




















































































Mary M. Conner 
Utah State University 

Department of Forest, Range, and Wildlife Sciences 
Logan, UT 84322 USA 

April 9, 2004 
 
Colorado Division of Wildlife 
6060 Broadway 
Denver, CO 80216 
 
Dear Gary: 
 
As I told you in my email, I am not trained in any way to evaluate specific DNA or genetic 
questions.  My responses to your questions reflect this as do my general review comments.  I first 
provide my review comments followed by answers to the sheet of questions you emailed. 
 
General Comments: 

Perhaps the larger issue of “What defines a species or sub-species?” is being missed in the 
quest for determining the legal status of the Preble’s meadow jumping mouse.  Ramey et 
al.’s report focuses on a primarily genetic, and secondarily morphometric, comparison of Z. 
h. preblei to other Z. hudsonius subspecies, which represents a typological view of species.  
Most definitions of a species include the term “does not interbreed with individuals of 
another species” (see Meffe and Carroll 1997 for a good discussion of the plethora of species 
concepts).  The inability to interbreed can arise from ecological, physiological, behavioral, 
or physical/geographic barriers.  The ability of Z. h. preblei to interbreed with Z. h. 
campestris needs to be addressed before the place of Z. h. preblei in the Z. hudsonius lineage 
can be evaluated.  While Ramie et al. make a compelling argument for genetic and 
morphometric similarity between Z. h. preblei and Z. h. campestris, there was no evaluation 
of ecological, behavioral, physiological, or physical factors critical for determining 
taxonomic validity of Z. h. preblei. 

 

The primary definition of taxonomy is “The classification of organisms in an ordered system 
that indicates natural relationships.”  Because natural relationships were not discussed, I 
think the title of the Ramey et al. report should be changed to “Testing Genetic and 
Morphometric Relationships of Preble’s Meadow Jumping Mouse (Z. h. preblei) to Other 
Nearby Z. hudsonius Subspecies”, or something similar.  If the focus of the paper were 
clarified in the title and throughout the paper, then I would agree that Ramey et al. were 
justified in the conclusion that genetic and morphometric data for Z. h. preblei was 
indistinguishable from another Z. hudsonius subspecies, Z. h. campestris.  However, the 
conclusion that Z. h. preblei should be lumped with Z. h. campestris is not warranted by 
Ramey’s genetic and morphometric analyses.  Changing the taxonomic identity of Z. h. 
preblei should not be done until determining whether ecological, behavioral, physiological, 
or physical barriers exist that may prevent Z. h. preblei from inbreeding with Z. hudsonius. 
 
Finally, the “discrete” requirement that a DPS is “markedly separated from other populations 
of the same taxon by physical, physiological, ecological, or behavioral factors” is the key to 
the Z. h. preblei versus Z. hudsonius issue.  If you believe that only genetic evidence should 
be used to define a DPS, then Ramey et al.’s assessment of Z. h. preblei as not worth 
protecting is logical.  However, if you believe that more than genetics should be used to 
define a DPS, then Ramey et al’s assessment is not logical or valid. 



 
Specific Details: 

1. I found many grammatical errors in this report; however I do not note or comment on 
these.  

2. Throughout report – change “taxonomic differences” to “genetic and morphologic 
differences”. 

3. Page 3, paragraph 3 – The sentence “However, these authors did not gather data in such a 
manner as to be able to rigorously test whether Z. h. preblei formed a monophyletic 
group” needs to be changed to “However, these authors did not design their studies to 
answer the question of whether Z. h. preblei formed a monophyletic group”. 

4. Page 4 first paragraph (continued from previous page) and Page 10 first paragraph 
(continued from previous page) – Why is Crandall et al. (2000) the only criteria 
considered for defining a “single population”?  (Note: In context, I am guessing that 
single population means same subspecies?)  Was this agreed on before hand?  Please 
explain the logic given that multiple definitions of species and subspecies exist (Meffe 
and Carroll 1997). 

5. Page 5 first paragraph (continued from previous page) – The authors state that it is 
“critical to test whether hybridization occurs between Z. h. preblei and Z. p. princeps”, 
but make no similar statement about the importance of evaluating whether Z. h. preblei 
can interbreed with other Z. hudsonius subspecies.  The issue of interbreeding between Z. 
h. preblei and Z. h. campestris needs to be addressed. 

6. Page 5 – In this methods paragraph, the authors state that they examined the literature for 
evidence of ecological differences, but it is not clear how or when they did this.  In the 
last paragraph of results (page 9 first paragraph) Ramey et al. states “A review of the 
literature reveals that no quantitative evidence exits to reject the hypothesis of historic or 
recent ecological exchangeability… between Z. h. preblei and Z. h. campestris.”  First, 
what literature was reviewed?  Second, and perhaps most importantly, what ecological 
characteristics were compared?  It seems that genetic characteristics are being used as a 
proxy for ecological characteristics.  Third, behavior, ecology, physiology, and 
physical/geographic factors need to be discussed as part of an taxonomic comparison.  If 
the title and conclusions are to be left as written, then at the very least, this section needs 
to be vastly expanded and a table of results with literature cited produced. 

7. Page 9-10 – What is a single population?  Please define. 

8. Page 9-10 – Basing subspecies rules on ones own work is poor scientific procedure.  At 
the very least, provide other references for this rule or justification for this rule. 

9. Page 10 – Discriminant results for a less conservative P ≥ 0.5 rule should be included in 
this report for comparison to the conservative P ≥ 0.95 rule. 

10. Page 10 - A table of posterior probabilities for each specimen should be included in this 
report because it is a key line of evidence. 

11. Page 11-12 – I agree that basing a subspecies classification on morphology of 3 
specimens is not scientifically defensible.  Is this really all that was done to justify Z. h. 
preblei as a subspecies? 

12. Page 12 first paragraph of Conclusions section – I agree that Ramey et al. examined these 
3 lines of evidence as presented.  However, delete the statement in the following 



paragraph (page 13) that they checked for ecological differences, which are not 
represented by the 3 criteria checked. 

13. Page 13 second paragraph – “and the unsupported assumption that geographic isolation 
…”  Please provide evidence that there is no geographic isolation. 

14.  Page 13 third paragraph – “The “discrete” requirement that a DPS is “markedly 
separated from other populations of the same taxon by physical, physiological, 
ecological, or behavioral factors” is the key to the Z. h. preblei versus Z. hudsonius issue.  
If you believe that only genetic evidence should be used to define a DPS then Ramey et 
al.’s assessment of Z. h. preblei as not worth protecting is logical.  However, if you 
believe that more than genetics should be used to define a DPS, then Ramey et al’s 
assessment is not logical or valid. 

15. Figure 1 should either be in the back with other figures, or all figures should be within 
text. 

16. Figure 2 should be reworked for a black and white printer. 

17. Figure 3 is missing. 

18. Table 3 – A 95% CI must be added to this table so that differences in mean 
measurements can be easily evaluated by the reader.  Also, present SE rather than SD 
because what is statistically compared is the distribution of means, not the distribution of 
the sample. 

19. Table 4 is difficult to follow visually – clean up columns and headings. 

20. Page 27 – Delete hypotheses following Table 4 unless they are related to something in 
the text, in which case they need a to be tied via official table status. 

 
CDOW Questions: 

1.  Please analyze the techniques used in the population and phylogenetic evaluation of Zapus 
hudsonius Z. h. preblei and other taxa.  Were appropriate methodologies and markers used? 

 
Morphology:  The P ≥ 0.95 rule is subjective.  Ramey et al needs 
to present discriminant results for a P ≥ 0.5 rule for comparison.  
The P ≥ 0.5 rule is commonly used for discriminant classification 
(SAS 1990, Lance et al. 2000).  Moreover, presenting results for 
both rules will provide the a full evaluation of the morphological 
discrimination between the 2 species.  Also, it is critical that a 
table of posterior probabilities for each specimen be included in 
this report as it is a key line of evidence. 
  

2.  Are the conclusions about the taxonomic validity of Z. h. preblei logical and defensible as 
presented in the manuscript? 

 
If you believe that genetic evidence should be used to define 
taxonomic validity, then Ramey et al.’s assessment of Z. h. 
preblei as not different that Z. h. campestris (i.e., not 
taxonomically valid) is logical.  However, if you believe that 
ecological, physiological, behavioral, and geographic factors 
should be used to define taxonomic validity, then Ramey et al’s 
assessment is not logical or valid. 



3.  Are there possible alternative interpretations of the genetics data? 
 

Do not know. 
 
4.  Are there additional or divergent taxonomic conclusions that could be drawn from the 
genetics data? 

 
Do not know. 

