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Mammals play important ecological roles in terrestrial ecosystems, with their particular
niches and their impacts on energy flow and nutrient cycling being strongly influenced
by one of their most fundamental traits—their body size. Body size influences nearly
all of the physiological, behavioral, and ecological traits of mammals, and thus, shifts
in body size often serve as key mechanisms of adaptation to variation in environmen-
tal conditions over space and time. Along with shifts in phenology and distributions,
declining body size has been purported to be one of the three universal responses to
anthropogenic climate change, yet few studies have been conducted at the spatial and
temporal scales appropriate to test this claim. Here, we report that in response to warm-
ing of terrestrial ecosystems across North America over the past century, small mammals
are decreasing in body size. We further estimate that by 2100 (when global temperatures
may have risen some 2.5 to 5.5 °C since 1880), the total anthropogenic decline in body
mass of these ecologically and economically important species may range from 10 to
21%. Such shifts in body size of the great multitudes of small mammal populations
are, in turn, likely to have major impacts on the structural and functional diversity of
terrestrial assemblages across the globe.
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Global climate change has become the most pervasive and formidable threat to conserving
biological diversity at all levels; these threats are only predicted to intensify over the coming
decades (1). In their attempts to predict and possibly mitigate the impacts of increasing
temperatures on native wildlife, conservation biologists often draw on broad-scale lessons and
natural experiments from the field of biogeography. In response to past, natural shifts in
climatic regimes, species survived by one or two means: either they dispersed and shifted in
their distributions to track their optimal climate regimes or they remained and adapted in
their native ranges (2). The latter adaptations included a diverse suite of adjustments of
physiological, behavioral, and ecological traits (3—6)—most if not all of these strongly corre-
lated with body size. Heart rates, blood perfusion, respiration, overall metabolic rates, diets,
along with a diversity of traits influencing intra- and interspecific interactions among indi-
viduals and species all scale with body size of the organisms (7-13).

One salient result of these scaling relationships across broad geographic dimensions is
the ecogeographic pattern referred to as Bergmann’s rule—first articulated in 1847 by
Carl Bergmann (14). Mammals and a variety of other vertebrates often tend to exhibit a
trend toward increased body size along latitudinal and elevational gradients [i.e., their
body size increases as we move toward regions of colder climates (15-24)]. Paleoecologists
have detected this to be an ancient pattern in some mammals, with some notable research
reporting a temporal (time-for-space) corollary of the rule, where body size of particular
species of mammals decreased as temperatures warmed during previous periods of natural
climate change (e.g., during the Paleocene-Eocene Thermal Maximum (PETM) and the
Eocene Thermal Maximum 2 (ETM2) (25, 26) and more recently during climatic cycles
of the Pleistocene Epoch and during the Early Holocene (3, 27). This has led neo-ecologists
and conservation biologists to predict that contemporary and future populations of mam-
mals may be adapting or at least responding to the ongoing and impending increases in
global temperatures by decreasing in body size (28, 29). Hypothesized physiological advan-
tages of smaller size in a warming world include reduced total metabolism, energy and
water requirements, increased abilities to find underground and other refugia during
periods of intense heat or extended droughts, and abilities to enter torpor more rapidly
and conserve water and energy during those periods (12).

