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A B S T R A C T

Establishing historical baselines of species' populations is important for contextualising present-day population
trends, identifying significant anthropogenic threats, and preventing a cultural phenomenon known as ‘shifting
baseline syndrome’. However, our knowledge of historical baselines is limited by a lack of direct observation
data on species abundance pre-1970. We present historical data of species-specific fur harvests from the
Canadian government and Hudson's Bay Company as a proxy for estimating species abundance over multiple
centuries. Using stochastic stock reduction analysis originally developed for marine species, we model historical
population trends for eight mammals, and assess population trends based on two different baseline years: 1850
and 1970. Results show that population declines are significantly greater when using an 1850 baseline, as
opposed to a 1970 baseline, and for four species, the population trend shifted from a population increase to a
decrease. Overall, the median population change of the eight species changed from a 15% decline for 1850, to a
4% increase for 1970. This study shows the utility of harvest data for deriving population baselines for hunted
terrestrial mammals which can be used in addition to other historical data such as local ecological knowledge.
Results highlight the need for developing historically relevant population baselines in order to track abundances
over time in threatened species and common species alike, to better inform species conservation programs,
wildlife management plans and biodiversity indicators.

1. Introduction

Species population declines and extinctions undermine the func-
tioning and resilience of ecosystems on which humans and wildlife
depend (Cardinale et al., 2012; Oliver et al., 2015). To monitor and
respond to species losses, changes in population abundance are used as
a sensitive metric of change (Collen et al., 2011; Shoemaker and
Akçakaya, 2015) and have been incorporated into globally adopted
biodiversity indicators such as the Living Planet Index, which tracks
changes in vertebrate population abundance from 1970 (Collen et al.,
2009). However, data on population abundance typically become
scarcer beyond a few decades from the present, prior to the im-
plementation of species monitoring programmes (Willis et al., 2005;
Bonebrake et al., 2010).

Knowledge of historical populations acts as an antidote to ‘shifting
baseline syndrome’; a phenomenon in which with each new human
generation comes a lowered expectation of a species population norm

(Pauly, 1995; Kahn and Friedman, 1995; Soga and Gaston, 2018).
Historical population baselines have many practical policy implica-
tions, for example when defining population recovery and conservation
legacy, deciding harvest quotas, and influencing the general public's
perception of a species (Papworth et al., 2009; Davies et al., 2014;
Roman et al., 2015; Akcakaya et al., 2018; see Fig. 1a). Additionally,
estimating historical populations can help to differentiate between a
population trend that is unidirectional or cyclical, such as the Atlantic
Multidecadal Oscillation inducing bidirectional changes in fish abun-
dance (Jackson et al., 2001; Willis et al., 2007; Sundby and Nakken,
2005; see Fig. 1b). Without long-term measurements, observers may
misattribute downward phases of natural population cycles as human-
caused population declines (Koslow and Couture, 2013). Finally, his-
torical population data can help to identify historic drivers of popula-
tion change (see Fig. 1c), which is important for quantifying the relative
significance of each past and present threat in order to develop threat-
specific management strategies and inform future scenario modelling
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(Baker and Clapham, 2004; Pinnegar and Engelhard, 2008).
Many techniques available to reconstruct historical population

baselines emerged from the discipline of marine historical ecology
(Lotze and Worm, 2009). Faced with the need to sustainably manage
fish stocks, fisheries researchers have used recorded history (e.g. ‘local
ecological knowledge’) (Sáenz-Arroyo et al., 2005; Turvey et al., 2010),
archaeogenomic data (e.g. analysis of relative stable isotope con-
centrations) (Finney et al., 2002), and fish stock assessments from
historical catch data (Myers and Worm, 2003; Baker and Clapham,
2004) to extrapolate population size over time and capture stock col-
lapses that pre-date direct monitoring.

