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Life history variation in North American freshwater minnows: 
effects of 



Fig. 1. Cladogram derived 
from Mayden's (1989) 
phylogenetic analysis of 
Notropis. This composite 
cladogram is constructed 
from Figures 1, 4, 5, 6, and 
85 in Mayden (1989). Only 
the 21 species used in this 
analysis are illustrated. All 
interior nodes of the 
cladogram are also 
displayed. 

ical legacy (Brooks 1985). Thus, a particular life history 
trait may not represent an adaptation to a current envi- 
ronment, but may be present simply because it was 
inherited from an ancestral population or taxon (Cod- 
dington 1988). Interspecific differences in life history 
traits could reflect different phylogenetic pathways 
rather than adaptations to different ecological condi- 
tions. A phylogenetic perspective has proven useful for 
understanding the evolution of life history and behav- 
ioral traits in a variety of taxa (Dobson 1985, Sillen- 
Tullberg 1988, Carpenter 1989, Murphy 1989). 
Kochmer and Handel (1986) suggest that phylogeny 
should be used as a "null hypothesis" for testing ecolog- 
ical models. 

Patterns of variation in life history traits are often 
sensitive to the taxonomic level of comparison (Stearns 
1976). At higher taxonomic levels, differences between 
species in life 





Table 1. Correlations between life history traits of North 
American minnows, latitude and phylogeny. Each entry is the 
product moment correlation between two variables. Two-tailed 
probability values are given in parentheses, and the sample size 
for each association is given in brackets. The first column lists 
the six life history variables, and the remaining three columns 
give the predictor variables. Latitude is the latitude of the 
collection site. The Mantel test measures the association be- 
tween the pairwise differences in life history traits and the 
number of nodes separating each species pair on the cladogram 
in Fig. 1. - The primitiveness test measures the correlation 
between life history traits and the number of nodes separating 
each species from the root of the cladogram in Fig. 1. See text 
for details. 

Life history trait Latitude Phylogeny 

Mantel Primitive- 
test ness test 

Length of -0.696 0.296 -0.254 
Spawning season [18] (0.001) (0.991) (0.308) 
Age at maturity [12] 0.240 0.092 -0.081 

(0.452) (0.777) (0.800) 
Total female 
body length at -0.081 0.523 0.676 
maturity [11] (0.812) (0.0008) (0.022) 
Mature 
ova diameter [11] 0.121 0.171 0.210 

(0.724) (0.106) (0.534) 
Maximum age [12] 0.283 0.141 0.580 

(0.373) (0.170) (0.048) 
Maximum total female 0.185 0.191 0.286 
body length [18] (0.463) (0.046) (0.250) 

closely related two species are, the more similar their 
life history traits should be from inheritance per se 
(Moore and Gotelli 1990). The scattergram of species- 
pair points can be evaluated with the product-moment 
correlation coefficient (Pearson's r), although the Man- 
tel test of significance takes into account the fact that 
the pairwise points are not independent of one another. 

Results of the primitiveness test and the Mantel test 
are not independent of one another, although they do 
test for slightly different patterns. The Mantel test will 
reveal any association between life history traits and 
phylogeny, whereas the primitiveness test examines the 
more specific hypothesis that between-species variation 
in life history traits is proportional to the number of 
nodes separating each species from the cladogram root. 

Cheverud et (and )Tj
ET
 1 204.84 236.76 Tm
(examines )Tj
ET
Q
q 0 0 1 88.67.68 801.44 Tm
(takes )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 Tr
/F1 9 T
3 Tr
1 18erud 