 
5.  Do you agree with the interpretation about possible mechanisms of reduced gene flow 
between Z. h. preblei and other subspecies of Z. hudsonius? 

 
Do not know. 

 
6.  Do you agree with the concepts of Crandall et al. (2000)* for defining evolutionarily 
significant units? 

 
I fully agree that evolutionarily significant units (ESU) should be 
defined based on both ecological data in conjunction with genetic 
data rather than on genetic data alone.  However, the Ramey 
report argues for combining Z. h. preblei with Z. h. campestris 
based primarily on genetic data, and offers no ecological data.  
Citing this paper seems contradictory to the intent of the Crandall 
et al. (2000) paper. 

 
7.  Are there clear ecological distinctions between Z. h. preblei and closely related taxa that 
would suggest a need for specific conservation actions for this taxon? 

 
There is no way to answer this question based on the Ramey et 
al. report as ecological distinctions were not discussed.  To 
answer this, Ramey et al. should present an analysis of 
similarities and differences between Z. h. preblei and Z. h. 
campestris with respect to ecology, physiology, behavior, and 
geography.   
 

Literature Cited: 
Crandall, K. A., Bininda-Edmonds, O. R. P., Mace, G. M. and Wayne, R. K. 2000. Considering 

evolutionary processes in conservation biology: returning to the original meaning of 
“evolutionary significant units”. Trends in Ecology and Evolution: 15(7):290-295.  

Lance, R. F., M. L. Kennedy, and P. L. Leberg.  2000.  Identification bias in discriminant 
function analyses used to evaluate putatively different taxa.  Journal of Mammalogy 81:245-
249. 

Meffe, G. K., and C. R. Carroll.  1997.  The species in conservation.  Pages 57−86 in G. K. 
Meffe, and C. R. Carroll, editors.  Principles of conservation biology. Sinauer Associates, 
Inc., Sunderland, Massachusetts, USA. 

SAS Institute.  1990.  SAS/STAT user’s guide, Version 6.  Forth edition.  Volume 1.  SAS 
Institute, Cary, North Carolina, USA. 
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Thomas L. Martin Professor of Biology 
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Specific Questions to Consider for Review of Dr. R.R. Ramey’s Report on Genetic 
Analysis of Preble’s Meadow Jumping Mouse 

 
 

1. Please analyze the techniques used in the population and phylogenetic evaluation 
of Zapus hudsonius preblei and other taxa.  Were appropriate methodologies and 
markers used? 

Appropriate markers and methods were used.  The control region would provide the 
highest possible resolution using mtDNA.  As the authors state, microsatellites would 
provide additional insights but would not alter the general conclusion.  Another mtDNA 
locus would also help support the conclusions (phylogenetic methods typically do better 
with longer sequences), but again would not change the basic conclusion.  The analytical 
methods used are appropriate were performed quite well, in my opinion.  The only 
additional analysis I might perform is to construct a network relationship of gene 
genealogies using TCS or SplitTree software.  But once again, this simply allows for a 
different visualization of the same result.  The conclusion will not change. 

2. Are the conclusions about the taxonomic validity of Z.h. preblei logical and 
defensible as presented in the manuscript? 

Indeed, the conclusions are right on.  This work is particularly impressive by its inclusion 
of both genetic and morphometric data coupled with an evaluation of previous work.  The 
author is spot on in every respect.  Indeed, it looks like you will have some more work to 
go to figure out an appropriate taxonomy for this group.  The current taxonomy clearly 
does not reflect the inferred evolutionary relationships.  But it is clear that the Z. H. 
preblei is not a valid taxon and that the animals on the front range of CO are genetically 
represented in other areas. 

3. Are there possible alternative interpretations of the genetics data? 
I can’t think of any – at least not relative to the taxonomic status of the Preble’s Meadow 
Jumping Mouse.  Some additional work could be done to develop a reasonable taxonomy 
and make global inferences about population structure, bottlenecks, range expansions, 
etc. for the species.   

4. Are there additional or divergent taxonomic conclusions that could be drawn from 
the genetics data? 

I think additional taxonomic conclusions will require additional sampling.  Certainly, at 
the moment, I would say you have two taxa here corresponding to the two clades. 

5. Do you agree with the interpretation about possible mechanisms of reduced gene 
flow between Z.h. preblei and other subspecies of Z. hudsonius? 



Yes.  The interpretations could be further substantiated by additional samples and 
performing a Nested Clade Analysis to partition historical demographic events from 
current population structure and ongoing gene flow (Templeton, 1998; Templeton, 2004). 

6. Do you agree with the concepts of Crandall et al. (2000)* for defining 
evolutionarily significant units? 

I have to say I do!  I quite like that paper, as do many other folks. We have received a lot 
of positive feedback from it and no negative feedback that I have seen. 

7. Are there clear ecological distinctions between Z. h. preblei and closely related 
taxa that would suggest a need for specific conservation actions for this taxon? 

The morphological analysis suggests that there are not.  If there were clear ecological 
differences that were persistent over evolutionary time and adaptively important, one 
might expect the evolution of morphological differences.  In many cases, this occurs long 
before divergence of neutral genetic markers.  For example, Polar Bears are obviously 
morphological distinct from Brown Bears, yet genetically they do not form distinct 
clades.  Here we see no obvious morphological distinctiveness that relates to the 
designated subspecies.  Indeed, the critical review of the previous work designating this 
subspecies identifies a number of significant problems with it.  There is always a 
possibility that we are simply not looking at the right (critical) character.  But of those 
examined, there does not appear to be any distinction. 
 
 
In summary, I found this to be an excellent study covering all the appropriate bases.  The 
conclusions drawn are, in my opinion, well founded and well supported by the data.  The 
investigator has done an exceptional job in planning the study, selecting appropriate data 
to collect, collecting data, analyzing data, and interpreting the results.  I agree with the 
conclusions provided by the investigator in this report and find them based on solid 
science. 
 
 
* Crandall, K. A., Bininda-Edmonds, O. R. P., Mace, G. M. and Wayne, R. K. 2000. 

Considering evolutionary processes in conservation biology: returning to the 
original meaning of “evolutionary significant units”. Trends in Ecology and 
Evolution: 15(7):290-295.  

 
 
Templeton AR (1998) Nested clade analyses of phylogeographic data: testing hypotheses 

about gene flow and population history. Molecular Ecology 7, 381-397. 
Templeton AR (2004) Statistical phylogeography: methods of evaluating and minimizing 

inference errors. Molecular Ecology 13, 789-810. 
 
 



REVIEW: Report by R.R. Ramey on Zapus subspecies 
 
General problems: 
 
- The overall tone of the manuscript lacks objectivity. Conclusions would be more 
convincing if data and results were presented from a less biased perspective. 
 
- The report lacked context beyond the Z.h.preblei problem – the issues dealt with in 
this report (i.e., recent diversification of lineages) are complex and there is considerable 
literature available on the topic. Yet none of this was discussed. 
  
- The molecular data are quite limited (only 355 base pairs of sequence) and these 

provide insufficient resolution. Thus, results are inconclusive. 
 
- Criteria used for exclusion of particular specimens are rather unclear and seemingly 

subjective. 
 
- Presentation of data is confusing and lacks sufficient and necessary detail. There are 

numerous typos that speak of haste in preparation. 
 
- Manuscript is rather ambiguous with regard to various descriptions. 
 
- Authors equate their results (a gene tree at best) with a species tree. 
 
- Comments below often refer to (page/paragraph/line number) of the report.  
 
 
1. Techniques, phylogenetic evaluation. Appropriate methods and markers? 
 
Yes and no. The overall approach seems appropriate. However, there are a number of 
issues that are not addressed in the manuscript, some of which may substantially 
impact results. Details that support results and conclusions are lacking. Additional and 
appropriate analyses could have been performed for both molecules and morphology.  
 
Molecular work: 
 
DNA extraction was appropriate. DNAeasy Kit from Qiagen is known to produce clean 
DNA from difficult samples. PCR amplifications are appropriate, although 200-300 ng of 
DNA in a 25 ul reaction volume seems large, but might be necessitated by low quality 
(i.e., low molecular weight) of extracted DNA. It is also appropriate to sequence the 
target region in both directions, obtaining sequences for both strands. 
 
Museum specimens are indeed a valuable resource in that specimens from a large 
geographic area can be made available, and a study can thus be executed in relatively 
short time. However, the quality of DNA extracted from museum specimens is often 
inferior. It is most often fragmented and consists of small pieces in low quantity that 
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makes it difficult to reliably amplify target sequences (Pääbo 1989). Thus, primers 
should be designed from sequences obtained from fresh tissues, and must be selected 
to produce short products approximately 100—200 base pairs in length (as per Drew et 
al. 2003). The problem is that this procedure requires up to 5x more PCR amplifications 
than normal, which in turn increases cost and reduces sample sizes. However, it does 
sample a large number of overall base pairs, which is important. This apparently was 
not done in the present study. 
 