Recorded history has also provided us with historical population
estimates for terrestrial species, although not as frequently as in the
marine realm. These studies are extremely valuable in painting a pic-
ture of past population condition (Cole and Woinarski, 2000; Rowe and
Terry, 2014), but with each historical data source comes its own unique
set of limitations. For instance, museum and fossil records are often
patchy and taxonomically biased, and local ecological knowledge
generally only covers a couple of generations spanning<100 years
(Miller, 2011). Here, we add to our growing knowledge on re-
constructing population baselines by focussing on harvest data of ter-
restrial mammals as another data source which holds great potential in
historical baseline reconstruction.

Reports from the Hudson's Bay Company (HBC), Canada, have been
previously used to document lynx (Lynx canadensis) and muskrat
(Ondatra zibethica) population cycles (Elton and Nicholson, 1942a;
Elton and Nicholson, 1942b), predator-prey dynamics of lynx and
snowshoe hare (Krebs et al., 1995), and the potential roles of climate,
productivity and disease in these cycles (Gamarra and Solé, 2000; Yan

et al., 2013; Row et al., 2014). Here, we (a) show the utility of these
harvest data to reconstruct historic populations by applying a stochastic
population model first developed for marine vertebrates (Christensen,
2006), (b) use these population reconstructions to demonstrate that
baselines differ when using over 100 years of data compared to<50
years of data and (c) show that choice of different baseline years results
in different interpretation of estimated population trends.

2. Methods

2.1. Reconstructing historical abundance trends

To reconstruct historical trends in terrestrial mammal abundance,
we used a stochastic stock reduction analysis (SSRA) originally devel-
oped by Walters et al. (2006) to analyse trends in fish populations. This
method uses a simple growth model, and can be applied to species for
which we have limited knowledge of life history parameters and catch-
per-unit-effort (Kimura et al., 1984). The model and method outlined
below was described in detail by Christensen (2006) for establishing
historical baselines of marine mammals:
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where Nt is the number of individuals in a population at time t, rmax is
the intrinsic rate of increase, K is the carrying capacity, wt is the error
term at time t, and Ct is the number of individuals harvested annually.
The population is assumed to be at K at the start of hunting, and the
model implies that there are no errors in our records of Ct.

Using a Bayesian approach, we randomly drew from a uniform prior

Fig. 1. Schematic of hypothetical population trends highlighting the benefits of establishing a historical baseline through (A) providing better context on the extent of
decline, thus allowing for better population recovery scenarios when advising on recovery targets (blue arrows signify extent of known decline), (B) identifying a
trend through different time series lengths (represented by blue arrows) and discriminating between true decreasing trends and misattributed trends caused by
population cycles, and (C) estimating the impact on populations from known drivers of decline captured through use of historical baselines. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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distribution of K, which was bounded by a lower and an upper estimate,
and normal prior distributions of rmax and wt values. We used process
error terms (τw) for the standard deviation of wt values. This generated
a Nt trajectory which was dependent on Ct (Eq. 1). We then calculated
the likelihood (L) of deriving the known abundance estimate for the
current population (yt) based on the estimated Nt using Eq. 2:
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where n is the number of abundance estimates (yt) available for each
species, σy is the observation error (standard deviation of the abun-
dance estimate, yt), and zt is the log-normal residual, calculated as:

= −z N ylog( ) log( )t t t (3)

Eq. 1 to 3 were repeated 200,000 times. Generated Nt values were
then resampled using the importance sampling procedure by Schnute
(1994) and McAllister and Ianelli (1997), to estimate a posterior
probability density function. Finally, we calculated the median and the
95% credible interval of the Nt trajectory, after computing the marginal
posterior distributions of K.

2.2. Harvest data

We conducted a literature search for fur trade records of Canadian
mammals from the Hudson's Bay Company (HBC). The HBC fur clothing
business, originally London-based, became established in Canada in
1670 in response to the UK demand for fur and the abundance of fur-
bearing mammal species in Canada (Simmons, 2007). Expanding its
area of influence over time, the company monopolised the North
American fur trade from 1821 onward, and eventually operated over an
area that spanned around one quarter of the extent of North America
(Erickson, 2015; Colpitts, 2017; North West Company, 2017; Fig. 2).