Here, we investigate the above hypothesis by testing the predicted time-for-space cor-
ollary of Bergmann’s rule. We focus on nonvolant, small (<1.4 kg) terrestrial mammals of
North America, capitalizing on over a century of specimen collections now stored in natural
history museums. Our approach was to identify locations where at least two specimen
series of the same species were collected over periods of 3 to 89 y apart, with at least 10
specimens collected during each period. We then visited museums with these collections
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and took a series of measurements on each adult specimen, includ-
ing skull size (condylobasal length, breadth of braincase, depth of
braincase, and mandibular length); total body length, inclusive of
tail; tail length; body length, exclusive of tail; foot length; ear
length; and body mass. We measured a total of 1,121 specimens
from 23 species of small mammals, including 8 sciurids, 5 cricetids,
4 heteromyids, 3 geomyids, 1 zapodid, and 2 soricids. We included
collections from 29 sites across North America, ranging from 30
to 48°N in latitude, 90 to 120°W in longitude, and 150 to 3,150 m
in elevation, with collection periods ranging from 1902 to 2008.
In order to combine data across species, we first standardized each
of the measured shifts in body size over time by dividing observed
differences in size between periods by the mean body size of that
species during the first collection period. We also collected climate
data for each of the sites and periods of specimen collection to
allow us to test whether the above morphological measures shifted
with changes in local climatic conditions (the latter including mean
annual temperatures and total annual precipitation measured dur-
ing the previous 1- or 5-y periods prior to each collection period
and Net Primary Productivity (NPP) calculated from these indices
of temperature and precipitation). These sites experienced climatic
conditions ranging from those that warmed up to 11.8 °C since
the first collection period to others that cooled by as much as 7.2 °C
(based on annual mean temperatures for 1-y period prior to col-
lection of specimens). Our independent variables also included
latitude, longitude, and elevation of sites, along with two species
traits including whether or not they undergo torpor (including
hibernation or daily torpor) and whether they are fossorial. Given
the complex, likely nonlinear and contextual nature of potential
morphological responses to these independent (environmental,
geographic, and species) variables, we utilized Regression Tree
Analyses (RTA) to test the time-for-space prediction of Bergmann’s
rule—that body size of species of mammals we studied decreased
as local temperatures increased. We conducted a total of 30 RTAs;
10 on measures of body size (dependent variables), each repeated
in three separate sets of analyses—one where independent variables
included just the geographic variables (without climate variables
and species traits), one with climatic variables measured over the
1-y window prior to periods of specimen collection, and one for
climate variables measured over the 5-y window prior to specimen
collection.

Results and Discussion

Climatic and Geographic Factors Associated with Body Size
Shifts. RTAs revealed that morphological shifts of the North
American mammals we studied were most strongly influenced
by concurrent shifts in mean annual temperatures (Table 1 and
Fig. 1). RTAs generally had high explanatory power, with R-squared
values ranging from 37.6 to 74.4% (mean = 60.8%) and MAPEs
all less than 8% (mean = 1.7%).

Consistent with the time-for-space corollary of Bergmann’s rule,
shifts in mean annual temperatures were by far the most common
primary (first-level) splitting variable in RTAs, with 11 out of 12 of
these indicating that body size measurements decreased as temper-
atures increased. The relative slopes of the size-temperature relation-
ships (Fig. 1 A and B) accord with the differences in dimensionality
of body size metrics, with mass—being a cubed function of linear
measurements—decreasing much more rapidly with shifts in local
temperatures than the linear measures of size. Mann—Whitney—
Wilcoxon tests confirmed that RTAs split body mass responses of
mammals into two distinct groups, with those experiencing warmer
temperatures exhibiting significantly more pronounced declines in

body mass; Wy, = 94.5 and W, = 74.0 (P = 0.017 and = 0.025)
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for mass shifts in response to 1-y and 5-y shifts in mean temperatures,
respectively.

Ear size also exhibited a highly labile relationship with shifts
in local temperature, again decreasing with increased tempera-
ture, but much more rapidly than other linear measures of body
size (Fig. 1B). Tail length was the only size measure determined
by RTA to increase as local temperatures increased (Fig. 14),
possibly reflecting another thermoregulatory-based adaptation
known as Allen’s rule (31-39) where the length of appendages
tends to increase—facilitating heat dissipation in warmer cli-
mates. Although ear length increases in warmer climates in larger
mammals such as leporids (38, 39), we failed to observe this
phenomenon in the small mammals we studied, and, instead,
ear length shifted consistent with other body size metrics (i.e.,
allometrically and consistent with Bergmann’s rule). These results
are entirely consistent with the results of a global study of Allen’s
rule (covering 86% of all rodent species), which found that while
the tail length of rodents did vary consistent with Allen’s rule,
ear length did not (40).

NPP was the second most common primary splitting variable
in RTAs (Table 1), with body size declining as NPP increased (i.c.,
as local climates became warmer and/or more mesic; six out of
seven trials). Although only three of the 30 RTAs identified lati-
tude as the primary splitting variable, its relationship to shifts in
body size over time was, like that of temperature, also consistent
with Bergmann’s rule, with populations from higher latitudes
(colder regions) exhibiting more pronounced shifts toward larger
body size (Table 1 and Fig. 1C). In contrast, annual precipitation
and the capacity of a species to enter torpor or hibernation were
not detected as primary splitting variables in any of the 30 RTAs
[the latter inference being consistent with McCain and King’s (41)
meta-analysis and conclusion that hibernation and heterothermy
did not influence species responses to climate change].

