRUH#DQG#PLGGOH#WDUVL#ZLWK#8#VHJPHQWV
ZLWK#VHJPHQW#7#YHU\#VPDOO#DQG#FRQFHDOHG
EHWZHHQ#OREHV#RI#VHJPHQW#6#RU#IRUH#DQG
PLGGOH#WDUVL#ZLWK#8#VHJPHQWV#DQG#KLQG
WDUVL#ZLWK#D#VLQJOH#FODZ#RU#IRUH#DQG#PLGGOH
WDUVL#ZLWK#8#VHJPHQWV/#KLQG#WDUVL#ZLWK#5
FODZV#DQG#VFXWHOOXP#ODUJH#DQG#H[SRVHG
1 1 1 1 1 1 1 1 1 1 1 1 3UHGDFHRXV#'LYLQJ#%HHWOHV/

'\WLVFLGDH

7KHVH#EHHWOHV#VZLP#ZHOO#HQRXJK#WR#FDSWXUH
PDFURLQYHUWHEUDWHV/#WDGSROHV#DQG#ILVK1#$GXOWV
IO\#DQG#FDQ#WKHUHIRUH#EH#IRXQG#LQ#D#YDULHW\#RI
ZDWHU#W\SHV1#7KH\#WUDS#DLU#IRU#XQGHUZDWHU#
EUHDWKLQJ#EHQHDWK#WKH#KDUGHQHG#KLQG#ZLQJ
FRYHUV#+HO\WUD,1##>0292632&@

http://www.entomology.umn.edu/midge/Haliplidaeadult.htm
http://www.entomology.umn.edu/midge/Dytiscidaeadult.htm


&ROHRSWHUD#+DGXOWV,243

+\GUDHQLGDH#DGXOW#ZLWK#DQWHQQDH
HQGLQJ#LQ#8#VHJPHQWHG#FOXE +;D,

*HRU\VVLGDH#DGXOW +<D,

+HORSKRULGDH#DGXOW +43D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

:

D1 $QWHQQDH#HQGLQJ#LQ#D#608#VHJPHQWHG#FOXE
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

E1 $QWHQQDH#ORQJ#DQG#VOHQGHU#RU#VKRUW#DQG
WKLFN#ZLWK#EDVDO#VHJPHQW#HQODUJHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

;

D1 $EGRPHQ#ZLWK#90:#YLVLEOH#VHJPHQWV>
DQWHQQDH#HQGLQJ#LQ#D#8#VHJPHQWHG#FOXE
1 1 1 0LQXWH#0RVV#%HHWOHV/#+\GUDHQLGDH

7KH#+\GUDHQLGDH#DUH#FORVHO\#UHODWHG#WR#WKH
+\GURSKLOLGDH#EXW#DUH#JHQHUDOO\#VPDOOHU1#/DUYDH
DUH#ULSDULDQ/#GHYHORSLQJ#LQ#PRLVW#VRLO/#DQG
DGXOWV#OLYH#LQ#VKDOORZ#ZDWHU#RI#VWUHDP#RU#ODNH
PDUJLQV1##>;2;272;@

E1 $EGRPHQ#ZLWK#8#YLVLEOH#VHJPHQWV>
DQWHQQDH#HQGLQJ#LQ#D#6#VHJPHQWHG#FOXE
+QRW#LQFOXGLQJ#VHJPHQW#9,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

<

D1 )RUH#WDUVL#ZLWK#7#VHJPHQWV>#KLQG#FR[DH
ZLGHO\#VHSDUDWHG>#PD\#EH#FDPRXIODJHG
ZLWK#JUDLQV#RI#VDQG#JOXHG#WR#LWV#EDFN
1 1 1 1 1 1 1 1 1 1 1 0LQXWH#0XG0ORYLQJ#%HHWOHV/

*HRU\VVLGDH

7KHVH#EHHWOHV#OLYH#LQ#VHGLPHQWV#RQ#WKH#HGJH#RI
VWUHDPV1

E1 )RUH#WDUVL#ZLWK#8#VHJPHQWV>#KLQG#FR[DH
FORVH#WRJHWKHU
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

43

D1 3URQRWXP#+EDFN#SODWH/#MXVW#EHKLQG#KHDG,
ZLWK#8#JURRYHV#UXQQLQJ#OHQJWKZLVH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +HORSKRULGDH

+HORSKRULGDH#DUH#UHSUHVHQWHG#E\#D#VLQJOH
DTXDWLF#JHQXV#DQG#DUH#FORVHO\#UHODWHG#WR#WKH
+\GURSKLOLGDH1#$GXOWV#DQG#ODUYDH#DUH#KHUELYRUHV
OLYLQJ#RQ#PDUJLQV#RI#ODNHV#DQG#VWUHDPV1

D1 3URQRWXP#ZLWKRXW#8#JURRYHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

)LJ1#;D/#<D/#DQG#43D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW
DQG#.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1



&ROHRSWHUD#+DGXOWV,244

+\GURFKLGDH#DGXOW +44D,

+\GURSKLOLGDH#DGXOW
DQWHQQDH#ZLWK#8
VHJPHQWV#EHIRUH#FXSXOH
+&, +44E,

&KU\VRPHOLGDH#DGXOW +45D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

44

D1 (\HV#SURWUXGLQJ>#SURQRWXP#QDUURZHU#WKDQ
EDVH#RI#DGMRLQLQJ#HO\WUD>#VFXWHOOXP#VPDOO>
DQ
WH
QQDH#ZLWK#6#RU#IHZHU#VHJPHQWV#EHIRUH
FXSXOH#+EDVH#RI#WHUPLQDO#FOXE,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +\GURFKLGDH

+\GURFKLGDH#DUH#UHSUHVHQWHG#E\#WKH#VLQJOH
DTXDWLF#JHQXV#+\GURFKXV#DQG#DUH#FORVHO\
UHODWHG#WR#WKH#+\GURSKLOLGDH1#$GXOWV#DQG#ODUYDH
DUH#KHUELYRUHV/#OLYLQJ#RQ#PDUJLQV#RI#ODNHV#DQG
VWUHDPV1

E1 (\HV#XVXDOO\#QRW#SURWUXGLQJ>#SURQRWXP
QRW#GLVWLQFWO\#QDUURZHU#WKDQ#HO\WUD#+LI
QDUURZHU#WKHQ#VFXWHOOXP#LV#ODUJH,>
DQWHQQDH#RIWHQ#KDYH#8#VHJPHQWV#EHIRUH
FXSXOH
1 1 1 1 1 1 1 1 1 1 1 1 1 :DWHU#6FDYHQJHU#%HHWOHV/

#+\GURSKLOLGDH

7KHVH#EHHWOHV#OLYH#LQ#ODNHV#RU#VWUHDPV
EDFNZDWHUV#DQG#XVXDOO\#LQ#DVVRFLDWLRQ#ZLWK
YHJHWDWLRQ1#/DUYDH#DUH#SUHGDFHRXV#DV#DUH#VRPH
DGXOWV/#WKRXJK#RWKHUV#IHHG#RQ#GHWULWXV1#
>02;2532&@

45

D1 7DUVDO#IRUPXOD#+QXPEHU#RI#VHJPHQWV#LQ
WKH#IRUH/#PLGGOH#DQG#KLQG#WDUVL/
UHVSHFWLYHO\,#70707
1 1 1 1 1 1 1 1 /HDI#%HHWOHV/#&KU\VRPHOLGDH

7KH#DTXDWLF#ODUYDH#RI#RQH#JHQXV#RI#OHDI#EHHWOHV
+'RQDFLD,#IHHG#RQ#VXEPHUJHG#YHJHWDWLRQ#DQG
REWDLQ#R[\JHQ#E\#LQVHUWLQJ#WKHLU#DEGRPLQDO
VSLQHV#LQWR#SODQW#WLVVXHV1##$GXOWV#DUH#WHUUHVWULDO
RU#VHPL0DTXDWLF1##>;2;2425@

E1 7DUVDO#IRUPXOD#80808
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

46

D1 3URVWHUQXP#+FKHVW#SODWH,#H[SDQGHG
IRUZDUG#XQGHU#KHDG>#KHDG#XVXDOO\
FRQWUDFWHG#LQWR#WKRUD[#FRQFHDOLQJ
DQWHQQDH#DQG#H\HV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

E1 3URVWHUQXP#QRW#H[SDQGHG#IRUZDUG/
DQWHQQDH#FOHDUO\#YLVLEOH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

)LJ1#44D#DQG#45D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW#DQG
.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

http://www.entomology.umn.edu/midge/Hydrophilidaeadult.htm


&ROHRSWHUD#+DGXOWV,245

/XWURFKLGDH#DGXOW +47D,

'U\RSLGDH#DGXOW/#VKRZLQJ
DQWHQQD#QHDU#H\H +48E,

(OPLGDH#DGXOW +4:D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

47

D1 %RG\#RYDO>#50518#PP>#DQWHQQDH#ZLWK#43#RU
44#VHJPHQWV>#KLQG#FR[DH#FRQWLJXRXV
1 1 1 0DUVK#/RYLQJ#%HHWOHV/#/XWURFKLGDH

/XWURFKLGDH#IHHG#RQ#SHULSK\WRQ#DQG#DGXOWV#OLYH
LQ#WKH#VSODVK#]RQH1##>;24242&@

E1 %RG\#PRUH#HORQJDWH>#40;#PP>#DQWHQQDH
YDULDEOH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

48

D1 $QWHQQDH#ORQJHU#WKDQ#KHDG#DQG#VOHQGHU/
XVXDOO\#YLVLEOH#ZKHQ#YLHZHG#IURP#DERYH>
DQWHULRU#FR[DH#URXQG
# 1 1 1 1 1 1 5LIIOH#%HHWOHV/#(OPLGDH#+LQ#SDUW,

5LIIOH#EHHWOHV#OLYH#LQ#FRRO/#IDVW#UXQQLQJ#DQG#ZHOO
R[\JHQDWHG#ZDWHU1#/DUYDH#DQG#DGXOWV#DUH
KHUELYRUHV#DQG#GHWULWLYRUHV1##>02:2;2&@

E1 $QWHQQDH#VKRUWHU#ZLWK#PRVW#VHJPHQWV
EURDGHU#WKDQ#ORQJ#DQG#QRW#YLVLEOH#IURP
DERYH>#HO\WUD#ZLWK#PDQ\#WLQ\#KDLUV
1 1 1 /RQJ0WRHG#:DWHU#%HHWOHV/#'U\RSLGDH

7KHVH#EHHWOHV#DUH#FRYHUHG#ZLWK#KDLUV#WKDW#UHSHO
ZDWHU#DQG#UHWDLQ#DLU#IRU#EUHDWKLQJ#XQGHU#ZDWHU1
7KH\#FUDZO#RQ#WKH#ERWWRP#RI#VWUHDPV#DQG#DUH
KHUELYRUHV1##>024242&@

49

D1 7DUVL#ZLWK#7WK#VHJPHQW#ELOREHG
1 1 1 1 1 1 1 1 1 1 1 1 1 0DUVK#%HHWOHV/#6FLUWLGDH

7KH#ODUYDH#RI#PDUVK#EHHWOHV#OLYH#LQ#WKH#HPHUJHQW
]RQH/#IHHGLQJ#RQ#YDVFXODU#SODQWV#DQG#GHWULWXV1
$GXOWV#DUH#VHPL0DTXDWLF#RU#WHUUHVWULDO1#
>+24272&@

E1 7WK#VHJPHQW#RI#WDUVL#QRW#ELOREHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

4:

D1 $QWHQQDH#WKUHDG0OLNH/#FOXE0VKDSHG#RU
FRQFHDOHG#E\#SURWKRUD[>#W\SLFDOO\#KDUG0
ERGLHG
1 1 1 1 1 1 1 5LIIOH#%HHWOHV/#(OPLGDH#+LQ#SDUW,

5LIIOH#EHHWOHV#OLYH#LQ#FRRO/#IDVW#UXQQLQJ#DQG#ZHOO
R[\JHQDWHG#ZDWHU1#/DUYDH#DQG#DGXOWV#DUH
KHUELYRUHV#DQG#GHWULWLYRUHV1##>02:2;2&@

E1 $QWHQQDH#VDZ0WRRWKHG#RU#FRPE0OLNH/#QHYHU
FRQFHDOHG>#W\SLFDOO\#VRIW0ERGLHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

)LJ1#47D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW#DQG#.1:1
&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

http://www.entomology.umn.edu/midge/Dryopidaeadult.htm
http://www.entomology.umn.edu/midge/Elmidaeadult.htm


&ROHRSWHUD#+DGXOWV,246

3VHSKHQLGDH#DGXOW +4;D,

+HDG#RI#3WLORGDFW\OLGDH
DGXOW#VKRZLQJ#VOLJKW
FRQVWULFWLRQ#RI#KHDG
FDSVXOH#DW#EDVHV#RI
DQWHQQDH +4;E,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

4;

D1 $EGRPHQ#ZLWK#90:#VHJPHQWV>#PD[LOODU\
SDOS#ZLWK#5QG#VHJPHQW#ORQJHU#WKDQ#QH[W#5
FRPELQHG#RU#DEGRPHQ#ZLWK#8#VHJPHQWV>
PD[LOODU\#SDOS#ZLWK#5QG#VHJPHQW#PXFK
VKRUWHU#WKDQ#QH[W#5#FRPELQHG#DQG
DQWHQQDH#EDVHV#FORVH#WRJHWKHU#EHWZHHQ
H\HV/#VLJQLILFDQWO\#FRQVWULFWLQJ#IURQW#RI
KHDG#FDSVXOH
1 1 1 1 1 1 1 1 :DWHU#3HQQLHV/#3VHSKHQLGDH

7KH#ZDWHU#SHQQ\#ODUYDH#IODWWHQ#WKHPVHOYHV
DJDLQVW#URFNV#DQG#ZRRG\#GHEULV#LQ#VWUHDPV/
ZKHUH#WKH\#VFUDSH#DOJDH1#$GXOWV#DUH#QRQ0IHHGLQJ
DQG#LQKDELW#WKH#VSODVK#]RQH1##>025262&@

E1 $EGRPHQ#ZLWK#8#VHJPHQWV>#PD[LOODU\#SDOS
ZLWK#5QG#VHJPHQW#PXFK#VKRUWHU#WKDQ#QH[W
5#FRPELQHG>#EDVHV#RI#DQWHQQDH#EHORZ
H\HV/#RQO\#VOLJKWO\#FRQVWULFWLQJ#KHDG
FDSVXOH
1 1 7RHG0ZLQJHG#%HHWOH/#3WLORGDFW\OLGDH

7KHVH#ODUYDH#DUH#GHWULWLYRUHV/#HVSHFLDOO\#RI
URWWLQJ#ZRRG#DQG#OHDI#OLWWHU#LQ#VWUHDPV/#DQG#WKH
DGXOWV#OLYH#LQ#OHDI#OLWWHU#LQ#ULSDULDQ#DUHDV1#
>024242&@

)LJ1#4;D#DQG#4;E#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1
0HUULWW#DQG#.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK
SHUPLVVLRQ1



'LSWHUD24

7LSXOLGDH +5D,

'LSWHUD#+HDGV########+4D#DQG#4E,

6HFWLRQ#:F

7UXH#)O\#/DUYDH#+'LSWHUD,

0DQ\#WUXH#IO\#IDPLOLHV#KDYH#FRPPRQ#QDPHV1##7KHVH
QDPHV#DUH#JLYHQ#LQ#WKH#NH\#LPPHGLDWHO\#EHIRUH#WKH
ODWLQ#QDPH1

4

D1 0DQGLEOHV#PRYLQJ#DJDLQVW#RQH#DQRWKHU
VLGH#WR#VLGH>#KHDG#FDSVXOH#FRPSOHWH#DQG
YLVLEOH#+H[FHSWLRQ=#KHDG#FDSVXOH#LQ
7LSXOLGDH#LV#ZLWKLQ#WKRUD[#DQG#VPDOO,
1 1 1 1 1 1 1 1 1 1 1 1 VXERUGHU#1HPDWRFHUD1115

E1 0DQGLEOHV#PRYLQJ#XS#DQG#GRZQ#DQG
SDUDOOHO#WR#HDFK#RWKHU>#KHDG#FDSVXOH
SDUWLDOO\#RU#HQWLUHO\#UHWUDFWHG#LQWR#WKRUD[
DQG#XVXDOO\#VPDOO
1 1 1 1 1 1 1 1 1 1 1 VXERUGHU#%UDFK\FHUD11145

5

D1 +HDG#FDSVXOH#SDUWLDOO\#WR#IXOO\#UHWUDFWHG
ZLWKLQ#WKRUD[>#DQDO#VSLUDFOHV#+UHVSLUDWRU\
RSHQLQJV,#XVXDOO\#ERUGHUHG#E\#406#RU#80:
SDLUV#RI#VKRUW#OREHV#WKDW#DUH#RIWHQ#IULQJHG
ZLWK#VHWDH#+KDLUV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &UDQH#)OLHV/#7LSXOLGDH

7KLV#LV#WKH#ODUJHVW#IDPLO\#RI#IOLHV/#WKRXJK#PRVW#RI
WKH#JHQHUD#DUH#QRW#DTXDWLF1#7KH#KDELWDW#DQG
IHHGLQJ#KDELWV#RI#DTXDWLF#ODUYDO#7LSXOLGV#DUH
GLYHUVH/#EXW#WKH\#FRPPRQO\#EXUURZ#LQ#VWUHDP
VHGLPHQWV1##$GXOW#7LSXOLGV#DUH#YHU\#VKRUW#OLYHG
DQG#UHVHPEOH#ODUJH/#ORQJ0OHJJHG#PRVTXLWRV1#
>024624<2&@

E1 +HDG#FDSVXOH#FRPSOHWH#DQG#YLVLEOH>#DQDO
VSLUDFOHV#ZLWKRXW#IULQJHG#OREHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

http://www.entomology.umn.edu/midge/Tipulidae.htm


'LSWHUD25

%OHSKDULFHULGDH +6D,

6

D1 +HDG#QRW#GLVWLQFWO\#VHSDUDWHG#IURP
WKRUD[>#ERG\#IODWWHQHG#DQG#GLYLGHG#LQWR#:
VHJPHQWV>#VHJPHQWV#409#HDFK#ZLWK#D#VLQJOH
VXFWLRQ#GLVN
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1HW0:LQJHG#0LGJHV/

%OHSKDULFHULGDH

7KH#%OHSKDULFLGDH#FOLQJ#WR#URFNV#LQ#IORZLQJ
ZDWHU#DQG#IHHG#RQ#GLDWRPV#DQG#RWKHU#DOJDH1#
>/242425@

E1 +HDG#DQG#WKRUD[#VHSDUDWHG#E\#D
FRQVWULFWLRQ>#QR#VXFWLRQ#GLVNV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

7

D1 $EGRPHQ#HQGLQJ#LQ#D#ORQJ/#VOHQGHU
WHOHVFRSLF#+UHWUDFWLOH,#UHVSLUDWRU\#WXEH>
DEGRPLQDO#VHJPHQWV#406#ZLWK#VPDOO
SUROHJV>#ERG\#ZLWK#PDQ\#ULGJHV#RU#URZV#RI
VHWDH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3KDQWRP#&UDQH#)OLHV/