Published annual HBC sales accounts for 25 mammals were ac-
quired from Poland (1892) for the time period 1751–1847 and Jones
(1914) for the time period 1848–1909. Additional HBC data was sup-
plied for the American badger (Taxidea taxus), beaver (Castor cana-
densis) and Canadian lynx (Lynx canadensis) by the NERC Centre for
Population Biology (NERC Centre for Population Biology, 2010), Hewitt
(1921) and Elton and Nicholson (1942a) respectively. Canadian fur
data for 1919–1970 were retrieved from Novak (1987) and data for
1970–2009 from the National Bureau of Statistics (NBS), Canada
(2010). Using the individual number of furs across datasets as a proxy
for the number of individuals taken for trade resulted in time series
harvest data for 25 mammal species ranging from 1722 to 2009
(electronic supplementary material, Table S1). Of these 25 species, only
thirteen had harvest data from two or more continuous datasets up to
and including 2009 (the last year of data available from NBS, Canada).
Harvest data for species modelled is supplied in the supplementary
material (Table S2).

Jones' (1914) data represented the number of furs sent to HBC
headquarters, and Poland (1892) represented the year the fur was sold
at the London auctions; therefore, these data were backdated by two
years and one year respectively following Elton and Nicholson (1942a).
All time-series had a data gap for the years 1910–1918 and 2002. We
estimated values for these years using a log-linear interpolation for all
species except the lynx. Due to the 9-year cyclic nature of the lynx
harvest data, a linear interpolation was applied around the peak year
(1914) of the cycle for 1910–1914, and 1914–1918.

We can be fairly confident that the numbers reported from annual
sales accounts is an underestimate of the actual number of individuals
caught (e.g., Elton and Nicholson, 1942a), due to escape from traps,
illegal trade by trappers, lost or stolen carcasses in transit to London's
auction house, bookkeeping errors, etc. Although statistical approaches
such as employing a correction factor are available to counteract the
undocumented loss, we select to estimate the minimum population

decline based on reported numbers only.

2.3. Informative priors

In order to perform the Bayesian SSRA model, population growth
rate (rmax) and current abundance estimate(s) (yt; 1979–2008) in Eqs. 1
and 2 were gathered from peer-reviewed publications for each species
(electronic Supplementary material, Table S3; Table S4). If countrywide
abundance estimates (yt) for Canada were unavailable, province-wide
abundance estimates were extrapolated to the entire current species
range within Canada. Species range maps were downloaded from the
IUCN Red List of Threatened Species (IUCN, 2014). Of the 13 species
with harvest data, muskrat (Ondatra zibethicus), marten (Martes amer-
icana), red fox (Vulpes vulpes), mink (Neovison vison), and coyote (Canis
latrans) had no countrywide or province-wide estimates of abundance
and were therefore removed from the study.

The contribution of observation error (σy) to the total error term
(κ = 0.1) for each species was determined by selection criteria adapted
from Christensen (2006), based on the source and uncertainty (p) as-
sociated with the abundance estimate, yt. Province-wide extrapolations
of yt were assigned the highest uncertainty and direct estimates were
assigned the lowest uncertainty (electronic Supplementary material,
Table S5). The remaining proportion of the total error term was allo-
cated to the independent process error (τw), which represented the
ecologically mediated fluctuations within a true population size
(Ahrestani et al., 2013), such that = ∗σ p κy and = − ∗τ p κ1w
.

