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Abstract

Intergenerational loss of inform ation about the abundance of exploited species 
can lead to shifting baselines, w hich have direct consequences for how  species 
and ecosystems are managed. Historical data provide a m eans of regaining that 
inform ation, but they still are not com m only applied in m arine conservation 
and m anagem ent. Omission of relevant historical inform ation typically results 
in assessments of conservation status that are m ore optimistic, recovery targets 
that are lower, and fisheries quotas that are higher than  if long-term  data w ere 
considered. Here, we review data and m ethods that can be used to estimate his­
torical baselines for m arine species including bony fishes, sharks, turtles, and 
mammals, dem onstrate how  baselines used in m anagem ent change w hen  his­
torical data are included, and provide specific examples of how  data from the 
past can be applied in m anagem ent and conservation including extinction risk 
assessment, recovery target setting, and m anagem ent of data-poor fisheries. 
Incorporating historical data into conservation and m anagem ent frameworks 
presents challenges, but the alternative—losing inform ation on past population 
sizes and ecological variability—represents a greater risk to effective m anage­
m ent of m arine species and ecosystems.

Introduction
A growing num ber of m arine ecologists and fisheries 
scientists has recognized long-term  hum an  impacts on 
m arine species and ecosystems, and developed new  an a­
lytical m ethods to incorporate historical data into assess­
m ents of change (e.g., Jackson et al. 2001; Lotze & W orm 
2009). These studies have revealed substantial changes 
in  m arine fish, turtle, and m am m al populations, p ro ­
viding baselines against w hich m odern populations can 
be benchm arked (Pauly 1995). Yet while the relevance 
of these baselines to conservation and m anagem ent has 
been noted  (e.g., Sam houri et al. 2011), in practice, agen­
cies and organizations concerned w ith  long-term  trends 
in  the abundance of m arine animals rarely use historical
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data. Relevant data from the past are often overlooked 
or discarded in extinction risk assessments, recovery ta r­
get setting, and fisheries m anagem ent (e.g., Prefontaine 
2009). By contrast, terrestrial ecosystem m anagem ent 
m ore com monly employs data from the past, including 
paleoecological data (e.g., fossil pollen and tree rings) to 
identify invasive species and wildfire regimes (Willis & 
Birks 2006), and historical data (e.g., w ritten  narratives, 
photographs, and land surveys) to identify reference con­
ditions for forest restoration (Moore et al. 1999).

The historical exploitation of m arine animals, w hich 
has influenced their m odern abundances, typically oc­
curred over shorter timescales than  are recorded by m a­
rine sediments and fossils, but longer than  are captured 
by m odern ecological observations, so that neither ade­
quately reflects anthropogenic impacts. Inform ation from 
the past several decades to centuries—the recent past— 
is particularly relevant for long-lived, exploited species, 
such as m arine turtles, mammals, and slow growing
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fishes. Here, we show  how  relevant historical data can 
be gathered and analyzed for a range of m arine species 
and ecosystems, dem onstrate that the omission of these 
data can lead to significantly different outcomes than  
w hen  they are included, and outline specific conservation 
and m arine m anagem ent fram eworks that w ould benefit 
from the inclusion historical data.