3W\FKRSWHULGDH

7KH#3W\FKRSWHULGDH#LQKDELW#FOXPSV#RI#GHWULWXV
LQ#VKDOORZ#ZDWHU/#H[WHQGLQJ#WKH#EUHDWKLQJ#WXEH
DERYH#WKH#VXUIDFH1##>0242625@

E1 1RW#ZLWK#WKH#DERYH#FKDUDFWHUV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

8

D1 7KRUDFLF#VHJPHQWV#DSSHDU#DV#D#VLQJOH
VHJPHQW/#ZLGHU#WKDQ#DEGRPLQDO#VHJPHQWV>
IDQ0OLNH#WXIWV#RI#VHWDH#RQ#WKRUD[#DQG
DEGRPHQ#DQG2RU#IDQ#RI#VHWDH#RQ#ODVW
DEGRPLQDO#VHJPHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

E1 7KRUDFLF#VHJPHQWV#GLVWLQJXLVKDEOH#DQG
DERXW#DV#ZLGH#DV#DEGRPHQ>#VHWDH#RQ
WKRUDFLF#DQG#DEGRPLQDO#VHJPHQWV#QRW
WXIWHG#DQG#DQDO#IDQ#DEVHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

http://www.dfg.ca.gov/cabw/images/blepdor1.jpeg


'LSWHUD26

&XOLFLGDH +9E,

'L[LGDH +:D,

9

D1 $QWHQQDH#SUHKHQVLOH#+JUDVSLQJ,#DQG#ZLWK
ORQJ#VHWDH>#SURPLQHQW#PRXWK#EUXVKHV
DEVHQW
1 1 1 1 1 1 3KDQWRP#0LGJHV/#&KDRERULGDH

7KH#3KDQWRP#0LGJHV#DUH#VR0FDOOHG#EHFDXVH#WKH\
DUH#QHDUO\#WUDQVSDUHQW1#7KH\#DUH#XVXDOO\#IRXQG
LQ#ODNHV#DQG#XVH#WKHLU#DQWHQQDH#WR#FDSWXUH#SUH\1#
>/242625@

E1 $QWHQQDH#QRW#SUHKHQVLOH#DQG#ZLWK#VKRUW
VHWDH>#SURPLQHQW#PRXWK#EUXVKHV#SUHVHQW
RQ#HLWKHU#VLGH#RI#ODEUXP#+XSSHU#OLS,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0RVTXLWRV/#&XOLFLGDH

7KH#0RVTXLWRV#KDYH#D#VZROOHQ#WKRUDFLF#VHFWLRQ
DQG#VZLP#LQ#VWLOO#ZDWHU#ZLWK#D#IOLS0IORS#PRWLRQ1
7KH\#REWDLQ#R[\JHQ#DW#WKH#ZDWHU¶V#VXUIDFH
WKURXJK#DQ#DEGRPLQDO#WXEH1##7KH\#IHHG#RQ
GHWULWXV#DQG#PLFURRUJDQLVPV1##>+2:2432&@

:

D1 3DLUV#RI#SUROHJV#ZLWK#FURFKHWV#+KRRNV,#RQ
4VW#DQG#XVXDOO\#5QG#DEGRPLQDO#VHJPHQWV>#5
IODWWHQHG#OREHV#EHKLQG#DQDO#VSLUDFOHV#ZLWK
IULQJHG#PDUJLQV#DERYH#WKH#KDUG#DQDO
VHJPHQW#ZLWK#SDSLOODH#+OREHV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 'L[LG#0LGJHV/#'L[LGDH

7KHVH#PLGJHV#DUH#IRXQG#QHDU#WKH#VXUIDFH#LQ#VWLOO
ZDWHU/#ZKHUH#WKH\#REWDLQ#DLU#WKURXJK#WKHLU
VSLUDFOHV1#7KH\#IHHG#RI#GHWULWXV#DQG
PLFURRUJDQLVPV#LQ#WKH#VXUIDFH#ILOP1##>0242525@

E1 1R#SUROHJV#RQ#4VW#DQG#5QG#DEGRPLQDO
VHJPHQWV>#QR#IODWWHQHG#OREHV#DV#DERYH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

;

D1 )LUVW#WKRUDFLF#VHJPHQW#ZLWK#405#SUROHJV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

E1 )LUVW#WKRUDFLF#VHJPHQW#ODFNLQJ#SUROHJV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

http://www.entomology.umn.edu/midge/Culicidae.htm
http://www.entomology.umn.edu/midge/Dixidae.htm


'LSWHUD27

6LPXOLLGDH +<D,

&KLURQRPLGDH +43E,

<

D1 +HDG#FDSVXOH#XVXDOO\#ZLWK#D#SDLU#RI#IROGLQJ
IDQV#DW#WKH#XSSHU#VLGHV#RI#PRXWK>
DEGRPLQDO#VHJPHQWV#80;#VZROOHQ>#ODVW
VHJPHQW#ZLWK#D#ULQJ#RI#WLQ\#KRRNV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 %ODFN#)OLHV/#6LPXOLLGDH

%ODFN#)OLHV#DWWDFK#WR#URFNV/#ZRRG#RU#YHJHWDWLRQ
LQ#WKH#ERWWRP#RI#VWUHDPV1#7KH\#ILOWHU#IRRG#IURP
WKH#FXUUHQW#XVLQJ#WKHLU#PRXWK#IDQV1##>+272;2$@

E1 1R#IROGLQJ#IDQV#QHDU#PRXWK>#DEGRPHQ#QRW
VZROOHQ>#QR#ULQJ#RI#KRRNV#DV#DERYH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

43

D1 %DFN#RI#DOO#ERG\#VHJPHQWV#ZLWK#SURPLQHQW
WXEHUFOHV#+HOHYDWHG#IOHVK\#SURMHFWLRQV,
DQG2RU#VHWDH
1 1 1 1 1 %LWLQJ#0LGJHV/#&HUDWRSRJRQLGDH

+LQ#SDUW,

%LWLQJ#PLGJHV/#DOVR#NQRZQ#DV#1R06HH08PV/
W\SLFDOO\#GR#QRW#KDYH#SUROHJV#DQG#DUH#WKHUHIRUH
LGHQWLILHG#WKURXJK#FRXSOHW#44E1#/DUYDH#DUH
H[WUHPHO\#VPDOO/#VZLP#OLNH#VQDNHV/#DQG#DUH
SUHGDWRUV1#7KH#IDPLO\#LV#GLYHUVH#DQG#LQFOXGHV
ULSDULDQ#DQG#WHUUHVWULDO#IRUPV1#$V#DGXOWV/#VRPH
ZLOO#ELWH#SHRSOH#IRU#D#EORRG#PHDO1##>02;2482&@

E1 1R#SURPLQHQW#WXEHUFOH#RU#VHWDH#RQ#EDFN#RI
ERG\
1 1 1 1 1 1 1 1 1 1 1 1 1 1 0LGJHV/#&KLURQRPLGDH

&KLURQRPLGV#DUH#WKH#ODUJHVW#IDPLO\#RI#DTXDWLF
LQVHFWV1#0RVW#KDYH#ERWK#DQWHULRU#DQG#SRVWHULRU
SDLUV#RI#SUROHJV#EXW#DUH#TXLWH#GLYHUVH#LQ#WKLV
IHDWXUH#DV#ZHOO#DV#LQ#IRUP#DQG#VL]H1#%HFDXVH#RI
WKH#VL]H#DQG#GLYHUVLW\#RI#WKH#IDPLO\/#WKH\#FDQ#EH
IRXQG#LQ#DOPRVW#DOO#DTXDWLF#KDELWDWV/#DQG#VRPH
VSHFLHV#DUH#KLJKO\#WROHUDQW#RI#SROOXWLRQ#DQG#ORZ
OHYHOV#RI#R[\JHQ1##7KH\#DUH#PRVWO\#KHUELYRUHV/
GHWULWLYRUHV#DQG#SUHGDWRUV#DQG#DUH#DOVR#DQ
LPSRUWDQW#IRRG#VRXUFH#IRU#ILVK1##>+2;924842$@

http://www.entomology.umn.edu/midge/Simuliidae.htm
http://www.entomology.umn.edu/midge/Chironomidae.htm
http://www.entomology.umn.edu/midge/Ceratopogonidae.htm


'LSWHUD28

3V\FKRGLGDH +44D,

6WUDWLRP\LGDH +45D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

44

D1 $OO#ERG\#VHJPHQWV#GLYLGHG#LQWR#506#VXE0
VHJPHQWV/#VRPH#RU#DOO#ZLWK#KDUGHQHG
SODWHV#RQ#EDFN>#GDUN#VSRWV#ZKHUH
KDUGHQHG#SODWHV#DUH#ODFNLQJ>#DQDO#VSLUDFOHV
RQ#VKRUW#WXEH
1 1 1 1 1 1 1 1 1 1 1 1 0RWK#)OLHV/#3V\FKRGLGDH

7KH#0RWK#)OLHV/#DOVR#FDOOHG#'UDLQ#)OLHV/##DUH
IRXQG#DPRQJ#GHEULV#DQG#YHJHWDWLRQ#LQ#VKDOORZ
DUHDV#RI#SRQGV#DQG#VWLOO#PDUJLQV#RI#VWUHDPV1
7KH\#DUH#FRPPRQO\#DVVRFLDWHG#ZLWK#RUJDQLFDOO\
SROOXWHG#ZDWHU#DQG#FDQ#HYHQ#OLYH#LQ#VLQN#DQG
IORRU#GUDLQV1#7KH\#IHHG#RQ#GHWULWXV#DQG
PLFURRUJDQLVPV#LQ#WKH#VXUIDFH#ILOP1##>024272&@

E1 %RG\#VHJPHQWV#QRW#VXEGLYLGHG>#VXUIDFH
VPRRWK#DQG#ZKLWH#ZLWK#D#IHZ#VHWDH#RQ#ODVW
VHJPHQW>#QR#DQDO#VSLUDFOHV#EXW#VRPHWLPHV
DQ#DQDO#SUROHJ
1 1 1 1 1 %LWLQJ#0LGJHV/#&HUDWRSRJRQLGDH

+LQ#SDUW,
6HH#FRPPHQWV#LQ#FRXSOHW#43D#DERYH1#
>02;2482&@

45

D1 +HDG#FDSVXOH#PRVWO\#YLVLEOH>#ERG\
VRPHZKDW#IODWWHQHG#GRUVRYHQWUDOO\/#VNLQ
WRXJK#DQG#OHDWKHU\>#XVXDOO\#ZLWK
GLVWLQFWLYH#H\H#EXPSV>#DQDO#VSLUDFOHV
VXUURXQGHG#ZLWK#ORQJ#KDLUV
1 1 1 1 1 1 1 1 1 6ROGLHU#)OLHV/#6WUDWLRP\LGDH

0DQ\#6ROGLHU#)OLHV#GHYHORS#LQ#WHUUHVWULDO
KDELWDWV/#EXW#D#IHZ#OLYH#DPRQJ#YHJHWDWLRQ#LQ#WKH
VKDOORZ#PDUJLQV#RI#ODNHV1##$V#ZHOO#DV#WKH#DERYH
FKDUDFWHULVWLFV/#WKH\#DUH#RIWHQ#FRYHUHG#ZLWK
FDOFLXP#FDUERQDWH#FU\VWDOV1#7KH\#OLYH#MXVW#EHORZ
WKH#ZDWHU¶V#VXUIDFH#DQG#IHHG#RQ#DOJDH#DQG
GHWULWXV1##>0242:25@

E1 +HDG#FDSVXOH#PRVWO\#LQWHUQDO>#ERG\
XVXDOO\#F\OLQGULFDO>#QR#GLVWLQFWLYH#H\H
EXPSV>#QR#ORQJ#KDLUV#DW#DQDO#VSLUDFOH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

)LJ1#44D##0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW#DQG
.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

http://www.entomology.umn.edu/midge/Psychodidae.htm
http://www.entomology.umn.edu/midge/Stratiomyidae.htm


'LSWHUD29

6\USKLGDH +46D,

3KRULGDH/#VKRZLQJ#HQODUJHPHQW
RI#SRVWHULRU#VSLUDFOHV +47D,

(SK\GULGDH +48D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

46

D1 5HWUDFWDEOH#UHVSLUDWRU\#WXEH#DW#OHDVW#KDOI
DV#ORQJ#DV#ERG\
1 1 1 1 1 1 1 1 1 1 1 1 1 1 )ORZHU#)OLHV/#6\USKLGDH

7KHVH
GLSWHUDQ#ODUYDH#DUH#DOVR#FDOOHG#5DW0WDLOHG
0DJJRWV1##0RVW#RI#WKH#6\USKLGDH#KDYH#SUROHJV
DQG#FRPSDUHG#WR#RWKHU#%UDFK\FHUDQV/#DUH
EURDGHU#DQG#EOXQWHU#QHDU#WKH#KHDG1#7KH\#OLYH#LQ
VKDOORZ#DQG#VWLOO#ZDWHU/#HVSHFLDOO\#ZKHUH
GHFRPSRVLQJ#RUJDQLF#PDWWHU#LV#DEXQGDQW/
LQFOXGLQJ#LQ#VHZDJH#ODJRRQV1#/DUYDH#IHHG#RQ
GHWULWXV#DQG#PLFURRUJDQLVPV#DQG#DGXOWV#IHHG#RQ
QHFWDU#IURP#IORZHUV1##>024292&@

E1 1R#UHWUDFWDEOH#UHVSLUDWRU\#WXEH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

47

D1 $QWHULRU#VSLUDFOHV#VLPSOH/#HDFK#ZLWK#4#WR
VHYHUDO#RSHQLQJV#DUUDQJHG#DURXQG#WKH#HQG
RI#D#VKRUW#SURMHFWLRQ>#ERG\#RIWHQ#IODWWHQHG
DQG#ZLWK#VHYHUDO#WXEHUFOHV>#SRVWHULRU
VSLUDFOHV#RQ#5#VKRUW#VWDONV/#HDFK#ZLWK#5
SDLUV#RI#RSHQLQJV#DUUDQJHG#RQH#EHKLQG#WKH
RWKHU
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3KRULGDH

7KH#3KRULGDH#PRVWO\#IHHG#RQ#GHWULWXV#DQG
PLFURRUJDQLVPV#DQG#OLYH#LQ#VHGLPHQWV#RI#ODNHV
DQG#VWUHDPV1#2QH#VSHFLHV#LV#D#SUHGDWRU#RI
3V\FKRGLGDH1#7KH\#DUH#VRPHWLPHV#IRXQG#LQ
WULFNOLQJ#ILOWHU#EHGV#RI#VHZDJH#WUHDWPHQW#SODQWV1#
>;232425@

E1 1RW#ZLWK#WKH#DERYH#FRPELQDWLRQ#RI
FKDUDFWHULVWLFV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

48

D1 %RG\#WHUPLQDWLQJ#LQ#D#VKRUW#GLYLGHG#WXEH
RU#LQ#D#SDLU#RI#VSLQHV
1 1 1 1 6KRUH#DQG#%ULQH#)OLHV/#(SK\GULGDH

7KH#PDQ\#JHQHUD#RI#(SK\GULGDH#DUH#TXLWH
GLYHUVH#LQ#KDELWDW#SUHIHUHQFHV1#0RVW#DUH#RQO\
VHPL0DTXDWLF/#EXW#WKH#DTXDWLF#W\SHV#OLYH#DPRQJ
YHJHWDWLRQ#DQG#GHEULV#LQ#VKDOORZ#ZDWHU#RU#LQ
XQXVXDO#KDELWDWV#VXFK#DV#SRQGV#FRQWDLQLQJ#RLO1
7KH\#IHHG#RQ#DOJDH#DQG#GHWULWXV1#6RPH#KDYH
SUROHJV#RQ#WKH#DEGRPHQ1##>;2;2;2&@

E1 %RG\#QRW#WHUPLQDWLQJ#LQ#D#VKRUW#GLYLGHG
WXEH#RU#LQ#D#SDLU#RI#VSLQHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

)LJ1#47D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW#DQG#.1:1
&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

http://www.entomology.umn.edu/midge/Syrphidae.htm
http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=7&f=Ephydridae&ls=larvae


'LSWHUD2:

6FLRP\]LGDH +49D,

7DEDQLGDH +4:D,

'ROLFKRSRGLGDH +4;D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

49

D1 3RVWHULRU#VSLUDFXODU#GLVN#ZLWK#EUDQFKHG
KDLUV#DQG#VXUURXQGHG#E\#;043#OREHV/#VRPH
YHU\#VKRUW>#ERG\#ZULQNOHG/#ZLWK#VHJPHQWV
RIWHQ#FRYHUHG#ZLWK#VKRUW/#ILQH#KDLUV>
SRVWHULRU#VHJPHQW#RIWHQ#VRPHZKDW
WDSHUHG
1 1 1 1 1 1 1 1 1 1 1 0DUVK#)OLHV/#6FLRP\]LGDH

7KH#0DUVK#)OLHV#DUH#SUHGDWRUV#RU#SDUDVLWHV#RI#VQDLOV
DQG#FODPV1#7KH\#OLYH#LQ#VWLOO#ZDWHU#QHDU#WKHLU#SUH\1
7KH\#EUHDWKH#DLU#WKURXJK#WKHLU#VSLUDFOH#DW#WKH#ZDWHU
VXUIDFH#DQG#VZDOORZ#DQ#DLU#EXEEOH#WR#NHHS
WKHPVHOYHV#DQG#WKHLU#SUH\#IORDWLQJ1##>;2;24525@

E1 3RVWHULRU#VSLUDFXODU#GLVN#ZLWKRXW#KDLUV>#LI
VXUURXQGHG#E\#OREHV/#ERG\#QRW#ZULQNOHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

4:

D1 $EGRPLQDO#VHJPHQWV#40:#JLUGOHG#E\#607
SDLUV#RI#FUHHSLQJ#ZHOWV>#VSLQH#RU#YHUWLFDO
EDU#EHWZHHQ#SRVWHULRU#VSLUDFOHV>#QR#RWKHU
SURMHFWLRQV#IURP#WKH#DEGRPHQ
1 1 1 1 1 +RUVH#DQG#'HHU#)OLHV/#7DEDQLGDH

7KH#7DEDQLGDH#OLYH#LQ#ULIIOHV/#VWUHDP#PDUJLQV/#DQG
DPRQJ#YHJHWDWLRQ#LQ#ODNHV1#7KH\#DUH#SUHGDWRUV#RI
RWKHU#PDFURLQYHUWHEUDWHV#DV#ODUYDH#DQG#DUH#EORRG0
VXFNHUV#DV#DGXOWV1##>0252;2&@

E1 'LVWLQFW#SUROHJV/#SDLUHG#FUHHSLQJ#ZHOWV
SDLUHG#WHUPLQDO#SURFHVVHV#SUHVHQW/#EXW#QR
JLUGOHV#RI#FUHHSLQJ#ZHOWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

4;

D1 %RG\#WHUPLQDWLQJ#LQ#D#VSLUDFOH#SLW#ZLWK
IRXU#SRLQWHG#OREHV
1 1 /RQJ0/HJJHG#)OLHV/#'ROLFKRSRGLGDH

7KLV#IDPLO\#LV#UHSUHVHQWHG#E\#VHYHUDO#WHUUHVWULDO
VSHFLHV#DV#ZHOO#DV#D#IHZ#DTXDWLF#VSHFLHV1#7KH\
OLYH#LQ#D#YDULHW\#RI#VWUHDP#DQG#ODNH#KDELWDWV#DQG
DUH#SUHGDFHRXV1##>02;2;2&@