Authors allude to some of these problems (page 6) and in fact developed internal 
primers to amplify difficult samples using nested PCR. However, cross-contamination is 
an issue with such “ancient DNA” samples. While DNA can be amplified from minute 
amounts of tissue using forensic techniques, contamination of such templates with high 
quality DNA from other samples is a major concern. Another aspect is that PCR can 
incorporate the wrong base during replication; if such a mistake is incorporated early in 
PCR cycles, it will be reproduced in all subsequent cycles. Again, this is a major issue 
for ancient DNA samples where little template DNA is available to start the reaction. 
One way to address this issue would be to generate independent replicate 
amplifications/sequences of samples so as to calculate genotyping error. This is 
particularly important if haplotypes differ by only a single base, as is seemingly the case 
with the present data set. 
 
One must assume that authors took all necessary precautions to avoid contamination of 
their samples, but it would certainly be more convincing if indeed they explicitly stated in 
their lab procedures the manner in which they dealt with these issues. 
 
Descriptions are often vague. For example, authors state (6/2/1-2) that some DNA 
extracts did not amplify well, but there is no information on how many? It is also not 
clear how they could get amplified DNA when the initial PCR did not amplify at all 
(6/2/2)?  
 
Another more substantial problem encountered when working with ancient DNA is the 
size of fragments (i.e., numbers of base pairs) that can be reliably amplified and 
sequenced (as noted above). The current analysis is based on 355 base pairs (bp) of 
sequence data - this is a marginal data set for population-level analyses judging from 
today’s standards. As a general rule, at least 1,000 bp should be evaluated to 
substantiate findings and make results conclusive. An analysis of several independent 
molecular markers that corroborate findings would also make the study more 
convincing. 
 
The control-region (or D-loop) is generally a good marker to examine recently diverged 
taxa because it has a high rate of evolution. Presumably Z.h.preblei became isolated 
post-pleistocene (6/2/9), yet a time span of 10,000 years is about the limit for mtDNA 
resolution. Taxa that are more recent diverged would be difficult to detect via mtDNA 
analysis. The control-region does not code for a protein which explains its fast rate of 
evolution, but this is also a drawback in that it limits the types of analyses that can be 
done. For example, those that rely on codon position cannot be utilized. 



 
In addition, it is not at all clear which section of the control region was sequenced. Here, 
site positions should be provided relative to a standard sequence available from 
GenBank. The control-region consists of rather variable segments at the 5’ and 3’ end, 
and a relatively conserved middle region. Since nested primers are designed internally 
from the flanking regions, it is likely that the region sequenced in this study straddles the 
conserved middle segment, and thus encapsulates only a moderate amount of genetic 
diversity. This is an issue in that the analyzed fragment does not provide sufficient 
resolution to determine interrelationships of the taxa under study (see below). The 
question then becomes, is the lack of variation due to similarities among OTUs, or is it 
instead a function of the conservative (and limited) nature of the molecular marker? 
 
 
Molecular data analyses 
 
Sample sizes are appropriate (Crandall et al. 2000). Phylogenetic analyses seem 
appropriate. Standard procedures were used to generate phylogenies, and data were 
first examined via ModelTest so as to determine the model of sequence evolution. 
However, details are lacking for the AMOVA. Were alternative genetic structures tested 
for significance? 
 
In addition, the text is confusing and it is not at all clear how many samples were indeed 
used for analyses. On page 6 (6/1/1/), authors state that 151 sequences were aligned, 
whereas the heading for Fig. 2 indicated that analyses are based on 176 samples. The 
sum of all specimens listed per haplotype for the ingroup (i.e., Z.hudsonius) is 151. 
 
Also, the basis for exclusion of specimens that showed haplotype characteristic of other 
subspecies is rather vague (page 8). Why is it reasonable to assume that those 
Z.h.campestris with haplotype L/Pal/C-2 were misidentified and can thus be excluded 
from analyses, whereas those Z.h.campestris showing haplotype C/P-1 through 4 are 
not? Details on collection data are also lacking. How reliable are the locality definitions? 
Further, why wasn’t the identification of these specimens confirmed by re-examination? 
Authors state that this is a strong suit of voucher specimens. 
 
Why is a Neighbor joining phylogram presented, instead of an MP, ML or BA tree? 
Authors state that other analysis produced “similar” trees, but phylograms of these 
should be provided so that tree topology and nodal support can be examined. 
  
A haplotype network or minimum spanning tree of haplotypes would also be informative. 
The shallow terminal branches of the phylogram suggest that haplotypes differ by single 
base pairs. Further, haplotype diversity statistics and an appendix showing 
haplotypes/variable sites should be provided (see also comment under Point 3).  
 
It is not clear which samples were used to calculate nucleotide diversity. High nucleotide 
diversity in Z.h.campestris and Z.h.preblei could be due to divergent and “mis-identified” 



individuals, as suggested by the high standard deviation (8/5). Again, it’s not clear 
whether these samples were included in the calculation of nucleotide diversity. 
 
 
Morphometric analyses 
 
There are several perceived difficulties with the morphometric analyses. 
(10/2/3) – “In several cases, fewer measurements were taken because of breakage or 
not taken because of previous breakage.” These should be enumerated in the report, 
along with the museum numbers of the specimens excluded. If this is not done, then 
how will another scientist be able to replicate the study? 
 
Discriminant analysis is an inappropriate multivariate procedure for this study in that it 
requires that specimens be a priori allocated to group. If indeed one is testing for group 
membership, then pre-allocation to group biases the study. Given the ambiguity of 
specimen assignment in the molecular analyses, a more effective means of evaluation 
would have been a principal components analysis of morphometric data based on the 
variance-covariance matrix. Data should also be first tested for normality. 
 
(10/3/10—11) – “Males and females were pooled in the analyses because of a lack of 
cranial sexual dimorphism in Z.princeps and Z.hudsonius (Connor and Shenk 2003).” 
However, Connor and Shenk evaluated Z.h.preblei and Z.p.princeps whereas the 
current report evaluated Z.h.preblei and Z.h.campestris. If indeed the object is to test 
the sexes of two subspecies for potential differences in morphology, then one should 
not apply as the test those results previously generated for different subspecies. 
Additionally, if the object is to evaluate group membership (in this case, sex) using 
morphological criteria, then pre-allocation to group would again bias the analysis (as per 
caveats regarding discriminant analysis above). 
 
It is also somewhat confusing that other subspecies of Z.hudsonius were not examined 
morphologically as well. And since the researchers went to all the trouble to measure 
their specimens, why did they not take other (additional) standard morphometric 
measures?  
 
(11/1/8) – “…only larger for one measurement….and it was only marginally significant 
(P=0.037).” Again, a value judgement that undermines the objectivity of the study. 
 
 
2. Are conclusions about taxonomic validity of Z.h.preblei logical and defensible? 
 
I personally cannot follow the logic. If Z.h.preblei and Z.h.campestris should be 
synonymized based on shared haplotypes, then other Z.hudsonius subspecies must be 
synonymized as well. This logic could even be extended to Z.hudsonius and 
Z.p.princeps, since haplotypes of the latter were found within Z.hudsonius. This 
suggests either a very complex taxonomic problem confounded by quite recent (i.e., 



post-Pleistocene) diversification, or a problem with the resolution of the molecular 
marker (as above). 
 
The limitations of the data affect resolution of analyses and thus render results 
inconclusive. Relationships among haplotypes are not (or only poorly) resolved in the 
neighbor joining tree (Fig. 2). Additional sequence data from fast evolving, independent 
markers are needed (as recommended by Haig 1998). Data based on a different marker 
might still remain incongruent, but that in itself reveals important aspects of the 
phylogenetic history of a species (Hey et al. 2003).  
 
Not clear why Z.p.princeps was selected as outgroup. The work by J. Cook is 
unpublished and thus unavailable for evaluation. Monophyly does not render one taxa 
as outgroup for another. 
 
It is not clear why hybridization between Z.h.preblei and Z.p.princeps should invalidate 
the taxonomic status of Z.h.preblei (3/4/5-7)? The biological species concept (BCS) 
uses reproductive isolation as a criterion of demarcation, but it is generally recognized 
that the ability to hybridize is a pleisomorphic (i.e., ancestral) trait that offers little with 
regard to recent diversification of species. 
 
