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UPS, CNRS, INP
3Department of Ecology and Evolutionary Biology, Yale University
4City College of New York
5College of Science and Engineering, Flinders University
6Flathead Lake Biological Station
7U.S. Geological Survey, Wetland and Aquatic Research Center
8Natural Resources Defense Council
9WSL Swiss Federal Research Institute
10Research Institute for Nature and Forest
11Aquatic Ecology, Evolution and Conservation, KULeuven
12Department of Biological Sciences, University of Alberta
13University Freiburg
14The Morton Arboretum

February 22, 2021

Abstract

Millette et al. (Ecology Letters, 2020, 23:55-67) reported no consistent worldwide anthropogenic effects on animal genetic

diversity using repurposed mitochondrial sequences. We describe limitations to this study, some of which are common to other

macrogenetic studies, that may lead to misinterpretations and unintended consequences for conservation.

This is a preprint and has not been peer reviewed. Data may be preliminary

Hosted file

Suppl_table_S1_Appendix_A1.docx available at https://authorea.com/users/395915/articles/

509937-macrogenetic-studies-must-not-ignore-limitations-of-genetic-markers-and-scale

1

https://authorea.com/users/395915/articles/509937-macrogenetic-studies-must-not-ignore-limitations-of-genetic-markers-and-scale
https://authorea.com/users/395915/articles/509937-macrogenetic-studies-must-not-ignore-limitations-of-genetic-markers-and-scale


P
os

te
d

on
A

u
th

or
ea

22
F

eb
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

40
12

00
.0

97
87

14
2/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Macro-genetic studies must not ignore limitations of genetic markers and scale

Ivan PAZ-VINAS1,2*+++, Evelyn L. JENSEN3*++, Laura D. BERTOLA4*ˆ, Martin F. BREED5*ˆ,
Brian K. HAND6*, Margaret E. HUNTER7*ˆ, Francine KERSHAW8*, Deborah M. LEIGH9*, Gor-
don LUIKART6*ˆ, Joachim MERGEAY10,11*ˆ, Joshua M. MILLER12*, Charles B. van REES6§, Gernot
SEGELBACHER13*ˆ, Sean HOBAN14*ˆ
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ABSTRACT

Millette et al. (Ecology Letters, 2020, 23:55-67) reported no consistent worldwide anthropogenic effects
on animal genetic diversity using repurposed mitochondrial sequences. We describe limitations to this
study, some of which are common to other macro-genetic studies, that may lead to misinterpretations and
unintended consequences for conservation.

INTRODUCTION

Macro-ecology and conservation biology now include “macro-genetic” studies that repurpose genetic data
from public databases (e.g. Manel et al. 2020) to explore patterns and drivers of intraspecific genetic
diversity (IGD) for multiple taxa across large spatial and/or temporal scales (Blanchet et al. 2017). The
macro-genetic study by Millette et al. (2020) sought to elucidate relationships between human population
density and recent land-use change on animal IGD, but we explain here that technical limitations of the
approach may prevent the detection of anthropogenic effects on IGD. Although the authors acknowledged
several constraints, and presented their results with more nuance than previous macro-genetic studies (e.g.
Miraldo et al. 2016), issues remain that cannot be resolved or adequately addressed by tempering the
interpretation.

Are COI sequences the most appropriate data?

Millette et al . (2020) used 175,247 mitochondrial cytochrome c oxidase subunit 1 (COI) sequences from
17,082 vertebrate species deposited in BOLD and GenBank. COI became a popular marker for species
molecular barcoding due to its low within-species and high between-species variation. However, these char-
acteristics make COI inappropriate for measuring IGD, as Millette et al . acknowledge, in addition to
potential discordance with nuclear variation. Despite these well-known issues, the large availability of COI
sequences has, nevertheless, resulted in its continued use to represent IGD in macro-genetic studies (e.g.
Miraldo et al. 2016; Millette et al. 2020; Theodoridis et al. 2020; Manel et al. 2020).

