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Abstract.—Long-term studies in Ontario, Canada on Largemouth Bass Micropterus 
salmoides and Smallmouth Bass M. dolomieu have demonstrated that angling nesting males 
(both catch and harvest and catch and release) can have negative impacts on the reproductive 
success for the captured individual. They have also demonstrated that within a population, 
the male bass that provide the best and longest parental care for their offspring are the most 
capable of having the greatest relative contribution to the year-class. Furthermore, those males 
are also the most aggressive toward potential brood predators and, hence, the most vulnerable 
to angling. Based on those relationships, we postulated that angling in general, and especially 
angling for nesting bass, results in selection against aggressive individuals in a population, 
and as a result, the angled population evolves to become less aggressive, containing males 
ZLWK�GLPLQLVKHG�SDUHQWDO�FDUH�DWWULEXWHV��DQ�H[DPSOH�RI�¿VKHULHV�LQGXFHG�HYROXWLRQ��),(���:H�
recognize, however, that some change towards less aggressive behaviors may also result from 
learning and phenotypic plasticity. Controlled, long-term selective breeding experiments over 
30+ years have, however, documented the heritability of vulnerability of bass to angling and, 
hence, the potential for selection to act on that trait. Reproductive competition experiments 
further demonstrated that the highly vulnerable strain of bass produced in those selective 
breeding experiments indeed had greater reproductive success than the less vulnerable strain. 
Because angling for Largemouth Bass has been occurring for decades, we also postulated that 
WKHUH�VKRXOG�EH�VRPH�HYLGHQFH�LQ�WKH�ZLOG�RI�WKLV�),(��,Q�IDFW��ZH�GLG�¿QG�WKDW�WKH�OHYHO�RI�
vulnerability to angling of nesting male Largemouth Bass in lakes that have had little to no 
H[SORLWDWLRQ�ZDV�VLJQL¿FDQWO\�JUHDWHU�WKDQ�WKDW�REVHUYHG�IRU�QHVWLQJ�PDOHV�LQ�PRGHUDWHO\�DQG�
heavily angled populations.

Introduction
)LVKHULHV�LQGXFHG� HYROXWLRQ� �),(�� LV� GH¿QHG� DV�
a genetic change over generations in one or more 
characteristics of a population (e.g., life history, be-
havior, physiology, and morphology) in response 
to selection imparted on individuals in that popula-
WLRQ�YLD�¿VKLQJ��/DZ�������+HLQR�DQG�*RG¡��������
)LVKHULHV�LQGXFHG�DGDSWLYH�FKDQJH��),$&��LV�D�PRUH�
encompassing term describing phenotypic change 
FDXVHG�E\�¿VKHULHV� WKDW� LQFOXGHV�ERWK�HYROXWLRQDU\�
FKDQJH�GXH�WR�VHOHFWLYH�IRUFHV��),(��DQG�SKHQRW\S-

ic changes due to plastic responses (Laugen et al. 
�������$OWKRXJK�ZH�DUH�FXUUHQWO\� LQYHVWLJDWLQJ� WKH�
role that learning can play in changing bass behav-
LRU�� HVSHFLDOO\� KRZ� OXUH� UHFRJQLWLRQ� FDQ� LQÀXHQFH�
hooking avoidance, in this paper we concentrate on 
the evolutionary aspects of behavioral change (i.e., 
WKH�),(�FRPSRQHQW��

There have been numerous examples reported 
LQ� WKH� OLWHUDWXUH� RI� ),(� DQG� ),$&� UHVXOWLQJ� IURP�
FRPPHUFLDO� ¿VKLQJ� DFWLYLWLHV�� ZLWK� FKDQJHV� LQ� WKH�
size and age at maturation, reproductive invest-
ments, growth rate, avoidance of gear, egg size, and 
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morphological alterations provided as examples 
�H�J��� /DZ� ������ 6WRNHV� DQG� /DZ� ������ &RQRYHU�
DQG�0XQFK�������2OVHQ�HW�DO��������.XSDULQHQ�DQG�
0HULOl�������8XVL�+HLNNLOl�HW�DO��������&RQRYHU�HW�
DO��������+HLQR�HW�DO���������(YHQ�WKRXJK�WKHUH�KDV�
been the suggestion that recreational angling can act 
as an evolutionary force (Lewin et al. 2006), little 
empirical evidence has been provided to support that 
suggestion (for an exception, however, see Saura et 
al. 2010). Some of the best experimental evidence 
comes from our ongoing studies using two lines of 
the Largemouth Bass Micropterus salmoides select-
ed for differential vulnerability to angling as part of 
a 30+ year selection experiment (Philipp at al. 2009), 
DQG�NH\�¿QGLQJV�DUH�VXPPDUL]HG�LQ�WKLV�SDSHU�

:H�K\SRWKHVL]H�WKDW�),(�LQ�EODFN�EDVV�FDQ�LQÀX-
ence recruitment through selection against the most 
effective nest-guarding males. That is, angling in gen-
eral (certainly catch and harvest, but also, to a lesser 
degree, catch and release) induces selective pressures 
that will favor less aggressive bass because their 
chance of being angled is lower than that for more ag-
JUHVVLYH�EDVV��$V�D�UHVXOW��LQ�DQJOHG�SRSXODWLRQV�RYHU�
time, the level of aggression among the individuals 
in that population decreases as a result of that selec-
tion. Furthermore, because aggression is a behavioral 
trait that is linked to many aspects of the behavior of a 
bass and even its life history as a whole, decreased ag-
gression will also result in correlated changes in other 
traits. One such trait of importance is the parental care 
EHKDYLRU�RI�PDOHV�GXULQJ�WKH�UHSURGXFWLYH�SHULRG��,Q�
our hypothesis, males that have been selected for re-
duced aggression via angling will also show reduced 
aggression to brood predators and, as a byproduct 
of that change in behavior, will also demonstrate an 
overall reduction in parental care vigilance. That is, 
less aggressive males will provide less effective pa-
rental care (fanning eggs and larvae as well as defend-
ing their offspring against potential brood predators) 
WKDQ�WKHLU�PRUH�DJJUHVVLYH�FRXQWHUSDUWV��(YHQ�WKRXJK�
the level and duration of parental care has been shown 
to be important for individual male reproductive suc-
FHVV� �3KLOLSS� HW� DO�� ������ 6XVNL� DQG� 3KLOLSS� ������
Parkos at al. 2011), under the scenario of continued 
angling pressure, less aggressive males would have 
WKH�KLJKHVW�¿WQHVV�LQ�D�¿VKHG�HQYLURQPHQW��8QGHU�WKH�
scenario of no angling pressure (even no angling just 
during the reproductive period), the reverse becomes 
WUXH�� PRUH� DJJUHVVLYH� PDOHV� DUH� IDYRUHG� RYHU� WKHLU�
OHVV�DJJUHVVLYH�FRQVSHFL¿FV�EHFDXVH�WKH�UHSURGXFWLYH�
success of individual males is directly related to the 
vigilance and duration of their parental care (Parkos 

HW�DO��������6XWWHU�HW�DO���������8QGHU�RXU�K\SRWKHVLV��
therefore, it is theoretically possible to have a long 
history of angling result in the evolution of a Large-
mouth Bass population with such reduced aggression/
parental care traits that population-level reproductive 
success and annual recruitment declines.