Synthesis and Cascading Impacts of Impending Climate-Body
Size Dynamics. Over the past century, body size of the 23 species
(1,121 specimens, representing populations from two different time
periods at 29 sites) of small mammals studied shifted with the
dynamics of climatic conditions, with 22 of 30 RTAs indicating that
temperature, NPP (a function of temperature and precipitation)
and latitude (a correlate of temperature) were the primary factors
influencing shifts in body size. These results were not only con-
sistent with patterns of or associated with Bergmann’s rule, where
mammalian body size is expected to decrease in a warming world,
but they also allow estimates of the degree to which body size of
these and similar mammals should decrease in the future.

The slopes of the size—temperature relationships in Fig. 1 Aand B
enable predictions of the magnitude of body size declines that may
be expected under various scenarios of impending climate change.
For example, IPCC (Intergovernmental Panel on Climate Change)
scenarios for 2081 to 2100 predict average global temperature
increases of 1.4 °C under scenarios of low greenhouse gas emissions
and 4.4 °C for scenarios of very high greenhouse gas emissions (1).
Under these scenarios and noting that global temperatures have
already risen approximately 1.1 °C since 1880 (42), the total anthro-
pogenic rise in average global temperatures by 2100 may range from
2.5 to 5.5 °C (again, under low- and very high greenhouse gas
scenarios, respectively). Applying our calculation of the slope of the
relationship between body mass and temperature changes (3.864%
decline in mass per °C increase; Fig. 14), we estimate the total
anthropogenic decline in body mass of small mammals by 2100 to
range from 9.7 to 21.3%. To be conservative, we have assumed a
linear response to temperature shifts but, as one anonymous reviewer
observed, we might predict more pronounced shifts in body size as
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Table 1. Results of RTA on the factors influencing morphological shifts of small mammals of North America
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Primary splitting Relative Body size No. of populations Nature of R-squared MAPE

variable importance (%)" measure included relationship (%) (%)

Average annual 100 CBL 35 Negative 66.0 0.7
temperature—5y

Average annual 100 BB 35 Negative 64.3 1.1
temperature—5vy

Average annual 100 ML 35 Negative 74.4 1.4
temperature—5y

Average annual 100 Total 33 Negative 71.0 4.0
temperature—5y

Average annual 100 Total 33 Negative 62.1 2.3
temperature—1y

Average annual 100 Tail 33 Positive 65.1 1.1
temperature—5vy

Average annual 100 BL 33 Negative 67.5 0.8
temperature—5y

Average annual 100 BL 33 Negative 59.5 0.7
temperature—1y

Average annual 100 Ear 27 Negative 67.8 2.9
temperature—5vy

Average annual 100 Ear 27 Negative 61.5 2.9
temperature—1y

Average annual 100 Mass 17 Negative 53.0 0.7
temperature—1y

Average annual 81.9 (NPP) Mass 17 Negative 65.9 0.5
temperature—5vy

NPP—1y 100 CBL 35 Negative 57.8 1.1

NPP—1y 100 ML 35 Negative 70.4 1.1

NPP—5y 59 (Temperature) DBC 35 Negative 46.9 2.3

NPP—1y 100 DBC 35 Negative 45.2 2.7

NPP—1y 100 Tail 33 Positive 62.7 1.1

NPP—5y 60 (Precipitation) Foot 33 Negative 62.8 1.8

NPP—1y 100 Foot 33 Negative 68.8 23

Latitude 100 CBL 35 Positive 63.7 0.0

Latitude 100 Tail 33 Positive 57.6 0.9

Latitude 50 (Longitude) BL 33 Positive 61.8 0.8

Elevation 100 ML 35 Negative 60.4 1.3

Elevation 100 BB 35 Negative 73.4 0.9

Elevation 100 Foot 33 Positive 60.2 1.6

Elevational difference 93 (Longitude) DBC 35 Negative 37.6 1.8
(Time 2-Time 1)

Elevational difference 32 (Latitude) Total 33 Positive 56.8 2.8
(Time 2-Time 1)

Elevational difference 100 Ear 27 Positive 52.0 7.9
(Time 2-Time 1)

Longitude 100 Mass 17 Positive 51.1 0.9

Fossoriality—1'y 24 (Temperature) BB 35 Negative 57.0 0.0

“When the primary splitting variable was not the most important overall for the tree, that variable is listed in parentheses. Importance values are based on the effect of each variable
on unexplained errors across the entire tree and, thus, may differ from the primary splitting variable which is only based on its effect determined on the first branching of the dataset.
A value of MAPE < 10 is considered highly accurate (30).