Recent historical data: challenges and 
revelations
Historical data relevant for understanding hum an  impacts 
on m arine anim al populations and ecosystems include 
narrative and archival docum ents, early survey and m o n ­
itoring records, interviews w ith  fishers and other resource 
users, and recent zooarchaeological rem ains (Figure 1, 
Table 1). W hile these data are nontraditional in m arine 
science, disciplines including history, geography, and a n ­
thropology rely on them , and have established protocols 
for their collection and use. W hen in terpreted in  an eco­
logical context, such data can be used to estimate quan ti­
tative baselines for historically exploited m arine animals 
and to provide perspective on past ecosystem states (Lotze 
et al. 2011a; Table 1). Inform ation from structured in te r­
views w ith  fishers in the Gulf of California (n = 108), for 
example, provided evidence that m axim um  daily catches 
of Gulf grouper (Mycteroperca jordani) declined by a factor 
of 25 over the past 60 years ( r  =  0.62, P < 0.001) (Saenz- 
Arroyo et al. 2005). Spatially explicit daily catch records 
from the 1850s for Atlantic cod (Gadus morhua) w ere val­
idated w ith  ancillary historical records and integrated into 
traditional fisheries models to estimate that cod biomass 
on the Scotian Shelf in  1852 was 1.26 million metric 
tonnes (mt), 25 times larger than  at present (Rosenberg et 
al. 2005 ). Zooarchaeological rem ains and spatially explicit 
descriptions of the Caribbean m onk seal (Monachus tropi­
calis) w ere m odeled w ith  biological param eters from ex­
tan t species to estimate that 13 breeding populations w ere 
elim inated betw een 1700 and 1952 (M cClenachan & 
Cooper 2008). M ethods to analyze historical data include 
meta-analysis of trends derived from multiple sources 
(e.g., Branch et al. 2004; Ferretti et al. 2008), "then  and 
now" comparisons of past and m odern abundance infor­
m ation, catch statistics, and trade records (Baum & Myers 
2004; Lotze & Milewski 2004; Saenz-Arroyo et al. 2005; 
Rosenberg et al. 2005; M cClenachan et al. 2006), and spa­
tial analyses based on georeferenced data from past re ­
source users and early naturalists (Ames 2004; Lotze & 
Milewski 2004; M cClenachan & Cooper 2008).

Despite advances in historical data collection and anal­
yses of long-term  changes in abundances and distribu­
tions of m arine animals, historical data are not com monly

incorporated into existing conservation and m anagem ent 
contexts, for several reasons. Historical data are difficult 
to collect; they m ay be in a variety of languages, only 
accessible in small archives for w hich no m etadata or 
electronic resources exist, or buried in docum ents cre­
ated for a different purpose. Furtherm ore, the challenge 
of integrating unfam iliar data sets, such as narrative ac­
counts and trade records, into established quantitative 
modeling fram eworks or standardized assessment pro to ­
cols presents a barrier to their use, as does the fact that 
data from the past are often imprecise and are therefore 
not valued as highly as recent m onitoring data. Finally, 
funding barriers exist: m anagem ent agencies do not typi­
cally have the resources to develop new  expertise to con­
duct historical research.

W hen historical data are included in m arine popula­
tion status assessments they frequently reveal m ore dras­
tic declines than  can be seen w ith  short-term  observa­
tions alone (Figure 2). The long-lived and historically 
exploited green turtle (Chelonia mydas) provides an ex­
am ple of how  the duration of data significantly affects 
assessments of population change. Green turtles were 
hun ted  globally for centuries; historical sources describe 
tens of thousands of turtles killed for local consum ption 
and export markets, w ith  extirpation of nesting beaches 
and severe population declines (M cClenachan et al. 2006; 
Table 1 ). W here historical data (>100 years) on the abun ­
dance of nesting females on specific nesting beaches are 
available, "then and now" comparisons reflect these de­
clines, estimating a population reduction of >80% . In 
contrast, similar comparisons in locations w here data are 
only available over periods of <30 years show  net popu­
lation increases approaching 30% (Figure 2A; data from 
Seminoff 2004).

Hawksbill turtle (Eretmochelys imbricata) populations 
provide an  even m ore striking example. Intensive h u n t­
ing of hawksbill turtles for tortoiseshell had severe effects 
on populations (M cClenachan et al. 2006): w hen  "then 
and now" comparisons of nesting females are m ade w ith 
data spanning 52-107 years, they reflect near extirpa­
tion, w ith  average declines of 91%. In contrast, similar 
comparisons using data from the past 8-31 years show 
populations to be increasing, at an  average of 333% over 
the span of the data. Increases exceeded 700%  over 20 
years for one breeding population, an implausible fig­
ure for the population dynamics of this long-lived species 
(Figure 2B; data from M ortim er & Donnelly 2008). In 
the most recent International Union for the Conserva­
tion of Nature (IUCN) Red List assessment, qualitative 
and sem iquantitative data from sources including 19th 
century customs records and natural history descriptions 
w ere used to validate the long-term  trends derived from 
historical nesting data, dem onstrating that w hile localized
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Figure 1 Exam ple s  of historical d a t a  u s e d  In p o pu la t ion  a s s e s s m e n t s .  