As no data exist on historical carrying capacity (K) of populations,
we estimated priors for K from historical range maps from the 1900s for
each species obtained from Seton (1909). We georeferenced each spe-
cies' map in ArcGIS v9.3 (ESRI, 2008) to obtain the historical range in
km2, assuming all of the historical range was viable habitat. We col-
lected present day minimum and maximum density estimates (in-
dividuals/km2) from the literature and produced a lower and upper
bound for K by extrapolating the density estimates to the historical
range. A uniform prior distribution was then drawn, which assumes
that K is constant over time (electronic supplementary material, Table
S6). We carried out elasticity analyses to assess the impact of variation
in our estimates of informative priors on population change.

2.4. Analysis of historical baselines

We reconstructed historical population trajectories for eight species;
the American badger, Arctic fox (Vulpes lagopus), beaver, black bear
(Ursus americanus), bobcat (Lynx rufus), Canadian lynx, fisher (Martes
pennanti) and polar bear (Ursus maritimus). We quantified population
change for each species as follows:

= − ∗Population Change N N
N

100b

b

2009

(4)

where Nb represents the population estimated at the given baseline year
b. Population change was estimated for two baseline years: 1) 1850, the
earliest year that all species had available data; and 2) 1970, the
baseline year of the Living Planet Index (McRae et al., 2017). We then
conducted a t-test to assess the difference in population change across
the two baselines. We also calculated the median population change for
all eight species under the two baselines and recorded the degree and
direction of change.

2.5. Single versus multiple causes of mortality

Modelling population estimates based on fur trade alone overlooks
other reasons animals are removed by humans; fur trade, trophy
hunting, self-defence, illegal kills, individuals found dead, and handling
by scientists. We applied the SSRA to another dataset for the polar bear,
substituting fur trade records from 1970 onwards with data published
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by the IUCN Species Survival Commission (SSC) Polar Bear Specialist
Group, that documents number of bears killed between 1970 and 2008
from all causes listed above (Derocher et al., 1998; Lunn et al., 2002;
electronic supplementary material, Table S7).

2.6. Elasticity analysis

We carried out elasticity analysis (de Kroon et al., 1986) to examine
the relative effect of parameter selection on model prediction. We in-
dependently halved and doubled each model parameter in turn (in-
trinsic growth rate (rmax), number of individuals harvested (Ct), current
abundance estimate (yt), historical carrying capacity (K), and observa-
tion error (σy)), and calculated elasticities (e) of the 1850–2009 popu-
lation change, where higher e means higher proportional change in the
population (de Kroon et al., 1986; Benton and Grant, 1999; Hunter
et al., 2000). Y represents the population change caused by the altered
parameter, X:

= ∆
∆

e Y
X

%
% (5)

All analyses were carried out in the statistical software RStudio
version 1.0.143 (RStudio Team, 2015).

3. Results

3.1. Analysis of historical baselines

The median population change across the eight species for
1850–2009 was a 15% decrease (−0.1%/yr), whereas populations
between 1970 and 2009 showed a 4% increase (0.1%/yr) (paired t-test:
t = −3.036,1 d.f. = 7, p = 0.002, n = 8; Table 1, Fig. 3a). Choice of
baseline year resulted in a switch from a downward population trend
for the period 1850–2009 to an upward trend for 1970–2009 for four
species (Arctic fox, bobcat, polar bear, beaver) (Fig. 3b; Table S8; Fig.
S1). Six species exhibited a more severe annual rate of population
change for the 1850–2009 period compared to trends derived from a
1970 baseline (Table 1; Fig. 3b), with this pattern holding for five
species when the annual rate of population change is considered
(Table 1).

3.2. Single versus multiple causes of mortality

Analysis of the polar bear data that encompassed all recorded
mortality events from 1970 onwards shows that an additional 294
(range = −57 to 538) individuals were killed in comparison to the
number harvested for furs alone (electronic supplementary material,
Table S7). This altered the polar bear population decline using the 1850
baseline from 22% based on fur harvest data alone to 39% decline using
the IUCN/SSC data (Fig. 4).