Museum collection data (e.g., date of collection, precise collection locality etc.) should 
be provided in an Appendix. This would clarify the validity of original identifications and 
also provide further information about DNA quality in that reviewers could judge the 
ages of various samples.  
 
Conclusions based on AMOVA are not justified. High percentage of within vs among 
subspecies diversity is influenced by resolution of the marker and demographics of the 
population (e.g., bottlenecks, population fluctuations, effective population size, etc.).  
 
The criterion of “greater genetic diversity among putative taxa than within” (8/5/1—4) is 
a flawed concept. Genetic diversity is dependent on population size and population 
history. Paetkau (1999) emphasized that population demographics do influence 
retention of genetic diversity, including ancestral haplotypes and time to complete 
lineage sorting (or reciprocal monophyly).  
 
 
3. Alternative interpretations for genetic data? 
 
Identical haplotypes in Z.h.preblei and Z.h.campestris could be explained by: 
 
- Retention of ancestral polymorphism and incomplete lineage sorting 
 
- Homoplasy (similar character state but independent evolutionary origin) 
- Genotyping error 
 



Pattern could also be explained by retention of ancestral polymorphism in Z.h.preblei 
and Z.h.campestris. In other words, the detected variation stems from mutations that 
occurred prior to their divergence, and which is still retained in both subspecies. The 
marker does not provide enough resolution to differentiate the two lineages and the data 
suggest incomplete lineage sorting at this level of resolution. A more extensive data set 
based on markers with appropriate evolutionary rate might reveal additional mutations 
that are not shared between the two subspecies. It is important to note that there is a 
clear frequency difference regarding the identities of individuals contained in the four 
Z.h.preblei haplotypes (C/P1—4). Only one or two specimens of Z.h.campestris are 
found within these haplotypes, with the majority of individuals (90%, 89%, 86% and 
82%) being Z.h.preblei. If indeed Z.h.preblei simply represents a recent range extension 
of Z.h.campestris, then one would expect to find Z.h.preblei haplotypes scattered 
throughout the Z.h.campestris clade. The fact that Z.h.preblei haplotypes cluster 
together suggests they diverged from one another and thus underscores the argument 
that Z.h.preblei might be on its own evolutionary trajectory. 
 
Paetkau (1999) raised concerns about applying purely genetic identification criterion for 
an ESU and pointed out that population demographics do indeed influence time to 
complete lineage sorting. Even low frequency haplotypes are retained in large 
populations over sustained time, whereas small populations lose genetic diversity 
randomly through drift. 
 
An alternative although less likely hypothesis is that the shared haplotypes arose 
independently in both subspecies thus representing homoplasy rather than homology. 
 
As alluded to above, genotyping error is a concern with museum-based molecular 
studies. Independent replicates (including DNA extraction, amplification and 
sequencing) would corroborate findings or reveal genotyping errors. Again, more 
information on haplotypes would help to minimize this problem. 
 
There are various analyses that could be performed differently or in addition to the ones 
presented. For example, AMOVA could be used to test hypotheses of alternative 
genetic structure, and data could be examined for an isolation-by-distance effect. Most 
importantly, a Nested Clade Analysis would enable separation of historic and 
demographic events (as suggested by Crandall et al. 2000). This is particularly 
important to verify the hypothesis of “founder effects and range expansion” (9/2/8-9). 
Such analyses helped to clarify genetic structure in fragmented populations of another 
small mammal with a controversial conservation history (Swei et al. 2003).  
 
The assumption that microsatellite DNA loci will provide less resolution than 
mitochondrial DNA sequences (5/1/1-4) is completely erroneous. It is also unclear why 
Z.h.preblei, if shown to be distinct based on mtDNA sequence data, must then be tested 
for hybridization, and furthermore, why microsatellite DNA loci should be used for this 
task (nuclear markers yes, but preferably not microsatellite DNAs). 
 
 



4. Additional or divergent taxonomic conclusions based on these data? 
 
Alternative conclusions are most certainly possible. However, limitations of the genetic 
data hamper any conclusions, and render as speculative any taxonomic interpretations.  
 
Shared haplotypes between Z.h.preblei and Z.h.campestris could simply be due to a 
lack of resolution for the limited data set. Further, incomplete lineage sorting is to be 
expected given the presumed time frame of divergence. This is particularly so if a 
population is large or expanding (Z.h.campestris) and if ancestral haplotypes are 
retained (Paetkau 1999). However, the presence of different haplotype frequencies 
suggests that Z.h.preblei is on its own trajectory and could warrant DPS (“distinct 
population status”) if indeed corroborated with a more comprehensive genetic 
evaluation. 
 
It also seems as if the report confuses a “gene tree” with a “species tree.” As a means 
of explanation, a phylogeny of a species represents a multitude of nested component 
trees, each reflecting the history of populations as determined by single characters. 
When a component tree is derived from DNA information (e.g., haplotype sequences) it 
is referred to as a “gene tree” (Avise 2000). On the other hand, a “species tree” can be 
viewed (Avise 1994:126) as “…a single pedigree that extends [historically] as an 
unbroken chain of parent-offspring genetic transmission….” Hence, species trees are 
histories of organisms (i.e., pedigrees) whereas gene trees are histories of single traits 
(Avise 2000). The distinction is important. 
 
In phylogenetic reconstruction, one must understand that a gene tree does not 
necessarily reflect a species tree. Not only can gene trees differ in their topology one 
from another, but also from species trees. Differences are due to a variety of biological 
factors (e.g., stochastic lineage sorting, introgressive hybridization, horizontal transfer, 
etc.; Avise 1994, 2000). Yet a common practice is to use gene trees as an estimate of 
the species tree (as herein). This is a tenuous association at best, because there are 
ample reasons for gene trees and species trees to be discordant (as above). This is 
particularly true in the present report because the gene tree is based on very few base 
pairs of data. Thus, the original hypothesis carried the caveat “distinguishable….using 
mitochondrial DNA sequence data” ((4/2/6), yet this caveat was somehow dropped in 
the conclusions and the gene tree then became instead the species tree for the taxon. 
 
 
5. Interpretations about possible mechanisms of reduced gene flow between 
Z.h.preblei and other subspecies of Z.hudsonius? 
 
I also cannot follow the logic of the argument that “founder effect and range expansion” 
contradict evidence of restricted genetic exchange. I would agree that low haplotype 
diversity in Z.h.preblei suggests a population bottleneck. But if it was due to a recent 
founder event, one would expect the haplotypes in Z.h.preblei to represent various 
Z.h.campestris haplotypes and not just those that form a distinct cluster.  
 



The existence of four very similar haplotypes suggests a bottleneck within Z.h.preblei 
populations followed by subsequent expansion with low effective population size. It also 
indicates a lack of (or at least reduced levels of) gene flow between Z.h.preblei and 
other Z.hudsonius subspecies. Hey et al. (2003) argued that bottlenecks will obscure 
genetic divergence among populations, even within such ancient lineages as Tuataras. 
Based on the data in this study, it appears that the Front Range population is of “recent” 
(i.e., post-Pleistocene) origin. Again, the molecular data are limited in their number and 
capabilities, and thus do not provide sufficient resolution from which to draw 
conclusions. Additional genetic data are needed. 
 
Thus, genetic divergence originating through range expansion and subsequent reduced 
gene flow is indeed a potential mechanism for speciation. For example, Abbott and 
Double (2003a,b) used mitochondrial and microsatellite DNA to discover that shy 
albatross arose from white albatross through range expansion.  
 
 
6. Crandall et al. (2000) definition of ESU? 
 
The definition for ESUs as provided in the report is rather vague. For example, Mortiz 
(1994) included significant differences in nuclear alleles as an additional criterion for 
designation of an ESU. 
 
Moritz (1994) also emphasized the distinction between the biological definition of ESU 
(and MU) and the genetic criteria. He argues that “the term ‘significant’ in ESU should 
be seen as recognition that the set of populations has been historically isolated and 
accordingly, is likely to have a distinct potential” (Mortiz 1994:373). Further, his genetic 
criterion for recognizing and ESU includes mitochondrial and nuclear loci: “ESUs should 
be reciprocally monophyletic for mtDNA alleles and show significant divergence of allele 
frequencies at nuclear loci.” (Mortiz 1994:373). 
 
Ecological exchangeability is one criterion proposed by Crandall et al. (2000) and this 
suggestion has merit. However, its application is hampered by lack of ecological data 
for most rare species. Pacific salmon are probably a notable exception. However this 
report does not provide data (or even references) concerning the ecological 
characteristics of the subspecies under study. Did I miss something here? 
 
Further, Crandall et al. stressed that “failure to reject the null hypothesis does not imply 
that the null hypothesis is true, but could simply be a result of the lack of relevant data” 
(Crandall et al. 2000:293). I would argue this is indeed the case here. 
 