E1 %RG\#QRW#WHUPLQDWLQJ#LQ#D#VSLUDFOH#SLW#ZLWK
IRXU#SRLQWHG#OREHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

)LJ1#49D#DQG4;D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW
DQG#.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=7&f=Sciomyzidae&ls=larvae
http://www.entomology.umn.edu/midge/Tabanidae.htm


'LSWHUD2;

$WKHULFLGDH +4<D,

(PSLGLGDH +53D,

0XVFLGDH +53E,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

4<

D1 %RG\#WHUPLQDWLQJ#LQ#D#SDLU#RI#KDLU\
GLYHUJHQW#SURMHFWLRQV>#DEGRPHQ#ZLWK
SUROHJV#RQ#;#DEGRPLQDO#VHJPHQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $WKHULFLGDH

7KH#$WKHULFLGDH#DUH#UHSUHVHQWHG#E\#WKH#VLQJOH
JHQXV#$WKHUL[#LQ#0DU\ODQG1#7KH\#DUH#IRXQG#LQ
ULIIOHV#DQG#DPRQJ#YHJHWDWLRQ#LQ#VWUHDPV#DQG
IHHG#RQ#LQVHFW#ODUYDH1##>/242425@

E1 'LYHUJHQW#SURMHFWLRQ#DEVHQW#RU#QRW#KDLU\>
ZLWK#RU#ZLWKRXW#SUROHJV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

53

D1 6RPH#H[WHUQDO#KHDG#VWUXFWXUH#YLVLEOH/#ZLWK
SDOSL#DQG#DQWHQQDH#XVXDOO\#SUHVHQW>
DEGRPHQ#XVXDOO\#ZLWK#SUROHJV#DQG
HORQJDWH/#SDLUHG#WHUPLQDO#DSSHQGDJHV#RU#D
VZROOHQ#VHJPHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 'DQFH#)OLHV/#(PSLGLGDH

7KH#DTXDWLF#ODUYDH#RI#'DQFH#)OLHV#DUH#VPDOO#+?#:
PP,/#SUHGDFHRXV/#DQG#OLYH#LQ#IDVW#FXUUHQWV#RI
VWUHDPV1##>0262:2&@

E1 1R#YLVLEOH#H[WHUQDO#KHDG#VWUXFWXUH>
DEGRPHQ#RIWHQ#ZLWK#FUHHSLQJ#ZHOWV#DQG
XVXDOO\#VKRUW#SDLUHG#WHUPLQDO#DSSHQGDJHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0XVFLGDH

7KH#0XVFLGDH#DUH#SUHGDWRUV#OLYLQJ#LQ#VWUHDPV/
PDUVKHV#DQG#SRQGV1##>0242;2&@

)LJ1#53D#DQG53E#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW
DQG#.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=7&show=1508&fa=Athericidae&o=Diptera&ls=larvae
http://www.entomology.umn.edu/midge/Empididae.htm
http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=7&f=Muscidae&ls=larvae


(SKHPHURSWHUD24

7XVNV#SURMHFWLQJ#IURP
PDQGLEOHV/#GRUVDO#YLHZ +4D,

)ULQJHG#JLOOV#RQ#DEGRPLQDO
VHJPHQWV +4D,

3RWDPDQWKLGDH#IURQW#OHJ +5D,

6HFWLRQ#:G

0D\IO\#1\PSKV
+(SKHPHURSWHUD,

0D\IO\#IDPLOLHV#GR#QRW#KDYH#ZLGHO\#XVHG#FRPPRQ
QDPHV1

4

D1 0DQGLEOHV#KDYH#ODUJH#WXVNV#SURMHFWLQJ
IRUZDUG#DQG#YLVLEOH#LQ#GRUVDO#YLHZ#+IURP
WKH#WRS,>#IULQJHG#JLOOV#DUH#ODWHUDO#DQG
GRUVDO#RQ#DEGRPLQDO#VHJPHQWV#50:
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

E1 0DQGLEOHV#ZLWKRXW#SURMHFWLQJ#WXVNV>
IULQJHG#JLOOV#DEVHQW#IURP#VHJPHQWV#50:#RU
SUHVHQW#EXW#SURMHFWLQJ#YHQWURODWHUDOO\
+EHORZ#DQG#WR#WKH#VLGHV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

5

D1 *LOOV#ODWHUDO/#SURMHFWLQJ#IURP#VLGHV#RI
DEGRPHQ>#SURWLELD#+IRUHDUP#RI#IURQW#OHJ,
VOHQGHU#DQG#QHDUO\#F\OLQGULFDO
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3RWDPDQWKLGDH

7KHVH#EXUURZLQJ#Q\PSKV#RFFXU#LQ#PHGLXP#WR
ODUJH#VWUHDPV#ZKHUH#WKH\#PRVW#RIWHQ#VSUDZO#RQ
JUDYHO#DQG#VDQG#LQ#VKDOORZ#UXQV1##>;242425@

E1 *LOOV#GRUVDO/#FXUYLQJ#XS#RYHU#DEGRPHQ>
SURWLELDH#DGDSWHG#IRU#EXUURZLQJ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

http://www.entomology.umn.edu/midge/Potamanthidae.htm


(SKHPHURSWHUD25

(SKHPHULGDH
+6E,

3RO\PLWDUF\GDH
+6D,

0HWDWLELDH#RI#3RO\PLWDUF\LGDH
DQG#(SKHPHULGDH +6D26E,

%DHWLVFLGDH +7D,

0D\IO\#ZLWK#RSHUFXODWH
JLOOV#RQ#5QG#DEGRPLQDO
VHJPHQW +8D,

6

D1 7XVNV#LQ#ODWHUDO#YLHZ#FXUYLQJ#GRZQZDUG>
DSH[#RI#PHWDWLELDH#+KLQGPRVW#IRUHDUPV,
URXQGHG
# 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3RO\PLWDUF\LGDH

7KHVH#Q\PSKV#ILOWHU#DOJDH#DQG#GHWULWXV#IURP#WKH
ZDWHU#WKH\#FLUFXODWH#WKURXJK#WKHLU#EXUURZV1
7KH\#DOVR#JUD]H#RQ#DOJDH#DQG#GHWULWXV1#7KH\#DUH
IRXQG#LQ#VLOW/#FOD\/#RU#VLOW0JUDYHO#VXEVWUDWHV#RI
PHGLXP#WR#ODUJH#VWUHDPV#RU#ODNHV1##>;2;2425@

E1 7XVNV#LQ#VLGH#YLHZ#FXUYLQJ#XSZDUG>#IURQW
HQG#RI#PHWDWLELDH#IRUPV#DQ#DFXWH#SRLQW#RQ
WKH#ORZHU#HGJH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (SKHPHULGDH

(SKHPHULGDH#LQKDELW#VDQG\#RU#VLOW\#VXEVWUDWHV
RI#VWUHDPV#DQG#FOHDQ#ODNHV1#7KH\#ILOWHU#IRRG#IURP
ZDWHU#FLUFXODWHG#WKURXJK#WKHLU#EXUURZV#DQG
JUD]H#RQ#DOJDH#DQG#GHWULWXV1##>025262&@

7

D1 0HVRQRWXP#+VKLHOG0OLNH#GRUVDO#SRUWLRQ#RI
PLGGOH#WKRUDFLF#VHJPHQW,#SURMHFWLQJ#EDFN
WR#FRYHU#WKH#JLOOV#RQ#DEGRPLQDO#VHJPHQWV
409
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %DHWLVFLGDH

%DHWLVFLGDH#SDUWLDOO\#EXUURZ#LQWR#VLOW\#DQG#VDQG\
VHGLPHQWV#RQ#WKH#PDUJLQV#RI#VWUHDPV#DQG#FOHDQ
ODNHV1##>024242&@

E1 0HVRQRWXP#QRW#SURMHFWLQJ#EDFNZDUGV/
JLOOV#H[SRVHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

8

D1 *LOOV#RQ#DEGRPLQDO#VHJPHQW#5#RSHUFXODWH
+FRYHULQJ#DOO#RU#PRVW#RI#WKH#IROORZLQJ#JLOOV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

E1 *LOOV#RQ#DEGRPLQDO#VHJPHQW#5#VLPLODU#WR
WKRVH#RQ#IROORZLQJ#VHJPHQWV#RU#DEVHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

http://www.entomology.umn.edu/midge/Ephemeridae.htm
http://www.entomology.umn.edu/midge/Baetiscidae.htm


(SKHPHURSWHUD26

7ULFRU\WKLGDH#ZLWK#RYDO
RSHUFXODWH#JLOOV +9D,

2YHUODSSLQJ
RSHUFXODWH#JLOOV
+:E,

)XVHG
RSHUFXODWH#JLOOV
+:D,

2SHUFXODWH#JLOOV#RQ
1HRSKHPHULGDH#DQG#&DHQLGDH

+:D2:E,

(SKHPHUHOOLGDH +;D,

9

D1 2SHUFXODWH#JLOOV#RYDO#RU#URXJKO\#WULDQJXODU/
VHSDUDWHG#IURP#HDFK#RWKHU>#JLOOV#RQ
VHJPHQWV#609#ZLWKRXW#IULQJHG#PDUJLQV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7ULFRU\WKLGDH

1\PSKV#DUH#IDU#UDQJLQJ#DQG#DUH#IRXQG#LQ
GHWULWXV/#VLOW#DQG#JUDYHO#LQ#VWUHDPV#RI#DOO#VL]HV1
6RPH#VSHFLHV#DUH#WROHUDQW#RI#ORZ#GLVVROYHG
R[\JHQ#OHYHOV1##>;232425@

E1 2SHUFXODWH#JLOOV#UHFWDQJXODU#DQG#PHHWLQJ
RU#RYHUODSSLQJ#RQ#LQVLGH#HGJH>#JLOOV#RQ
VHJPHQWV#609#ZLWK#IULQJHG#PDUJLQV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

:

D1 2SHUFXODWH#JLOOV#IXVHG#WRJHWKHU#DORQJ
LQVLGH#HGJH>#PHVRQRWXP#ZLWK#GLVWLQFW
URXQGHG#OREH#RQ#DQWHURODWHUDO#FRUQHUV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11HRHSKHPHULGDH

7KHVH#Q\PSKV#DUH#IRXQG#FOLQJLQJ#WR#YHJHWDWLRQ/
GHEULV#RU#WKH#XQGHUVLGH#RI#URFNV#LQ#VORZ#WR#UDSLG
IORZLQJ#VWUHDPV1#7KH\#DUH#PRUH#FRPPRQ#LQ
VRXWKHUQ#VWDWHV1##>;232425@

E1 2SHUFXODWH#JLOOV#QRW#IXVHG#EXW#RYHUODSSLQJ
RQ#LQVLGH#HGJH>#PHVRQRWXP#ZLWKRXW
DQWHURODWHUDO#OREHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &DHQLGDH

,Q#D#ZLGH#YDULHW\#RI#ZDWHU#W\SHV/#WKH#&DHQLGDH
LQKDELW#VHGLPHQWV#DQG#DUH#RIWHQ#FRYHUHG#LQ#VLOW1
7KH\#DUH#PRUH#WROHUDQW#RI#ORZ#GLVVROYHG#R[\JHQ
OHYHOV#WKDQ#RWKHU#IDPLOLHV1##>+24252&@

;

D1 *LOOV#RQ#DEGRPLQDO#VHJPHQW#5#DEVHQW/#JLOOV
PD\#EH#DEVHQW#IURP#VHJPHQWV#4#DQG#6#DOVR/
JLOOV#RQ#VHJPHQWV#6#RU#7#PD\#EH
RSHUFXODWH>#SDLUHG#WXEHUFOHV#RIWHQ#SUHVHQW
RQ#DEGRPLQDO#+GRUVDO,#WHUJD
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (SKHPHUHOOLGDH

7KHVH#Q\PSKV#JHQHUDOO\#LQKDELW#OHDI#OLWWHU#RU
HGGLHV#RI#FOHDQ#VWUHDPV1#6RPH#DUH#PRUH#WROHUDQW
DQG#VRPH#LQKDELW#ODNH#VKRUHV1#0RVW#DUH
KHUELYRUHV#DQG#GHWULWLYRUHV1##>028292&@

E1 *LOOV#RQ#DEGRPLQDO#VHJPHQWV#4#RU#5#WR#:
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

http://www.entomology.umn.edu/midge/Tricorythidae.htm
http://www.entomology.umn.edu/midge/Caenidae.htm
http://www.entomology.umn.edu/midge/Ephemerellidae.htm


(SKHPHURSWHUD27

+HSWDJHQLLGDH +<D,

5RZ#RI#GHQVH#VHWDH#RQ
IHPXU +44D,

,VRQ\FKLLGDH +45D,

2OLJRQHXULLGDH#VKRZLQJ
YHQWURODWHUDO#JLOOV +45D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

<

D1 +HDG#DQG##ERG\##IODWWHQHG##WRS#WR#ERWWRP/
H\HV#DQG#DQWHQQDH#RQ#WRS#RI#KHDG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +HSWDJHQLLGDH

+HSWDJHQLLGDH#FOLQJ#WR#URFNV#DQG#ZRRG\#GHEULV
LQ#FXUUHQWV#RI#DOO#W\SHV1###>02:2432$@

E1 +HDG#DQG#ERG\#QRW#IODWWHQHG#WRS#WR
ERWWRP>#H\HV#DQG#XVXDOO\#DQWHQQDH#RQ
VLGHV#RI#KHDG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

43

D1 &ODZV#RI#IURQW#OHJV#QRWLFHDEO\#VKRUWHU#WKDQ
WKRVH#RI#PLGGOH#DQG#KLQG#OHJV#DQG#ELILG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0HWUHWRSRGLGDH

7KHVH#Q\PSKV#DUH#IRXQG#DORQJ#EDQNV#DQG#LQ
YHJHWDWLRQ#RI#PHGLXP#WR#ODUJH#VWUHDPV1#7KH\#DUH
H[FHOOHQW#VZLPPHUV1##>/242525@

E1 &ODZV#RI#DOO#OHJV#VLPLODU#LQ#OHQJWK
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

44

D1 )URQW#IHPXU#+XSSHU#OHJ,#ZLWK#D#GHQVH#URZ
RI#VHWDH#+KDLUV,#DORQJ#WKH#LQQHU#PDUJLQ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

E1 1R#GHQVH#URZ#RI#VHWDH#RQ#IHPXU
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

45

D1 *LOOV#RQ#DEGRPLQDO#VHJPHQW#4#GRUVRODWHUDO
+RQ#WRS0VLGHV,/#VLPLODU#WR#JLOOV#RQ#RWKHU
VHJPHQWV>#Q\PSKV#PLQQRZ0OLNH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ,VRQ\FKLLGDH

,VRQ\FKLLGDH#ZHUH#RQO\#UHFHQWO\#UHFRJQL]HG#DV
GLVWLQFW#IURP#WKH#2OLJRQHXULLGDH1#%RWK#IDPLOLHV
ILOWHU#WKH#ZDWHU#IRU#DOJDH#DQG#GLDWRPV#ZLWK#WKH
ORQJ#VHWDH#RI#WKHLU#IURQW#OHJV1##>/242;2&@

E1 *LOOV#RQ#DEGRPLQDO#VHJPHQW#4
YHQWURODWHUDO#+RQ#XQGHU0VLGH,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2OLJRQHXULLGDH

7KHVH#DUH#PRUH#FRPPRQ#LQ#VRXWKHUQ#VWDWHV#DQG
PD\#QRW#RFFXU#DW#DOO#LQ#0DU\ODQG1

)LJ1#45D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW#DQG
.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

http://www.entomology.umn.edu/midge/Heptageniidae.htm
http://www.entomology.umn.edu/midge/Isonychiidae.htm


(SKHPHURSWHUD28

'RXEOH#OD\HUHG#JLOOV +46E,

%DHWLGDH +47D,

$PHOHWLGDH#ZLWK
FRPE0OLNH#VSLQHV#RQ
PD[LOODH +48D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

)LJ1#48D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW#DQG#.1:1
&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

46

D *LOOV#RQ#DEGRPLQDO#VHJPHQWV#50:#HLWKHU
IRUNHG/#LQ#WXIWV/#ZLWK#DOO#PDUJLQV#IULQJHG/
RU#ZLWK#GRXEOH#OD\HUV#WHUPLQDWLQJ#LQ
SRLQWV>#GHQVH#EUXVK#RI#KDLUV#RQ
DSLFRODWHUDO#PDUJLQ#RI#PD[LOODH#+RXWVLGH
HQG#RI#PRXWKSDUWV#EHKLQG#PDQGLEOHV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /HSWRSKOHELLGDH

7KHVH#Q\PSKV#OLYH#LQ#D#YDULHW\#RI#VWUHDPV/#LQ
VORZ#RU#IDVW#FXUUHQWV/#DQG#RQ#DOO#W\SHV#RI#FRDUVHU
VXEVWUDWHV1##>026282&@

E1 *LOOV#VLQJOH#RU#GRXEOH#OD\HUV/#RYDO#RU#KHDUW
VKDSHG>#DSLFRODWHUDO#PDUJLQ#RI#PD[LOODH
ZLWKRXW#GHQVH#EUXVK#RI#KDLUV#+WKRXJK
$PHOHWLGDH#KDYH#FRPE0OLNH#VSLQHV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

47

D1 0LGGOH#FDXGDO#+WDLO,#ILODPHQW#UHGXFHG#RU
DEVHQW#RU#DQWHQQDH#PRUH#WKDQ#WZLFH#DV
ORQJ#DV#KHDG#ZLGWK
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %DHWLGDH

7KH#EDHWLGV#DUH#DFWLYH#VZLPPHUV/#DEXQGDQW#LQ
VWUHDPV#DQG#ODNHV1##>+2;2;2$@

E1 0LGGOH#FDXGDO#ILODPHQW#DV#ORQJ#DV#RWKHUV
DQG#DQWHQQDH#OHVV#WKDQ#WZLFH#ZLGWK#RI
KHDG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

48

D1 0D[LOODH#ZLWK#FRPE0OLNH#VSLQHV>#RYDO#JLOOV
ZLWK#D#KDUGHQHG#EDQG#RQ#WKH#HGJH#DQG
XVXDOO\#GRZQ#WKH#PLGGOH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $PHOHWLGDH

8QWLO#UHFHQWO\/#WKH#$PHOHWLGDH#ZHUH#SDUW#RI#WKH
6LSKORQHXULGDH#IDPLO\1##7KH\#DUH#VZLPPHUV#DQG
FOLQJHUV#IRXQG#LQ#DOO#W\SHV#RI#VWUHDPV1#>/242425@

E1 0D[LOODH#ZLWKRXW#FRPE0OLNH#VSLQHV>#JLOOV
YDULDEOH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6LSKORQHXULGDH

7KLV#IDPLO\#RI#VZLPPHUV#DQG#FOLQJHUV##LV#TXLWH
YDULDEOH#LQ#KDELWDW#SUHIHUHQFHV#DQG#IHHGLQJ
EHKDYLRU1##>+24252&@

http://www.entomology.umn.edu/midge/Leptophlebiidae.htm
http://www.entomology.umn.edu/midge/Baetidae.htm
http://www.bgsd.k12.wa.us/hml/jr_cam/macros/efl_fall05/images/efl_nov05_19.jpg