3.3. Elasticity analysis

Parameters ranked in order of lowest to highest elasticity (propor-
tional change in the population) were observation error, carrying ca-
pacity, harvest data, current abundance estimate and intrinsic growth
rate (Fig. 5, electronic supplementary material, Table S9). In other
words, small changes to intrinsic growth rate and abundance estimates
caused larger alterations to the model output. Species ranked in order of
lowest to highest average elasticity for all informative priors were
fisher, black bear, American badger, arctic fox, bobcat, polar bear,
Canadian Lynx and beaver.

4. Discussion

Our study demonstrates that for eight species of Canadian mam-
mals, choice of baseline year greatly affects our understanding of his-
toric population change. Collectively, using an 1850 baseline year ra-
ther than 1970 significantly altered the population trend. Analysis of
individual species demonstrated that deriving population change from
the 1850 baseline resulted in four species shifting from a population
increase since 1970 to a population decrease of between 0 and −22%
since 1850, and the magnitude of annual population change becoming
more severe for six species (Fig. 3). Interestingly, the polar bear, the
only species to be listed as Vulnerable on the IUCN Red List (Wiig et al.,
2015), was one of the four species to show a shift in population trend.
From 1850, the population declined, reflecting the polar bear's IUCN
conservation status, whereas the trend from 1970 showed the popula-
tion as increasing.

Population time-series data allow for the detection of declines be-
fore species reach critical status (Balmford and Bond, 2005; Di Fonzo
et al., 2016; Collen et al., 2011). However, few long-term population
studies used data> 100 years old (e.g., 15%; Bonebrake et al., 2010).
Biodiversity indicators that are reliant on such population time series
data, such as the Living Planet Index (LPI), therefore often operate on
baselines set to post-1950 (Bonebrake et al., 2010). At least for tem-
perate systems, the LPI dataset may not date back far enough to detect
often precipitous population declines which occurred prior to 1970
(Watson et al., 2005). For example, while some population recovery is
observed in Europe since 1970 (Deinet et al., 2013), species are often
recovering from declines which had reduced populations to a fraction of
their historical population sizes by or prior to 1970. These short-term
baselines are likely a result of the relatively recent advent of con-
servation biology in the 1970s and 1980s and corresponding emergence
of long-term monitoring data for ecology and conservation (Collen
et al., 2009).

In this study, we were able to model seven species currently listed as
Least Concern on the IUCN Red List and not assessed under the
Canadian Wildlife Species at Risk assessment (COSEWIC, 2019). How-
ever, for five relatively common species: muskrat, marten, red fox,
mink, and coyote that we collected harvest data for, a lack of recent
population estimates at the regional or national scale prevented

Table 1
Estimated percentage population change from 1850 and 1970 to 2009 for the eight modelled species. Mean population values are presented in bold and confidence
intervals are presented in brackets.

Species 1850 population 1970 population 2009 population 1850–2009 total (& annual) population loss or
gain (%)

1970–2009 total (& annual) population loss or
gain (%)

Arctic fox 133,000 132,000 133,000 0 (0) 1 (0.02)
Canadian lynx 262,000 258,000 290,000 11 (0.06) 12 (0.32)
Beaver 4,730,000 3,730,000 4,440,000 -6 (−0.04) 19 (0.49)
Bobcat 50,300 44,100 47,000 −7 (−0.04) 7 (0.17)
Polar bear 20,300 13,900 15,800 −22 (−0.14) 14 (0.35)
Black bear 831,000 414,000 390,000 −53 (−0.33) −6 (−0.15)
Fisher 167,000 157,000 7000 −96 (−0.60) −96 (−2.45)
American badger 518,000 175,000 83,800 −84 (−0.53) −52 (−1.34)
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Fig. 2. The approximate locations of all Hudson's Bay Company trading posts that were operating in 1927 in North America, adapted from Elton and Nicholson
(1942a).