 
7. Clear ecological distinctions between Z.h.preblei and closely related taxa? 
 
Authors state that they “examined literature for evidence of ecological differences 
between subspecies” (5/2/6-7), yet they do not provide a single reference. Also, 
additional morphological data might provide some insight? 
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Review of Ramey et al., Testing the taxonomic validity of Preble’s Meadow Jumping 
Mouse  
(Zapus hudsonius preblei) 
 
 

Ramey et al. employ the appropriate methods, markers, evidence, and interpretation 
to convincingly argue that Z. h. preblei is not a valid subspecies, and should be 
synonymized under Z. h. campestris. I think that the ESU is an appropriate and useful 
genetic unit that should be employed by conservation agencies as well as 
phylogeographers. The study by Ramey et al. has several small editorial errors and 
reference omissions (e.g., Hafner et al. 1981 and Hafner 1997 are cited as Hafner 1981 
and Hafner 1987 in the second paragraph), and the tone is unnecessarily ponderous, 
condescending, and preachy. However, I agree with all of the systematic and taxonomic 
conclusions, and would also encourage regulatory agencies to employ systematists to 
provide such systematic reviews wherever it is practicable. I think it’s rather absurd to 
consider regulatory agencies to be responsible for supporting in-depth systematic studies 
of this sort for every taxon under consideration, but an accurate taxonomy a laudable 
goal.  

There remain several confusing aspects to the mtDNA data, but none that would alter 
the overall systematic and taxonomic conclusions. Specifically, Ramey et al. list a 
locality in Kansas as “Macon Co.”; there is no Macon Co. in Kansas (could it be Marion 
Co.?). On page 8 they state that two sequences from Clay Co. were more similar to 
campestris than to pallidus, and then say that “they” (these two plus one presumed 
hudsonius that turned out to be a princeps) were “presumed misidentified and thus not 
included.” I understand why princeps that were clearly misidentified as hudsonius were 
not included, but isn’t it more likely that either a campestris mtDNA clone somehow 
remained or has found its way into pallidus, or (even more likely) there was some 
cataloging (museum) or experimental (laboratory) error, and the Clay Co. specimens are 
actually from western South Dakota. Given the “Macon Co.” error, that seems to me to 
be the best bet. By the way, the Clay Co. sequences were included in the Neighbor-
joining tree, so from what were they excluded, the Table? 

While I support the taxonomic interpretations of Ramey et al., I disagree strongly 
with their implied conclusion that synonymy with campestris automatically translates 
into conservation security for the geographically expanded taxon. Yes, the expanded 
subspecies is “more common and widespread than previously thought,” but that does not 
necessarily mean that the new taxon is secure, or that this represents a “misallocation of 
scarce conservation resources to populations that are not genetically or ecologically 
unique.” Here Ramey et al. went well beyond their data, and failed to consider the 
conservation status of campestris. It would have been quite simple for Ramey et al. to 



consult the IUCN Status Survey and Conservation Action Plan for North American 
Rodents (Hafner et al. 1998; 
http://www.iucn.org/themes/ssc/actionplans/northamericanrodents/5geo.pdf). In the 
section on Zapus hudsonius, Hafner and Yensen (1998) consider preblei to be 
Endangered (EN): B1; B2c (IUCN Red List Category; IUCN 1994), but also consider 
campestris to be of concern: Vulnerable (VU): B1; B2c.  

EN: B1; B2c = Endangered, facing a very high risk of extinction in the wild in the 
near future; extent of occurrence estimated to be less than 100 km2, and estimates 
indicating: B1) severely fragmented; and B2c) Continuing decline, observed, 
inferred, or projected, in area, extent, and/or quality of habitat. 

VU: B1; B2c = Vulnerable, facing a high risk of extinction in the wild in the 
medium-term future; extent of occurrence estimated to be less than 100 km2, and 
estimates indicating: B1) severely fragmented; and B2c) Continuing decline, 
observed, inferred, or projected, in area, extent, and/or quality of habitat. 

Overgrazing and loss of riparian habitat has been implicated as the major deleterious 
impact on populations of campestris in Wyoming, South Dakota, and Montana (Hafner 
and Yensen 1994). Thus, although the expanded campestris enjoys a larger geographic 
range, it (including populations previously assigned to preblei) is of conservation concern 
throughout its range.  



 
Fig. 1—Distribution of mtDNA samples included in Ramey et al., indicating their 
assignment into Z. h. pallidus, Z. h. luteus, and Z. h. campestris (including 
populations formerly assigned to Z. h. preblei).  

Moreover, mapping of the populations studied by Ramey et al. (see my Fig. 1) puts 
their Neighbor-joining tree in a geographic context, and allows phylogeographic 
interpretation. Due to the closer similarity of mtDNA clones of luteus and pallidus, it is 
apparent that the expanded campestris diverged prior to the geographic isolation of luteus 
from pallidus, which itself probably was associated with drying of grasslands habitat 
during the Hysithermal (6000 yBP) following the Wisconsinan glaciation. Thus, 
campestris may have been isolated from the main distribution of hudsonius during the 
Wisconsinan full-glacial. In any event, Ramey et al. clearly indicate that campestris is 
genetically more distinct from pallidus than is luteus, and so deserves more consideration 
as a unique gene pool.  

Twenty years ago, Z. h. luteus was not only believed to be Z. princeps luteus, but also was 
considered to be extinct from the Rio Grande Valley of New Mexico. More recently, Z. h. preblei 

was considered to be 
on the verge of 

extinction. 
Conservation concern 
led to targeted 
fieldwork, which in 
turn led to the 
discovery of additional 
populations of luteus in 
the Rio Grande Valley 
and in southeastern 
Colorado, and of 
preblei along the 
eastern edge of the 
Rocky Mountains. In 
my opinion, Z. h. 
luteus is relatively 
secure and not 
currently threatened, 
but I believe that Z. h. 
campestris (including 
preblei) remains 
imperiled.  
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30 March 2004 
 
Gary Skiba 
Colorado Division of Wildlife 
6060 Broadway 
Denver, CO  80216 
 
Dear Gary: 
 
In this letter I present my review of the manuscript titled Testing the Taxonomic 
Validity of Preble’s Meadow Jumping Mouse (Zapus hudsonius preblei) by R. R. 
Ramey II, H.-P. Liu, and L. Carpenter, revised 12 March 2004. 
 
I find this paper very clear in its presentation, use of hypothesis-testing, and overall good 
science.  The evidence suggests that Zapus hudsonius preblei is not genetically or 
morphologically distinct from Z. h. campestris.   I am not a geneticist, and will limit my 
subsequent comments to the other parts of the paper. 
 
The morphometric data and analysis appear solid.  Krutzch (1954) acknowledged that Z. 
h. preblei most closely resembled Z. h. campestris and the techniques he used were the 
best available science for his time.  Also, it was recently brought to my attention that a 
more recent study of the systematics and biology of the genus Zapus found insufficient 
morphological evidence to support subspecific status for Z. h. preblei (Jones 1981, as 
cited in Beauvais 1998).   
 
While I agree that the qualitative descriptions can be vague and impossible to reproduce 
exactly, there is one character used by Krutzsch (1954) that may be straightforward to see 
and evaluate: The “incisive foramina long and usually truncated at posterior border” on Z. 
h. campestris, compared to “incisive foramina narrower, not truncate posteriorly” on Z. h. 
preblei.  However, I consider this a moot point because the overall analysis clearly 
indicates a lack of morphological distinction between the two taxa. 
 
The interpretation of reduced gene flow attributed to a southern colonization event seems 
quite plausible.  And that hypothesis is preferred to the isolation of Z. h. preblei with a 
northward colonization and subsequent hybridization with Z. h. campestris because it is a 
more parsimonious explanation. 



 
A southern colonization from the Black Hills to southeastern Wyoming could be very 
difficult through Thunder Basin due to dry conditions and the fact that the drainages run 
east-west, thus requiring the crossing of drainages and ridges and rendering movement 
difficult for a mouse.  Perhaps a better avenue occurs along the north-south axis created 
by the Powder River on the east flank of the Bighorns, and the Belle Fourche, the 
drainage on which Z. h. campestris specimens were collected at Bear Lodge.  Cooler, 
wetter conditions during two events in the Neoglaciation period in the Rocky Mountains 
may have provided an opportunity for such movement along these drainages in the past 
900 years or so.  Most probably there are no trapping or collection data from these areas, 
a considerable gap in our knowledge.  Interestingly, the indication that the four Albany 
County Z. h. preblei specimens were genetically Z. princeps removes some of the 
northernmost Z. h. preblei specimens from the picture.   
 