MaET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 152.04 20121.91724 Tm
(Maam )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 2335.8 T1724 Tm
(MadatTj
ET
Q
q
BT
3 Tr
/F1 8 T0 0 1 195.84 28582.4
71(tTm
(MaxiDietzT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 178.44 2 193.848.3m
(Ma 9 3j
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 225.86 151.03.6  )Tj
ETau )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 243668.581724 Tm
(Ma, )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 84193382.03.6  )Tj
ERom
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 52.8 301.44 20Tm
(althnT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 39.36 255(coll 20Tm
(are  9 5ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 166.08 384 668 280Tm
(ResW )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 294 Tm 280Tm
(ResfouET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 211.2 272415.0 280Tm
(Resn-species )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 25.04 280.08ny )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 91.32 279 21484 280.08ny )ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 152.04 278 Tm
 2804rimitiveness )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 991.04 280.08ny ) )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 242.04 224 21 2804rimitivs the  takes froweo75(traifferent )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 13724 Tm58.4 Tm
(patterns. )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 12056Tm
58.4 Tm
(pseET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 39.24 2308.34 58.4 Tm
(pET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 222.84 2356Tm
54Tm
(are, )TT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 57.84 329  61654 Tm
(rooj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 178.684 573.64 5m
(thee, )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 847.48 Tm

(The )Tj)Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
10 0 1 174.96 313.84 m

(The )Tjizes
3 Tr
1 18erud )Tj
ET
Q
q
BT
3 Tr
/F1 9 T5650.76at )Tj
Ewe

the,n 

n6 Tm
(traiET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 316 321n6 Tm
(traismaj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 67.44 4 333.6m T12] )Tjj)Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
10 0 1 174.96 37
(then6 T8The )Tjizesj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 88.6394 598n6 T926.08Cj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 98.64 193.43528 Tm662926.08T
 1 204.84 236.76 Tm
(examines )Tj
ET
448 Tm
m6629Tm
(the j
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 88.686
(then65(9m
(ResF1 9 T
3 Tr
1 18erud )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tm
then55rr )Tj
Erecomme )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 84.(asso62 547.
(theTj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 84.20.04 Tm 547.
(thMon
E
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 222.84 3524 Tm65682.4is )CarlT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 37624.125.44 Tm
(Lsimueen )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 119.0.84 Tm6.34 Tmgth )u
 1 204.84 236.76 Tm
(examines )Tj
ET
4616.8 T.34 Tmgth   )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 242 54 T.34 Tmgth usET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 174.96 4724 Tm6568number )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 247.9672e in approximET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 50.76 215.2128.16645Man- takes annal thMon
E
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 222.84 299.64 n20.04 
(thCarlT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 3redictn20.04 
(thTj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 91.32 279 Tm
(lin20.Tm
(the)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 101.371625.622 Tm
(pair)Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
10 0 1 174.96 403
(lin20.Tm
(thejizesal )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 425 Tm
(t3(868 Tm
(b 1 204.84 236.76 Tm
(examines )Tj
ET
4616.8 Tt3(868 Tm
smaj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 67.4446344 Tm
3(868 Tm
(b 1 204.84 236.76 Tm
(examines )Tj
ET
4773.84(
3(9m
(Res) )Tj
ET
Q
q
BT
3 Tr
/F1 80 0 1 190.56  Tm
6 T611(9m
(ResF1j
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 89.88 33Tm
(6 T61229Tm
(the )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 84.(5.0461229Tm
(th). )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 147.35677.281
(are  9j
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 166.08 33 633.1213 Tm
(in No
E
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 222.84 4 30141213 Tm
(in n-species )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 041977.2813dictor )Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
 1 98.64 193.4352 Tm
(7.
(thlarge-j)Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
10 0 1 174.96 .14 Tm6m
((do )TjapproximET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 50.76 215.230 608.2proportional )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 341.34 Tm14umber usuallTQ
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 166.08 33 508.2p4.
(theTj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 84.86 2366.2proportic)TTervast ))Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 246169608.2p4.
(th
s ):ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 67.4446Tm
(8.2p4ample o
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 81.72 300.4024 Tm6.2p4ample dTT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 57.84 3 Tm
the.18 speciescj
ETn )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 399457.5.18 shistor
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 62.16 222.522 Tm
(4.22 Tm
(tues )Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
1 0 0 1 98.04360 60.18  Tm
(pET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 222.84 371651.39Tm
(Spawninweerecnt )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 1857351.39Tm
(Spawnrej)Tj

ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 127.56401.445912 0 Tr
/veness )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0470.24 Tm
(6of )Tj
Ej
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 67.44.14 Tm579Tm
(traithat )Tj
E
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 166.08 3274 the569(primitivT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 218 Tm
569(pe )Tj
ETsET
Q
q
BT
3 Tr
/F1 8 Tf
1 0Tf
1 0 0 1 84.(5.04569(primiti
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 54 289.68.48 Tm569(primiti
EE
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 222.84 355.04569(primiti
eET
Q
q
BT
3 Tr
/F1 8 Tf
1 00 0 1 213.66 37626he569(primiti)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 101.392prop568591.12 Tmntel )Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf Tf
1 0 0 1 246asso570m
(the )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 8445582 Tm
0.
(thlaogeny )Tj
ET
Q
q
BT
3 Tr
/F1 81 0 0 1 67.44.14 Tm559dictor )eff)Tj )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 399 573.659dictor )we)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 93..23.84 558(sample equallTQ
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 166.08 33527 20558(1
(are )Twe)fulj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 119.39(for 659d2mgth   )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 2409dict659d2mgth alsT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 463.48 659d2mgth conduc
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 118.08 40245r 659d Tm
(Maam )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 2 Tm
6 T54 Tm
(and  )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 242.04 Tm
(sp54 Tm
(and 
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 54.84 2691500.4 4phylogen)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 101.33.9 Tm4 Tm
(and (between )TT
Q
q
BT
3 Tr
/F1 8 Tf
1 f
1 0 0 1 93..82dict64 Tm
(and  )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 186.36 418of ) 4phylogen)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 98.0443 258.30.7m
(traits )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 122.0465) 4phylogen)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 39.24 2368of ) 37otelli )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 120.628624.1 37ot2.
(thlaogeny 
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 166.08 33274.02 37otelli ))Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 225.3m
(th 37ot2.
(thTj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 91.32 279 71651.337otelli )we)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 93..922.12 598.lli )qualesen v)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 100.448 Tm
337om
(their )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 39.48474 78 T37om
(thejT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 2Tm
6 T524 TTm
(Maam )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 2 83dict525om
(their j
ET
Q
q
BT
3 Tr
/F1 8 Tf
10 0 1 174.96 314 25525om )Tj
EregTj
s )Tjj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 225.359.26 Tm5om )Tj
Eey )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 246.063968.58524 Tctor )Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
 1 98.64 193.41 9 Tf524 Tctor ) )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 242.044(12.12 T4 Tctor )T
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 81.72 300.4 Tm
(0536 321ber usuallTQ
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 166.08 3368of ) 16 21ber  )Terj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 118.08 30 573.415(primitilTwe)
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 101.331.44516 2.22 Tm
(tues )Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
1 0 0 1 98.04379(oll415(primiti)Tj
ET 801.44 Tm
(takes )Tj
ET
Q
q
BT
3 Tr
/409doll415(primitiT)Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
 1 98.64 193.4352744516 91.12 Tfind

Eb 1 204.84 236.76 Tm
(examines )Tj
ET
465.04516 91.12 TsugT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 57.84 3 Tm
6 T50he )Tj
ET

Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 81.72 300.286
6 T505
(do )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 54 289.6801.44505d2mgth o
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 81.72 300.Tm
(.12 05d2mgth oQ
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 91.32 279 2 9 Tf50he )Tj
ETappropj
ET
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 98.043692 05d Tm
(MaaT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 379doll40.32 Tm
(vcom
(an)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 18573112 05d2mgth (between )TT
Q
q
BT
3 Tr
/F1 8 Tf
1 f
1 0 0 1 93.468.2 T40.32 )Tj
Eus

ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 127.56368of )494 5ct )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 240.6 3083547.494 n- )Tj )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 242.0422.522 494 n- theirtakes thTj
Tj
j
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 225.328 Tm
T6
(1ecies-)TET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 190.56 342677.T6
(1ecies-laogeny )Tj
ET
Q
q
BT
3 Tr
/F1 81 0 0 1 67.44376232 T6
(tel )Tj, MaaT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 3066.2 T40(primiti
EE
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 222.84 3redictT40(primiti )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 242.042.4 Tm
(41m
(MaaET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 54.84 269.14 4 T3 59
(and )TSmous
ET
Q
q
BT
3 Tr
/F1 8 Tf
 1 98.64 193.41 9 TfT40(primitiT
 1 204.84 236.76 Tm
(examines )Tj
ET
4214.96 41m
(Mae j
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 88.68362.24 T 591.12 T1986ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 166.08 346344 T 41m
(MaHowT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 57.84 32687.8 T2 333.mitiTv)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 225.218 shi4.48 T )Tjsmaj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 67.44 18.2 Tm29(1ecies-j)Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
10 0 1 174.96 3452 Tm4.48 T )Tjsizesal )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 36 Tm29(1ecies-preclny )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 8440812 Tm.48 T )Tjsu)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 157463.48 m.48 T 

om29(1ecies-anaeysijj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 225.12612 Tm.48 T )TjsT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 2Tm
4 T 19.ladogr  

thpredictTj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 101.3004.4834 215.mitith-laogeny body 

roHowTv

387(1ctor )Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
 1 98.64 193.44.26 T387(1ctor ) 387(1ctor )T
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 81.72 300.4024921387(1ctor )bTT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 57.84 3 Tm
2 Tm261f om2 491.12 Tm 
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 39.48408.3 36 (cladogr=Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 84439d Tm38 40(0.210 )T44j
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 225.464838.268.Tm
(poinq
BT
3 Tr
/F1 9 Tf
1 0 0 1 81.72 300.408 TTm36 (cladogr=Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 842Tm
4 T.08 0(0.141 )457ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 166.08 3299.88 Tm
(speciesThoQ
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 91.32 279 174 TmTm
(speciesdoesal )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 337 2.2Tm
(speciesdent )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1.3 T 35353(9m
(Resi j

ET
Q
q
BT
3 Tr
/F1 8 Tf
1 0 0 1 98.0437812 Tm
(more )Tj
T
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 54 289.68 ife Tm
(m)Tj
ETEEan)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 185 344.2m
(more )ToQ
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 91.32 279424 .96 Tm
(similanT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 425.the353(9m
(ResfficientQhinq
BT
3 Tr
/F1 9 Tf
1 0 0 1 81.72 300. Tm
39.244 5ct )Tj )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 186.36 31 164m
(s31.12 Tmntel )Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf Tf
1 0 0 1 28527 20244 5ct )Tj, )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 84.71.34 m
(se )Tj
Ebioge)Tj
phy;
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 4237 20244 2e )Tj
ETde )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 844652 Tm4 Tm
(be )Tjom )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 2 Tm
39.2
(scatterot. n )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 3995814.2
(scatterj
ETET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 67.2 2131.4323.6 Tm
(The NotropoQ
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 91.32 279  457.5.6 T6 )Tj
E(sensuj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 93..98 6 T.6 Tm
(The icio
3 Tr
1 18erud )Tj
ET
Q
q
BT
3 Tr
/F1 940
(868333 (the )TET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 56.28 2420 321.78 Tm
(paiappej
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 39.484567748333 (the )TaT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 4624 .333 (the )Tfollow
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 57.84 3 Tm
2 Tm21(cladogr )TerjlizET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 118.08 318(samTm
(product-racksal )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 346233.24 312.12 T) )ydET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 186.36 398 6 T.4 312.12 T1988ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 166.08 34 Tm392 Tm
ictor )Rah )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 225.4567492 Tm
7n- )Tj
eness 

between 

 311.22 Tm
nT
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 213.66 425 314 9
(and 
(Tj
ET
Q
q
BT
3 Tr
/F1 8 Tf
10 0 1 174.96 407.Tm
31ecies-l
ETaj)Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 2 Tm
39.2 301.44 TmfficientQhinq
BT
3 Tr
/F1 9 Tf
1 0 0 1 81.72 300..(as6 Tm
(of )Tj
E )Tj
ET
Q
q
BT
3 Tr
/F1 9 Tf
1 0 0 1 186.36 35 312.2 3036 )Tj
mntel 



0 

SD 

0 

5 0 

5 



Fig. 3. Relationship between 
life history parameters and 
phylogenetic distance. Each 
point represents a different 
pair of species. The y axis is 
the pairwise difference in 
the life history trait, and the 
x axis is the number of 
nodes separating the pair of 
species in the cladogram in 
Fig. 1. 
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gested, as a general rule, that widely-distributed species 
mature later at high latitudes. 