Fig. 3. Percentage change in population estimates using two different baseline years: 1850–2009 and 1970–2009 for (A) species cumulatively (t-test: p < 0.05;
1970: 4%, 1850: −14.5% medians± S.E, n = 8), and (B) species-specific population estimates.
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population modelling (electronic supplementary material, Table S1).
Species are rarely subject to monitoring until declines are apparent and
they may be of conservation concern (Bonebrake et al., 2010), and
threatened species are often prioritised for monitoring, given limited
financial resources and capacity (Gaston and Fuller, 2008). As we are
frequently witnessing population declines in common species, it is im-
perative that population monitoring also targets abundant or common
species (Collen et al., 2011). This proactive approach enables early
detection of declines, rather than a late reactive response when a spe-
cies has already declined extensively, thus approaching extinction. This
is of particular importance as abundant species play important parts in
the functioning and maintenance of ecosystems (Winfree et al., 2015).

The strengths of using HBC data to estimate population change is
the consistent unit over time (number of furs traded) and high temporal
resolution (annual data), which overcome limitations oftentimes asso-
ciated with historical records (Balmford and Bond, 2005; McClenachan
et al., 2012). While HBC data provides a very unique set of data,
hunting statistics are available in many countries (e.g. Agetsuma,
2018), and have a long tradition in regions such as Europe (Deinet
et al., 2013; Hewitt and Hewitt, 2015). Hunting bag records were used
in a recent study to analyse long-term population trends across a
number of European countries for several game bird, ungulate and
carnivore species, although the study only reached back as far as 1970
(Reimoser and Reimoser, 2017). In the UK, the voluntary National
Gamebag Census was formally established in 1961 but resulting records
on game birds and predatory species extend back to 1900 for many
species (Whitlock et al., 2003; Aebischer and Baines, 2008). Models
such as the one utilised in this study play an important role not just in
deriving generalised trends, but also population estimates using such

data repositories. Hunting statistics can then complement, or be used in
tandem with, data from different sources such as transgenerational
local ecological knowledge to obtain historical population baselines.

Despite our robust methods, population estimates from historical
information such as harvest data are of lower quality than those derived
from direct counts and current population monitoring, and uncertainty
surrounding the estimates is inevitably greater. Although some losses
are not reported, resulting in a potential underestimate of the popula-
tion (see methods 2.2), the spatial pattern of hunting that occurred
throughout Canada in the past is likely to lead to an overestimate of
hunting offtake of species. Hunting efforts saw a large westward ex-
pansion between 1783 and 1821, driven in large part by local depletion
of beaver in the ‘Canadian Shield’ (Hope, 2016; Fig. 2). New areas such
as the Red River Settlement, which was established in 1811, would
have allowed access to previously unharvested subpopulations of
mammals, and a boost to total harvest numbers. On the other hand,
sources suggest that HBC was attempting to conserve beaver and bison
in the 1820s (Colpitts, 2017), presumably by enacting policies to help
local population recovery, thus lowering total harvest. These local
variations in harvest effort are not visible in our dataset, and the impact
of uncertainty on our population estimates is illustrated by the mid-
range elasticity of our model to a halving and doubling of harvest data
(c) (Fig. 5; Table S7). To some degree, our baseline of 1850 may help
circumvent some of the previous geographical shifts or expansions in
hunting effort. However, next steps should endeavour to account for
spatial variation in hunting records over time by adding a spatially
explicit component to the stock reduction analysis.

In addition to hunting, other drivers of population change are likely
to impact our species, and focus on only a single cause of population

Fig. 4. Population trajectories for polar bear, using, from 1970, (A) Canadian government annual fur harvest data and (B) IUCN/SSC statistics on number of polar
bears annually killed in Canada. Pink bars are the annual fur harvest (right-hand axis), the blue solid line and blue dashed lines are the population projection and the
95% median confidence intervals respectively; the current Canada-wide population estimate is shown by the red dots (left-hand axis). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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offtake is likely to underestimate population trends over time.
Substituting IUCN/SSC data on polar bear mortality via direct contact
with humans into the final 40 years of our model changed the estimated
decline from 22% (based on fur hunting data alone) to 39% (Fig. 4). As
well as providing hunting numbers, the IUCN/SSC polar bear data also
includes ‘individuals found dead’. This statistic includes mortality
events which may be human-mediated or a result of natural causes,
such as starvation from lack of sea ice. While hunting is a key human-
mediated impact, it is but one of several sources of population decline
facing mammals in North America (Brook et al., 2008; Grooten and
Almond, 2018; Spooner et al., 2018).