+HPLSWHUD24

)URQW#WDUVXV#+5D,5RVWUXP#+5D,

&RUL[LGDH#VKRZLQJ#URVWUXP#DQG
IURQW#WDUVXV +5D,

&RUL[LGDH +5D,

1HSLGDH#DEGRPHQ#ZLWK
UHVSLUDWRU\#WXEH +6D,

1HSLGDH +6D,

6HFWLRQ#:H

%XJV#++HPLSWHUD,

0DQ\#IDPLOLHV#RI#+HPLSWHUD#KDYH#FRPPRQ#QDPHV1#
7KHVH#QDPHV#DUH#JLYHQ#LQ#WKH#NH\#LPPHGLDWHO\#EHIRUH
WKH#/DWLQ#QDPH1

4

D1 $QWHQQDH#VKRUWHU#WKDQ#KHDG/#EDVHG#XQGHU
H\HV#DQG#QRW#YLVLEOH#IURP#DERYH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

E1 $QWHQQDH#ORQJHU#WKDQ#KHDG/#EDVHG#LQ#IURQW
RI#H\HV#DQG#YLVLEOH#IURP#DERYH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

5

D1 5RVWUXP#+EHDN,#EURDG#DQG#WULDQJXODU/#QRW
GLVWLQFWO\#VHJPHQWHG/#RIWHQ#ZLWK
WUDQVYHUVH#JURRYHV>#IURQW#WDUVL#+IHHW,
VFRRS0VKDSHG/#VLQJOH#VHJPHQW
1 1 1 1 1 1 1 1 1 1 :DWHU#%RDWPHQ/#&RUL[LGDH

7KH#ZDWHU#ERDWPHQ#PRVWO\#IHHG#RQ#DOJDH/
GHWULWXV#DQG#PLFURRUJDQLVPV/#LQ#FRQWUDVW#WR#WKH
RWKHU#+HPLSWHUDQV/#ZKLFK#DUH#SUHGDWRUV1#7KH\
UHVHPEOH#WKH#1RWRQHFWLGDH#EXW#DUH#PRUH
IODWWHQHG1#0RVW#OLYH#LQ#ODNHV/#WKRXJK#WKH\#DUH#DW
WLPHV#IRXQG#LQ#WKH#VORZ#ZDWHU#RI#VWUHDPV1#
>0282442&@

E1 5RVWUXP#F\OLQGULFDO#RU#FRQH0VKDSHG#ZLWK
607#VHJPHQWV>#IURQW#WDUVL#QRW#VFRRS0
VKDSHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

6

D1 $EGRPHQ#ZLWK#D#VOHQGHU#UHVSLUDWRU\#WXEH
1 1 1 1 1 1 1 1 1 1 1 :DWHU#6FRUSLRQV/#1HSLGDH

:DWHU#VFRUSLRQV#DUH#XVXDOO\#IRXQG#DPRQJ
YHJHWDWLRQ#RQ#ODNH#PDUJLQV1#7KH\#DUH#SRRU
VZLPPHUV#EXW#FOLQJ#WR#SODQWV#DV#WKH\#KXQW#IRU
LQYHUWHEUDWH#SUH\1#7KH\#EUHDWK#WKURXJK#WKH
UHVSLUDWRU\#WXEH#ZKHQ#DW#WKH#VXUIDFH#DQG#VWRUH
DLU#EHQHDWK#WKH#ZLQJV#ZKLOH#VXEPHUJHG1#
>023252&@

E1 $EGRPLQDO#UHVSLUDWRU\#WXEH#DEVHQW#RU
VKRUW#DQG#IODW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=9&show=1484&fa=Corixidae&o=Hemiptera&ls=adult
http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=9&show=1489&fa=Nepidae&o=Hemiptera&ls=adult


+HPLSWHUD25

%HORVWRPDWLGDH/#VKRZLQJ
UHVSLUDWRU\#IODSV +8D,

%HORVWRPDWLGDH +8D,

1DXFRULGDH +8E,

3OHLGDH +9D,

1RWRQHFWLGDH +9E,

7

D1 %RG\#IODWWHQHG#DQG#RYDO>#IURQW#XSSHU#OHJV
EURDG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

E1 %RG\#HORQJDWH#RU#KHPLVSKHULFDO/#QRW
IODWWHQHG>#IURQW#XSSHU#OHJV#VLPLODU#WR
RWKHUV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

8

D1 /HQJWK#!#4;#PP>#VKRUW#UHVSLUDWRU\#IODSV#DW
HQG#RI#DEGRPHQ>#H\HV#SURWUXGLQJ
1 1 1 *LDQW#:DWHU#%XJV/#%HORVWRPDWLGDH

7KH#JLDQW#ZDWHU#EXJV#DUH#DPRQJ#WKH#ODUJHVW
LQYHUWHEUDWH#SUHGDWRUV/#FDSWXULQJ#DQ\WKLQJ#WKH\
FDQ#KROG#LQFOXGLQJ#ILVK#DQG#IURJV1#7KH\#OLYH#LQ
ODNHV#DQG#PDUVKHV#RU#LQ#RWKHU#FDOP#DQG
YHJHWDWHG#ZDWHUERGLHV1#7KH\#VRPHWLPHV#IO\
WRZDUGV#OLJKWV1##>+24252&@

E1 /HQJWK#?49#PP>#QR#UHVSLUDWRU\#IODSV>#H\HV
HYHQ#ZLWK#PDUJLQ#RI#KHDG
1 1 1 1 &UHHSLQJ#:DWHU#%XJV/#1DXFRULGDH

7KH#FUHHSLQJ#ZDWHU#EXJV#DUH#PRUH#FRPPRQ#LQ
WKH#VRXWKHUQ#VWDWHV1#7KH\#XVXDOO\#OLYH#LQ#ZHOO
R[\JHQDWHG#ZDWHU#RI#VWUHDPV#RU#VPDOO#SRQGV#DQG
FDUU\#DQ#DLU#EXEEOH#XQGHU#WKH#ZLQJV1##>023242&@

9

D1 %RG\#KHPLVSKHULFDO>#URVWUXP#60
VHJPHQWHG>#OHQJWK#?6#PP
1 1 1 1 1 1 1 1 3LJP\#%DFNVZLPPHUV/#3OHLGDH

3LJP\#EDFNVZLPPHUV#KDYH#VKHOO0OLNH#ZLQJV#OLNH
%HHWOHV1#7KH\#OLYH#LQ#YHJHWDWHG#DUHDV#RI#SRQGV/
ODNHV/#PDUVKHV#DQG#VORZ#VWUHDPV1#7KH\#VZLP
XSVLGH0GRZQ#DQG#FUDZO#RQ#YHJHWDWLRQ#LQ#VHDUFK
RI#LQYHUWHEUDWH#SUH\1##>0232425@

E1 %RG\#HORQJDWH>#URVWUXP#70VHJPHQWHG>
OHQJWK#!#8#PP
1 1 1 1 1 1 1 1 %DFNVZLPPHUV/#1RWRQHFWLGDH

%DFNVZLPPHUV#VZLP#XSVLGH0GRZQ#EXW#RXW#RI
WKH#ZDWHU#+GXULQJ#RFFDVLRQDO#RU#PLJUDWRU\
IOLJKW,#RULHQW#WKHPVHOYHV#ULJKW0VLGH0XS1#7KH\#DUH
IRXQG#LQ#ODNHV/#SRQGV#DQG#VWUHDP#SRROV#HLWKHU
QHDU#WKH#VXUIDFH#RU#VXEPHUJHG#IRU#ORQJ#SHULRGV1
7KH\#DUH#SUHGDWRUV1##>+24252&@

http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=9&show=1483&fa=Belostomatidae&o=Hemiptera&ls=adult
http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=9&show=1488&fa=Naucoridae&o=Hemiptera&ls=adult
http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=9&show=1490&fa=Notonectidae&o=Hemiptera&ls=adult
http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=9&show=1491&fa=Pleidae&o=Hemiptera&ls=adult


+HPLSWHUD26

6DOGLGDH +:D,

)URQW#WDUVDO#FODZV#DWWDFKHG
DORQJ#VLGH#DQG#DW#WLS +;D2;E,

*HUULGDH +<D, 9HOLLGDH +<E,

:

D1# 0HPEUDQH#RI#ZLQJ#ZLWK#7#RU#8#GLVWLQFW
VLPLODU#FHOOV>#KLQG#FR[DH#+EDVH#RI#KLQG
OHJV,#ODUJH#DQG#EURDG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6KRUH#%XJV/#6DOGLGDH

7KH#VKRUH#EXJV#DUH#VHPL0DTXDWLF/#OLYLQJ#RQ
PDUJLQV#RI#VWUHDPV/#ODNHV#DQG#PDUVKHV1#7KH\
DUH#SUHGDWRUV1##>;2;2;2&@

E1 0HPEUDQH#RI#ZLQJ#ODFNLQJ#GLVWLQFW#VLPLODU
FHOOV>#KLQG#FR[DH#VPDOO/#F\OLQGULFDO#RU
FRQLFDO
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

;

D1 &ODZV#RI#IURQW#WDUVL#DWWDFKHG#DORQJ#VLGH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

E1 &ODZV#RI#IURQW#WDUVL#DWWDFKHG#DW#WLS
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

<

D1 +LQG#IHPXU#+XSSHU#OHJ#RU#WKLJK,#ORQJ/
H[WHQGLQJ#IDU#EH\RQG#WLS#RI#DEGRPHQ
1 1 1 1 1 1 1 1 1 1 1 1 :DWHU#6WULGHUV/#*HUULGDH

:DWHU#VWULGHUV#DUH#ODUJH#EXJV#OLYLQJ#RQ#DQ\#IODW0
ZDWHU#+QR#ULIIOHV,#KDELWDW#DQG#DUH#RIWHQ#IRXQG
DPRQJ#YHJHWDWLRQ1#7KH\#IHHG#RQ#WHUUHVWULDO
LQVHFWV#WKDW#DUH#WUDSSHG#LQ#WKH#VXUIDFH#ILOP#RU
RWKHU#QHDU0VXUIDFH#LQYHUWHEUDWHV1#6RPH#W\SHV
ODFN#ZLQJV1##>;252:2&@

E1 8SSHU#KLQG#OHJ#VKRUWHU/#H[WHQGLQJ#RQO\#WR
RU#VOLJKWO\#SDVW#WLS#RI#DEGRPHQ
1 1 1 1 1 1 %URDG#6KRXOGHUHG#:DWHU#6WULGHUV/

#9HOLLGDH

7KH#9HOLLGDH#DUH#VPDOOHU#WKDQ#WKH#*HUULGDH#DQG
DUH#XVXDOO\#ZLQJOHVV1#7KH\#OLYH#RQ#IODW#ZDWHU#+QR
ULIIOHV,#DQG#DUH#SUHGDFHRXV1##>024262&@

http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=9&show=1492&fa=Saldidae&o=Hemiptera&ls=adult
http://www.waterbugkey.vcsu.edu/php/familydetail.php?idnum=9&show=1742&fa=Veliidae&o=Hemiptera&ls=adult
http://www.entomology.umn.edu/midge/Gerridae.htm


+HPLSWHUD27

+\GURPHWULGDH +43D,

0HVRYHOLLGDH#ZLWK#IUHH
URVWUXP#+44E,

+HEULGDH#ZLWK#ORZHU#SDUW
RI#KHDG#UHFHLYLQJ#URVWUXP
+44D,

+HDGV#RI#+HEULGDH#DQG
0HVRYHOLLGDH +44D244E,

)LJ1#44D#DQG#44E#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW#DQG
.1:1#&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

43

D1 +HDG#DV#ORQJ#DV#HQWLUH#WKRUD[#DQG#VOHQGHU>
H\HV#DERXW#PLGZD\#RQ#KHDG
1 1 1 1 :DWHU#0HDVXUHUV/#+\GURPHWULGDH

7KH#ZDWHU#PHDVXUHUV#DUH#VWLFN0OLNH#DQG#FORVH#WR
4#FP#LQ#OHQJWK1#7KH\#ZDON#RQ#YHJHWDWLRQ#RU#WKH
ZDWHU¶V#VXUIDFH#ZKHUH#WKHUH#DUH#QR#ZDYHV#DQG
XVXDOO\#LQ#WKH#DEVHQFH#RI#ILVK1#7KH\#SUH\#RQ
LQYHUWHEUDWHV#LQ#WKH#VXUIDFH#ILOP#E\#VSHDULQJ
WKHP1##>023242&@

E1 +HDG#VKRUW#DQG#VWRXW>#H\HV#DW#UHDU#RI#KHDG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

44

D1 /RZHU#SDUW#RI#KHDG#JURRYHG#WR#UHFHLYH
URVWUXP>#WDUVL#50VHJPHQWHG>#OHJV#ZLWKRXW
EULVWOHV>#OHQJWK#?#518#PP
1 1 1 1 1 1 1 1 1 9HOYHW#:DWHU#%XJV/#+HEULGDH

9HOYHW#ZDWHU#EXJV#OLYH#RQ#FDOP#ZDWHU#RU#RQ#WKH
PRLVW#VRLO#DW#ZDWHU¶V#HGJH1#7KH\#DUH#VORZHU
PRYLQJ#WKDQ#9HOLLGDH1##>;232525@

E1 /RZHU#SDUW#RI#KHDG#QRW#JURRYHG>#WDUVL#60
VHJPHQWHG>#EODFN#VSLQHV#RQ#OHJV>#OHJV#ZLWK
VFDWWHUHG/#VWLII/#EODFN#EULVWOHV>#OHQJWK#507
PP
1 1 1 1 1 1 1 1 :DWHU#7UHDGHUV/#0HVRYHOLLGDH

:DWHU#WUHDGHUV#OLYH#DPRQJ#HPHUJHQW#DQG
IORDWLQJ#YHJHWDWLRQ#RQ#FDOP#ZDWHU1#7KH\#DUH
RIWHQ#ZLQJOHVV1#7KH\#SUH\#RQ#VPDOO#LQYHUWHEUDWHV
LQ#WKH#VXUIDFH#ILOP1#)UHH]LQJ#NLOOV#DGXOWV#DQG
Q\PSKV/#VR#WKH\#RYHUZLQWHU#DV#HJJV1##>;232425@

http://www.entomology.umn.edu/midge/Hydrometridae.htm
http://www.entomology.umn.edu/midge/Mesoveliidae.htm


/HSLGRSWHUD24

3\UDOLGDH +4D,

6SLFXOHV#RQ#ERG\#+5D,

$QDO#IRUN#RU#FRPE#+5D,

&KDUDFWHULVWLFV#RI
7RUWULFLGDH +5D,

&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ
&RPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

6HFWLRQ#:I

$TXDWLF#0RWK#/DUYDH
+/HSLGRSWHUD,

0RWK#IDPLOLHV#GR#QRW#KDYH#ZLGHO\#XVHG#FRPPRQ
QDPHV1

4

D1 7KRUD[#DQG#DEGRPHQ#ZLWK#ILODPHQWRXV
JLOOV#RU#FDVH#PDGH#RI#OHDYHV#RU#SODQW
PDWHULDO>#ERG\#ZLWK#JUDQXODU#VXUIDFH>
FURFKHWV#+KRRNV#RQ#SUROHJV,#RI#5#OHQJWKV
DQG#DUUDQJHG#LQ#DQ#RYDO
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3\UDOLGDH

6RPH#DXWKRUV#+H1J1/#7KRUS#DQG#&RYLFK,#VWDWH
WKDW#DOO#WUXO\#DTXDWLF#/HSLGRSWHUD#DUH#LQ#WKLV
IDPLO\1#7KH\#DUH#KHUELYRUHV>#VKUHGGLQJ/#FKHZLQJ
RU#PLQLQJ#OHDYHV#RI#DTXDWLF#SODQWV#DQG#DOJDH1
7KH\#FOLPE#DQG#VRPHWLPHV#VZLP1

E1 1RW#ZLWK#DQ\#RI#WKH#DERYH#FRPELQDWLRQV#RI
FKDUDFWHULVWLFV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

5

D1 7HUPLQDO#VHJPHQW#RI#DEGRPHQ#ZLWK#DQDO
IRUN#RU#FRPE#RU#ERG\#FRYHUHG#ZLWK#WLQ\
VSLFXOHV#+QHHGOH0OLNH#VSLQHV,>#SULPDU\
VHWDH#VKRUW>#DVVRFLDWHG#ZLWK#QXWJUDVV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7RUWULFLGDH

7KH#7RUWULFLGDH#DUH#UHSUHVHQWHG#E\#WKH#VLQJOH
JHQXV#$UFKLSV1#7KH\#EXUURZ#DQG#FOLPE#LQ
HPHUJHQW#DQG#IORDWLQJ#YHJHWDWLRQ#RI#ODNHV/
SRQGV/#DQG#PDUVKHV1

E1 1RW#ZLWK#DQ\#RI#WKH#DERYH#FRPELQDWLRQV#RI
FKDUDFWHULVWLFV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

)LJ1#5D#0#)URP#$Q#,QWURGXFWLRQ#WR#$TXDWLF#,QVHFWV#RI#1RUWK#$PHULFD/#7KLUG#(GLWLRQ#E\#51:1#0HUULWW#DQG#.1:1
&XPPLQV1##&RS\ULJKW#�#4<<9#E\#.HQGDOO2+XQW#3XEOLVKLQJ#FRPSDQ\1##8VHG#ZLWK#SHUPLVVLRQ1

http://www.entomology.umn.edu/midge/Pyralidae.htm


/HSLGRSWHUD25

1RFWXLGDH +6D,

6

D1 %RG\#ZLWK#SURPLQHQW#YHUUXFDH#+HOHYDWHG
WXIWV#RI#VHWDH,>#KHDG#PRWWOHG#EODFN#DQG
ZKLWH#RU#ODUJH#ODUYDH#+830:3#PP#DW
PDWXULW\,>#FURFKHWV#LQ#D#VLQJOH#VOLJKWO\
FXUYHG#URZ#RU#LQ#D#VHPL0FLUFOH>#EXUURZHUV
LQ#DTXDWLF#SODQW#VWHPV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1RFWXLGDH

7KH#1RFWXLGDH#JHQHUDOO\#OLYH#DPRQJ#YHJHWDWHG
PDUJLQV#RI#ODNHV/#SRQGV/#DQG#PDUVKHV1

E1 1RW#ZLWK#DQ\#RI#WKH#DERYH#FRPELQDWLRQV#RI
FKDUDFWHULVWLFV>#ERG\#VPRRWK/#ZLWKRXW
VSLFXOHV>#SULPDU\#VHWDH#ORQJ>#FURFKHWV#LQ#D
VLQJOH#FLUFXODU#URZ>#DVVRFLDWHG#ZLWK
VXQIORZHUV#DQG#RWKHU#SODQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &RVPRSWHU\JLGDH