Explanatory factors include dynamics in climatic conditions, differences in geographic variables, and differences in the ability of species of small mammals to undergo torpor or exploit
fossorial refugia on body size shifts over time and space. Relative importance is a measure of the influence of this variable in comparison to (as % of) that of the most important variable
in each of the 30 RTAs. Codes for body size measures: CBL = condylobasal length; BB = breadth of braincase; DBC = depth of braincase; ML = mandibular length; Total = total body length,
inclusive of tail; Tail = tail length; BL = body length, exclusive of tail; Foot = foot length; Ear = ear length; Mass = body mass. R-squared is an estimate of the proportion of temporal shifts in
the dependent variable (body size measurement) explained by the independent variables; MAPE is a measure of prediction accuracy = 100/n * SUMi = 1 to n(A-P)/A, where A and P = the
actual and predicted values of the dependent variable and n is the number of predictions. RTAs conducted in MiniTab using Least squared error node splitting, and Maximum R-squared
optimal tree methods (detailed results of each of the 30 RTAs presented in S/ Appendix).

temperatures approach thermoregulatory limits of the focal species.
Our estimated response of small mammals to anthropogenic climate
warming (~4% mass decline per °C) is comparable to that reported

for North American bison (Bos bison) during a period of natural
climate warming during the past 40,000 y (estimated at 6% decline
in mass/°C increase) (43). Dwarfing in response to earlier periods
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Fig. 1. Shifts in body size of small mammals of North America during the past
century. (A and B) Temporal dynamics in the morphology of these nonvolant,
terrestrial mammals vary with shifts in mean annual temperatures, exhibiting
the expected negative relationship (decreasing size as temperatures increased)
consistent with the time-for-space prediction of Bergmann'’s rule. The one
exception—tail length increasing in regions that experienced increased
temperatures, presumably facilitating heat dissipation—is consistent with
another thermoregulatory-based ecogeographic pattern, Allen’s rule. (C) The
observed tendency for these small mammals to exhibit more pronounced
increases in body size in the higher latitudes is also consistent with Bergmann'’s
rule. Codes for body size measurements labeled here are described in Table 1;
subscripts for the labels in these charts indicate whether the climate data were
that for the 1-y or 5-y windows prior to specimen collection [chart background
reflects temperature gradient from climates that became cooler (blue) to those
that warmed (red) between collection periods]. Silhouettes were adapted from
“phylopic” (https://www.phylopic.org/) and indicate changes in morphology
along the temperature gradient from climates that became cooler (white) to
those that warmed (black).
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of global warming has also been reported in other large mammals,
including equids and even-toed ungulates during the Eocene
Thermal Maximum (25, 26).

Our study has the strengths of being based on natural experi-
ments conducted across multiple (=23) species and at scales most
appropriate to assess the long-term (decadal to century) and
broad-scale (local to regional and continental) impacts of climate
change on native assemblages of mammals. Despite the logistical
limits of opportunistic studies conducted at these broad scales of
time, space, and biological diversity, our inferences are consistent
with a growing body of research, including that from both paleo-
and neo-ecologists. Historical records provide some of the most
compelling demonstrations of the influence of climate change on
the body size of small mammals. Analyses of shifts in size of pre-
served fecal pellets of woodrats (Neotoma spp.) over the past 25,000 y
revealed that the body size of these species was tightly (and
inversely) correlated with ambient temperature (3, 44). Pocket
gophers (7homomys talpoides) from Yellowstone National Park
exhibited a similar correlation of shifts in body size and ambient
temperatures, in this case over the past 3,000 y (27).