To demonstrate and understand the potential for 
¿VKHULHV�LQGXFHG� HYROXWLRQ� LQ� EDVV�� RXU� K\SRWKHVLV�
must be assessed across the following four criteria. 
First, the trait of selection interest (vulnerability to an-
gling) must be shown to be heritable and to be altered 
in the face of the selection pressure. Second, to under-
VWDQG�WKH�UDPL¿FDWLRQV�RI�WKDW�),(��ZH�QHHG�WR�NQRZ�
how the selection of that trait impacts other facets of 
life history, behavior, physiology, energetics, mor-
phology, and so forth. Third, we need to assess how 
WKRVH� WUDLW� FKDQJHV� DIIHFW� LQGLYLGXDO� ¿WQHVV� ZLWKLQ�
the population. Finally, to determine the relevance of 
WKDW�),(�WR�WKH�PDQDJHPHQW�RI�WKH�WDUJHW�VSHFLHV��ZH�
QHHG�WR�GHWHUPLQH�ZKHWKHU�RU�QRW�),(�RFFXUV�LQ�ZLOG�
populations and if it has impacts to population-level 
processes such as recruitment. The overall purpose of 
this article is to summarize what we know about an-
gling-induced evolution in Largemouth Bass within 
the context of these four criteria.

Criterion 1: Evidence for the  
Heritability of Vulnerability to  

Angling, a Surrogate for Aggression
$���\HDU� VWXG\�ZDV� FRQGXFWHG� LQ� ,OOLQRLV� DW�5LGJH�
/DNH��DQ�H[SHULPHQWDO�DQG�GUDLQDEOH������DFUH�¿VK-
LQJ� LPSRXQGPHQW�PDQDJHG� E\� WKH� ,OOLQRLV�1DWXUDO�
+LVWRU\�6XUYH\��RQ�WKH�HIIHFWV�RI�D�WRWDO�FDWFK�DQG�
release regulation on Largemouth Bass catch (Bur-
NHWW�HW�DO���������$FFHVV� WR� WKH�VLWH�E\� UHFUHDWLRQDO�
anglers was controlled and monitored, and a com-
plete creel census of all anglers on the lake was con-
ducted. Creel census data and recovery of the entire 
population at the end of the study by draining the 
impoundment provided the total catch history over 
the duration of the study for every individual bass 
in that population. Results revealed that although 
a majority of bass were caught one to three times, 
DERXW�RQH�WKLUG�RI�¿VK�ZHUH�FDXJKW�PDQ\�PRUH�WLPHV�
(one more than 20 times) and some not at all dur-
LQJ� WKH� IXOO� VWXG\��7ZR� JURXSV� RI� ¿VK� �LQGLYLGXDOV�
FDXJKW�¿YH�RU�PRUH� WLPHV� LQ� WKH� ODVW�\HDU�DQG�¿VK�
that were never caught in the entire study) provided 
the parents that served as the initial P1 broodstock 
for a long-term selection experiment that was initi-
ated more than 30 years ago (Philipp et al. 2009).
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For that experiment, which was designed spe-
FL¿FDOO\� WR� GHWHUPLQH� WKH� KHULWDELOLW\� RI� KRRN�DQG�
line vulnerability of Largemouth Bass, P1 adults from 
5LGJH�/DNH� WKDW�KDG�EHHQ�FDXJKW�DW� OHDVW�¿YH� WLPHV�
in the last year of the study were allowed to breed 
WRJHWKHU� WR� SURGXFH� D� KLJK� YXOQHUDELOLW\� �+9�� OLQH��
Similarly, P1 adults from Ridge Lake that had never 
been caught throughout the duration of the study were 
allowed to breed together to produce a low vulnerabil-
LW\��/9��OLQH��'HWDLOV�RI�WKH�H[SHULPHQWDO�EUHHGLQJ�GH-
sign can be found in Philipp et al. (2009), but they are 
EULHÀ\�VXPPDUL]HG�KHUH�WR�SURYLGH�FRQWH[W��)RU�HDFK�
generation in the experiment, after being produced in 
separate spawning ponds, these ponds were drained 
DQG�\RXQJ�RI�WKH�\HDU��<2<��+9�DQG�<2<�/9�EDVV�
ZHUH�UHFRYHUHG��7KHVH�¿VK�ZHUH�GLIIHUHQWLDOO\�PDUNHG�
ZLWK�SHOYLF�¿Q�FOLSV�DQG�VWRFNHG�WRJHWKHU�LQ�D�VHW�RI�
0.25-acre grow-out ponds (a common garden design). 
7KH�¿VK�ZHUH�DOORZHG�WR�JURZ�IRU�WKUHH�PRUH�\HDUV��
DW�ZKLFK� WLPH� WKH\�KDG� UHDFKHG� VH[XDO�PDWXULW\��$W�
WKLV�SRLQW��WKH�JURZ�RXW�SRQGV�ZHUH�GUDLQHG��+9�DQG�
/9�¿VK�ZHUH�UHFRYHUHG��DQG�HTXDO�QXPEHUV�RI�HTXDO�
VL]HG� ��\HDU�ROG�¿VK�ZHUH� VWRFNHG� DV� WKH� RQO\� EDVV�
in an experimental angling pond. The population was 
allowed to acclimate to the pond and complete any 
spawning activity before they were experimentally 
angled under controlled conditions during mid-June 
to mid-September. The rate at which each selected 
OLQH�RI�¿VK��+9�YHUVXV�/9��ZDV�FDSWXUHG�DQG�WKH�WRWDO�
number of captures for each selected line were used 
to calculate the relative vulnerability of the two lines 
the given generation. That entire process was repeated 
through three generations (F3) of selection.