Other fish life history traits also vary with latitude, 
both within and between species (Table 2). The under- 
lying environmental gradients associated with these lat- 
itudinal clines are not always apparent. In addition to 
latitude, life history traits of freshwater fishes are often 
correlated with river thermal regime (Leggett and Car- 
scadden 1976, L'Abee-Lund et al. 1989), runoff (Heins 
and Baker 1987) and productivity (Mann et al. 1987). 
Without controlled transplant experiments (e.g., Co- 
nover and Present 1990), it is difficult to know how 
much of the interspecific variation represents genetic 
differences between species (Mitton and Lewis 1989) 
and how much represents phenotypic plasticity of popu- 
lations living at different latitudes. 

Other studies suggest phylogenetic affinities with life 
history variation in fishes. Wootton (1984) performed a 
phenetic cluster analysis on seven life history traits mea- 

sured for 162 species of Canadian fishes. One of the 
resulting clusters contained only salmonid species. 
Other clusters, however, did not segregate neatly along 
taxonomic lines and contained genera and species from 
different clades that were united by similar life history 
traits. Within the Salmonidae, Hutchings and Morris 
(1985) used similar methods and identified three higher- 
level clusters that corresponded to the three subfamilies 
of the Salmonidae. Winemiller (1989) measured ten life 
history traits for 71 freshwater fish species in Venezuela 
and identified three major clusters of species that dif- 
fered in life history tactics. As in Wootton's (1984) 
study, there were taxonomic patterns in Winemiller's 
clusters, although there was not a simple mapping of 
phylogeny onto life history. 

The studies of Wootton (1984), Winemiller (1989), 
and Thresher (1988) illustrate the "taxon-level effect", 
the idea that phylogenetic patterns are most apparent at 
higher taxonomic levels (families and subfamilies of 

3* OIKOS 62:1 (1991) 

I 3 

35 



30 

a 
. 

* I 

1.2- * 

1.1 - 

* s 

._ 

* S 1 

1 



Table 2. Life history correlates with latitude. A "+" means the trait increased significantly with latitude. A "-" means the trait 
decreased significantly with increasing latitude. "NS" means a non-significant correlation with latitude. 

Source Taxa Life history trait Correlation with 
latitude 

Intraspecific variation with latitude: 
Hubbs (1985) darters spawning season - 
Nikolsky (1963) fish age at maturity + 
Mann et al. (1984) sculpin, loach, maximum age + 

and gudgeon age at maturity + 
clutches/year 
growth rate 

L'Abee-Lund et al. (1989) sea-run brown growth rate 
trout smolt age + 

size at maturity + 
age at maturity + 

Leggett and American shad repeat spawning + 
Carscadden (1989) age at maturity NS 
Conover and Present (1991) Atlantic silversides growth rate + 
Edwards (1984) temperate vs tropical fishes growth rate NS 
Thresher (1988) demersal spawning marine fishes egg size + 

pelagic spawning marine fishes egg size NS 

rity and maximum female body length in the popula- 
tion. The primitiveness test suggests that length at ma- 
turity was larger for taxa that are relatively more de- 
rived. 

This pattern is reminiscent of Cope's Law of phyletic 
increase in body size (Simpson 1944). The reasons for 
Cope's Law have been debated, but one explanation for 
poikilotherms is that natural selection leads to an in- 
crease in body size because it allows females to carry 
more eggs (Rensch 1980). Another explanation is that 
large-bodied taxa are relatively vulnerable to extinc- 
tion. Consequently, the ancestors of most clades (fol- 
lowing a major environmental perturbation) 
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