
  Wiley and Society for Conservation Biology are collaborating with JSTOR to digitize, preserve and extend access to
Conservation Biology.

http://www.jstor.org

Society for Conservation Biology

Inbreeding Depression in Scarlet Gilia: A Reply to Ouborg and Van Groenendael 
Author(s): Ken N. Paige and M. Shane Heschel 
Source:   Conservation Biology, Vol. 10, No. 4 (Aug., 1996), pp. 1292-1294
Published by:  for  Wiley Society for Conservation Biology
Stable URL:  http://www.jstor.org/stable/2387166
Accessed: 03-08-2015 16:54 UTC

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at http://www.jstor.org/page/
 info/about/policies/terms.jsp

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content 
in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. 
For more information about JSTOR, please contact support@jstor.org.

This content downloaded from 130.126.52.115 on Mon, 03 Aug 2015 16:54:06 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org
http://www.jstor.org/action/showPublisher?publisherCode=black
http://www.jstor.org/action/showPublisher?publisherCode=scbiol
http://www.jstor.org/stable/2387166
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp


Inbreeding Depression in Scarlet Gilia: A Reply to 
Ouborg and Van Groenendael 
KEN N. PAIGE* AND M. SHANE HESCHELt 
*Institute for Environmental Studies and Department of Ecology, Ethology and Evolution, University of Illinois, 
1101 W. Peabody Avenue, Urbana, IL 61801, U.S.A., email paige@ uxl.cso.uiuc.edu 
tDepartment of Ecology and Evolutionary Biology, Box G-W, Brown University, Providence, RI 02912, U.S.A. 

In a recent study we assessed the effects of variation in 
population size on fitness components in natural popu- 
lations of scarlet gilia (Ipomopsis aggregata), in the San 
Francisco peaks region of northcentral Arizona (Heschel 
& Paige 1995). We showed that seed size and germina- 
tion success were significantly reduced in small popula- 
tions of scarlet gilia and that plants from small populations 
were more susceptible to environmental stress. We also 
provided experimental evidence that observed fitness 
reductions were due to genetic factors. We also ad- 
dressed year-to-year variation in population size and its 
effects on plant fitness. 

Ouborg and van Groenendael (1996) suggest that our 
paper is "laden with statistical and methodological prob- 
lems." They raise five specific issues. First, as Ouborg 
and van Groenendael correctly point out, F values were 
incorrectly calculated in our nested analysis of variance: 
mean squares of one factor should have been tested 
against mean squares of the next, not the residual mean 
squares. But the highly nonsignificant F values estimated 
by Ouborg and van Groenendael are inconsistent with 
the trends shown in the data of our Figs. 1 and 2 (He- 
schel & Paige 1995). Here we present a corrected nested 
analysis table with the following alteration: population 
size ('100 versus >100) is used in an a priori planned 
comparison rather than as a nesting factor (Table 1). In 
retrospect, we realize that it is not statistically appropri- 
ate to test population size (small versus large) against 
population because population size is not a separate cat- 
egory in which populations are nested but represents by 
design a planned comparison (i.e., a contrast). As 
shown, the contrast supports our original contention 
that seed size is significantly reduced in small popula- 
tions (those with ?100 flowering plants) of scarlet gilia 
(Heschel & Paige 1995). 

The second point made by Ouborg and van Groen- 
endael is that data on seed size were analyzed by means 
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of a t test following the nested analysis of variance 
(ANOVA) and that germination data were not tested 
with an ANOVA, only a t test. Contrary to their claims, 
seed-size data were not tested with a t test following the 
nested analysis of variance, and second germination data 
were tested with a one-way ANOVA (bottom of Fig. 2; 
Heschel & Paige 1995). More important, Ouborg and 
van Groenendael were concerned about germination 
data being pooled into small and large categories for 
comparison. To rectify this problem we reanalyzed our 
germination data using a contrast for population size in- 
stead of a t test; in other words, the comparison be- 
tween small and large populations (?100 versus >100) 
was originally an a priori planned comparison. This com- 
parison is legitimate, whether the population factor is 
significant or not. The results of our reanalysis using a 
contrast shows, as our original analysis did, significant 
differences in germination success between small and 
large populations in both 1991 and 1992 (Table 2). 