(A) Oral In format ion  fr om  In te rv iews with r e s o u r c e  u s e r s  In Mllazzo (Italy) 

u s e d  to  lo c a te  tu n a  t r a p  lo g b o o k s  (F. Ferret tl  a n d  tu n a  t r a p  fisher T o m m a s o  

Salmerl; p h o to  cred it :  G. Oslo), (B) P h o to g r a p h s  from  rec rea t io na l  fisher ies 

In so u th  Florida p ro v id e d  In format ion  on  size a n d  s p e c i e s  co m p o s i t io n  of

population increases have occurred recently, globally 
hawksbill turtle populations have experienced net de­
creases of >90%  over the past century (M ortimer & 
Donnelly 2008).

Similar results emerge for oceanic sharks, w hich have 
been caught incidentally in commercial fisheries for at 
least the past half-century. For blue sharks (Prionace 
glauca) in  the M editerranean, meta-analysis of instan­
taneous rates of change derived from a variety of h is­

f isher les  In t h e  1950s , b e f o r e  su rv ey  d a t a  ex ist  (M onroe  C ounty  Public  FF 

brary, M cC len ach an  2009) , (C) S a m p le  p a g e  from  th e  lo g b o o k s  of t h e  tun a  

t r a p  In Gallipoli, s o u th e r n  Italy, 1935,  r e t r iev ed  f rom  t h e  p e r s o n a l  archive  

of A. S c a c c h i .

torical data sources, including commercial landings, sci­
entific surveys, and sighting records beginning in 1950, 
suggested population declines of 97% (95% confidence 
interval [Cl]: 15-99% ), w hich w ould imply a baseline 2.5 
times greater than  previous estimates based on com par­
isons of catches per unit of effort betw een 1978 and 1999 
(Figure 2C; Cavanagh & Gibson 2007; Ferretti etal. 2008). 
For oceanic w hitetip sharks (Carcharhinus longimanus) in 
the northw est Atlantic Ocean, recent pelagic longline
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Table 1 Example s  of s tu d ie s  us in g  historical d a t a  to  e s t i m a t e  b a se l ine s  for m a r in e  s p e c i e s  and  e c o s y s t e m s  a n d  des c r ip t io n s  of t h e  Insights ga ined  

th r o u g h  th e  u s e  of t h e s e  d a t a

Basel ine  d a t e S p ec i e s  & region Historical d a t a  ty p e Insigh t ga ined R efe re n ce

1960s Black le a th e r  ch iton, Kenai Tradit ional  ecologica l Dec l ines  dr iven by serial S a lo m o n  e t a l .

Peninsula ,  Alaska k n o w le d g e  (d irec ted  

In te rv iews  with  village 

elders),  historical 

reco rd s ,

zo o a rc h aeo lo g ica l  d a t a

d ep le t ion  of o th e r  

m a r in e  In v e r t eb ra te s ,  as 

well a s  p r e d a t io n  by 

r e e s t a b l i s h e d  s e a  o t t e r s

2 007

1 9 6 0 s - 1 9 2 0 s Atlantic cod ,  Gulf of Maine Inte rv iews with re t ir ed  

f is herm en ,  ea rly  

scientific s tu d ie s  and  

r e c o r d s

A lm os t  half of co a s ta l  cod  

s p a w n in g  g r o u n d s  lost  

o v e r  5 0 - 7 0 - y e a r  pe r iod

A m e s  20 0 4

1950s O cean ic  w hlte tlp  & silky F isher ies  r e s e a r c h  su rv eys P o p u la t io ns  dec l in ed  by Baum  & Myers

sharks , Gulf of Mexico & w r i t t en  d e s c r ip t ion s 9 9  a n d  90% 2 00 4

1940s Large  m a r in e  m e g a f a u n a ,  

M e d i t e r r a n e a n  Sea

Inte rv iews with f i sherm en F r e q u e n c y  of  e n c o u n te r s  

b e t w e e n  large 

m e g a f a u n a  (sharks, 

tur tle,  dolph ins) and  

f ishers  d e c r e a s e d  

b e t w e e n  1940 a n d  200 8

M aynou  e t a l .  2011

1940s Gulf g ro u p e r ,  Gulf of In te rv iews with f isherm en Catch  r a t e s  dec l ined  by  a Saenz-A rroyo  e t a l .