The divergence in the vulnerability to angling 
between the two lines was immediate and rapid, with 
WKH� +9� ¿VK� EHLQJ� FDSWXUHG�PRUH� TXLFNO\� DQG� WR� D�
PXFK�JUHDWHU�H[WHQW�WKDQ�WKH�/9�EDVV��3KLOLSS�HW�DO��
�������6SHFL¿FDOO\��HYHQ�E\�WKH�¿UVW�JHQHUDWLRQ�RI�VH-
lection, it only took about half the time for anglers 
WR�FDSWXUH�����RI�WKH�+9�SRSXODWLRQ�DV�FRPSDUHG�WR�
ZKDW�LW�WRRN�WR�FDSWXUH�����RI�WKH�/9�SRSXODWLRQ�LQ�
WKH�VDPH�SRQG��7DEOH�����,Q�DGGLWLRQ��WKH�WRWDO�QXPEHU�

RI�FDSWXUHV�IRU�WKH�+9�EDVV�ZDV�DOPRVW�����KLJKHU�
WKDQ�IRU� WKH�/9�EDVV��7DEOH�����7KDW�GLYHUJHQFH�EH-
tween the lines continued to increase though the F2 
and F3 generations (Philipp et al. 2009). The pattern 
of divergence became particularly interesting when 
we compared the total catch rate (TCR, total number 
of captures/h per bass/ha) for each line across all gen-
erations, a calculation that standardized catch rates 
across ponds by correcting for density differences in 
WKH�WKUHH�H[SHULPHQWDO�¿VKLQJ�SRQGV�DQG�5LGJH�/DNH��
,Q�FRPSDULQJ�WKH�7&5�IRU�HDFK�OLQH�DFURVV�JHQHUDWLRQV�
(Figure 1), it appears that the cause for the divergence 
was due substantially more to the loss of vulnerability 
LQ�WKH�/9�OLQH�WKDQ�DQ�LQFUHDVH�LQ�YXOQHUDELOLW\�LQ�WKH�
+9�OLQH��7R�FDOFXODWH�WKH�KHULWDELOLW\�RI�WKH�FRPSOH[�
phenotypic trait, vulnerability to angling, we used the 
7&5�IRU�WKH�¿VK�XVHG�DV�SDUHQWV�RI�HDFK�OLQH�DQG�WKH�
TCR for their next generation offspring to calculate 
the selection differential, S, for each generation, as 
well as the cumulative selection differential, S´, and 
the response to selection, R, for each round of selec-
WLRQ��:KHQ�R was regressed against S´, the resulting 
slope gave us a heritability, h2, of 0.146. That value is 
comparable to heritability values calculated for other 
WUDLWV�LQ�¿VK��VXFK�DV�MXYHQLOH�JURZWK�UDWH�RU�DJH�DQG�
VL]H�DW�PDWXUDWLRQ��5HIVWLH�DQG�6WHLQH�������%RQGDUL�
������'XQKDP�DQG�6PLWKHUPDQ��������,Q�VXPPDU\��
these experiments documented that vulnerability to 
angling was a heritable trait in Largemouth Bass, and 
IRU�VXEVHTXHQW�VWXGLHV�ZH�XVHG�WKDW�WUDLW�WR�VHUYH�DV�D�
surrogate measure of aggression for this species (Sut-
ter et al. 2012).

Criterion 2: Behavioral,  
Physiological, and Life History 
Ramifications of Selection for  

Vulnerability
Following the heritability studies performed on the 
P1, F1, F2, and F3�JHQHUDWLRQV�RI�WKH�+9�DQG�/9�OLQHV��
further selection for vulnerability within the two 

Table 1.��+DOI�FDSWXUH�OLIH��WKH�KRXUV�RI�FXPXODWLYH�DQJOLQJ�SUHVVXUH�UHTXLUHG�WR�FDSWXUH��IRU�WKH�¿UVW�WLPH������RI�
WKH�¿VK�IURP�D�JLYHQ�JURXS��IRU�HDFK�RI�WKUHH�JHQHUDWLRQV��)1 to F3) of Largemouth Bass selected for high vulner-
DELOLW\��+9��DQG�DJDLQVW�ORZ�YXOQHUDELOLW\��/9��WR�DQJOLQJ�

*HQHUDWLRQ��N�� /RZ�YXOQHUDELOLW\� +LJK�YXOQHUDELOLW\� /9�+9�UDWLR

F1 (120) 65 33 1.97
F2������� ��� ��� ����
F3 (60) 10 3 3.33
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Table 2.  Total number of captures for the parental (P1) stock and each of three generations (F1 to F3) of Largemouth 
%DVV�VHOHFWLYHO\�EUHG�IRU�KLJK�YXOQHUDELOLW\��+9��DQG�DJDLQVW�ORZ�YXOQHUDELOLW\��/9��WR�DQJOLQJ��1$� �QRW�DSSOLFDEOH��

 Total number of Captures of Captures of Ratio 
*HQHUDWLRQ� ¿VK�LQ�SRSXODWLRQ� KLJK�YXOQHUDELOLW\�¿VK� ORZ�YXOQHUDELOLW\�¿VK� +9�/9

P1�� ������ 1$� 1$� 1$
F1  230 135 95 1.42
F2�� ���� ���� ��� ����
F3�� ��� ��� ��� ����

Figure 1.  Total catch rate (TCR) for high-vulnerability (closed circles) and low-vulnerability (open circles) Large-
mouth Bass across three generations of selection, compared to the original TCR for the P1 generation. Total catch 
UDWH�LV�FDOFXODWHG�DV�>�WRWDO�QXPEHU�RI�FDSWXUHV�RU�71&���QXPEHU�RI�KRXUV�¿VKHG�@��QXPEHU�RI�EDVV�KD��

lines was suspended to remove all ecological effects 
and allow clean comparisons among selection lines 
under common garden conditions. To that end, F4 and 
F5 generations were produced within each line using 
a random set of F3 adults as parents, which allowed 
XV�WR�UHPRYH�DQ\�HFRORJLFDO�DQG�SDUHQWDO�HIIHFWV��,Q�
an effort to understand the underlying differences be-
tween the two selected lines, these unselected F4 and 
F5�+9�DQG�/9�¿VK�ZHUH�XVHG�RYHU�D�SHULRG�RI�\HDUV�
to assess the physiological and behavioral differences 
between the two lines in a number of ways.