I find the paper by Crandall et al. (2000) to be a clear treatment of evolutionary 
significant units (ESUs).  I strongly agree for the need to incorporate ecological data, as 
well as morphometric data, along with genetic data.  I find the broader categorization of 
population distinctiveness to be more realistic and appropriate than a dichotomous view 
because it is better able to address the complexity nature presents.  In the paradigm 
presented by Crandall et al. (2000), Z. h. preblei (or Z. h. preblei and Z. h. campestris 
combined) may fit case # 6. 
 
Although there appears to be a lack of readily-available published information, I find the 
important question of potential ecological differences between the two taxa, or between 
the combined Z. h. preblei and Z. h. campestris and the remaining subspecies, 
nonetheless  unanswered.  The Front Range likely has less moisture than the Black Hills 
area, and the combined Front Range/Black Hills area has less moisture than the more 
eastern range of the species.  The potential ecological (and associated behavioral) 
uniqueness of Z. h. preblei in being restricted to riparian habitats is worthy of further 
investigation, and a better understanding of how Z. h. campestris fits into this ecological 
paradigm is of considerable interest.  In the past 10 years or so, the recognition of the 
importance of animal behavior to conservation biology has grown (e.g., Caro 1998, 
Festa-Bianchet and Apollonio 2003). 
 
I recognize that, following the guidelines of Crandall et al. (2000), ecological 
exchangeability should be demonstrably heritable.  This may be difficult to show for the 
potential habitat differences described above.  Furthermore, Crandall et al. (2000) 
indicate that in their review of 98 studies, ecological data were frequently lacking.   
 
I think the status of Z. h. campestris now becomes an important biological question, as 
very little is known about this subspecies.  This taxon is categorized as vulnerable by the 
International Union on the Conservation of Nature.  Thus although Z. h. preblei may not 
be distinct, there is the possibility that the two subspecies together may be imperiled. 
 
Conversations with Gary Beauvais of the Wyoming Natural Diversity Database were of 
benefit to me in developing a better understanding of certain elements of the Wyoming 



landscape and for the Jones (1981) reference. 
 
Please let me know if you have any questions. 
References 
 
Beauvais, G.P.  1998.  Survey for Preble’s meadow jumping mouse (Zapus hudsonius 
preblei) on F.E. Warren Air Force Base, Wyoming, September 1998.  Prepared for F.E. 
Warren Air Force Base, Environmental Management Flight, 90 CES/CEVN, 300 Vesle 
Drive, F.E. Warren AFB, Wyoming, 82005. 
 
Caro, T (Ed.).  1998.  Behavioral Ecology and Conservation Biology.  Oxford University 
Press, Oxford. 
 
Crandall, K.A., Bininda-Edmonds, O.R.P., Mace, G.M., and R.K. Wayne.  2000.  
Considering evolutionary processes in conservation biology: returning to the original 
meaning of “evolutionary significant units”.  Trends in Ecology and Evolution: 15:290-
295. 
 
M. Festa-Bianchet and M. Apollonio (Eds.). 2003. Animal behavior and 
wildlife conservation. Island Press, Washington, D. C. 
 
Jones, G.S.  1981.  The systematics and biology of the genus Zapus (Mammalia, 
Rodentia, Zapodidae).  Ph.D. dissertation, Indiana State University, Terre Haute, Indiana. 
 
 
 



 
Jeffry B. Mitton, Professor 

Department of Ecology and Evolutionary Biology 
University of Colorado 

Boulder, CO 80309 
 
 
 
Review 
 
Testing the Taxonomic Validity of Preble’s Meadow Jumping Mouse (Zapus hudsonius 
preblei) 
Ramey, R. R. II, H.-P. Liu, L. Carpenter 
 
Submitted by Jeff Mitton to Gary Skiba 
 

This study examines mtDNA sequence data and skull measurements of Preble’s 
meadow jumping mouse, Zapus hudsonius preblei. The mtDNA sequences are compared 
to sequences from Z. h. luteus, Z. h. pallidus, Z. h. campestris, and the outgroups Zapus 
princeps idahoensis, Z. p. princeps, and Z. p. utahensis. Skull measurements are 
compared between Z. h. preblei and Z. h. campestris.  Two important results emerge from 
these studies: 

1) the haplotypes detected in Z. h. preblei are a subset of the haplotypes in Z. h. 
campestris--that is, the samples of Z. h. preblei did not reveal any unique haplotypes;  

 
2) a discriminant function of skull measurements could only correctly classify 

48% of the individuals to their correct subspecies—about the percentage (50%) that could 
be correctly assigned by random guessing. 
 
Specific comments 
 
Abstract line 3: change to analysis of skull measurements from 80… 
 
Abstract line 6: change campestris, all to campestris; all 
 
Page 3 change then previously to than previously 
 
Page 3, 4th line up from the bottom. Hybridization with Z. princeps seems to come out of 
left field, and then is not mentioned again. Is this hybridization documented or speculated 
about in the literature? Why is it mentioned here? Will it be assessed in this report? 
 
 Page 5, first line—it will be unlikely that it will be differentiated for nuclear 
microsatellite DNA. This reviewer disagrees. The evolutionary rate of mtDNA is about 5 
to 10 times as fast as nuclear genes in general, but nuclear microsatellites are a special 
case, for their mutation rates are far higher ( in humans, frequently in the range .05 to 
.001) than rates in mtDNA. MtDNA should differentiate faster than most nuclear genes, 



but microsatellites should differentiate faster than any other genetic marker.   
 
Page 5, first paragraph: Once again, hybridization with Z. princeps is mentioned—this is 
confusing to the reader, who has not yet been given any explanation for considering 
hybridization. 
  
Page 5, second paragraph—Is it sufficient to mention the crosshair classification 
described in Crandall et al (2000), or does this report need a brief description of the 
classification? 
 
Page 5, last paragraph—The sequence of the primers should be included here. 
Alternatively, a reference to these primers should be given (preferably, both) 
 
Page 6, second paragraph—same as the preceding comment 
 
Page 7 The first two full sentences on this page are redundant 
 
Page 8 Four Z. h. preblei were removed from this study; their mtDNA haplotypes were 
more similar to those of Z. princeps princeps, and the authors assumed that they were 
misidentified. (Or perhaps this is why hybridization with Z. princeps has been 
mentioned). This assessment should be given fuller treatment, for the deletion of Z. h. 
preblei haplotypes might cause some suspicion. One way around this is to include them 
in a tree, to show the critical reader that they are far away from Z. h. preblei, and in a 
clade with Z. princeps, supported by bootstrap values.  Then the authors can assert that 
the samples were misidentified, or, alternatively, the Z. princeps haplotypes record 
hybridization with Z. h. preblei. The other deletions of data are less critical, for those 
subspecies are not being evaluated here.  
 
Page 9, last full paragraph. This reviewer agrees. The most parsimonious assumption is 
that Z. h. preblei is simply an arm of the distribution of Z. h. campestris, and therefore 
contains a subset of the variation in Z. h. campestris. 
 
Page 13, first line. “Jthe lack of genetic, morphological or published ecological evidence 
for genetic distinctiveness (including adaptive divergence)…” It sounds like there have 
not been any comparative studies of the life history variation or habitats of Z. h. 
campestris and Z. h. preblei. Is that the case? Either way, the conclusion is not changed, 
but it provides more information to the critical reader to report that “no studies have been 
performed” versus “comparative studies have not revealed differences.” 
 
Page 13 “significant gap in the range of a taxon…”. This could not be evaluated by this 
reviewer, for the copy of the report contained only figure 2, no figure 1, no figure 3.  
 
Specific Questions 
 
#1. Yes, appropriate markers and methods were used. 
 



#2 I have suggested some revisions, including a more explicit treatment of the 4 Z. h. 
preblei removed from this study. If it is generally agreed that those 4 samples contained 
mtDNA from Z. princeps, then yes, I believe that the conclusions in this report are logical 
and defensible.  
 
#3 If the removal of the 4 samples mentioned in #3 is prudent and appropriate, then I do 
not think the data have another parsimonious explanantion. 
 
#4 Additional observations: either misidentifcation of species and subspecies is not 
uncommon, or hybridization among taxa is not uncommon. These hypotheses could be 
tested with nuclear markers. 
 