California f a c to r  of 25 2 00 5

1920 Goliath g ro u p e r ,  Florida P h o to g r a p h s  & n e w s p a p e r Catch  r a t e s  dec l ined  by M cC lenach an  200 9

Keys ar t ic les  r e l a te d  to  

rec re a t io n a l  fishing

86% b e t w e e n  1956 and  

1979; f ew er  fish w e r e  

c a u g h t  f rom  s h o r e  a f ter  

1950

1905 Blue whale , A nta rc t ic Historical c a tch  r eco rd s , M o d e r n  popu la t io n Branch e t a l .  2 00 4

(South of 60°S) s ighting  surveys , life 

his to r ies , r a t e s  of 

c h a n g e  of o th e r  b lu e  

a n d  b a l een  w ha le s

a b u n d a n c e  Is <1% of 

a b u n d a n c e s  In 1905

1890s Bottomfish, Eng land & Landings  d a ta  c o r r e c te d Decline In la nd in gs  of 94% T h u rs ta n  e t a l .

Wales for  In c rea se s  In fishing 

p o w e r

2 01 0

1852 Atlantic cod ,  S coti an  Shelf, Com m erc ia l  fisheries Biom ass  w a s  25  ti m es R o s e n b e r g e t o / .

N o r th w e s t  Atlantic lo gb o ok s la rger  th a n  a t  p r e s e n t 2 00 5

1827 Large  sharks , Com m erc ia l  & rec rea t iona l Five s p e c i e s  dec lined Ferret tl  e t a l .  200 8

M e d i t e r r a n e a n fishery  land ings , 

scientific su rveys , 

s ighting  r e c o r d s

96-99 .99%

1600s Lobste r,  Juan  F e r n a n d e z Fishers'  ecologica l Virgin b io m a s s  w a s  > 6 Eddy  e t a l .  2010

A rch ip elago ,  Chile k n ow led ge ,  historical 

a n e c d o te s ,  c a tch  d a t a

g r e a t e r  th a n  b io m as s  

t o d a y

1400s G reen a n d  hawksbill Historical o b s e r v a t io n s  of T w en ty  p e r c e n t  of n e s t in g M cC lenach an  e t a l .

tu r t le s ,  C ar ib bean dis tr ibution  a n d  h u n t ing  

from  sailors, na tural i st s,  

s e t t le r s

s ites  a r e  extinct;  

p o p u la t io n s  h av e  

dec l ined  by  >99%

2 00 6

logbook and catch rate data that w ere standardized using 
generalized linear models suggested population declines 
ranging from 50% to 70% over 8-13 years (Baum et al. 
2003; Baum & Blanchard 2010), while a "then  and now" 
com parison of catch rates in exploratory (1950s) and 
recent (1990s) tuna fisheries synthesized in a simi­

lar modeling fram ew ork suggested declines exceeding 
99%  for this species in  the Gulf of Mexico (95% Cl: 
98.3-99.8% ; Figure 2D; Baum & Myers 2004). For sharks 
and other species caught as bycatch, the use of "nontra- 
ditional" historical data and analyses can greatly enhance 
evaluations of long-term  change, as tim e series data used
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Figure 2 Est im ates  of lo ng - te rm  po p u la t io n  c h a n g e  a r e  typically m o r e  

n eg a t iv e  w h e n  lo n g - te rm  or  historical d a t a  a r e  Inc luded. (A) G reen  turt le : 

P opu la t ion  t r e n d s  from  n e s t i n g  b e a c h e s  with  d a t a  t h a t  s p a n  < 3 0  years , 

3 0 - 1 0 0  yea rs ,  a n d  > 1 0 0  y e a r s  s u g g e s t  m e d ian  p o pu la t ion  c h a n g e  of 7% 