From a metabolic standpoint, we found the two 
lines (in the F4 generation) to be substantially differ-

HQW��)LUVW��&RRNH�DW�DO�� �������VKRZHG�WKDW� WKH�+9�
¿VK�KDG�KLJKHU�UHVWLQJ�FDUGLDF�DFWLYLWLHV�EXW��DW� WKH�
same time, less cardiac scope (i.e., the range of po-
WHQWLDO�FDUGLDF�DFWLYLW\��WKDQ�WKH�/9�¿VK��)URP�WKLV�
result, they predicted from modeling exercises that 
ZLWK�VLPLODU�IRRG�LQWDNH��+9�¿VK�ZRXOG�KDYH�WR�FRQ-
VXPH�����PRUH�IRRG� WKDQ�/9�¿VK� WR�PDLQWDLQ� WKH�
same growth rate. Redpath et al. (2009) tested that 
SUHGLFWLRQ� LQ� ¿VK� DOVR� IURP� WKH� )4 generation and 
found that when raised together in common ponds, 
WKH�/9�¿VK�JUHZ��±����IDVWHU� WKDQ�+9�¿VK��HYHQ�
though the food in the stomach contents of both lines 
were similar. Further laboratory research revealed 
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WKDW� /9� ¿VK� KDG� ���� ORZHU� VWDQGDUG� PHWDEROLF�
rates, 14% lower maximum metabolic rates, and 
16% lower metabolic scope (Redpath et al. 2010). 
,Q�DGGLWLRQ�� WKLV� UHVHDUFK�GHPRQVWUDWHG� WKDW� LW� WRRN�
+9� ¿VK� WZLFH� DV� ORQJ� WR� UHFRYHU� IURP� H[KDXVWLYH�
H[HUFLVH�WKDQ�/9�¿VK��ZLWK�/9�¿VK�VKRZLQJ�D�PXFK�
JUHDWHU�FDSDFLW\� IRU�DQDHURELF�DFWLYLW\��$V�D� UHVXOW��
there seems to be a clear metabolic cost to being se-
lected for high vulnerability to angling, but the po-
WHQWLDO�UDPL¿FDWLRQV�RI�WKLV�PHWDEROLF�FRVW�IRU�¿WQHVV�
DUH�XQFOHDU��$OWHUQDWHO\��HYHQ�WKRXJK�WKH�KLJKHU�PH-
WDEROLVP�RI�WKH�+9�OLQH�DOVR�VXJJHVWV�WKDW�WKHVH�¿VK�
have a greater capacity for growth, they will usually 
QRW�EH�DEOH� WR� UHDS� WKH�EHQH¿WV�RI� WKDW�JURZWK�SR-
WHQWLDO�EHFDXVH�IRRG�LV�OLPLWHG�LQ�PRVW�VLWXDWLRQV��,Q�
those situations, higher metabolic rate is a cost that 
GHFUHDVHV�VRPDWLF�JURZWK�LQ�+9�LQGLYLGXDOV�

,Q�VXEVHTXHQW�VWXGLHV�XVLQJ�WKHVH�VDPH�)4 gen-
HUDWLRQ�¿VK��ZH�IRXQG�VXEVWDQWLDO�GLIIHUHQFHV�LQ�WKH�
behaviors of the two selection lines as well, includ-
LQJ� VRPH� GLIIHUHQFHV� LQ� IRUDJLQJ� EHKDYLRUV�� $O-
though Binder et al. (2012) reported that the daily 
activity levels and diel patterns of that activity were 
similar for the two lines during nonreproducing pe-
riods in ponds, there were clear differences between 
the two lines reported for parental care behaviors 
E\�PDOH�EDVV��&RRNH�DW�DO���������¿UVW�UHSRUWHG�WKDW�
FRPSDUHG� WR� WKH� /9� OLQH�� +9� ¿VK� H[KLELWHG� VLJ-
QL¿FDQWO\�KLJKHU�SDUHQWDO�FDUH�EHKDYLRUV�� LQFOXGLQJ�
higher fanning and turning rates on the nest, greater 
in situ swimming speeds, and a higher level of an-
WLEURRG� SUHGDWRU� YLJLODQFH�� ,Q� DGGLWLRQ�� WKH� )4� +9�
¿VK�KDG�UHWDLQHG�PXFK�KLJKHU�KRRN�DQG�OLQH�FDSWXUH�
UDWHV�ZKLOH�JXDUGLQJ�EURRGV�WKDQ�/9�¿VK��HYHQ�DIWHU�
selection was halted for one generation. The bottom 
line here is that all behavioral assessments point to 
WKH�+9�¿VK�H[HUWLQJ�PRUH�DJJUHVVLYH�SDUHQWDO�FDUH�
WKDQ�WKH�/9�¿VK��ZKLFK�KDV�REYLRXV�SRWHQWLDO�¿WQHVV�
UDPL¿FDWLRQV�

Criterion 3: Fitness Consequences 
of Selection for Vulnerability

The linkage between selection for angling vulner-
ability and parental care vigilance created a mecha-
QLVP� IRU� WHVWLQJ� WKH� ¿WQHVV� FRQVHTXHQFHV� RI� WKDW�
selection. Clearly, anything that reduces the willing-
ness or ability of a male bass to provide parental care 
for it offspring has the distinct potential for reducing 
UHODWLYH�¿WQHVV�DV�ZHOO��6XWWHU�HW�DO���������XVHG�PDOH�
bass from the F5�JHQHUDWLRQ�+9�DQG�/9�OLQHV�WR�WHVW�
WKHLU�UHODWLYH�¿WQHVV�LQ�D�VHW�RI�H[SHULPHQWDO�SRQGV��

$OWKRXJK� WKH� GHWDLOV� RI� WKH� H[SHULPHQWDO� SURWRFRO�
can be found in Sutter et al. (2012), the highlights 
RI�WKH�UHVXOWV�RI�WKDW�H[SHULPHQW�IROORZ��8VLQJ�HTXDO�
QXPEHUV�DQG�VL]HV�RI�JHQHWLFDOO\�LGHQWL¿HG�+9�PDOHV�
DQG� /9� PDOHV� VWRFNHG� WRJHWKHU� LQ� D� VHW� RI� SRQGV�
along with wild-type Largemouth Bass females, we 
compared the ability of males from the two lines to 
successfully produce surviving offspring. Parental 
care activities were monitored throughout the pe-
riod of parental care to determine if the male raised 
his brood to independence (a successful brood) or 
abandoned it before independence (an unsuccessful 
brood). To test the relative vulnerability of each pa-
rental male while on its nest guarding its eggs, they 
ZHUH�SUHVHQWHG�ZLWK�WKUHH�KRRNOHVV�OXUHV�¿YH�WLPHV�
DSLHFH��D�����LQ� �����PP��ÀRDWLQJ�VLOYHU�5DSDOD��D�
3-in (75 mm) white Twister jig, and a 6-in (150 mm) 
black Texas-rigged plastic worm, and the number of 
times each bass hit each lure was recorded.