Additionally, several studies have demonstrated a relationship
between body size shifts in mammals and climate change in more
recent periods (29). For example, over a 25-y period spanning the
turn of the century, mean body size of wood mice (Apodemus
sylvaticus) in a Spanish national park declined by 30% during a
period of increased temperatures (by ~0.7 °C) and declining rain-
fall (by ~25%) (45). In another contemporary study, woodrats
(Neotoma albigula) at the Sevilleta National Wildlife Refuge in
the Southwestern United States declined in body mass by approx-
imately 17% in less than a decade during a period marked by a 2
to 3 °C rise in mean minimum temperatures (44). Multispecies
reviews and metanalyses of this phenomenon have attempted to
assess both the generality and causality of the pattern, but with
equivocal results (11, 19, 46-49). We, therefore, echo the calls of
others for large-scale, multispecies comparative studies to rigor-
ously evaluate the claim that declining body size, along with shifts
in phenology and distributions, is one of the three universal
responses to anthropogenic climate change (28). Studies utilizing
the immense trove of museum specimens and data from long-term
field studies and adopting approaches similar to that we used here
for small mammals of North America will go a long way toward
testing the above claim and developing accurate projections on
the morphological and associated ecological impacts of anthropo-
genic climate change on native wildlife [e.g., in birds (50)].

Small mammals such as those studied here play important eco-
logical roles in terrestrial ecosystems. Given their diversity and the
magnitudes of their populations, they strongly influence energy
flow and nutrient cycling through all ecological communities across
the terrestrial realm, serving as key herbivores, insectivores, prey
species, and dispersal agents for parasites and disease, as well as
providing beneficial roles in dispersing plant seeds and fungi essen-
tial to productivity, decomposition, and nutrient cycling (51-55).
Given the complexity of these interactions among the many integral
components of all natural ecosystems, and the myriad effects of
body size on the physiological, behavioral, and ecological traits of
all species (7, 8, 10, 13), it is far beyond the scope of this research
article to offer detailed predictions on the wholesale impacts of
climate-driven body size dynamics of small mammals on other
components of animal and plant communities. Yet the evidence is
strong that humanity has affected global climates (1) and, in those
regions where temperatures have and will continue to increase, our
research predicts that body size of small mammals will continue to
decline—strongly impacting the structural and functional diversity
of native terrestrial ecosystems across the globe.
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Materials and Methods

Data Collection. Suitable collections were identified by searching multiple
institution museum databases [MANIS (56) and Arctos (57)] and by contacting
museum curators and collection managers. Museum records were then examined
to determine the number of specimens collected at each site and for each time
period in order to identify specimen series collected in the same sites or those of
close geographic proximity (<50 km apart) and between 3 and 89 y apart. Prior
to measurement of specimens, we visually inspected them to verify that they
were structurally intact and that they were not juveniles by confirming closure of
cranial (interfrontal and sagittal) sutures. We also screened specimens to identify
and exclude juveniles by inspecting CBL measurements and identifying outliers
of small size using the interquartile range method, excluding from our analyses
any specimens whose CBL measurement fell below the "lower fence” (Q1-(1.5
*|QR)) for that collection series.

We then took a series of measurements on each specimen with digital calipers
(Mitutoyo 500-196-20, 15 cm, accurate to the nearest 0.01 mm) (S/ Appendix,
Fig. S1 and Dataset S1); these included measurements of skull size including
condylobasal length (CBL); breadth of braincase (BB); depth of braincase (DBC);
and mandibular length (ML); measurements of skins, including total length
(TOTAL), inclusive of tail; tail length (TL); body length (BL), exclusive of tail; foot
length (FL); ear length (EAR); and we also recorded body mass (MASS) meas-
urements from specimen records. If more than 30 individuals were available
from one location and collection year, we used a random number generator to
select the 30 individuals to be included in our study. To avoid measurement
error and bias from multiple observers, K.B.S. was the only one to take specimen
measurements (Dataset S1).

We collected climate data for each location and each time period from
PRISM (58) (Parameter-elevation Regressions on Independent Slopes Model).
We then obtained mean annual temperature and annual precipitation data
for the two time periods immediately prior to collections; here including the
two alternative temporal windows of 5-y and 1-y periods prior to specimen
collection (Dataset S1).

We calculated NPP using the Miami Method, which is based on temperature
(NPP;) or precipitation (NPP,), whichever is the most likely limiting factor (59, 60).
NPP for each site and time period was calculated using the following formulas:

NPP = min(NPP;; NPP,),
NPP, =3000(1+exp(1.315-1197)) ",

NPP, = 3000(1 — exp( — 0.000664 % P)),

where T and P = mean annual temperature and precipitation, respectively.