#5  I did not note any interpretation of the mechanism of reduced gene flow. In fact, 
Ramey et al reported that all of the haplotypes in Z. h. preblei were found in Z. h. 
campestris. Note that the figure of geographic distributions was not included in the 
review copy, so this reviewer could not assess or appreciate the proximity of the 
geographic distributions 
 
 #6—Do you agree with the concepts of Crandall et al (2000) for defining evolutionary 
significant units?  
In general, I do agree. The reliance on both genetic and ecological exchangeability has a 
lot of biological intuition behind it. Unfortunately, the number of studies considering 
substantial genetic and ecological data are really quite small. For example, in the present 
study of Zapus, that all populations are adjacent to streams, and that “A review of the 
literature reveals that no quantitative evidence exists to reject the hypotheses of historic 
or recent ecological exchangeability…”. That is, no one has reported adaptive or 
ecological differences, but it is not clear that anyone has looked. Thus, we can fill in 
minus signs on the upper and lower right of the crosshair classification (Table 1 and 
Figure 1 in Crandall) but I think these are the necessary presumptions that you make in 
the absence of rigorously collected, comparative data.  
 
#7 No. 
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Review of “Testing the Taxonomic Validity of Preble’s Meadow Jumping Mouse (Zapus 
hudsonius preblei)” Overall, I agree with the authors’ approach to investigating the 
taxonomic validity of Preble’s Meadow Jumping Mouse.  Specifically, I believe it is a 
good idea to use multiple lines of evidence (not just genetic data) to clarify taxonomic 
borders.  Typically these lines of evidence are genetics, morphology, and behavior (and 
sometimes geography).  The authors do present genetic and morphological evidence and 
speak of ecological or perhaps behavioral evidence although this is not well defined in 
this report.  My comments will focus more on the genetic aspects of this study than on the 
morphological aspects as is consistent with my experience and expertise. 
 
 From a genetic standpoint, this study uses an appropriate genetic marker (mtDNA 
sequence data) and does an excellent job analyzing the data from a phylogenetic 
standpoint.  I see no problems with the sampling scheme, the technical aspects of the lab 
work, the appropriateness of the marker used, or the phylogenetic analysis.  This study 
provides a great data set from which to begin to answer the question at hand.  I do not 
feel, however, that this study by any means resolves the taxonomic question.  Further, I 
feel that some of the conclusions made by the authors are debatable. 
 
 In the literature there exists a huge controversy about how to define a species that 
has resulted in a myriad of different species concepts (Biological Species Concept, 
Phylogenetic Species Concept, Evolutionary Species Concept, etc.).   Trying to define a 
subspecies is even more nebulous but has resulted in a similar discussion of how to 
define a “unit” for conservation below the species level.  Several authors (mainly Moritz) 
have described an Evolutionary Significant Unit (ESU) based purely on genetic data and 
indicate that a valid ESU must be reciprocally monophyletic.  Others suggest different 
concepts including the one (Crandall et al. 2000) used in this report.  My point here is 
that there is not one “accepted” definition in the literature of how to define a subspecies 
or even a species.  How you delineate the boundaries of a subspecies depends upon which 
definition or groups of definitions you use.   Different species or ESU concepts can be 
applied to the same data with widely different results.   For example, in 2000, the AOU 
recognized the Gunnison Sage-Grouse as a new species based on the Biological Species 
Concept.  Gunnison Sage-Grouse exhibit differences in behavior and morphology and are 
reproductively isolated from Greater Sage-Grouse.  Genetic data from that study show a 
lack of gene flow between the two species and mtDNA haplotypes and nuclear 
microsatellite alleles that are unique to the Gunnison Sage-Grouse.  However, if you 
apply Moritz’s criterion of reciprocal monophyly, the Gunnison Sage-Grouse do not even 
qualify as an ESU.   
 



The authors of this study use three criteria to determine whether or not the 
Preble’s subspecies is a valid one from the genetic standpoint: reciprocal monophlyly, 
Ramey’s AMOVA test, and the criterion of Crandall et al. 2000. The author’s state in this 
report that they feel the reciprocal monophyly definition is too strict.  I agree with this 
idea particularly in light of my experience with the genetics of Sage-Grouse.  The second 
test is Ramey’s assertion that the subspecies boundary exists when there is more variation 
among groups than within groups using AMOVA analysis.  This measure, while 
discussed in 3 papers published by Ramey is not well tested in the literature or accepted 
as a standard measure.  The authors make the statement that this measure is less 
restrictive than the reciprocal monophyly definition and I am not sure that in all cases it 
really is.  I would like to see a critical review of this measure before I would use it as a 
standard.  Finally, the authors use the criterion put forth by Crandall et al 2000.  I agree 
that this criterion conceptually is a good one but may be more difficult to apply with 
empirical data.     
 
 In this study the authors find that Z. h. campestris is most closely related to Z. h. 
preblei and that Z. h. luteus is most closely related to Z. h. pallidus. Further, they show 
that all four haplotypes found in Z. h. preblei are shared with Z. h. campestris. This does 
seem to suggest that somehow Z. h. preblei are a subset of Z. h. campestris.  At this point, 
I wished the authors had presented a map showing the range of each subspecies and 
where the corresponding haplotypes were found.  I tried to do this using their data from 
Table 1.  From what I could understand from this table, it appears as though all the Z. h. 
campestris samples from Custer, SD shared haplotypes with Z. h. preblei.  Thus, there are 
no haplotypes in Custer, SD found so far that belong in the upper cluster of the 
preblei/campestris clade.  Is Custer, SD the most southern portion of the sampled range 
of Z. h. campestris?  Could it be that the samples from Custer, SD represent instead the 
northern most part of the range of Z. h. preblei?  I have no idea (it would be great to have 
more samples sequenced from that area), but it would be nice to see the haplotype data 
superimposed on a map so that one could investigate those questions.   
 
 Certainly the fact that no unique haplotypes are found in Z. h. preblei and that all 
four Z. h. preblei haplotypes are shared with Z. h. campestris is compelling evidence 
suggesting that Z. h. preblei and Z. h. campestris may be one in the same.  It is interesting 
that the four Z. h. preblei haplotypes all group together which does suggests a founder 
event from Z. h. campestris with restricted gene flow.  The authors use this evidence 
(along with morphological evidence) to conclude that, in fact, Z. h. preblei and Z. h. 
campestris are synonymous and even go so far as to suggest that Z. h. preblei does not 
qualify for protection under ESA as a DPS.  One major problem with this conclusion is 
that the genetic data that they gathered is from only one locus (or one window of 
evolution).  Further, this locus represents only the matrilineal history, which could very 
well differ from the evolutionary history of that species or subspecies.  It has been shown 
in other rodent species that mtDNA patterns can be widely different than patterns in the 
nuclear genome due to introgression and (Prager et al. 1993, Ruedi et al. 1997).  In fact, 
Ruedi et al. (1997) found that despite distinctive nuclear differences between subspecies 
of pocket gophers, mtDNA haplotypes were found to be very similar due to introgression. 
Thus, I would be very skeptical to conclude undeniably that Z. h. preblei and Z. h. 



campestris are synonymous without including nuclear data.  I would also like to see more 
data from each “population” of Z. h. campestris, particularly in the Custer, SD area.  A 
population level study of Z. h. preblei and Z. h. campestris using nuclear and 
mitochondrial markers would do a better job of providing a definitive answer.  
 
 The authors claim that using all three criteria, they reject the idea that Z. h. preblei 
is a valid subspecies.  Certainly the data show that Z. h. preblei are not reciprocally 
monophyletic.  This concept, however, can be overly restrictive (in my opinion) and only 
utilizes genetic data, which in my mind, is problematic.  The second criterion based on 
AMOVA has not been well tested (at least that I know about, see below) and therefore I 
am not comfortable using it to define a subspecies.  The third criterion is conceptually a 
good one.  It is based on comparing recent and historic exchangeability and is set up in a 
hypothesis-testing framework.  Crandall et al. 2000 suggest that “individuals from 
different populations are genetically exchangeable if there is ample gene flow between 
populations” and by ample gene flow they suggest “unique alleles, low gene flow 
estimates (Nm<1) or phylogenetic divergence concordant with geographic barriers”.  The 
authors state that the populations are genetically exchangeable because of shared 
haplotypes and no unique alleles.  It would be interesting to estimate levels of gene flow.  
My biggest problem with this criterion is how the authors report their finding of 
ecological exchangeability.  They state that they found ecological exchangeability based 
on a review of the literature.  They give no explanations of what variables were compared 
or even any citations of any of the literature that was reviewed.  This gives me no avenue 
to repeat the analysis that they did or even to judge whether or not I think it is valid.  The 
authors emphasize how their study is based on testable hypotheses and the scientific 
method.  Therefore, I find it troublesome that they included this assessment of the 
literature and made strong conclusions without reporting any of the data or the citations.     
 
Specific comments: 
 
Pg 3 – It is unclear from this report whether the Preble’s Meadow Jumping Mouse was 
listed as a DPS or subspecies. 
 