The results demonstrated clear differences be-
tween the two lines on a number of levels. First, 
WKH�ZLOG�W\SH� IHPDOHV�SUHIHUUHG� WR�VSDZQ�ZLWK�+9�
males (i.e., their mating success [number of eggs de-
SRVLWHG@�LQ�WKHLU�QHVWV�ZDV�VLJQL¿FDQWO\�JUHDWHU�WKDQ�
PDWLQJ� VXFFHVV�RI� WKH�/9�PDOHV��� LQGLFDWLQJ� HLWKHU�
WKDW� WKH� +9�PDOHV� ZHUH�PRUH� DJJUHVVLYH�EHWWHU� DW�
courting females or that they appeared as more at-
tractive partners or both, leading to a greater alloca-
WLRQ�RI�UHSURGXFWLYH�UHVRXUFHV�E\�IHPDOH�EDVV�WR�+9�
PDOHV� WKDQ� WR�/9�PDOHV��7KDW�DWWUDFWLYHQHVV�RI� WKH�
+9�PDOHV�FRXOG�EH�WKH�UHVXOW�RI�DQ�DVVHVVPHQW�E\�WKH�
IHPDOHV�RI�WKHLU�SRWHQWLDO�GLUHFW�EHQH¿WV�YLD�H[SHFW-
ed increased parental care or an assessment of their 
potential indirect genetic effects as per the sexy son 
K\SRWKHVLV� �:HDWKHUKHDG� DQG� 5REHUWVRQ� ������ RU�
WKH�JRRG�JHQHV�K\SRWKHVLV��%\HUV�DQG�:DLWV��������
,Q�DGGLWLRQ��RQFH�VSDZQLQJ�KDG�FHDVHG�DQG�SDUHQWDO�
FDUH�KDG�EHJXQ��FRPSDUHG�WR�WKH�/9�PDOHV��WKH�+9�
males provided more active parental care that was 
also of longer duration, an important component de-
termining success of a brood in bass (Parkos et al. 
�������:KHQ� WKH�SRQGV�ZHUH�GUDLQHG�DW� WKH�HQG�RI�
summer and the relative contribution of each male 
to pond’s offspring production was assessed using 
PLFURVDWHOOLWH�EDVHG�JHQHWLF�DQDO\VLV��WKH�+9�PDOHV�
(particularly the larger individuals) contributed dis-
proportionately more offspring than all other males, 
even when corrected for their higher levels of mat-
ing success. This result clearly demonstrated that 
under conditions of no angling, the previous selec-
WLRQ�IRU�/9�WUDLWV�SURGXFHG�PDOH�EDVV�WKDW�ZHUH�OHVV�
¿W�WKDQ�+9�PDOHV�
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$V�H[SHFWHG��WKH�PDOHV�WKDW�ZHUH�WKH�PRVW�DJ-
gressive toward the hookless lures during the angling 
WULDOV�ZHUH�WKH�ODUJHU�+9�PDOHV��L�H���WKRVH�PDOHV�WKDW�
had the highest mating success), provided the best 
and longest parental care, and were the most suc-
cessful at raising offspring to independence, mean-
ing that in a given population of bass, the males that 
are at the most risk to angling are those males that 
are also the most likely to produce the bulk of the 
QH[W�\HDU�FODVV��$V�D�UHVXOW��DQJOLQJ�GXULQJ�WKH�QHVW-
ing period for Largemouth Bass would exert more 
directional selection against the best dads than an-
gling at any other period of the year.

Criterion 4: Evidence for Historical 
Angling-Induced Evolution in Wild 

Populations
The volume of evidence coming from the wide 
range of experiments summarized above supported 
our working hypothesis that angling bass (particu-
larly during the spawning season) results in selection 
for males that are less aggressive towards lures and 
less vigilant in their parental care activities. Because 
DQJOHUV�KDYH�EHHQ�¿VKLQJ� IRU�EDVV� �LQFOXGLQJ�QHVW-
ing bass) in many waters across the country for de-
cades, if that working hypothesis is correct, then one 
would expect to see some evidence for that angling-
induced behavioral change in the wild. Our predic-
tion would be that populations that have experienced 
high levels of angling (including angling during the 
spawning season) should contain bass that are less 
aggressive (i.e., less vulnerable to angling) than 
populations that have not experienced such high lev-
els of angling, as conceptualized in Figure 2. Our 
concern is that along with vulnerability to angling, 
parental care is being coselected, as conceptualized 
in Figure 3.

7R� WHVW� WKDW� SUHGLFWLRQ�� ZH� LGHQWL¿HG� D� VHULHV�
of lakes with healthy bass populations that var-
ied in their historical patterns of angling (Table 
����7KH�¿UVW�FODVV�RI� ODNHV�ZHUH�XQH[SORLWHG� ODNHV��
which were lakes that were closed to the public and 
WKHUHIRUH�KDG�UHFHLYHG�H[WUHPHO\�ORZ�WR�QR�¿VKLQJ�
pressure throughout the year over at least the past 
50 years. The second class included seasonally ex-
ploited lakes, which were lakes that were open to 
the public and received moderate angling pressure 
throughout the year but had protective closed sea-
sons for bass during the spawning season. The third 
class included totally exploited lakes, which were 
lakes that received high angling pressure through-

Figure 2.  Conceptual model of selection for lower vul-
nerability to angling. The graph at the top represents 
the distribution of the trait within the original popula-
tion with the mean of that trait indicated by the vertical 
GDVKHG�OLQH��6XEVHTXHQW�JUDSKV�PRYLQJ�GRZQ�UHSUHVHQW�
the distribution of the trait within the population after 
increasing duration of selection.

Figure 3.  Conceptual model of selection for lower pa-
rental care. The graph at the top represents the distribu-
tion of the trait within the original population with the 
mean of that trait indicated by the vertical dashed line. 
6XEVHTXHQW�JUDSKV�PRYLQJ�GRZQ� UHSUHVHQW� WKH�GLVWUL-
bution of the trait within the population after increasing 
duration of selection. 
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Table 3. �/DNHV�WHVWHG�IRU�YXOQHUDELOLW\��1XPEHU�RI�QHVWV�IRU�HDFK�SRSXODWLRQ��L�H���LQ�WKH�ODNH�OLVWHG��RI�/DUJHPRXWK�
%DVV�UHSUHVHQWV�WKH�QXPEHU�RI�SDUHQWDO�PDOHV�¿VKHG�XVLQJ�WKH�H[SHULPHQWDO�DQJOLQJ�SURWRFRO�

/DNH�JURXS� 1DPH�ORFDWLRQ� 1HVWV

8QH[SORLWHG� /RQJ�/DNH��2QWDULR��������� ��
� /RQJ�/DNH��2QWDULR�������� ��
 Mills Lake, Quebec (2011) 46
� +HGJH�3RQG��,OOLQRLV�������� ��
  