We then compared these data for the two collection periods (i.e., most recent
minus the earliest) to calculate the shifts in climate conditions (temperature,
precipitation, and NPP), again repeating this for the 5-y and 1-y climate windows.

Data Analyses and Visualizations. Given the opportunistic nature of these nat-
ural experiments in body size dynamics, and the likelihood that measures of body
size, climatic and geographic variables and their interactions are non-normal,
nonlinearand contextual, we tested the predicted relationships among body size
measures and the independent variables using RTA (in Minitab-node splitting
method = Least squared error; optimal tree determined using the Maximum
R-squared method). As Olden et al. (61) summarized, RTA is a nonparametric
method that is distribution-free and, thus, does not require transformations. It
can handle categorical, interval, and continuous variables, is able to deal effi-
ciently with missing variables and with high dimensionality, and is not affected
by outliers. Italso provides readily interpretable descriptions of the relationships
between predictor and response variables even when complex, contextual rela-
tionships exist[i.e., when the relationships between these variables varies among
subgroups of the data (e.g., a positive relationship within one region or one family
of mammals but negative relationship in another)].

RTA produces a recursively branching tree that describes the direct, interac-
tive, and contextual relationships between the response variable (here tempo-
ral shifts in standardized body size for all 23 species, combined) and predictor/
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independentvariables.The firstsplit or branch in RTAis determined by first sorting
the entire dataset by the values of each predictor variable and then determining
which of those variables is best at splitting the data into two subgroups that are
most homogeneous with respect to values of the response variable. One advan-
tage of this and other machine-learning methods is that they do not assume
data independence, thus alleviating the need for phylogenetic controls of such
data (62-65).

We conducted 30 RTAs—10 measures of body size as the dependent variable
and three sets of independent variables, one including only geographic variables
(latitude, longitude, and elevation), and two sets including species-level traits
[whether or not they undergo torpor (hibernation or daily torpor), and whether
they are fossorial] and temporal shifts in three climate variables (mean annual
temperature, total annual precipitation, NPP) either for the 1-y or the 5-y win-
dow prior to each period of specimen collection. As indicated above, in order to
combine data across species, we first standardized each of the measured shifts in
body size over time by dividing observed differences (Time 2—Time 1) in mean
body size between periods by the mean body size of that species at the time of
the first collection (Time 1).

To test the predictions associated with Bergmann's rule and assess the rela-
tionships between temporal shifts in body size, geographic variables, species
traits, and temporal shifts in climatic conditions, we recorded the following from
the results of each of the 30 RTAs and we report them in Table 1: N, the number
of species populations included in the RTA; the particular measure of body size
(the dependent variable) used in each RTA; the primary splitting variable and its
relative importance (where the primary splitting variable was not the most impor-
tant variable over the entire tree, we also noted that and report that in Table 1 as
well); the nature of the relationship (positive or negative) between temporal shifts
in the body size measure and the independent variable (e.g., whether body size
increased or decreased as temperatures increased); the R-squared value; and
the Mean Absolute Percent Error (MAPE). To confirm the efficacy of RTA results,
we used Mann-Whitney-Wilcoxon tests to determine whether RTAs where mean
temperatures (both 1-y and 5-y windows) were the primary splitting variables
separated mammals shifting in body mass into two significantly distinct groups
(those exposed to warmer temperatures experiencing more pronounced declines
in body mass; thus, performing a one-tailed test of the time-for-space corol-
lary of Bergmann's rule). Detailed results of each of the 30 RTAs are included in
Supplementary Material.

To visualize (creating the charts in Fig. 1) and estimate the slopes of the rela-
tionship between shifts in body size and shifts in temperature, we focused on the
RTAs where temperature and latitude were the primary splitting variables. We
then noted which observations were in each side of the primary split, calculated
the means for their dependent (body size shifts = y) and independent variables
(temperature shifts or difference in latitude = x), and then used the resultant two
pairs of means as coordinates (x and y values) to construct the lines describing
the per°Cor degree latitude shifts for each body size measurementand generate
the plots of Fig. 1. Results consistent with Bergmann'’s rule would be those with
a negative slope of temporal shifts in body size as a function of temperature
and a positive slope for temporal shifts in body size as a function of latitude.
The slopes of the lines between the pairs of points in Fig. 1 can then be used
to estimate how much each particular measure of body size should shift per °C
increase in temperature.

Data, Materials, and Software Availability. All study data are included in the
article and/or supporting information.
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