&RVPRSWHU\JLGDH#OLYH#DPRQJ#YHJHWDWLRQ#DW
VWUHDP#DQG#ODNH#PDUJLQV/#ZKHUH#WKH\#EXUURZ
LQWR#SODQW#SDUWV1



0HJDORSWHUD24

6LDOLGDH#+OHIW,#DQG
&RU\GDOLGDH#+ULJKW, +4D24E,

6LDOLGDH +4D,
&RU\GDOLGDH#ODUYD#SUH\LQJ#RQ#D#VWRQHIO\
+3OHFRSWHUD,#Q\PSK +4E,

6HFWLRQ#:J

$OGHUIO\#DQG#'REVRQIO\#/DUYDH
+0HJDORSWHUD,

&RPPRQ#QDPHV#DUH#JLYHQ#LQ#WKH#NH\#LPPHGLDWHO\
EHIRUH#WKH#/DWLQ#QDPH1

4

D1 $EGRPHQ#ZLWK#:#ODWHUDO#ILODPHQWV#DQG#D
VLQJOH#ORQJ#WHUPLQDO#ILODPHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $OGHUIOLHV/#6LDOLGDH

7KH#DOGHUIOLHV/#UHSUHVHQWHG#E\#D#VLQJOH#JHQXV
6LDOLV/#GR#QRW#JHW#DV#ODUJH#DV#&RU\GDOLGDH1#7KH\
DUH#PRVWO\#IRXQG#LQ#VHGLPHQWV#RI#FROG#ODNHV#DQG
VWUHDPV#DQG#DUH#SUHGDFHRXV1##>024242&@

E1 $EGRPHQ#ZLWK#;#ODWHUDO#ILODPHQWV#DQG
ZLWKRXW#D#WHUPLQDO#ILODPHQW>#ODVW
DEGRPLQDO#VHJPHQW#ZLWK#5#FODZHG#SUROHJV
1 1 1 1 1 1 1 1 1 1 1 'REVRQIOLHV/#&RU\GDOLGDH

,Q#DGGLWLRQ#WR#GREVRQIO\/#WKH#&RU\GDOLGDH#DUH
DOVR#FDOOHG#ILVKIOLHV#DQG#KHOOJUDPPLWHV1###7KH\
FDQ#JURZ#DV#ODUJH#DV#<#FP1#0RVW#OLYH#LQ#ZHOO
R[\JHQDWHG#ZDWHU#RI#VWUHDPV#DQG#DUH
SUHGDFHRXV1#6RPH#OLYH#LQ#ODNHV#DQG#IHHG#RQ
GHWULWXV#DV#ZHOO#DV#OLYLQJ#SUH\1##>026272&@

http://www.entomology.umn.edu/midge/Key/Sialidae.htm
http://www.entomology.umn.edu/midge/Corydalidae.htm


2GRQDWD24

&DORSWHU\JLGDH +5D,

3UHPHQWXP#RI#GDPVHOIO\
Q\PSK#+&DORSWHU\JLGDH,>
YLHZ#IURP#XQGHUVLGH#RI
KHDG +5D,

6HFWLRQ#:K

'UDJRQIO\#DQG#'DPVHOIO\
1\PSKV#+2GRQDWD,

6RPH#IDPLOLHV#RI#2GRQDWD#KDYH#FRPPRQ#QDPHV1#
7KHVH#QDPHV#DUH#JLYHQ#LQ#WKH#NH\#LPPHGLDWHO\#EHIRUH
WKH#/DWLQ#QDPH1

4

D1 $EGRPHQ#WHUPLQDWHV#LQ#6#OHDI0OLNH#JLOOV>
ERG\#IRUP#LV#XVXDOO\#HORQJDWH/#708#WLPHV
ORQJHU#WKDQ#ZLGH
1 1 1 'DPVHOIOLHV/#VXERUGHU#=\JRSWHUD1115

$W#UHVW/#WKH#DGXOWV#RI#WKHVH#LQVHFWV#KROG#WKHLU
ZLQJV#IROGHG#DJDLQVW#HDFK#RWKHU#EHKLQG#DQG
DERYH#WKH#EDFN1#$OO#DUH#SUHGDWRUV1

E1 $EGRPHQ#WHUPLQDWHV#LQ#VKDUS/#VWLII/
SRLQWHG#VSLQH0OLNH#SURFHVVHV>#ERG\#IRUP#LV
XVXDOO\#URXQGHG#RU#FXUYHG#RQ#WKH#VLGHV/#4
ò06#WLPHV#ORQJHU#WKDQ#ZLGH
1 1 'UDJRQIOLHV/#VXERUGHU#$QLVRSWHUD1117

$W#UHVW/#WKH#DGXOWV#RI#WKHVH#LQVHFWV#KROG#WKHLU
ZLQJV#VWUDLJKW#RXW#WR#WKH#VLGHV#RI#WKH#ERG\1#$OO
DUH#SUHGDWRUV1

5

D1 %DVDO#VHJPHQW#+FORVHVW#WR#WKH#KHDG,#RI
DQWHQQDH#DV#ORQJ#RU#ORQJHU#WKDQ#DOO#RWKHU
VHJPHQWV#FRPELQHG>#SUHPHQWXP#+ORZHU
SDUW#RI#KLQJHG#MDZ,#GLYLGHG#E\#GHHS#JDS#DW
IXUWKHVW#HQG>#JLOOV#WULDQJXODU#LQ#FURVV
VHFWLRQ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &DORSWHU\JLGDH

7KH#&DORSWHU\JLGDH#DUH#IRXQG#LQ#VWUHDPV#RI#DOO
VL]HV/#XVXDOO\#DPRQJ#YHJHWDWLRQ#DQG#GHEULV1#
>024252&@

E1 %DVDO#DQWHQQDO#VHJPHQW#VKRUWHU#WKDQ#RWKHU
VHJPHQWV#FRPELQHG>#SUHPHQWXP#EDUHO\
GLYLGHG/#LI#DW#DOO>#JLOOV#IODW#RU#VRPHZKDW
SOXPS#EXW#QRW#WULDQJXODU
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

http://www.entomology.umn.edu/midge/Calopterygidae.htm


2GRQDWD25

&RHQDJULRQLGDH#+6E,/HVWLGDH#+6D,

'DPVHOIO\#SUHPHQWXP +6D26E,

/HVWLGDH +6D,

*RPSKLGDH +8D,

*RPSKLGDH#DQWHQQD
ZLWK#7#VHJPHQWV +8D,

6

D1 3UHPHQWXP#QDUURZV#DEUXSWO\#WR#DQ#
HORQJDWH#EDVDO#KDOI>#ZKHQ#FORVHG/#KLQJH#RI
SUHPHQWXP#LV#DW#RU#EHKLQG#PHVRFR[DH
+EDVH#RI#PLGGOH#OHJV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /HVWLGDH

/HVWLGDH#PRVWO\#OLYH#DPRQJ#YHJHWDWLRQ#RI#ODNHV
DQG#PDUVKHV/#WKRXJK#WKH\#DUH#VRPHWLPHV#IRXQG
LQ#WKH#VORZ#ZDWHUV#RI#ODUJH#VWUHDPV#DQG#ULYHUV1#
>02;252&@

E1 3UHPHQWXP#QDUURZV#JUDGXDOO\#IURP#IURQW
WR#EDFN>#KLQJH#RI#SUHPHQWXP#UHDFKHV#WR
SURFR[DH#+EDVH#RI#IURQW#OHJV,#DW#PRVW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &RHQDJULRQLGDH

&RHQDJULRQLGDH#DUH#XVXDOO\#IRXQG#DPRQJ
YHJHWDWLRQ#LQ#ODNHV/#SRQGV/#DQG#PDUVKHV/#WKRXJK
VRPH#VSHFLHV#DUH#IRXQG#LQ#VWUHDPV1#7KH\#VWDON
DQG#DPEXVK#VPDOO#LQYHUWHEUDWH#SUH\1#
>+272;2&@

7

D1 3UHPHQWXP#QHDUO\#IODW#ZLWK#QR#VHWDH
+KDLUV,#RQ#LQVLGH#VXUIDFH>#SDOSDO#OREHV
+SLQFHUV,#DOVR#IODW#DQG#XVXDOO\#ZLWKRXW
VHWDH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

E1 3UHPHQWXP#URXQGHG#LQ#IURQW#RI#IDFH#DQG
XVXDOO\#ZLWK#VHWDH#RQ#LQVLGH#VXUIDFH>
SDOSDO#OREHV#DOVR#URXQGHG#DQG#DOZD\V#ZLWK
VWRXW#VHWDH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

8

D1 $QWHQQDH#ZLWK#7#VHJPHQWV#+WKH#7WK#FDQ#EH
YHU\#VPDOO,>#SUR0#DQG#PHVRWDUVL#+IURQW#DQG
PLGGOH#IHHW,#ZLWK#5#VHJPHQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 *RPSKLGDH

*RPSKLGDH#DUH#UHODWLYHO\#VKRUWHU#DQG#EURDGHU
LQ#WKH#DEGRPHQ#WKDQ#$HVKQLGDH#RU#3HWDOXULGDH1
7KH\#FDQ#EH#IRXQG#LQ#VWUHDPV#RU#ODNHV/#ZKHUH
WKH\#EXUURZ#LQWR#VHGLPHQWV#WR#DPEXVK#SUH\1#
>02;2<2&@

E1 $QWHQQDH#ZLWK#9#RU#:#VHJPHQWV>#SUR0#DQG
PHVRWDUVL#ZLWK#6#VHJPHQWV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

http://www.entomology.umn.edu/midge/Lestidae.htm
http://www.entomology.umn.edu/midge/Gomphidae.htm


2GRQDWD26

$HVKQLGDH +9D,

DQWHQQD
VWRXW#DQG#KDLU\
+9E,

DQWHQQD#VOHQGHU/
IHZ#KDLUV#+9D,

$QWHQQDH#RI#$HVKQLGDH#DQG
3HWDOXULGDH +9D29E,

&RUGXOHJDVWULGDH#SDOSDO#OREHV
ZLWK#LUUHJXODU#WHHWK +:D,

9

D1 $QWHQQDH#VOHQGHU#DQG#ZLWK#IHZ#LI#DQ\#KDLUV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 'DUQHUV/#$HVKQLGDH

7KH#$HVKQLGDH#DUH#ODUJH#DQG#HORQJDWH#FRPSDUHG
WR#RWKHU#GUDJRQIOLHV1#7KH\#FRPPRQO\#OLYH
DPRQJ#YHJHWDWLRQ#LQ#ODNHV/#SRQGV#DQG#PDUVKHV/
WKRXJK#DUH#DOVR#IRXQG#LQ#VWUHDPV1##>0252:2&@

E1 $QWHQQDH#VWRXW#DQG#KDLU\
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3HWDOXULGDH

3HWDOXULGDH#DUH#UHODWLYHO\#UDUH/#EXW#FDQ#EH#IRXQG
LQ#ERJV/#VHHSV/#DQG#DPRQJ#WKH#PRVV\#PDUJLQV#RI
FROG#VWUHDPV1#

:

D1 3DOSDO#OREHV#ZLWK#ODUJH#DQG#LUUHJXODU#WHHWK/
ZLWKRXW#VHWDH>#OLJXOD#+IURQW#DQG#FHQWHU#RI
SUHPHQWXP,#SURMHFWLQJ#IRUZDUG#DQG#ZLWK
FOHIW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %LGGLHV/#)O\LQJ#$GGHUV/

&RUGXOHJDVWULGDH

7KH#&RUGXOHJDVWULGDH#OLYH#LQ#VPDOO#VWUHDPV
ZKHUH#WKH\#DPEXVK#SUH\#IURP#FRQFHDOHG
SRVLWLRQV#LQ#VLOW#DW#WKH#XSVWUHDP#HGJHV#RI#SRROV1#
>/24262&@

E1 3DOSDO#OREHV#ZLWK#VPDOO/#UHJXODUO\#VSDFHG
WHHWK#ZLWK#VHWDH#RU#QHDUO\#IODW>#OLJXOD#QRW#DV
DERYH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

http://www.entomology.umn.edu/midge/Aeshnidae.htm
http://www.entomology.umn.edu/midge/Cordulegastridae.htm


2GRQDWD27

WHHWK#RI#SDOSDO#OREHV#+;D,

WHHWK#RI#SDOSDO#OREHV#+;E,

&RUGXOLLGDH#DQG#/LEHOOXOLGDH
WHHWK#RI#SDOSDO#OREHV +;D2;E,

/LEHOOXOLGDH +;E,

;

D1 7HHWK#RI#SDOSDO#OREHV#DSSUR[LPDWHO\#427#WR
425#DV#KLJK#DV#WKH\#DUH#ZLGH>#ODWHUDO#VSLQHV
RQ#DEGRPLQDO#VHJPHQW#;#VKRUWHU#WKDQ
RYHUDOO#OHQJWK#RI#VHJPHQW#<
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &RUGXOLLGDH-

>/252;2&@

E1 7HHWK#RI#SDOSDO#OREHV#DSSUR[LPDWHO\#4243#WR
429#DV#KLJK#DV#WKH\#DUH#ZLGH>#ODWHUDO#VSLQHV
RQ#DEGRPLQDO#VHJPHQW#;#ORQJHU#WKDQ
RYHUDOO#OHQJWK#RI#VHJPHQW#<
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /LEHOOXOLGDH-

>+252462&@

-#&RXSOHW#;#LV#DQ#XQFHUWDLQ#GHVFULSWRU1#6RPH
WD[RQRPLVWV#XVH#D#VLQJOH#IDPLO\#/LEHOOXOLGDH/
ZLWK#VXEIDPLOLHV#&RUGXOLLQDH#DQG#0DFURPLLQDH1#
0DFURPLLQDH##ZHUH#RQFH#FRQVLGHUHG#D#VHSDUDWH
IDPLO\#GLVWLQJXLVKDEOH#E\#ORQJ#OHJV#DQG#D#KRUQ
EHWZHHQ#WKH#H\HV1#7R#EH#FRQILGHQW/#OLVW#DQ\
DQLPDO#UHDFKLQJ#FRXSOHW#;#DV#³/LEHOOXOLGDH#DQG
&RUGXOLLGDH´#RU#LGHQWLI\#WR#JHQXV#XVLQJ#D#NH\
VXFK#DV#0HUULWW#DQG#&XPPLQV#+4<<9,1#:LWKLQ
WKLV#JURXS/#WKH#GLYHUVLW\#RI#KDELWDWV#DQG#KDELWV#LV
H[WHQVLYH1

http://www.entomology.umn.edu/midge/Libelluidae.htm


3OHFRSWHUD24

3WHURQDUF\LGDH +5D,

3HUOLGDH########################+5E,

6HFWLRQ#:L

6WRQHIO\#1\PSKV#+3OHFRSWHUD,

6WRQHIO\#IDPLOLHV#GR#QRW#KDYH#ZLGHO\#XVHG#FRPPRQ
QDPHV1

4

D1 $OO#WKRUDFLF#VHJPHQWV#KDYH#FRQVSLFXRXV/
EUDQFKHG#FOXVWHUV#RI#JLOOV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

E1 *LOOV#RQ#WKRUD[#DUH#HLWKHU#DEVHQW/
XQEUDQFKHG/#RU#RQO\#RQ#WKH#SURVWHUQXP
+FKHVW#SODWH#FORVHVW#WR#WKH#KHDG,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

5

D1 *LOOV#RQ#WKH#4VW/#5QG/#DQG#VRPHWLPHV#6UG

VHJPHQW#RI#WKH#DEGRPHQ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3WHURQDUF\LGDH

7KHVH#ODUJH#VWRQHIOLHV#UHTXLUH#407#\HDUV#WR
PDWXUH/#HPHUJLQJ#LQ#WKH#VSULQJ#RU#HDUO\
VXPPHU1#7KH\#IHHG#PRVWO\#RQ#FRDUVH#SDUWLFXODWH
+RUJDQLF,#PDWWHU#DQG#LQKDELW#GHEULV#LQ#VPDOO#WR
PHGLXP#VL]HG#VWUHDPV1##>/242425@

E1 *LOOV#DEVHQW#RQ#WKH#YLVLEOH#VHJPHQWV#RI#WKH
DEGRPHQ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3HUOLGDH

3HUOLGDH#DUH#UHODWLYHO\#ODUJH#SUHGDWRUV/#FRPPRQ
LQ#VWUHDPV#RI#DOO#VL]HV#DQG#OLYLQJ#ZLWKLQ#WKH
GHEULV#LQ#FRRO#IDVW#ULIIOHV1#7KH\#UHTXLUH#406#\HDUV
IRU#GHYHORSPHQW#DQG#HPHUJH#LQ#WKH#VXPPHU1#
>/292432&@

http://www.entomology.umn.edu/midge/Pteronarcyidae.htm
http://www.entomology.umn.edu/midge/Perlidae.htm


3OHFRSWHUD25

3HOWRSHUOLGDH +6D,

XQHTXDO#+7D, HTXDO#+7E,

7ZR#GLIIHUHQW#W\SHV#RI#VWRQHIO\
ODELXP#VWUXFWXUH +7D27E,

3HUORGLGDH +8D,

&KORURSHUOLGDH +8E,

6

D1 7KRUDFLF#VWHUQD#+EUHDVWSODWHV,#H[WHQG#EDFN
WR#RYHUODS#HDFK#IROORZLQJ#VHJPHQW>#JLOOV#DW
WKH#EDVH#RI#WKH#PLGGOH#DQG#KLQG#OHJV#DUH
VLQJOH/#GRXEOH#RU#IRUNHG>#ERG\#IRUP#LV
URDFK0OLNH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3HOWRSHUOLGDH

7KHVH#GLVWLQFWLYHO\#VKDSHG#Q\PSKV#OLYH#LQ#VPDOO
PRXQWDLQ#VWUHDPV#ZKHUH#WKH\#IHHG#RQ#GHFD\LQJ
OHDYHV/#GHWULWXV#DQG#PLFURRUJDQLVPV1##0RVW
GHYHORS#LQ#405#\HDUV#DQG#HPHUJH#LQ#ODWH#VSULQJ
RU#HDUO\#VXPPHU1##>/252525@

E1 7KRUDFLF#VWHUQD#DUH#QRW#RYHUODSSLQJ>#LI
JLOOV#DUH#SUHVHQW#DW#WKH#EDVH#RI#WKH#OHJV
WKH\#DUH#QRW#SRLQWHG>#ERG\#IRUP#LV#QRW
URDFK0OLNH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

7

D1 7KH#SDUDJORVVDH#+RXWHU#OREHV#RI#WKH#ODELXP
>ORZHU#OLS@,#H[WHQG#IXUWKHU#IRUZDUG#WKDQ
WKH#JORVVDH#+LQQHU#OREHV,/#DGDSWHG#IRU
SUHGDWLRQ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

E1 7KH#SDUDJORVVDH#DQG#JORVVDH#DUH
DSSUR[LPDWHO\#HTXDO#LQ#OHQJWK/#DGDSWHG#IRU
KHUELYRU\/#VFUDSLQJ#RU#FROOHFWLQJ#GHWULWXV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

8

D1 7KH#FHUFL#+WDLO#ILODPHQWV,#DUH#DV#ORQJ#RU
ORQJHU#WKDQ#WKH#DEGRPHQ>#WKH#KLQG#ZLQJ
SDGV#GLYHUJH#IURP#WKH#D[LV#RI#WKH#ERG\>#WKH
KHDG#DQG#WKRUD[#RI#PDWXUH#Q\PSKV#DUH
XVXDOO\#SDWWHUQHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3HUORGLGDH