Other anthropogenic drivers of population change such as habitat
loss and the introduction of non-native species are not included in this
analysis, again rendering our estimates conservative. For example, ha-
bitat loss affects the vast majority of threatened mammals in Canada,
with direct human-caused mortality coming second (Imre and
Derbowka, 2011). Although modelling the impacts of all negative and
positive anthropogenic effects on abundance is beyond the scope of this
study, we can be fairly certain that these threats would play a role in
determining the population size, intrinsic growth rates and carrying
capacity within regions of Canada. As anthropogenic threats are dy-
namic (Wilcove et al., 1998), the degree of impact on the population
will also alter over time. This highlights the need to quantify the impact
of other threats which may influence these population parameters dif-
ferentially over time (e.g. land use change altering carrying capacity)
and incorporate these into baseline population models. One way of
achieving this could be to allow carrying capacity K to vary across the
time frame of our model in response to observed range contractions. In
choosing a baseline for constructing historic population trends, we are
ourselves guilty of ignoring what happened to our species prior to our
chosen year of 1850. However, we recognize that the fur trade existed
far back beyond this. Hunting for fur was carried out by Native
Americans and European settlers alike; during the 17th century, the
French owned the monopoly of the Canadian fur trade and by 1717,

HBC had set up six trading posts (Voorhis, 1930). By 1850, the fur trade
had impacted wildlife on the east coast; between 1860 and 1920 the sea
mink (Neovison macrodon) reportedly went extinct (Mowat, 2012; Black
et al., 1998). While we use 1850 to demonstrate the importance of a
historical baseline for as many species as possible, the term ‘baseline’ is
not used here to imply a ‘start’ date, nor do we claim that one date will
suffice. Rather, historical baselines should be viewed as a sliding
window, and in conservation, it is important to move that window as
far back as possible through history, to provide better context for spe-
cies' current population status.

5. Conclusions

By failing to estimate historical baselines, we may miss the histor-
ical demise of populations which have been exploited by humans since
at least the 18th century in Europe and North America (Deinet et al.,
2013), and adversely influence our perception of what constitutes
species population norms. This may affect how scientists, decision
makers and the general public perceive the growth of a population as a
result of conservation action and species protection. While in many
northern hemisphere regions, population recovery to an 1850 (or ear-
lier) baseline may no longer be viable, due to the extensive anthro-
pogenic land use change that has occurred in the interim, our current
understanding of population recovery may focus on population sizes
which are too small and could leave populations vulnerable to future
threats or dependent on continued conservation action. We encourage
the use of well-documented and quantifiable historical records in de-
veloping population baselines, thus establishing a broad temporal scale
over which to analyse species population trends. Armed with such data,
we can improve our communication about population declines and set
ambitious goals for realistically achievable population recovery
(Akcakaya et al., 2018), make better-informed conservation manage-
ment decisions, and improve our historical ecological awareness.

Fig. 5. Elasticity analysis for each species, showing how population change between 1850 and 2009 altered when each parameter was doubled (+50) and halved
(−50) for number of individuals caught (Ct, orange lines); carrying capacity (K) lower bound and carrying capacity upper bound (blue lines); original SSRA estimate
(black line); intrinsic growth rate (rmax, green lines); standard deviation altered to 0.9 (grey line); abundance estimate(s) (yt; purple lines); observation error (σy, pink
lines). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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