The same issue is raised concerning our environmental 
stress experiment, in which data were pooled without 
prior testing for differences within groups. But there were 
no significant differences among small or among large pop- 
ulations (four small populations in plot 1 and plot 2, x2 = 
2.67, df = 3,p > 0.45 and x2 = 3.75, df = 3,p > 0.25, re- 
spectively; four large populations in plot 1 and plot 2, x2 = 
5.40, df = 3,p > 0.15 and x2 = 0.758, df = 3,p > 0.75, re- 
spectively). Therefore, the comparisons and the conclu- 
sions drawn in our original paper are correct. 

The third issue raised deals with the limited number of 
populations (one large and two small) used in the pol- 
len-transfer experiments, which measured two variables 
(seed mass and germination success), not one variable, 
as Ouborg and van Groenendael incorrectly assert. We 
agree that these data alone are not overwhelmingly con- 
vincing (nor were they presented as such, see page 131 
of our discussion; Heschel & Paige [1995]). But these 
data, in combination with the common garden stress ex- 
periment, 2 years of population data on seed size and ger- 
mination success, and data on population size variation and 
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Table 1. Nested analysis of variance for population and maternal family effects on seed mass for 1991 and 1992, followed by a comparison of 
small and large papulations (c 100 versus > 100). 

Source of variation Sum of square df Mean square f p 

1991 
Population 42.55 9 4.727 4.88 0.000 
Seed family (within population) 93.06 96 0.969 5.19 0.000 
Residual 175.54 940 0.187 

Comparison 

Small versus large (-100 versus >100) 7.91 1 7.91 42.36 0.000 
Residual 175.54 940 0.187 

1992 

Population 97.99 9 10.89 7.71 0.000 
Seed family (within population) 111.59 79 1.41 8.13 0.000 
Residual 133.58 769 0.174 

Comparison 

Small versus large (<100 versus >100) 21.75 1 21.75 125.2 0.000 
Residual 133.58 769 0.174 

fitness, are consistent with a genetic explanation for ob- 
served fitness reductions (Heschel & Paige 1995). In addi- 
tion, we now have molecular data from four populations 
(two small and two large) that are also consistent with a ge- 
netic explanation for observed fitness reductions. The 
RAPD markers demonstrate a significantly higher percent- 
age of band sharing within two of the small populations, 
151/180 (62.3 ? 1.23%) and Gasline (66.3 + 1.65%) than 
within two of the large populations, Northland (53.6 ? 
1.76%) and Fern Mountain (49.1 ? 3.54%) (ANOVA F 
15.14, df = 3,159,p = 0.0000). 

The fourth issue raised deals with seed size and germi- 
nation success. Ouborg and van Groenendael argue that 
seed size needs to be factored out in an analysis of the 

effect of pollen source on germination because larger 
seeds have a higher germination success. We do not 
agree with this overly simplified statement. Results from 
our paper (Heschel & Paige 1995) provide evidence that 
seed size and germination success are not always con- 
cordant: large seed size does not always equate with 
higher germination success, and vice versa. For exam- 
ple, germination success in population 151-lMi (n = 
137) in 1992 was comparable to that of a small popula- 
tion (24.22 ? 5.64%; Fig. 2 in Heschel & Paige [1995]), 
even though this population produced the largest seeds 
documented (2.11 ? 0.25 mg; Fig. 1 in Heschel & Paige 
[1995]) among populations over the 2-year period of 
this study. Conversely, germination success in the Forest 

Table 2. Analysis of variance for population effects on germination success for 1991 and 1992, followed by a comparison of large and small 
populations (c 100 versus > 100). 

Source of variation Sum of square df Mean square f p 

1991 
Population 0.583 9 0.065 1.476 0.167 
Residual 4.213 96 0.044 

Comparison 

Small versus large 
(? 100 versus > 100) 0.305 1 0.305 6.944 0.01 

Residual 4.213 96 0.044 

1992 

Population 1.104 8 0.138 3.56 0.002 
Residual 2.674 69 0.039 

Comparison 

Small versus large 
(?I00 versus >100) 0.562 1 0.562 14.49 0.000 

Residual 2.674 69 0.039 
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Hills population (n = 714) in 1992 was comparable to 
that of a large population (40.60 ? 5.18%; Fig. 2 in He- 
schel & Paige [1995]), even though this population pro- 
duced exceptionally small seeds, within the range of those 
of a small population (0.95 ? 0.05 mg; Fig. 1 in Heschel & 
Paige [1995]). Given these results, an assessment of germi- 
nation success is appropriate without accounting for seed 
size in the analysis (Fig. 4 in Heschel & Paige [1995]). 
Nonetheless, we agree that it would have been interesting 
and informative to hold seed size constant and to assess 
germination success independent of seed size. 