Seasonally exploited Loughborough Lake, Ontario (2006)  42
 Loughborough Lake, Ontario (2009)  46
� 2SLQLFRQ�/DNH��2QWDULR��������� ��
 Lake Charleston, Ontario (2009) 44
  
)XOO\�H[SORLWHG� /LQFROQ�7UDLOV�/DNH��,OOLQRLV��������� ��
� /LQFROQ�7UDLOV�/DNH��,OOLQRLV��������� ��
� 5HGHDU�/DNH��,OOLQRLV�������� ��

RXW�WKH�\HDU�DQG�KDG�QR�FORVHG�VHDVRQV��$OO�RI�WKHVH�
lakes had to be clear enough for snorkelers to locate 
EDVV�QHVWV�IRU�H[SHULPHQWDO�DQJOLQJ�EHFDXVH�¿VKLQJ�
for nesting bass allowed us to present a lure or se-
ries of lures repeatedly to a known individual in a 
VWDQGDUGL]HG�PDQQHU��,Q�WKLV�ZD\��ZH�FRXOG�TXDQWLI\�
the vulnerability of individuals and use those data to 
compare the relative vulnerability of different bass 
populations.

For this vulnerability test, in each test lake we 
ORFDWHG�EHWZHHQ����DQG����/DUJHPRXWK�%DVV�PDOHV�
JXDUGLQJ�QHVWV�WKDW�KHOG�XQKDWFKHG�HJJV���±��G�SRVW-
fertilization), eliminating any males that had wounds 
of any kind (including new hook wounds) and any 
QHVWV�WKDW�KDG�RQO\�IHZ�HJJV�RU�WKDW�KDG�VLJQL¿FDQW�
DPRXQWV�RI�GHDG�HJJV��(DFK�QHVW�ZDV�PDUNHG�ZLWK�
a numbered white polyvinyl chloride tag for reloca-
tion from a distance. Those nests were revisited by 
DQ� DQJOHU� LQ� D� ERDW� DQFKRUHG� ��±���P� DZD\� IURP�
WKH�QHVW��DQG�HDFK�PDOH�ZDV�WKHQ�SUHVHQWHG�ZLWK�¿YH�
FDVWV� XVLQJ� HDFK� RI� WKUHH� OXUHV� LQ� D� VHW� RUGHU�� ¿YH�
ZLWK�D�����LQ������PP��ÀRDWLQJ�VLOYHU�5DSDOD��¿YH�
ZLWK� D� ��LQ� ����PP��ZKLWH�7ZLVWHU� MLJ� DQG�¿QDOO\��
¿YH�ZLWK�D���LQ������PP��7H[DV�ULJJHG�EODFN�SODV-
WLF�ZRUP��(DFK�FDVW�ODQGHG�WKH�OXUH�GLUHFWO\�RQ�WKH�
nest, and the angler recorded if the male bass hit the 
OXUH� RQ� WKDW� FDVW� RU� QRW�� ,I� WKH� ¿VK�ZDV� KRRNHG�� LW�
was played until landed and then measured and im-
PHGLDWHO\�UHOHDVHG��,I�WKH�¿VK�ZDV�QRW�KRRNHG��WKHQ�
WKH�VHULHV�RI�FDVWV�ZDV�FRQWLQXHG�XQWLO�HLWKHU�WKH�¿VK�
was hooked and landed or it received all 15 casts. 
Two metrics were used to assess the vulnerability 
of the males in each population: the percentage of 
PDOHV�WKDW�KLW�WKH�¿UVW�FDVW��ZLWK�WKH�5DSDOD���DQG�WKH�

percentage of males that hit at least 1 of the 15 casts 
(with the three lures).

The results clearly indicated that the variability 
in the vulnerability across lake groups was strongly 
related to angling history (Table 4). Fish from the 
unexploited lakes behaved as expected from our 
SUHYLRXV� ZRUN� LQ� WKH� DUHD�� DERXW� KDOI� WKH� PDOHV�
���±�����KLW�WKH�¿UVW�FDVW��DQG�DOO�RU�DOPRVW�DOO����±
������LQ�HYHU\�ODNH�KLW�RQH�RI�WKH����FDVWV��,Q�WKH�
VHDVRQDOO\�H[SORLWHG�ODNHV����±����KLW�WKH�¿UVW�FDVW�
DQG���±����KLW�DW�OHDVW�RQH�RI�WKH����FDVWV��LQGLFDW-
ing that seasonally exploited lakes contained bass 
that were less vulnerable than bass from unexploited 
lakes, although hit rates were slightly more variable 
LQ�VHDVRQDOO\�H[SORLWHG�SRSXODWLRQV��,W�ZDV�WKH�IXOO\�
exploited lakes that were the most surprising, how-
HYHU��ZLWK�QRQH�RU�DOPRVW�QRQH���±����RI�WKH�PDOH�
EDVV�KLWWLQJ�WKH�¿UVW�FDVW�DQG�QRW�YHU\�PDQ\���±�����
of them hitting at least 1 of the 15 casts. Snorkel-
ers could even tell the difference between bass in 
WKH�WZR�H[WUHPH�JURXSV�ULJKW�DZD\��EDVV�LQ�WKH�XQ-
exploited lakes were openly aggressive toward the 
VZLPPHUV��PDQ\�ÀDULQJ�JLOOV�� FKDUJLQJ��ELWLQJ�¿Q-
JHUV�DQG�¿QV��DQG�HYHQ�UDPPLQJ�IDFHPDVNV��1RQH�RI�
the males in the fully exploited lakes behaved any-
ZKHUH� QHDU� WKDW� DJJUHVVLYHO\�� ,QVWHDG�� WKH\� EDFNHG�
off their nests and observed the snorkeler from a 
distance, during which time nest predators (e.g., 
small Bluegill Lepomis macrochirus) were able to 
enter the nest and prey upon the bass eggs in it. That 
scenario never happened in the nests of bass in the 
XQH[SORLWHG� ODNHV�JURXS��:KLOH� WKH�EHKDYLRUDO�GLI-
ferences among these lakes were huge, for the three 
lakes for which we have 2 years of testing the re-
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Table 4.  Relative vulnerability to angling of bass populations. Percentages given show the range of values for all 
RI�WKH�ODNHV�WHVWHG�LQ�WKDW�ODNH�JURXS��DV�ZHOO�DV�IRU�WKH�¿IWK�JHQHUDWLRQ�RI�KLJK�YXOQHUDELOLW\��+9��ORZ�YXOQHUDELO-
LW\��/9��VHOHFWHG�EDVV�

/DNH�JURXS� 3HUFHQWDJH�WKDW�KLW�¿UVW�FDVW� 3HUFHQWDJH�WKDW�KLW�DQ\�FDVW

8QH[SORLWHG� ��±��� ��±���
6HDVRQDOO\�H[SORLWHG� ��±��� ��±��
7RWDOO\�H[SORLWHG� �±�� �±��
+9�VHOHFWHG�OLQH� ��� ��
/9�VHOHFWHG�OLQH� ��� ��

sults within a given lake across those 2 years were 
surprisingly consistent, indicating that the experi-
mental angling approach using individual parental 
PDOH� EDVV� ZDV� D� OHJLWLPDWH� DVVHVVPHQW� WHFKQLTXH�
�6XVNL�DQG�3KLOLSS��������:H�ZDQW�WR�DFNQRZOHGJH��
however, that the wild nesting bass in the season-
ally and fully exploited lakes had been exposed to 
angling in previous seasons, whereas the wild nest-
ing bass in the unexploited lakes had not, provid-
ing the opportunity for hook avoidance learning to 
have affected the results. There is no real evidence 
for hook avoidance learning in bass, but it is known 
that this species is capable of some learning (Coble 
HW�DO���������1HYHUWKHOHVV��LW�LV�SRVVLEOH�WKDW�VRPH�RI�
the differences in vulnerability observed among the 
different bass populations in this study may be the 
UHVXOW�RI�VRPH�KRRN�DYRLGDQFH�OHDUQLQJ��,Q�DQ\�FDVH��
the exact origin of the lower vulnerability (learning 
versus evolution) notwithstanding, decreases in pa-
UHQWDO�FDUH�DPRQJ�PDOH�EDVV�LQ�¿VKHG�HFRV\VWHPV�LV�
OLNHO\�GHWULPHQWDO�WR�UHSURGXFWLYH�¿WQHVV�

To put these results into perspective, tests on the 
UHODWLYH� DJJUHVVLRQ� WRZDUG�¿VKLQJ� OXUHV�ZHUH�GRQH�
ZLWK�WKH�+9�DQG�/9�OLQHV�GXULQJ�WKH�UHSURGXFWLYH�¿W-
ness experiment described under Criterion 3 above. 
([SHULPHQWV�ZHUH�FRQGXFWHG�LQ�WKH�VDPH�PDQQHU�DV�
the trials with the bass in the three lake groups de-
VFULEHG�DERYH��,Q�WKDW�SRQG�DVVHVVPHQW������RI�WKH�
+9�¿VK�DQG�����RI�WKH�/9�¿VK�KLW�WKH�¿UVW�FDVW������
RI�WKH�+9�¿VK�DQG�����RI�WKH�/9�¿VK�KLW�DW�OHDVW���RI�
the 15 casts. Those levels of vulnerability were at the 
high end and low end, respectively, of the season-
ally exploited lakes group. So, even after our direc-
WLRQDO�VHOHFWLRQ��WKH�+9�¿VK�ZHUH�QRW�DV�YXOQHUDEOH�
DV� WKH�ZLOG�¿VK� IURP�XQH[SORLWHG� ODNHV�� LQGLFDWLQJ�
that the strong heritability observed in the creation 
RI� WKH�+9�DQG�/9� VHOHFWHG� OLQHV�PD\� DFWXDOO\�XQ-
derestimate selection forces in situ. More interest-
LQJ�ZDV�WKH�IDFW�WKDW�HYHQ�DIWHU�VHOHFWLRQ��WKH�/9�¿VK�
were substantially more aggressive than the bass in 

WKH�ZLOG�SRSXODWLRQV�IURP�IXOO\�H[SORLWHG�ODNHV��:H�
QRWH��KRZHYHU��WKDW�WKH�ZLOG�¿VK�DQG�QRW�WKH�H[SHUL-
PHQWDO�+9�DQG�/9�¿VK�KDG�EHHQ�H[SRVHG�WR�DQJOLQJ�
during the previous season, again providing the op-
portunity for some sort of hook avoidance learning 
to have affected the results.

Conclusions and Future Directions
:H� KDYH� SURSRVHG� WKDW� DQJOLQJ� /DUJHPRXWK� %DVV�
PD\� UHVXOW� LQ� ),(��7KH� VWUHDPOLQHG� YHUVLRQ� RI� RXU�
working hypothesis proposes that angling elicits se-
OHFWLYH�SUHVVXUHV�WKDW�IDYRU�OHVV�DJJUHVVLYH�EDVV��$V�D�
result, in angled populations through time, the level 
of aggression among the individuals in that popula-
tion will decrease, resulting in a coselected decrease 
in parental care abilities that will likely affect indi-
YLGXDO�UHSURGXFWLYH�VXFFHVV��:H�VWDWHG�DW�WKH�RXWVHW�
WKDW�WR�WHVW�RXU�K\SRWKHVLV�UHJDUGLQJ�),(��LW�PXVW�EH�
DVVHVVHG� DFURVV� IRXU� FULWHULD��:H� IHHO� WKDW� RXU� ����
years of experimentation has done just that, al-
though we do realize that lure recognition and hence 
learning to avoid certain lures may also contribute 
WR�VRPH�FKDQJHV�LQ�EHKDYLRU�RYHU�WLPH��:H�IXUWKHU�
FRQFOXGH� WKDW� WKLV� ),(� FRPELQHG�ZLWK� OHDUQLQJ� UH-
VSRQVHV�WKDW�UHVXOW�LQ�OXUH�DYRLGDQFH��L�H���),$&��ZLOO�
UHGXFH�¿VKLQJ�TXDOLW\�E\�QHJDWLYHO\�DIIHFWLQJ�FDWFK�
UDWHV��3KLOLSS�HW�DO���������:KHWKHU�VXFK�HYROXWLRQ-
ary change affects population-level recruitment is 
unknown so far and likely to be context dependent 
(Sutter et al. 2012).

:H�ZRXOG�OLNH�WR�FORVH�E\�RIIHULQJ�RXU�VXJJHV-
tions of what is needed to advance our knowledge in 
this area. The most important and logical next steps 
for basic/applied research are to

���� ,GHQWLI\� WKH� PROHFXODU� JHQHWLF� DQG� QHXUR�HQ� 
 docrine mechanisms that control the metabo- 
 lism-behavior-angling vulnerability axis in an  
� HIIRUW� WR� XQGHUVWDQG� KRZ� WKDW� D[LV� LQÀXHQFHV� 
 male parental care activities in bass.
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���� $VVHVV� KRZ� IDVW� YXOQHUDELOLW\� WR� DQJOLQJ� �DQG� 
 the coselected traits associated with aggression, 
 metabolism, and parental care) can return to 
 preangling values once the selection pressures 
 from angling are removed.
���� (YDOXDWH�WKH�UHODWLYH�VWUHQJWK�RI�),(�YHUVXV�¿VK� 
� OHDUQLQJ� WR� DYRLG� FDSWXUH��:H� FRXOG� QRW� IXOO\� 
 separate these effects in our past studies, so fu- 
� WXUH�VWXGLHV�VKRXOG�TXDQWLI\� WKH�GHJUHH�RI�¿VK� 
 learning after exposure to angling.