6PDOO#WR#PHGLXP#VL]HG/#WKH#3HUORGLGDH#OLYH#LQ#DOO
VL]HV#DQG#W\SHV#RI#VWUHDPV1##0RVW#DUH#SUHGDWRUV
DW#OHDVW#LQ#ODWHU#VWDJHV#RI#WKHLU#RQH#\HDU
GHYHORSPHQW1##7KH\#HPHUJH#LQ#WKH#VSULQJ1#
>/282442&@

E1 7KH#FHUFL#DUH#VKRUWHU#WKDQ#WKH#DEGRPHQ>
WKH#KLQG#ZLQJ#SDGV#DUH#SDUDOOHO#WR#WKH#ERG\
D[LV>#WKH#KHDG#DQG#WKRUD[#XVXDOO\#KDYH#QR
SDWWHUQLQJ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &KORURSHUOLGDH

7KH#&KORURSHUOLGDH#DUH#VPDOO#DQG#SUHGDWRU\#LQ
ODWHU#VWDJHV#RI#D#RQH#\HDU#GHYHORSPHQW1
(PHUJLQJ#LQ#ODWH#VSULQJ#DQG#HDUO\#VXPPHU/#WKH\
LQKDELW#JUDYHO#ERWWRPV#RI#FROG/#VPDOO#WR#
PHGLXP#VL]HG#VWUHDPV1##>027292&@

http://www.entomology.umn.edu/midge/Perlolidae.htm
http://www.dfg.ca.gov/cabw/lab/chloroperlidae.html
http://www.troutnut.com/specimen/487


3OHFRSWHUD26

7DHQLRSWHU\JLGDH +9D,

1HPRXULGDH +:D,

/DUJH#WULDQJXODU#SODWH

&HUFL

7DHQLRSWHU\JLGDH#WULDQJXODU#SODWH+9D,

9

D1 7KH#5QG#WDUVDO#+IRRW,#VHJPHQW#LV#DERXW#DV
ORQJ#DV#WKH#ILUVW>#JLOOV#RQ#WKH#LQQHU#FR[DH
+EDVH#RI#WKH#OHJV,#DUH#VLQJOH#DQG
WHOHVFRSLQJ#RU#WKH#ODVW#DEGRPLQDO#VHJPHQW
ZLWK#ODUJH#YHQWUDO#WULDQJXODU#SODWH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7DHQLRSWHU\JLGDH

.QRZQ#DV#D#³ZLQWHU#VWRQHIOLHV´/#WKHVH#VPDOO#WR
PHGLXP#VL]HG#Q\PSKV#HPHUJH#LQ#ODWH#ZLQWHU#RU
YHU\#HDUO\#VSULQJ1#7KH\#FUDZO#VORZO\#EXW#VZLP
HIILFLHQWO\/#DUH#KHUELYRUHV0GHWULWLYRUHV/#DQG#DUH
IUHTXHQWO\#IRXQG#DPRQJ#YHJHWDWLRQ#LQ#VWUHDPV
RI#DOO#VL]HV1##>026282&@

E1 7KH#5QG#WDUVDO#VHJPHQW#LV#PXFK#VKRUWHU
WKDQ#WKH#ILUVW>#JLOOV#RQ#WKH#LQQHU#FR[DH#DUH
DEVHQW#DQG##ODVW#DEGRPLQDO#ZLWKRXJ#D
ODUJH#YHQWUDO#WULDQJXODU#SODWH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

:

D1 6PDOO/#UREXVW#ERG\>#OHQJWK#?#45#PP>#KLQG
OHJV#FDQ#H[WHQG#WR#RU#EH\RQG#WKH#WLS#RI#WKH
DEGRPHQ>#ZLQJ#SDGV#DUH#GLYHUJHQW#IURP
WKH#ERG\#D[LV>#PD\#KDYH#FHUYLFDO#JLOOV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1HPRXULGDH

7KHVH#VWRXW/#VPDOO#ODUYDH#DUH#GHWULWDO#IHHGHUV
WKDW#OLYH#LQ#GHEULV#DQG#VRIW#VHGLPHQWV#RI#VPDOO
VWUHDPV#DQG#VSULQJ#VHHSV1#7KH\#GHYHORS#LQ#RQH
\HDU/#DQG#HPHUJH#IURP#VSULQJ#WR#DXWXPQ
GHSHQGLQJ#RQ#WKH#VSHFLHV1##>/292<2&@

E1 (ORQJDWH#ERG\>#KLQG#OHJV#FDQ#QRW#UHDFK#WR
WLS#RI#DEGRPHQ>#ZLQJSDGV#DUH#SDUDOOHO#WR
WKH#ERG\#D[LV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

http://www.entomology.umn.edu/midge/Taeniopterygidae.htm
http://www.entomology.umn.edu/midge/Nemouridae.htm


3OHFRSWHUD27

&DSQLLGDH +;D,

DEGRPLQDO#VHJPHQWV#:0<#ZLWKRXW#D
PHPEUDQRXV#IROG#+;E,

DEGRPLQDO#VHJPHQWV#40<#GLYLGHG
E\#PHPEUDQRXV#IROG#+;D,

3RVLWLRQ#RI#PHPEUDQRXV#IROGV#RQ
DEGRPLQDO#VHJPHQWV#RI#&DSQLLGDH
DQG#/HXFWULGDH +;D2;E,

/HXFWULGDH +;E,
/HXFWULGDH +;E,

;

D1 $EGRPLQDO#VHJPHQWV#40<#GLYLGHG#E\#D
PHPEUDQRXV#IROG#DW#WKH#ORZHU#VLGHV>#KLQG
ZLQJ#SDGV/#LI#SUHVHQW/#DERXW#WKH#VDPH
GLVWDQFH#DSDUW#DV#WKH#IRUZDUG#ZLQJSDGV
+DQG#RIWHQ#VKRUW#DQG#EURDG,>#DEGRPLQDO
VHJPHQWV#ZLGHVW#DW#WHUPLQDO#HQG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &DSQLLGDH

$#³ZLQWHU#VWRQHIO\´/#WKH#VPDOO/#HORQJDWH#Q\PSKV
DUH#HVSHFLDOO\#DEXQGDQW#LQ#VPDOO#VWUHDPV#DQG
VSULQJ#VHHSV1#7KH\#IHHG#RQ#GHFD\LQJ#OHDYHV/
GHYHORS#LQ#RQH#\HDU#DQG#HPHUJH#LQ#WKH#ODWH
ZLQWHU#RU#HDUO\#VSULQJ1##>/26282&@

E1 $EGRPLQDO#VHJPHQWV#:0<#ZLWKRXW#D
PHPEUDQRXV#IROG#DW#WKH#ORZHU#VLGHV>#KLQG
ZLQJSDGV#VLPLODU#LQ#VKDSH#WR#WKH#IRUZDUG
ZLQJSDGV/#EXW#FORVHU#WRJHWKHU>#DEGRPLQDO
VHJPHQWV#F\OLQGULFDO
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /HXFWULGDH

)RXQG#PRVWO\#DPRQJ#JUDYHO#LQ#FRRO/#VPDOO
VWUHDPV/#WKH#/HXFWULGDH#IHHG#RQ#GHFD\LQJ#OHDYHV1
7KH\#DUH#VPDOO#DQG#HORQJDWH/#GHYHORS#LQ#RQH
\HDU/#DQG#HPHUJH#IURP#VSULQJ#WR#DXWXPQ/
GHSHQGLQJ#RQ#WKH#VSHFLHV1##>/25262&@

http://www.entomology.umn.edu/midge/Capniidae.htm
http://www.entomology.umn.edu/midge/Leuctridae.htm
http://www.entomology.umn.edu/midge/Leuctridae.htm


7ULFKRSWHUD24

+HOLFRSV\FKLGDH#FODZ#RQ
DQDO#SUROHJ +4D,

+\GURSV\FKLGDH +6D,

+\GURSWLOLGDH +6E,

6HFWLRQ#:M

&DGGLVIO\#/DUYDH#
+7ULFKRSWHUD,

&DGGLVIO\#IDPLOLHV#GR#QRW#KDYH#ZLGHO\#XVHG#FRPPRQ
QDPHV1

4

D1 $QDO#FODZ#ZLWK#PDQ\#WHHWK/#FRPE0OLNH>
FDVH#VSLUDOHG#DQG#UHVHPEOLQJ#D#VQDLO#VKHOO
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +HOLFRSV\FKLGDH

7KHVH#ODUYDH#QHYHU#DEDQGRQ#WKHLU#VQDLO0OLNH
FDVH1##7KH\#FUDZO#RYHU#URFNV/#ZRRG/#DQG#EXUURZ
LQ#VDQG#EHGV1#7KH\#FDQ#WROHUDWH#ZDUP#ZDWHU/
GHYHORS#LQ#D#\HDU#DQG#HPHUJH#WKURXJKRXW#WKH
VXPPHU1##>/232425@

E1 $QDO#FODZ#QRW#FRPE0OLNH#DQG#KRRN0VKDSHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

5

D1 7KRUDFLF#VHJPHQWV#FRYHUHG#GRUVDOO\#ZLWK#D
KDUGHQHG#SODWH#RU#SDLU#RI#MRLQHG#SODWHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

E1 0HWDQRWXP#DQG#RIWHQ#PHVRQRWXP#+WRSV#RI
KLQG#DQG#PLGGOH#WKRUDFLF#VHJPHQWV,#ZLWK
KDLUV#DQG#VFDWWHUHG#VPDOO#VFOHULWHV
+KDUGHQHG#SODWHV,/#EXW#RWKHUZLVH
PHPEUDQRXV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

6

D1 %UDQFKHG#JLOOV#DORQJ#ORZHU#VLGHV#RI
DEGRPHQ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +\GURSV\FKLGDH

7KLV#FRPPRQ/#GLYHUVH#DQG#LPSRUWDQW#IDPLO\#LV
IRXQG#LQ#VWUHDPV#RI#DOO#VL]HV/#FXUUHQWV#DQG
WHPSHUDWXUHV1#7KH\#DUH#RPQLYRURXV/#IHHGLQJ#RQ
ZKDWHYHU#LV#FDXJKW#LQ#WKHLU#QHWV1#7KH\#GHYHORS
LQ#4#WR#5#\HDUV1#6RPH#VSHFLHV#DUH#TXLWH#WROHUDQW
RI#SRRU#FRQGLWLRQV1##>+282;2$@

E1 1R#EUDQFKHG#JLOOV#RQ#DEGRPHQ
1 1 1 1 10LFUR0FDGGLVIOLHV/#+\GURSWLOLGDH

7KHVH#YHU\#VPDOO#ODUYDH#DUH#IUHH0OLYLQJ#LQ#WKHLU#ILUVW
IRXU#LQVWDUV#DQG#EXLOG#D#SXUVH#RU#EDUUHO0VKDSHG#FDVH
GXULQJ#WKHLU#ODVW/#ZKHQ#WKHLU#DEGRPHQ#LV#UHODWLYHO\
HQODUJHG1#7KH\#IHHG#RQ#DOJDH#DQG#RWKHU#SODQW
PDWHULDO#LQ#D#YDULHW\#RI#KDELWDWV1##>0272452&@

http://www.entomology.umn.edu/midge/Helicopsychidae.htm
http://www.entomology.umn.edu/midge/Hydropsychidae.htm
http://www.entomology.umn.edu/midge/Hydroptilidae.htm


7ULFKRSWHUD25

/HSWRFHULGDH#FDVH +7D,

/HSWRFHULGDH/#ODWHUDO
YLHZ#RI#KHDG#VKRZLQJ
DQWHQQDH#+$, +7D,

3KU\JDQHLGDH#ZLWK#SURVWHUQDO
KRUQ#++, +:D,

3KU\JDQHLGDH +:D,

7

D1 $QWHQQDH#ORQJ#+DW#OHDVW#9#WLPHV#DV#ORQJ#DV
ZLGH,#DQG2RU#VFOHULWHV#RQ#PHVRQRWXP
+PLGGOH#EDFN,#OLJKWO\#SLJPHQWHG#H[FHSW#IRU
D#SDLU#RI#GDUN#FXUYHG#OLQHV>#KLQG#OHJV
ORQJHU#WKDQ##RWKHUV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /HSWRFHULGDH

7KHVH#ODUYDH#DUH#GLYHUVH#LQ#FDVH#FRQVWUXFWLRQ/
KDELWDW#DQG#IHHGLQJ#EHKDYLRU/#WKRXJK#WKH\#DUH
JHQHUDOO\#RPQLYRURXV1#>0282:2&@

E1 $QWHQQDH#QRW#PRUH#WKDQ#6#WLPHV#DV#ORQJ#DV
ZLGH>#QR#VFOHURWL]HG#OLQHV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

8

D1 0HVRQRWXP#VSDUVHO\#VFOHURWL]HG/#VFOHULWHV
FRYHULQJ#OHVV#WKDQ#KDOI#RI#QRWXP
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

E1 0HVRQRWXP#PRVWO\#FRYHUHG#ZLWK#VFOHULWHV/
XVXDOO\#SLJPHQWHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

9

D1 $EGRPLQDO#VHJPHQW#<#ZLWK#D#GRUVDO#+WRS,
VFOHULWH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

E1 $EGRPLQDO#VHJPHQW#<#ZLWK#GRUVXP
HQWLUHO\#PHPEUDQRXV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

:

D1 3URVWHUQDO#+IURQW#FKHVW,#KRUQ#SUHVHQW/
WKRXJK#LW#PD\#EH#VPDOO>#PHWDQRWDO#VD6#+6UG

VHWDO#DUHD/#IDUWKHVW#WR#WKH#VLGHV#DQG#VOLJKWO\
IRUZDUG#RQ#QRWXP,#ZLWK#D#VPDOO#VFOHULWH
DQG#D#FOXVWHU#RI#VHWDH#+KDLUV,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3KU\JDQHLGDH

7KHVH#ODUJH#FDGGLVIOLHV#XVXDOO\#KDYH#D#EROGO\
VWULSHG#KHDG#DQG#GLVWLQFWLYH#FDVHV#RI#VSLUDO#RU
FRQFHQWULF#ULQJV#RI#YHJHWDWLRQ1#0DQ\#DUH
SUHGDWRUV#OLYLQJ#DPRQJ#GHEULV#LQ#D#YDULHW\#RI
ZDWHUERG\#W\SHV1##>0242:2&@

E1 1R#SURVWHUQDO#KRUQ>#PHWDQRWDO#VD6#ZLWK#D
VLQJOH#VHWDH#DQG#QR#VFOHULWH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

http://www.entomology.umn.edu/midge/Leptoceridae.htm
http://www.entomology.umn.edu/midge/Phryganeidae.htm


7ULFKRSWHUD26

*ORVVRVRPDWLGDH#+OHIW,#DQG
5K\DFRSKLOLGDH#+ULJKW,/#SRVLWLRQ
RI#DQDO#SUROHJ# +;D2;E,

5K\DFRSKLOLGDH +;E,

3V\FKRP\LLGDH
SURWRFKDQWLQ +<D,

3KLORSRWDPLGDH#KHDG +43D,

;

D1 $QDO#SUROHJ#MRLQHG#ZLWK#ODVW#DEGRPLQDO
VHJPHQW#DORQJ#DERXW#KDOI#RI#LWV#OHQJWK>
FODZ#LV#VPDOO#DQG#KDV#DW#OHDVW#RQH#KRRN#RQ
WRS
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 *ORVVRVRPDWLGDH

/DUYDH#EXLOG#D#WXUWOH0OLNH#FDVH#DQG#LQKDELW#URFN\
VXUIDFHV#LQ#FROG/#FOHDQ#VWUHDPV1#7KH\#IHHG#RQ
GLDWRPV#DQG#DOJDH#VFUDSHG#IURP#WKH#VXEVWUDWH1#
>/25272&@

E1 $QDO#SUROHJ#PRVWO\#IUHH#RI#ODVW#DEGRPLQDO
VHJPHQW>#FODZ#QRW#VR#VPDOO#DQG#ZLWKRXW
DQ\#KRRNV#RQ#WKH#WRSVLGH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5K\DFRSKLOLGDH

7KHVH#IUHH0OLYLQJ#SUHGDWRU\#ODUYDH#LQKDELW#FRRO
VWUHDPV1##>/24242&@

<

D1 3URWURFKDQWLQV#+SURMHFWLRQV#QHDU#VKRXOGHU
RI#IURQW#OHJV,#EURDG#DQG#KDWFKHW#VKDSHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3V\FKRP\LLGDH

7KHVH#ODUYDH#JUD]H#RQ#GHWULWXV/#IXQJL/#DQG
SHULSK\WRQ#LQ#WKH#YLFLQLW\#RI#WKHLU#VLON#UHWUHDWV1#
>/25252&@

E1 3URWURFKDQWLQV#SRLQWHG#RU#SRRUO\
GHYHORSHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

43

D1 3URWURFKDQWLQV#SRRUO\#GHYHORSHG>#ODEUXP
+XSSHU#OLS,#PHPEUDQRXV#DQG#QDUURZHU
ZKHUH#LW#MRLQV#WKH#KHDG#+70VKDSHG,/#RIWHQ
UHWUDFWHG>#KHDG#ZLWKRXW#PDUNLQJV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3KLORSRWDPLGDH

/LYLQJ#LQ#VLON#UHWUHDWV#RQ#WKH#ERWWRP#RI#URFNV/
WKHVH#ODUYDH#FDSWXUH#DOJDH#DQG#GHWULWXV#LQ#WKHLU
QHWV1##>/26262&@

E1 3URWURFKDQWLQV#SRLQWHG>#ODEUXP#ZLGHVW#DW
EDVH#DQG#VFOHURWL]HG>#KHDG#XVXDOO\
SDWWHUQHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

http://www.entomology.umn.edu/midge/Glossosomatidae.htm
http://www.troutnut.com/specimen/559
http://www.entomology.umn.edu/midge/Philopotamidae.htm


7ULFKRSWHUD27

'LSVHXGRSVLGDH#OHJ +44D,

:LWK#UHWUHDW

:LWKRXW#UHWUHDW

3RO\FHQWURSRGLGDH/#IUHH
IORDWLQJ#DQG#LQ#UHWUHDW
+VLONHQ#WXEH, +44E,

%UDFK\FHQWULGDH/#ZLWK
IXUURZHG#WKRUD[ +45D,

44

D1 7DUVL#+IHHW,#ZLGHU#WKDQ#WLELDH#+IRUHDUPV,/
IODW#DQG#KDLU\>#PDQGLEOHV#VKRUW#DQG
WULDQJXODU#ZLWK#WKLFN#EUXVK
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 'LSVHXGRSVLGDH

7KHVH#ODUYDH#EXLOG#WXEHV#LQ#WKH#VDQG#DQG#VLOW
DORQJ#PDUJLQV#RI#ODNHV#DQG#VWUHDPV1#7KH\#HDW
GHWULWXV#FDXJKW#LQ#WKH#QHW#ZLWKLQ#WKH#WXEH1#
>024242&@

E1 7DUVL#QRW#DV#DERYH/#ZLWK#D#ODUJH#FODZ>
PDQGLEOHV#HORQJDWH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3RO\FHQWURSRGLGDH