In their final point, Ouborg and van Groenendael ar- 
gue that transfer of distant pollen, which bolsters seed 
size, may lead to untimely germination of seeds hasten- 
ing a population decline, whereas a (larger?) proportion 
of the smaller seeds produced within the population 
will remain dormant, allowing the species to await bet- 
ter times and buffering the population against decline. 
This argument is contingent upon there being differ- 
ences in dormancy between small and large seeds and/ 
or small and large populations-that dormancy is inher- 
ently plastic in I. aggregata. Although we cannot ad- 
dress this possibility directly (and for that matter no one 
to our knowledge has the data to address this issue in 
this or any other system), if it were true, it is more likely 
that large seeds would still have a fitness advantage 
given that conditions are typically favorable (i.e., in the 
majority of years) for seed germination and subsequent 
seedling survival in the San Francisco Peaks region of 
north central Arizona (Paige, personal observation). The 
populations near Flagstaff, Arizona, are in neither highly 
stressful nor heterogeneous environments. Thus, de- 
layed germination would, in the majority of years, result in 
a population decline. Also, among-species comparisons 
of temperate plant communities have demonstrated that 
perennial herbaceous plants do not exhibit dormancy to 
the degree that annual plants do (Rees 1993). Thus, 
given the monocarpic perennial habit of I. aggregata 
(i.e., having long-lived rosettes), dormancy may be moot 
to the discussion at hand. 

In summary, we make the following points. First, due 
to a statistical error in our analysis and improper nesting 
of small versus large populations, we present a cor- 
rected nested analysis table using population size (' 
100 versus > 100) in a planned comparison rather than 
as a nesting factor. Using population size as a nesting fac- 
tor, in retrospect, was not appropriate because it is not a 
separate categorization factor, but instead represents an 
a priori planned comparison (i.e., a contrast). Our re- 
analyses support our original contention that there are 
significant differences in seed size between large and small 
populations. Second, Ouborg and van Groenendael were 
concerned about the germination data and the data from 
the environmental stress experiment being pooled into 
small and large categories for comparison without a pri- 
ori testing for among-population differences. To rectify 

this problem, we reanalyzed germination data using a 
contrast instead of a t test: the comparison between 
large and small populations (' 100 versus > 100) was 
originally an a priori planned comparison. This compari- 
son is legitimate, whether the population factor is signif- 
icant or not. The results show, as our original analysis 
did, significant differences in germination success be- 
tween small and large populations. In terms of the envi- 
ronmental stress experiment, there were no significant 
differences among small or large populations. Thus, the 
comparison and conclusions drawn in the original paper 
are correct. Third, in terms of the pollen-transfer experi- 
ments, even though only a limited number of popula- 
tions were used, these data, in combination with data 
from the common garden stress experiment, two years 
of population data on seed size and germination success, 
data on population size variation and fitness, and recently 
incorporated molecular genetic data are consistent with a 
genetic explanation for observed fitness reductions. 
Fourth, although Ouborg and van Groenendael argue 
that seed size needs to be factored out in an analysis of 
the effect of pollen source on germination because larger 
seeds have a higher germination success, our study pro- 
vides evidence that seed size and germination success 
are not always concordant. Thus, an assessment of ger- 
mination success independent of seed size is appropri- 
ate and important. Fifth, the possibility exists that the 
transfer of distant pollen, which bolsters seed size, may 
lead to untimely germination of seeds in poor years has- 
tening a population decline, whereas smaller seeds pro- 
duced within the population remain dormant while 
awaiting better times. Even if this is true, however, it is 
more likely that large seeds would still enjoy a fitness ad- 
vantage given that conditions are typically favorable for 
seed germination and subsequent seedling survival in 
the majority of years. 

We believe that the results of our studies contribute to 
a much-needed empirical database on natural popula- 
tions of restricted size and the effects of year-to-year vari- 
ation in size. To our knowledge these results represent 
the first empirical evidence of genetically based fitness 
reductions as a result of restriction of population size 
within a species under natural conditions. Although we 
admit that we made a few minor errors in our initial pre- 
sentation, we hope we have cleared up any misgivings 
on the part of our critics. 
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