7R�KHOS�DGGUHVV�WKRVH�SURSRVHG�QH[W�VWHSV���±��
above), we have bred a sixth generation of these 
+9�/9�EDVV��7DEOH�����1RW�RQO\�KDYH�ZH�SURGXFHG�
DQRWKHU� JHQHUDWLRQ� RI� SXUH� +9� DQG� /9� OLQHV� RI�
Largemouth Bass, we have produced both recipro-
cal F1 FURVVHV� EHWZHHQ� WKHVH� WZR� OLQHV� �+9�î�/9�
DQG� /9� î� +9��� ZKLFK� KDYH� UHXQLWHG� WKH� WZR� VH-
OHFWHG�QXFOHDU�JHQRPHV�HTXDOO\�LQ�HDFK�LQGLYLGXDO�
offspring. The two lines differ, however, in their 

maternal and paternal origins, so they also differ in 
WKHLU�PLWRFKRQGULDO�'1$��PW'1$��VRXUFH��+9�RU�
/9���,Q�DGGLWLRQ��ZH�KDYH�DOVR�SURGXFHG�D�VHFRQG�
generation of both of these F1 crosses, producing 
two F2� OLQHV��+9�î�/9�î�+9�î�/9�DQG�/9�î�+9�
î�/9�î�+9���7KHVH�WZR�OLQHV�UHWDLQ�WKHLU�WZR�GLI-
IHUHQW�VRXUFHV�RI�PW'1$��L�H���WKH�¿UVW�KDV�PW'1$�
IURP�WKH�+9�OLQH�DQG�WKH�VHFRQG�KDV�PW'1$�IURP�
WKH�/9�OLQH���%HFDXVH�RI�UHFRPELQDWLRQ�DQG�UDQGRP�
assortment of chromosomes during meiosis and 
fertilization, however, the group of individuals in 
each of these two lines contain a huge spectrum of 
different nuclear genotypes (i.e., all combinations 
of genetic variation from the original P1 population 
collected from Ridge Lake back in 1979 [Philipp 
HW�DO������@�DQG�OLNHO\�VRPH�QHZ�RQHV���7KHVH�¿VK�
should prove to be extraordinarily valuable tools 
for the future work needed to address the basic re-
VHDUFK�TXHVWLRQV�DERYH�

Table 5.��+LVWRU\�RI�WKH�EUHHGLQJ�WR�SURGXFH�WKH�YDULRXV�OLQHV�JHQHUDWLRQV�RI�VHOHFWHG�¿VK�XVHG���

  Breeding history

  Parents (P1) from Ridge Lake
 Bass caught a lot  Bass never caught 

  First generation (with selection)
� +LJK�YXOQHUDELOLW\�EDVV� � /RZ�YXOQHUDELOLW\�EDVV

  Second generation (with selection)
� +LJK�YXOQHUDELOLW\�EDVV� � /RZ�YXOQHUDELOLW\�EDVV

  Third generation (with selection)
� +LJK�YXOQHUDELOLW\�EDVV� � /RZ�YXOQHUDELOLW\�EDVV

� �>)LVK�LQ�¿UVW�WKUHH�JHQHUDWLRQV�ZHUH�XVHG�IRU�WKH�KHULWDELOLW\�VWXG\@

  Fourth generation (without selection) 
� +LJK�YXOQHUDELOLW\�EDVV� � /RZ�YXOQHUDELOLW\�EDVV

  Fifth generation (without selection) 
� +LJK�YXOQHUDELOLW\�EDVV� � /RZ�YXOQHUDELOLW\�EDVV

>)LVK�IURP�JHQHUDWLRQV���DQG���ZHUH�XVHG�IRU�WKH�PHWDEROLF��EHKDYLRUDO��DQG�¿WQHVV�VWXGLHV@

  Sixth generation (with selection) 
� +LJK�YXOQHUDELOLW\�EDVV� � /RZ�YXOQHUDELOLW\�EDVV
� +9�PW'1$� � /9�PW'1$

  Crossbreeding to produce F, crosses 
� +9�î�/9� � /9�î�+9
� +9�PW'1$� � /9�PW'1$

  Crossbreeding to produce F2 crosses 
� �+9�î�/9��î��+9�î�/9�� � �/9�î�+9��î��/9�î�+9�
� +9�PW'1$� � /9�PW'1$
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���� $VVHVV�WKH�OHYHO�RI�LQGLYLGXDO�EDVV�YXOQHUDELOLW\� 
� WR�DQJOLQJ�DFURVV�RXU�1RUWK�$PHULFDQ�EDVV�SRS� 
 ulations along the historical continuum of se- 
 lection for vulnerability to angling, and docu- 
� PHQW� WKH�JHQHWLF�EDVLV�IRU� WKH�),(�XVLQJ�FRP� 
 mon garden experiments and reciprocal trans 
 plants.
���� 'HWHUPLQH�LI�WKHUH�DUH�DQ\�SRSXODWLRQV�WKDW�KDYH� 
 been so heavily selected that the parental care  
 levels are low enough to endanger lake-wide  
 reproduction and recruitment.
���� ([SORUH�¿VKHULHV�PDQDJHPHQW�VWUDWHJLHV�WR�UH� 
 verse the selection toward less aggressive bass.

$GGUHVVLQJ�WKHVH�WKUHH�SURSRVHG�QH[W�VWHSV���±��
above) will not need the genetic tools of the future de-
VFULEHG� HDUOLHU�� ,W�ZLOO�� KRZHYHU�� UHTXLUH� FRRSHUDWLRQ�
between anglers, managers, and scientists working to-
JHWKHU�LQ�WKH�¿HOG�RQ�UHDO�EDVV�¿VKHULHV�LQ�D�MRLQW�HIIRUW�
to understand how our shared passion for bass angling 
is actually impacting bass populations—our shared re-
source. That effort may take some innovative thinking, 
VWDNHKROGHU� FROODERUDWLRQ�� DQG� VLJQL¿FDQW� UHVRXUFHV�
but promises cutting edge results that are academically 
FRPSHOOLQJ�DQG�LPSRUWDQW�IRU�¿VKHULHV�
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