0RVW#VSHFLHV#DUH#SUHGDWRUV#DQG#KDYH#WXEXODU
UHWUHDWV1#7KH#UHWUHDWV#DOVR#DLG#LQ#UHVSLUDWLRQ/#DV
WKH#ODUYDH#XQGXODWH#WKHLU#ERGLHV#WR#PRYH#ZDWHU
WKURXJK#WKH#WXEH#DQG#SDVW#WKHLU#JLOOV1#
>026282&@

45

D1 )LUVW#DEGRPLQDO#VHJPHQW#ZLWK#QR#ODWHUDO
RU#GRUVDO#KXPSV>#SURWKRUD[#GLYLGHG#E\
GLVWLQFW#IXUURZ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %UDFK\FHQWULGDH

2IWHQ#DWWDFKLQJ#WKHLU#FDVHV#WR#PRVV#RU
YHJHWDWLRQ#LQ#FROG#VSULQJ0IHG#VWUHDPV/#WKHVH
FDGGLVIOLHV#JUD]H#RQ#SHULSK\WRQ#RU#JDWKHU#IRRG
IURP#WKH#FXUUHQW#ZLWK#WKHLU#ORQJ#OHJV1#
>/25262&@

E1 )LUVW#DEGRPLQDO#VHJPHQW#ZLWK#ODWHUDO
KXPSV#DQG#RIWHQ#D#GRUVDO#KXPS
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

46

D1 &ODZV#RI#KLQG#OHJV#YHU\#VPDOO#FRPSDUHG#WR
WKRVH#RI#RWKHU#OHJV#RU#PRGLILHG#LQWR
VOHQGHU#ILODPHQWV#DERXW#WKH#VDPH#OHQJWK
DV#WDUVXV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0RODQQLGDH

7KHVH#ODUYDH#OLYH#LQ#VDQG#DQG#VLOW\#VHGLPHQWV#LQ
VORZ#FXUUHQWV/#IHHGLQJ#RQ#DOJDH/#YDVFXODU#SODQWV
DQG#LQYHUWHEUDWHV1##>0242425@

E1 &ODZV#RI#KLQG#OHJV#VLPLODU#LQ#VL]H#WR#RWKHU
FODZV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

http://www.entomology.umn.edu/midge/Polycentropodidae.htm
http://www.entomology.umn.edu/midge/Brachycentridae.htm


7ULFKRSWHUD28

&DODPRFHUDWLGDH#ODEUXP
ZLWK#URZ#RI#4904;#ORQJ
VHWDH +47D,

47

D1 /DEUXP#ZLWK#D#URZ#RI#4904;#ORQJ#VHWDH
DFURVV#FHQWUDO#SDUW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &DODPRFHUDWLGDH

&DVHV#DUH#PDGH#RI#OHDI#SLHFHV#RU#KROORZHG#WZLJV1
7KHVH#ODUYDH#DUH#IRXQG#LQ#SRROV#RI#FRRO#VWUHDPV1
7KH\#FDQ#WDNH#WZR#\HDUV#WR#GHYHORS#DQG#JURZ
TXLWH#ODUJH1##>/242425@

E1 /DEUXP#ZLWK#9#RU#OHVV#VHWDH#DFURVV#FHQWUDO
SDUW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

48

D1 $QDO#SUROHJ#ZLWK#D#ODWHUDO#VFOHULWH
H[WHQGLQJ#SRVWHULRUO\#DQG#EHDULQJ#D#ORQJ
VHWD#+KDLU,#DW#WKH#HQG>#LQVLGH#EDVH#RI#DQDO
FODZ#ZLWK#D#PHPEUDQRXV#VXUIDFH#DQG
EUXVK#RI#VHWDH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %HUDHLGDH

/DUYDH#RI#WKLV#IDPLO\#DUH#UDUH/#OLYH#LQ#PXFN
PDUJLQV#RI#VSULQJ#VHHSV/#DQG#EXLOG#FXUYHG
WDSHUHG#FDVHV#RI#VDQG1##>/2;2425@

E1 $QDO#SUROHJ#QRW#DV#DERYH>#VHWDH#PD\#EH
SUHVHQW#RQ#GRUVXP#RI#SUROHJ#EXW#QRW#DV#D
EUXVK#RQ#LQVLGH#EDVH#RI#FODZ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

49

D1 $QWHQQDH#+VPDOO,#FORVH#WR#IURQW#RI#KHDG
FDSVXOH>#SURVWHUQDO#KRUQ#ODFNLQJ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

E1 $QWHQQDH#FORVHU#WR#H\H#RU#PLGZD\#EHWZHHQ
H\H#DQG#IURQW#RI#KHDG#FDSVXOH>#SURVWHUQDO
KRUQ#SUHVHQW/#WKRXJK#LW#PD\#EH
VPDOO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;



7ULFKRSWHUD29

6HULFRVWRPDWLGDH
SURWURFKDQWLQ#+3, +4:D,

/HSLGRVWRPDWLGDH/#KHDG#VKRZLQJ
DQWHQQD#+$,#DQG#DQLPDO#LQ#FDVH

+4;D,

*RHULGDH#WKRUD[#ZLWK
PHVRQRWXP#+0,
H[WHQGHG#RQ#ERWK
VLGHV +4<D,

4:

D1 $QDO#SUROHJV#ZLWK#DERXW#63#ORQJ#VHWDH
HDFK>#SURWURFKDQWLQV#ODUJH#DQG#KRRN0
VKDSHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6HULFRVWRPDWLGDH

7KHVH#ODUYDH#OLYH#LQ#KRUQ0VKDSHG#FDVHV#LQ#WKH
VDQG\#VXEVWUDWHV#RI#ODNHV/#VWUHDPV#DQG#VSULQJ
VHHSV1#7KH\#IHHG#SULPDULO\#RQ#GHWULWXV1#
>/242425@

E1 $QDO#SUROHJV#ZLWK#DERXW#8#ORQJ#VHWDH#HDFK>
SURWURFKDQWLQV#VPDOO#DQG#QRW#KRRN0
VKDSHG
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2GRQWRFHULGDH

&DVHV#RI#WKHVH#ODUYDH#DUH#KRUQ0VKDSHG#DQG
WRXJK1#7KH\#DUH#IRXQG#LQ#FROG#VWUHDPV#DQG
VSULQJ#VHHSV/#DQG#DUH#RPQLYRURXV1##>/24252&@

4;

D1 $QWHQQDH#YHU\#FORVH#WR#H\HV>#GRUVDO#KXPS
RQ#4VW##DEGRPLQDO#VHJPHQW#ODFNLQJ
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /HSLGRVWRPDWLGDH

0RVW#PHPEHUV#RI#WKLV#IDPLO\#OLYH#LQ#FROG
VWUHDPV/#WKRXJK#VRPH#DUH#IRXQG#LQ#ODNHV1
/DUYDH#DUH#GHWULWLYRUHV#DQG#DUH#IRXQG#DPRQJ
GHWULWXV#RYHU#YDULRXV#VWUHDP#ERWWRP#W\SHV1#
>/24252&@

E1 $QWHQQDH#PLGZD\#EHWZHHQ#H\H#DQG#IURQW
RI#KHDG#FDSVXOH>#GRUVDO#KXPS#XVXDOO\
SUHVHQW#RQ#4VW#DEGRPLQDO#VHJPHQW
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

4<

D1 0HVRQRWXP#H[WHQGHG#IRUZDUG#RQ#ERWK
VLGHV/#HLWKHU#ORQJ#DQG#SRLQWHG#RU#URXQGHG
DQG#VSLQ\
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 *RHULGDH

/DUYDH#LQKDELW#HLWKHU#FREEOHV#RU#PXFN#LQ#WXEH0
RU#KRUQ0VKDSHG#FDVHV1#7KH\#IHHG#RQ#SHULSK\WRQ/
YDVFXODU#SODQWV/#DQG#GHWULWXV1##>;2;2525@

E1 0HVRQRWXP#ZLWKRXW#H[WHQVLRQV#DV
DERYH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

http://www.usask.ca/biology/skabugs/Candlelakebugs/CLtrichoptera/AsynarchusmontL.JPG


7ULFKRSWHUD2:

7KRUD[

&DVH

8HQRLGDH#WKRUD[#DQG
FDVH +53D,

/LPQHSKLOLGDH#ZLWK#DQG#ZLWKRXW
FDVH +54D,

$SDWDQLLGDH#EDVDO#VHWD
RI#WDUVDO#FODZ +54E,

53

D1 $QWHULRU#HGJH#RI#PHVRQRWXP#VRPHZKDW
QRWFKHG#DW#FHQWHUOLQH>#PHWDQRWDO#VD4#+IURQW
DQG#FHQWHU#SDLU#RI#VHWDO#DUHDV#RQ#WKH#KLQG
WKRUDFLF#VHJPHQW,#XQVFOHURWL]HG#DQG#ZLWK
RQO\#RQH#RU#WZR#VHWDH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8HQRLGDH

7KHVH#ODUYDH#RFFXU#LQ#VWUHDPV#DQG#VSULQJV/
ZKHUH#WKH\#IHHG#RQ#GHWULWXV/#GLDWRPV#DQG#DOJDH1
7KHLU#FDVH#LV#HLWKHU#ORQJ#RU#VKRUW#DQG#KRUQ0
VKDSHG1##>/24242&@

E1 $QWHULRU#HGJH#RI#PHVRQRWXP#VWUDLJKW#RU
FRQWLQXRXVO\#FXUYHG>#PHWDQRWDO#VD4#ZLWK#D
VFOHURWL]HG#SODWH#DQG2RU#PRUH#WKDQ#5
VHWDH
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54

54

D1 0HVRQRWXP#ZLWK#VHWDO#DUHDV#RQ#5#RU#6
SDLUV#RI#VFOHULWHV#RU#EDVDO#VHWD#RI#HDFK
WDUVDO#FODZ#H[WHQGLQJ#IDU#VKRUW#RI#WLS#RI
FODZ#DQG#PDQGLEOHV#HDFK#ZLWK#WZR#RU
PRUH#WHHWK
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /LPQHSKLOLGDH

7KLV#LV#D#ODUJH#DQG#GLYHUVH#IDPLO\/#GLIILFXOW#WR
FKDUDFWHUL]H#DV#WR#KDELWDW#RU#FDVH#FRQVWUXFWLRQ1
7KH\#IHHG#SULPDULO\#RQ#ODUJH#SDUWLFXODWH#RUJDQLF
PDWWHU1##>/292572&@

E1 0HVRQRWXP#ZLWK#4#SDLU#RI#VFOHULWHV#MRLQLQJ
RU#FORVH#DORQJ#FHQWHU#OLQH>#EDVDO#VHWD#RI
HDFK#WDUVDO#FODZ#H[WHQGLQJ#WR/#RU#FORVH#WR/
WLS#RI#FODZ>#PDQGLEOHV#ZLWK#VFUDSHU#EODGHV/
QRW#WHHWK
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $SDWDQLLGDH

7KHVH#ODUYDH#DUH#IRXQG#LQ#FROG#PRXQWDLQ
VWUHDPV/#VSULQJ#VHHSV#DQG#FROG#FOHDQ#ODNHV1
7KHLU#FDVH#LV#WDSHUHG#DQG#VWURQJO\#FXUYHG1#7KH\
IHHG#RQ#SHULSK\WRQ#DQG#GHWULWXV1

http://www.entomology.umn.edu/midge/Uenoidae.htm
http://www.entomology.umn.edu/midge/Limnephilidae.htm


$TXDWLF#:RUPV24

2OLJRFKDHWD

/HHFKHV

6HFWLRQ#;

$TXDWLF#:RUPV/#*URXS
'HVFULSWLRQV#:LWKRXW#.H\V

6HJPHQWHG#:RUPV#+$QQHOLGD,

2OLJRFKDHWD
7KHVH#URXQGHG#DQG#VHJPHQWHG#ZRUPV#DUH#EHVW
GHVFULEHG#E\#WKH#ORRVH#WUDQVODWLRQ#RI#WKHLU#QDPH>#ZLWK
IHZ#+ROLJR,#VSLQHV#+FKDHWDH,1

7KH#ERG\#VHJPHQWV#EHKLQG#WKH#ILUVW#KDYH#EXQGOHV#RI
FKDHWDH/#WKH#QXPEHU#DQG#VKDSH#RI#ZKLFK#DUH
LPSRUWDQW#LQ#LGHQWLILFDWLRQ#RI#WKH#IDPLOLHV#DQG#JHQHUD1
2WKHU#GLVWLQJXLVKLQJ#FKDUDFWHULVWLFV#DUH#TXLWH#YDULDEOH
LQ#SUHVHQFH#DQG#IRUP#DPRQJ#WKH#VSHFLHV1#6XFK
FKDUDFWHULVWLFV#LQFOXGH#UHSURGXFWLYH#RUJDQV/#ERG\
WH[WXUH/#H\HVSRWV/#JLOOV/#DQG#SURERVFLV#+RU#QRVH,1

2OLJRFKDHWHV#DUH#ZLGHO\#GLVWULEXWHG#DQG#RFFXS\#PRVW
KDELWDWV1#0RVW#DUH#TXLWH#WROHUDQW#RI#RUJDQLF
HQULFKPHQW/#DQG#RQH#IDPLO\/#WKH#7XELILFLGDH/#DUH
FRPPRQO\#UHIHUUHG#WR#DV#VOXGJH#ZRUPV1#2OLJRFKDHWHV
EXUURZ#LQ#VHGLPHQWV#RU#OLYH#LQ#FRQVWUXFWHG#WXEHV1
7KH\#DUH#GHWULWLYRUHV1#7KH\#DUH#HDVLO\#GLVWLQJXLVKHG
IURP#WKH#LQVHFW#RUGHU#'LSWHUD#E\#WKHLU#ODFN#RI#D#KHDG
FDSVXOH#RU#KDUGHQHG#KHDG#SDUWV1

/HHFKHV#++LUXGLQHD,
7KH#OHHFKHV#DUH#W\SLFDOO\#NQRZQ#DV#EORRG0VXFNHUV/
WKRXJK#PDQ\#DUH#SUHGDWRUV#RI#PDFURLQYHUWHEUDWHV1
$OO#DUH#IOXLG#IHHGHUV/#DQG#WKRVH#WKDW#LQJHVW
PDFURLQYHUWHEUDWHV#HYDFXDWH#WKH#KDUG#SDUWV#DIWHU
H[WUDFWLQJ#WKH#IOXLGV1

7KH#OHHFKHV#DUH#VHJPHQWHG/#ODFN#FKDHWDH/#KDYH#DQ#RUDO
VXFNHU#DQG#XVXDOO\#DQ#DQDO#VXFNHU/#DQG#KDYH#PDOH#DQG
IHPDOH#JHQLWDO#RSHQLQJV#RQH#LQ#IURQW#RI#WKH#RWKHU#
FHQWUDO#RQ#WKH#XQGHUVLGH1##9DULDWLRQ#LQ#H\HVSRWV/#ERG\
DQG#VXFNHU#IRUP/#FRORUDWLRQ/#VXE0VHJPHQWDWLRQ/#DQG
SRVLWLRQ#RI#JHQLWDOLD#DUH#XVHG#IRU#LGHQWLILFDWLRQ#WR
IDPLO\#DQG#JHQXV1

/HHFKHV#DUH#GLYHUVH#LQ#KDELWDW#SUHIHUHQFH/#GHSHQGHQW
RQ#KRVW#RU#SUH\#SUHIHUHQFHV1#3UHGDWRU\#OHHFKHV#DUH
XVXDOO\#QRFWXUQDO#DQG#RSSRUWXQLVWLF1#

http://www.troutnut.com/specimen/397
http://www.troutnut.com/specimen/401


$TXDWLF#:RUPV25

5RXQGZRUPV

1HPDWRGD
1HPDWRGHV#DUH#FRPPRQ#LQ#DOO#ZDWHU#W\SHV#DQG#RQ
PDQ\#VXEVWUDWHV1##7KH\#DUH#SDUDVLWLF#LQ#LQYHUWHEUDWHV
DQG#SODQWV/#EXUURZ/#RU#DWWDFK#WR#VXEVWUDWH#XVLQJ#D
VWLFN\#PXFRXV/#LQ#ZKLFK#PLFURRUJDQLVPV#DUH
FDSWXUHG#DV#IRRG1#7KH#ODUJHVW#QHPDWRGHV/#RI#WKH
IDPLO\#0HUPLWKLGDH/#DUH#XVXDOO\#FROOHFWHG#DV#DGXOWV
IROORZLQJ#GHYHORSPHQW#ZLWKLQ#DQ#LQYHUWHEUDWH#KRVW1
$OO#KDYH#D#FRPSOHWH#LQWHVWLQDO#WUDFW#H[FHSW#WKH
0HUPLWKLGDH/#LQ#ZKLFK#WKH#LQWHVWLQH#EHFRPHV
GHWDFKHG#IURP#WKH#UHPDLQGHU#RI#WKH#DOLPHQWDU\#WUDFW1

1HPDWRGHV#DUH#JHQHUDOO\#OHVV#WKDQ#4#FP#ORQJ1#7KH\
KDYH#D#SRLQWHG#WDLO#VHFWLRQ#EHKLQG#WKH#DQDO#SRUH1#7KH
ERG\#VXUIDFH#PD\#KDYH#OHQJWKZLVH#JURRYHV/#KDLUV/#RU
SRFNV/#EXW#DUH#QRW#VHJPHQWHG#OLNH#WKH#$QQHOLGV1#7KH
ODUJHU#0HUPLWKLGDH#FDQ#EH#GLVWLQJXLVKHG#IURP
1HPDWRPRUSKD#E\#WKHLU#ODFN#RI#SLJPHQW#DQG#IUDJLOH
ERG\#ZDOO1

+RUVHKDLU#ZRUPV#+1HPDWRPRUSKD,#
7KH#QHPDWRPRUSKV/#RU#KRUVHKDLUZRUPV/#ZHUH#RQFH
WKRXJKW#WR#DULVH#IURP#KRUVHKDLUV#WKDW#KDG#IDOOHQ#LQWR
ZDWHU1#7KLV#ZDV#VFLHQWLILFDOO\#GLVSURYHQ#E\#/HLG\#LQ
4;:3#ZKHQ#DIWHU#VHYHUDO#PRQWKV/#KLV#KRUVHKDLUV#LQ
ZDWHU#QHYHU#YLYLILHG1#7KH\#DUH#SDUDVLWLF#RQ
LQYHUWHEUDWHV#XQWLO#WKH#ILQDO#DGXOW#VWDJH/#ZKHQ#WKH\
DUH#IUHH#OLYLQJ1##$W#WKLV#VWDJH/#WKHVH#XQVHJPHQWHG
ZRUPV#DUH#GDUN/#ORQJ/#WKLQ#DQG#DUH#JHQHUDOO\#URXQGHG
DW#WKH#HQGV1#7KH\#DUH#XVXDOO\#VHYHUDO#FHQWLPHWHUV
ORQJ1

http://www.discoverlife.org/nh/tx/Nematoda/images/Criconemoides_informis.352x300.jpg.html
http://plpnemweb.ucdavis.edu/nemaplex/images/Nematomorpha.gif