Even if COI could provide a useful IGD measure, we have identified a subtle -yet serious- constraint of
repurposing publicly-available data due to inconsistent archiving practices. Specifically, it is common for only
unique or newly-discovered haplotypes to be deposited in repositories, and not the study’s full dataset. As
an example, we screened 18 Molecular Ecology issues (Table S1): of 40 papers that deposited mitochondrial
sequences in GenBank, 22 deposited all sequences generated, while 18 deposited only novel haplotypes
(sequences detected for the first time) or exemplars of each haplotype. Therefore, deposited data may
more accurately represent haplotype accumulation curves across space and time; databases consequently do
not allow comparable snapshots of genetic diversity at different times. This bias compromises attempts to
quantify temporal trends in IGD using GenBank, as done in Millette et al. (2020), and is a potential issue in
many spatial macro-genetic studies. Macro-genetic studies should extract metadata regarding sample sizes
and complete haplotype (or allele) frequencies from the original manuscripts (as done by Lawrence et al.
2019) to avoid bias from inconsistently-archived data.

Are the spatial and temporal scales biologically meaningful?

4
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. Millette et al . (2020) examined IGD temporal trends across 909 animal species where COI sequences were
available for [?]4 years. Sequences were grouped across [?]1,000 km to avoid “conflating spatial and temporal
effects” . This scale far exceeds the dispersal capabilities of many included species, the scale of habitat
change affecting them, and thus the scale at which population genetic processes influencing IGD operate.
Additionally, the clustering algorithm used can ‘daisy chain’ locations together so that sites >1,000 km
apart are grouped together (Appendix A1). Grouping sequences into biologically-implausible “populations”
likely obscures any anthropogenic effects on IGD, especially when combined with the small sample sizes
(<10 sequences/year for 77% of time-series overall) and the large number of locations sampled yearly (e.g.
mean of 3 locations sampled per year for fish; Appendix A1). We reexamined 104 Inland and Coastal
Bony Fish time-series from Millette et al. (2020), and found that the sequences included were sampled in
inland freshwaters for most time-series (96/104), with sequences from multiple demographically-independent
locations (i.e. from disconnected drainage basins; median 3 [range 0-15], see Figure 1 and Appendix A1 for
examples) erroneously pooled into “populations”. By pooling sequences from independent locations, changes
in IGD attributable to anthropogenic pressures would be lost in the noise, with uneven sampling across space
and time compounding the issue.

Additionally, the median span of included time-series is only seven years overall, and represents an average of
just 2.2 generations for fish (Appendix A1). Thus for many taxa, the data covers an insufficient time-span for
most measurable evolutionary changes in IGD. Of course, such analysis also neglects any pre-1980s impacts.
DNA from museums, herbaria and fossil archives are needed for this.

Conclusions

We support the goals of Millette et al. (2020) and recognize that some of the flaws outlined are not unique to
their study, although their temporal focus presents novel issues. Combined, these constraints increase the risk
of overinterpretation of macro-genetic studies’ conclusions (e.g. no or no consistent anthropogenically-driven
IGD changes), which could misinform important conservation policy decisions. Macro-geneticists must not
continue to merely acknowledge such limitations and carry on with their studies regardless, especially when
meta-analyses using appropriate molecular markers consistently show anthropogenically-driven changes in
IGD (e.g. due to harvest, habitat loss and fragmentation; Aguilar et al. 2008; Pinsky and Palumbi, 2014;
Schlaepfer et al. 2019; Gonzalez et al. 2020). Macro-geneticists must accurately study variables of interest
by using the most appropriate data rather than the most abundant data.
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FIGURE 1: Map showing the grouping of sequences from the fish species Gasterosteus gymnurus (Cuvier,
1829; a junior synonym ofGasterosteus aculeatus , Linnaeus, 1758) into a single “population” to measure
change in intraspecific genetic diversity. This is one of the 909 time-series datasets in Millette et al. (2020).
This time-series consists of 53 mitochondrial cytochrome c oxidase subunit 1 (COI) sequences collected at
24 different sampling sites (colored dots). The sampling sites are all within the 1,000 km distance threshold
set by Millette et al. for being pooled into a population, despite being located in nine watersheds from six
of the major hydrographical regions in France. Sample sizes are highly uneven across the time series, with
just three sequences from a single site each in 2004, 2007 and 2009, and then 44 sequences from 21 sites in
2013. Millette et al. (2020) analyzed the trend in nucleotide diversity across these temporal points, despite
the 2013 sample consisting of sequences pooled across many different regions, while the other years had a
single site, in different regions.
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