Pg 3 – Include a range map.  The description of the species range states that it extends 
from “the Pacific Coast of Alaska eastward to the Atlantic Coast; from the northern limit 
of tree growth south into central Colorado, Nebraska, eastern Kansas, Missouri, 
Tennessee, and northern Georgia” – What about the samples you obtained from New 
Mexico and Arizona? 
 
Pg 4 – The authors state that they use population genetic methods that they only touch 
upon with AMOVA.  I would like to see a real population level study comparing at least 
populations of  Z. h. preblei and Z. h. campestris.  
 
Pg 4 – I am skeptical of Ramey’s method of defining subspecies based on the relationship 
between variability among vs. within populations.  How does this method work across 
different molecular markers?  Is it robust when comparing populations of different sizes?  
Is it robust to differences in sample sizes among groups?  Further, I am not convinced 



that it is always less restrictive than reciprocal monophyly. 
 
Pg 13 – I would not state based on this data set alone that Z. h. preblei are not markedly 
separated from other populations.  This data suggest that they may not be separate, but 
without further analysis I don’t believe the question can be answered undeniably.   
Pg 14 – I take issue with the fact that the authors state that for a mere 57,000 dollars 
(50,000 of which went toward genetic work) they have been able to redefine the 
taxonomic classification of Zapus hudsonius. While I do agree that they have made a 
good start to answering the question, without the addition of nuclear markers their data is 
severely limited. I believe that the cost of adding nuclear markers and additional samples 
to address the preblei/campestris question at a population level will not be trivial and that 
is misleading to USFWS and other agency personnel to suggest otherwise. 
Sara Oyler-McCance’s answers to specific questions to consider for review of Dr. 
R.R. Ramey’s report on genetic analysis of Preble’s Meadow Jumping Mouse 
 
 
Please analyze the techniques used in the population and phylogenetic evaluation of 
Zapus hudsonius preblei and other taxa.  Were appropriate methodologies and markers 
used? 
 
The use of mitochondrial control region data is an appropriate marker to use to begin to 
address the taxonomic question at hand.  It is important, however, to include nuclear 
markers as well before definitive answers about taxonomic delineations are made.  The 
authors used the proper methodology for the phylogenetic analysis.  I am less 
comfortable with the “population analysis” mostly because it is based solely on only one 
test, AMOVA, and the conclusions drawn by the authors regarding the ratio of between 
vs. within group variation are based on a metric that is largely untested (see comments 
regarding this elsewhere).   
 
 
Are the conclusions about the taxonomic validity of Z.h. preblei logical and defensible as 
presented in the manuscript? 
 
I have no problems with the study itself except for some of the conclusions made by the 
authors.  I feel that in some cases they have made recommendations based on an 
incomplete data set.  Their data may suggest that Z. h. preblei and Z. h. campestris are 
synonymous yet without collecting data from nuclear loci, I would not say definitively 
that they are and I feel it is wrong to suggest reclassifying Z. h. preblei without collecting 
nuclear data and doing a more complete population level analysis first.   
 
 
Are there possible alternative interpretations of the genetics data? Are there additional or 
divergent taxonomic conclusions that could be drawn from the genetics data? 
 
Other studies have found a discordance between mitochondrial and nuclear data sets.  It 
is possible that nuclear data might reveal a difference between the two subspecies that 



was masked in the mtDNA through introgression.  Further, I would be interested in 
seeing more data from the Custer, SD sampling site.  It seems a little odd to me that 5 of 
the 7 Z. h. campetris samples that most closely resemble Z. h. preblei all are found in one 
location and that there are no other Z. h. campetris-like samples in that sampling locale. 
 
 
Do you agree with the interpretation about possible mechanisms of reduced gene flow 
between Z.h. preblei and other subspecies of Z. hudsonius? 
 
I do agree with the authors that the data seem more consistent with a southward 
colonization from Z. h. campestris.  Again, it would be really nice to have a figure 
showing haplotype frequencies superimposed on a map.  It appears as though the 
connection between the two subspecies is through Custer, SD (are these samples 
misidentified?).  Is this the closest population to the Z. h. preblei group?  It would be 
interesting to have estimates of gene flow using coalescent theory.  Due to the low 
haplotype diversity within Z. h. preblei, it seems reasonable that there is reduced gene 
flow (compared to Z. h. campestris).  A population level analysis including populations 
from both subspecies could better answer that question.  
 
 
 
Do you agree with the concepts of Crandall et al. (2000)* for defining evolutionarily 
significant units? 
 
Conceptually I think the concepts of Crandall et al are reasonable.  The nice thing about 
this concept is that it focuses on the importance of adaptive distinctiveness in populations 
and because it combines genetic and ecological data.  The hypothesis testing aspects of it 
are less appealing to me because of the inherent problems with applying hypothesis 
testing to observational data.  Additionally, I don’t feel that the concepts of Crandall et al 
(2000) are necessarily any better than some of the other concepts that are in the literature.  
 
 
 
Are there clear ecological distinctions between Z. h. preblei and closely related taxa that 
would suggest a need for specific conservation actions for this taxon? 
 
I know nothing about the ecological distinctions between the subspecies and am 
concerned that the authors used this as a criterion ala Crandall et al. 2000 yet failed to 
report what variables they used or even cite the literature that they examined to make this 
assessment.  
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March 20, 2004

Gary Skiba
Species Conservation Section
Colorado Division of Wildlife
6060 Broadway
Denver, CO 80216

Dear Mr. Skiba:

This letter is to address your request for my comments on Dr. R. R. Ramey’s report
“Testing the taxonomic validity of Preble’s Meadow Jumping Mouse (Zapus hudsonius
preblei)”.  I am not an expert on genetic analyses, so am not able to comment on the specifics of
the analyses presented in the report.  Likewise, I am not an expert on morphometric analyses, so
cannot comment on these measurements.

I will comment on the conclusions provided in the report based on the logic presented. 
Namely, this report concludes that there is no basis to distinguish between Z. h. campestris and
Z. h. preblei because the authors did not find a difference with the tools they used.  This
conclusion is equivalent to stating that a Chevy 4-door wagen is equivalent to a Corvette because
both use gasoline, both are shiny, both have windows, and both run on rubber tires.  Both
vehicles share many, many similar qualities, but are still very different vehicles.

The problem is that it is logically much easier to state that two items are different if the
proper metric is measured.  In contrast, one can never state that 2 items are identical, even if
many, many measurements are taken, because the one critical difference between the two items
was not measured or detected in the analysis.  This report concludes that the two subspecies are
the same, based on a limited suite of measurements.  In reality, the report should conclude that
no differences were detected given the measurements conducted, and should not jump to the
unfounded conclusion that the two subspecies are identical.  The conclusions presented in the
report are much too strong given the necessarily limited set of measurements used.

Most importantly are the limited inferences that can be drawn from genetic
measurements concerning important differences.  Mitochondrial DNA sequence data could not
distinguish a miniature dachshund from a Saint Bernard.  Likewise mitochondrial DNA sequence
data cannot distinguish a fall run salmon stock from a spring run salmon stock of the same
species, even though this behavioral trait is critical to the survival of each stock.  Wayne and
Morin (2004) emphasize that the vast majority of conservation genetic evaluations are based on
neutral markers which are in influenced by genetic drift.  Quoting Wayne and Morin (2004:93-
94):

Specifically, neutral markers may often be poor surrogates for levels of variation
in fitness traits (Reed and Frankham 2001).  Furthermore, measures of population
differentiation based on the analysis of quantitative traits, such as life history
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characteristics, may not be well correlated with measures based on neutral
markers (McKay and Latta 2002; Merila and Crnokrak 2001).  Conservation units
based on historical isolation alone may not capture the adaptive variation
necessary for populations to thrive in the short and long term, given changing
environmental conditions (Crandall et al. 2000).  Consequently, conservation
genetic surveys should include neutral markers to assess population history and
demography, as well as assays of fitness-related traits to preserve adaptive
diversity.

Wayne and Morin (2004) provide further justification for why additional metrics than
mitochondrial DNA and morphometric measurements are needed, such as analysis of natural
history, functional aspects of the genotype and phenotype, and habitat data.

In summary, the conclusions in the Ramey et al. report are an example of a basic
statistical misinterpretation.  They were unable to reject the null hypothesis of no differences
between  Z. h. campestris and Z. h. preblei based on either genetic or morphometric procedures,
so they concluded that the null hypothesis of no difference between  Z. h. campestris and Z. h.
preblei is true.  As discussed above, such a conclusion is not supported by the data, and in fact
can never be made with certainty.

Sincerely,

Gary C. White
Professor
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