$TXDWLF#:RUPV26

)ODWZRUPV

7XUEHOODULDQV
7KH#WXUEHOODULDQ#IODWZRUPV#DUH#RI#WKH#SK\OXP
3ODW\KHOPLQWKHV1#7KH\#DUH#FODVVLF#ODERUDWRU\
VSHFLPHQV#+H1J1#3ODQDULD,#DQG#DUH#WKH#VXEMHFW#RI
UHJHQHUDWLYH#H[SHULPHQWV/#DV#DQ\#SDUW#GLVPHPEHUHG
ZLOO#UHJURZ#LQWR#D#ZKROH#DQLPDO1#7KH#PRVW#FRPPRQO\
UHFRJQL]HG#RUGHU/#WKH#7ULFODGLGD/#DUH#IODW#HORQJDWH
DQLPDOV#ZLWK#WZR#H\HVSRWV#RQ#WKH#DUURZ0#RU#GLDPRQG0
VKDSHG#KHDG1#

7KH#IODWZRUPV#DUH#TXLWH#YDULDEOH#DQG#QRW#DOO#DUH#IODW1
0RVW#KDYH#D#VLQJOH#RSHQLQJ#WR#WKH#GLJHVWLYH#WUDFW
+3KDJRUDWD#KDV#PRUH#WKDQ#RQH#RSHQLQJ#WR#WKH
GLJHVWLYH#WUDFW,/#ZLWK#QR#GLVWLQFW#DQXV1#0RVW#DUH#OHVV
WKDQ#4#PP/#WKRXJK#WKH#7ULFODGLGD#DUH#ODUJHU1
3LJPHQWDWLRQ#YDULHV1#

7KH#JURXS#LV#GLYHUVH#LQ#KDELWDW#SUHIHUHQFHV#DQG#PD\
EH#IRXQG#LQWHUVWLWLDOO\#LQ#JUDYHO/#LQ#VDQG#RU#VLOW#EHGV/
DPRQJ#FRDUVH#RUJDQLF#PDWHULDO#RU#RQ#YHJHWDWLRQ1
)ODWZRUPV#IHHG#RQ#EDFWHULD/#DOJDH/#SURWR]RDQV#DQG
LQYHUWHEUDWHV1#7ULFODGLGD#DUH#PRVWO\#SUHGDFHRXV1

5LEERQZRUPV#+1HPHUWHD,
1HPHUWHDQV#DUH#XQVHJPHQWHG#ZRUPV#ZLWK#D#VWLFN\
PXVFXODU#SURERVFLV/#RU#ORQJ#SUREH/#ZKLFK#LV#FRLOHG
ZLWKLQ#D#FDYLW\#FRQQHFWHG#WR#WKH#PRXWK1#7KURXJK
UDSLG#H[WHQVLRQ#DQG#UHFRLOLQJ/#WKLV#SURERVFLV#LV#XVHG
LQ#ERWK#SUHGDWLRQ#DQG#ORFRPRWLRQ1#8QOLNH
WXUEHOODULDQV/#QHPHUWHDQV#KDYH#DQ#DQXV1#$GXOWV#RQO\
FUDZO/#ZKLOH#MXYHQLOHV#FDQ#DOVR#VZLP1

/LWWOH#LV#NQRZQ#RI#KDELWDW#VHOHFWLRQ#E\#QHPHUWHDQV/
EXW#WKH\#KDYH#EHHQ#IRXQG#LQ#ODNHV#DQG#VWUHDPV/#LQ
PXGG\#DQG#JUDYHOO\#VXEVWUDWHV#DQG#LQ#ILODPHQWRXV
DOJDH1#,Q#WKH#0%66#VDPSOHV/#WKH#JHQXV#3URVWRPD#RI
WKH#JURXS#+RSORQHPHUWHD#KDV#EHHQ#LGHQWLILHG1#

http://www.bgsd.k12.wa.us/hml/jr_cam/macros/amc/flatworm.html


*ORVVDU\24

6HFWLRQ#<

*ORVVDU\

DEGRPHQ= WKH#WKLUG#PDLQ#GLYLVLRQ#RI#WKH#ERG\>#EHKLQG#WKH#KHDG#DQG#WKRUD[

DFFHVVRU\#IODJHOOXP= D#VPDOO#ILQJHUOLNH#SURMHFWLRQ#RU#VXE0DQWHQQD#RI#WKH#DQWHQQD/
HVSHFLDOO\#RI#DPSKLSRGV

DQWHULRU=# LQ#IURQW>#EHIRUH

DSLFDO=# QHDU#RU#SHUWDLQLQJ#WR#WKH#HQG#RI#DQ\#VWUXFWXUH/#SDUW#RI#WKH#VWUXFWXUH
WKDW#LV#IDUWKHVW#IURP#WKH#ERG\>#GLVWDO

DSLFRODWHUDO= ORFDWHG#DSLFDOO\#DQG#WR#WKH#VLGH

EDVDO= SHUWDLQLQJ#WR#WKH#HQG#RI#DQ\#VWUXFWXUH#WKDW#LV#QHDUHVW#WR#WKH#ERG\>
SUR[LPDO

ELOREHG= GLYLGHG#LQWR#WZR#URXQGHG#SDUWV#+OREHV,

FDOFDUHRXV=# UHVHPEOLQJ#FKDON#RU#ERQH#LQ#WH[WXUH>#FRQWDLQLQJ#FDOFLXP

FDUDSDFH= WKH#KDUGHQHG#SDUW#RI#VRPH#DUWKURSRGV#WKDW#VSUHDGV#OLNH#D#VKLHOG
RYHU#VHYHUDO#VHJPHQWV#RI#WKH#KHDG#DQG#WKRUD[

FDULQDH#=# HOHYDWHG#ULGJHV#RU#NHHOV/#RIWHQ#RQ#D#VKHOO#RU#H[RVNHOHWRQ

FDXGDO#ILODPHQW=# WKUHDGOLNH#SURMHFWLRQ#DW#WKH##HQG#RI#WKH#DEGRPHQ>#OLNH#D#WDLO

FHUFXV#+SO1#FHUFL,= D#SDLUHG#DSSHQGDJH#RI#WKH#ODVW#DEGRPLQDO#VHJPHQW

FRQFHQWULF= D#JURZWK#SDWWHUQ#RQ#WKH#RSHUFXOD#RI#VRPH#JDVWURSRGV/#PDUNHG#E\#D
VHULHV#RI#FLUFOHV#WKDW#OLH#HQWLUHO\#ZLWKLQ#HDFK#RWKHU>#FRPSDUH#PXOWL0
VSLUDO#DQG#SDXFL0VSLUDO

FRUQHXV= UHVHPEOLQJ#KRUQ#LQ#WH[WXUH/#VOLJKWO\#KDUGHQHG#EXW#VWLOO#SOLDEOH

FR[D= WKH#EDVDO#VHJPHQW#RI#DQ#DUWKURSRG#OHJ



*ORVVDU\25

FUHHSLQJ#ZHOW= D#VOLJKWO\#UDLVHG/#RIWHQ#GDUNHQHG#VWUXFWXUH#RQ#GLSWHUDQ#ODUYDH

FURFKHW= D#VPDOO#KRRN0OLNH#RUJDQ

FXSXOH= D#FXS#VKDSHG#RUJDQ/#DV#RQ#WKH#DQWHQQDH#RI#VRPH#EHHWOHV
+&ROHRSWHUD,

GHWULWXV=## GLVLQWHJUDWHG#RU#EURNHQ#XS#PLQHUDO#RU#RUJDQLF#PDWHULDO

GH[WUDO= WKH#FXUYDWXUH#RI#D#JDVWURSRG#VKHOO#ZKHUH#WKH#RSHQLQJ#LV#YLVLEOH#RQ
WKH#ULJKW#ZKHQ#WKH#VSLUH#LV#SRLQWHG#XS

GLVWDO= QHDU#RU#WRZDUG#WKH#IUHH#HQG#RI#DQ\#DSSHQGDJH>#WKDW#SDUW##IDUWKHVW
IURP#WKH#ERG\>#DSLFDO

GRUVDO= SHUWDLQLQJ#WR/#RU#VLWXDWHG#RQ#WKH#EDFN#RU#WRS/#HVSHFLDOO\#RI#WKH
WKRUD[#DQG#DEGRPHQ

GRUVRODWHUDO= WRZDUG#WKH#WRS#DQG#VLGH

HO\WUD= KDUGHQHG#VKHOO0OLNH#PHVRWKRUDFLF#ZLQJV#RI#DGXOW#EHHWOHV
+&ROHRSWHUD,

IHPXU= WKH#OHJ#VHFWLRQ#EHWZHHQ#WKH#WLELD#DQG#FR[D#RI#$UWKURSRGD/
FRPSDUDEOH#WR#DQ#XSSHU#DUP#RU#WKLJK

IODJHOOXP=# D#VPDOO#ILQJHUOLNH#RU#ZKLSOLNH#SURMHFWLRQ

IXUFXOD= WKH#IRUNHG#VSULQJWDLO#RI#&ROOHPEROD

JLOO= DQ\#VWUXFWXUH#HVSHFLDOO\#DGDSWHG#IRU#WKH#H[FKDQJH#RI#GLVVROYHG
JDVHV#EHWZHHQ#DQLPDO#DQG#D#VXUURXQGLQJ#OLTXLG

JORVVDH= D#OREH#RU#OREHV#IURQW#DQG#FHQWHU#RQ#WKH#ODELXP>#LQ#3OHFRSWHUD/#WKH
OREHV#DUH#EHWZHHQ#WKH#SDUDJORVVDH

KHPHO\WUD= WKH#OHDWKHU\#PHVRWKRUDLF#ZLQJV#RI#VRPH#+HPLSWHUD

ODELXP= D#ORZHU#PRXWKSDUW#RI#DQ#DUWKURSRG#OLNH#D#MDZ#RU#OLS



*ORVVDU\26

ODEUXP= DQ#XSSHU#PRXWKSDUW#RI#DQ#DUWKURSRG#FRQVLVWLQJ#RI#D#VLQJOH#XVXDOO\
KLQJHG#SODWH#DERYH#WKH#PDQGLEOHV

ODWHUDO= IHDWXUH#RU#PDUNLQJ#ORFDWHG#RQ#WKH#VLGH#RI#D#ERG\#RU#RWKHU#VWUXFWXUH

ODWHUDO#WHHWK= ULGJHV#RQ#WKH#LQVLGH#HGJH#RI#D#ELYDOYH#VKHOO/#QHDU#WKH#KLQJH#DQG#WR
WKH#VLGHV#RI#WKH#EHDN

OLJXOD=## IRUPLQJ#WKH#YHQWUDO#ZDOO#RI#DQ#DUWKURSRG¶V#RUDO#FDYLW\>#WKH#³ORZHU
OLS´

OREH= D#URXQGHG#SURMHFWLRQ#RU#SURWXEHUDQFH

PDQGLEOHV= WKH#ILUVW#SDLU#RI#MDZV#LQ#LQVHFWV

PD[LOODH= WKH#VHFRQG#SDLU#RI#MDZV#LQ#LQVHFWV

PHVRFR[DH= WKH#EDVDO#VHJPHQWV#RI#WKH#PLGGOH#OHJV

PHVRQRWXP= WKH#GRUVDO#VXUIDFH#RI#WKH#PHVRWKRUD[

PHVRWDUVL=# WKH#WDUVXV#RI#WKH#PLGGOH#OHJV

PHVRWKRUD[= WKH#VHFRQG#RU#PLGGOH0VHFWLRQ#RI#WKH#WKRUD[#EHDULQJ#WKH#PLGGOH#OHJV

PHWDWKRUD[= WKH#WKLUG#RU#KLQG#VHFWLRQ#RI#WKH#WKRUD[#EHDULQJ#WKH#KLQG#OHJV

PHWDWLELDH= KLQG#WLELD

PRODU#OREH= WKH#ULGJHG#RU#URXJKHQHG#JULQGLQJ#VXUIDFH#RI#WKH#PDQGLEOH

PXOWL#VSLUDO= D#JURZWK#SDWWHUQ#RQ#WKH#RSHUFXOD#RI#VRPH#JDVWURSRGV#PDUNHG#E\
VHYHUDO#WXUQV#IURP#WKH#FHQWHU#WR#WKH#HGJH>#FRPSDUH#SDXFL0VSLUDO
DQG#FRQFHQWULF

QRWXP= WKH#GRUVDO#VXUIDFH#RI#DQ\#WKRUDFLF#VHJPHQW

RSHUFXODWH= KDYLQJ#D#OLG#RU#FRYHU

RSHUFXOXP= D#OLG#RU#FRYHULQJ#VWUXFWXUH/#OLNH#D#GRRU#WR#DQ#RSHQLQJ



*ORVVDU\27

SDOSDO#OREHV= WKH#JUDVSLQJ#SLQFKHUV#DW#WKH#HQG#RI#WKH#RGRQDWH#ORZHU#MDZ

SDOSXV#+SO1#SDOSL,=# WDFWLOH/#XVXDOO\#VHJPHQWHG#VWUXFWXUH#RQ#WKH#PD[LOODH#DQG#ODELXP

SDSLOODH=# IOHVK\#SURWXEHUDQFHV

SDUDJORVVD#+SO1
SDUDJORVVDH,#=##

ODWHUDO#OREH#RI#WKH#ODELXP

SDXFL0VSLUDO= D#JURZWK#SDWWHUQ#RQ#WKH#RSHUFXOD#RI#VRPH#JDVWURSRGV#PDUNHG#E\
IHZ#WXUQV#IURP#WKH#FHQWHU#WR#WKH#HGJH>#FRPSDUH#PXOWL0VSLUDO#DQG
FRQFHQWULF

SHULSK\WRQ= DOJDH#DQG#DVVRFLDWHG#RUJDQLVPV#WKDW#OLYH#DWWDFKHG#WR#XQGHUZDWHU
VXUIDFHV

SURFR[DH= WKH#EDVDO#VHJPHQWV#RI#WKH#IURQW#OHJV

SRVWHULRU= EHKLQG>#RSSRVLWH#RI#DQWHULRU

SUHPHQWXP=# GLVWDO#SRUWLRQ#RI#WKH#ORZHU#MDZ#RI#DQ#RGRQDWH

SUROHJ=# DQ\#SURMHFWLRQ#DSSHQGDJH#WKDW#VHUYHV#IRU#VXSSRUW#ORFRPRWLRQ#RU
DWWDFKPHQW

SURQRWXP= ##WKH#XSSHU#RU#WRS#SDUW#RI#WKH#SURWKRUD[

SURWDUVXV#+SO1#
SURWDUVL,=

IURQW#IRRW>#RFFXUULQJ#RQ#OHJV#DULVLQJ#IURP#ILUVW#WKRUDFLF#VHJPHQW

SURVWKHFD=# D#PDQGLEXODU#VFOHULWH#VHW#ZLWK#KDLU

SURWKRUD[=# WKH#ILUVW#WKRUDFLF#VHJPHQW#FORVHVW#WR#WKH#KHDG

SURWLELD#+SO1
SURWLELDH,=#

WLELD#RI#WKH#IRUHOHJ#

SURWURFKDQWLQ#= RQ#WKH#IURQW#OHJ/#D#VPDOO/#IRUZDUG#SURMHFWLQJ#VFOHULWH#RQ#WKH
WURFKDQWHU#+WKH#VHJPHQW#EHWZHHQ#WKH#FR[D#DQG#IHPXU,

URVWUXP=# D#EHDN#RU#EHDN0OLNH#PRXWKSDUW



*ORVVDU\28

6D4/#VD5/#VD6=# WKH#WKUHH#GRUVDO#DUHDV#ZKHUH#VHWDH#DUH#ORFDWHG#RQ#HDFK#VLGH#RI#WKH
WZR#WKRUDFLF#VHJPHQWV#RI#WULFKRSWHUDQV

VFOHULWH= D#KDUGHQHG#DUHD#RI#DQ#LQVHFW#ERG\#ZDOO/#XVXDOO\#VXUURXQGHG#E\
VRIWHU#PHPEUDQHV

VFXWHOOXP= LQ#DGXOW#FROHRSWHUDQV#DQG#KHPLSWHUDQV/#WKH#WULDQJXODU#VFOHULWH
EHWZHHQ#WKH#EDVHV#RI#WKH#HO\WUD#RU#KHPHO\WUD

VHWD#+SO1#VHWDH,= KDLUOLNH#SURMHFWLRQ

VLQLVWUDO=## WKH#FXUYDWXUH#RI#D#JDVWURSRG#VKHOO#ZKHUH#WKH#RSHQLQJ#LV#VHHQ#RQ#WKH
OHIW#ZKHQ#WKH#VSLUH#LV#SRLQWHG#XS

VSLUDFOH= DQ#RSHQLQJ#WR#WKH#LQWHUQDO#UHVSLUDWRU\#V\VWHP#XVXDOO\#DW#WKH#VLGHV
RU#HQG#RI#WKH#DEGRPHQ#RI#LQVHFWV

VWHUQXP#+SO1
VWHUQD,=#

WKH#HQWLUH#YHQWUDO#SRUWLRQ#RI#D#WKRUDFLF#RU#DEGRPLQDO#VHJPHQW

WDUVXV#+SO1#WDUVL,#= WKH#OHJ#VHJPHQW#RU#VHJPHQWV#DW#WKH#DSH[#RI#WKH#WLELD#XVXDOO\#EHDULQJ
D#FODZ

WHOVRQ=# WKH#PRVW#SRVWHULRU#VHJPHQW#RI#D#FUXVWDFHDQ

WKRUDFLF=# RI#RU#SHUWDLQLQJ#WR#WKH#WKRUD[

WKRUD[= PLGGOH#SRUWLRQ#RI#WKH#ERG\#EHWZHHQ#WKH#KHDG#DQG#DEGRPHQ/
FRQVLVWLQJ#RI#WKUHH#VHJPHQWV#+SURWKRUD[/#PHVRWKRUD[/#DQG
PHWDWKRUD[,/#HDFK#RI#ZKLFK#EHDU#D#SDLU#RI#DUWLFXODWHG#OHJV

WLELD= WKH#VHJPHQW#RI#DQ#DUWKURSRG#OHJ/#EHWZHHQ#WKH#IHPXU#DQG#WDUVXV/
FRPSDUDEOH#WR#D#VKLQ#RU#IRUHDUP#RI#KXPDQ#DQDWRP\

WXEHUFOHV= #VPDOO#EXPSV#RU#SLPSOH#OLNH#VWUXFWXUHV

YHQWUDO= WRZDUG#WKH#ORZHU#VXUIDFH#ZKHQ#WKH#ERG\#LV#LQ#QRUPDO#ZDONLQJ
SRVLWLRQ>#RSSRVLWH#RI#GRUVDO

YHUUXFDH= ZDUWOLNH#HOHYDWLRQV#EHDULQJ#VHYHUDO#WR#PDQ\#VHWDH#SRLQWLQJ#LQ
GLIIHUHQW#GLUHFWLRQV



*ORVVDU\29

YHQWURODWHUDO= RQ#WKH#ORZHU#VXUIDFH#DQG#WR#RQH#VLGH#RI#WKH#PLGOLQH

ZLQJSDGV= WKH#GHYHORSLQJ#ZLQJ#RI#DQ#LPPDWXUH#LQVHFW
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