(full r an g e :  -77% to  +170%); -73% (full r ang e :  - 8 8  to  +75%); an d  83% (full 

r an g e :  -6 5% to  -93%), re spec t iv e ly . T h o s e  with  d a ta  s p a n n in g  > 3 0  y ea rs  

w o u ld  b e  a s s e s s e d  as  E n d a n g e r e d  by t h e  IUCN (yellow line) w h e r e a s  t h o s e  

with  d a t a  s p a n n in g  < 3 0  y e a r s  w o u ld  n o t  (Semlnoff 2004) . (B) Hawksbill 

tur t le : P opu la t ion  t r e n d s  from  nes t i n g  b e a c h e s  with  d a t a  t h a t  s p a n  8-31  

y e a rs  an d  5 2 - 1 0 7  y e a rs  s u g g e s t  m e d ia n  p o pu la t ion  c h a n g e  of -96% (full 

r an g e :  -80%  to  -99%) a n d  308% (full r an g e :  64-705%), respec t iv e ly . T h o se  

with  d a t a  s p a n n in g  5 2 - 1 0 7  y e a r s  w o u ld  b e  a s s e s s e d  a s  Critically E n da n ­

g e r e d  by t h e  IUCN (red line) w h e r e a s  t h o s e  with  d a t a  sp a n n in g  8 -3 1  w o u ld  

n o t  (M or timer  & Donnelly 2008); (C) Blue shark: C o m p a r i s o n  of ca tch  p e r  

unit  e ffor t d a t a  o v e r  21 y e a r s  s u g g e s t e d  dec l ines  of38.50%, w h e r e a s  m e ta -

analys ls  of mult ip le  t im e  s e r ie s  d a t a  o v e r  56  y e a r s  s u g g e s t e d  dec l ines  of 

96.53% (95% Cl: - 1 5  to  -99%) a n d  Ind ic a te d  t h a t  t h e  s p e c i e s  Is Critically 

E n d a n g e r e d  (Cavanagh & Gibson 2007; Ferret tl  e t a l .  2008); (D) Ocean ic  

w h i te t ip  shark:  Data f rom  t h e  n o r th  Atlant ic  o v e r  8  & 13 y e a rs  s u g g e s t  

dec l in es  of 70% (95% Cl: - 6 2  to  -75%) an d  50% (95% Cl: - 1 7  t o  -70%) r e ­

spect ively, b u t  d a ta  f rom  1955 to  1959 s u g g e s t  dec l ines  of 99.3% (95% 

Cl: - 9 8 . 3  to  -99.8%), w hich  qualified t h e  p o pu la t ion  for Critically E nd a n ­

g e r e d  s t a t u s  (Baum e t  ah 2003; Baum & Myers  2004; Baum & B la nchard  

2010); (E) Bluefin tu na :  C u r re n t  s to c k  size for w e s t e r n  bluefin tu n a  e x c e e d s  

t a r g e t s  (SSB 2009 /SSB MSY) w h e n  s h o r t e r  t im e  se r ie s  (30 years ) a r e  u sed ,  

b u t  a r e  only  15% of t a r g e t s  w h e n  lo n g e r  t im e  s e r ie s  (40 years ) a r e  u s e d  

(ICCAT 2010); (F) Icelandic  co d : T runca tion  of t h e  ea r l ie s t  27 y e a r s  of da t a  

o b s c u r e s  m a x im u m  levels  of SSB, s u g g e s t in g  th a t  t h e  m a x im u m  SSB w a s  

less  th a n  half of p e a k  v a lu es  In t h e  19 20 s  a n d  1930s  an d  red u c in g  th e  

overall a v e r a g e  SSB (Pre fon ta lne  2009; ICES 2011) .

to develop indices of abundance or population dynamics 
models are typically short and often not species-specific.

Truncation of tim e series in fisheries m anagem ent leads 
to a similar loss of inform ation about past conditions. 
W hen the target stock size (Bmsy) for w estern bluefin 
tuna (Thunnus thynnus) is estim ated w ith  data begin­

ning in 1970, the stock emerges as severely overfished 
(biomass of only 15% of the target). In contrast, exclud­
ing data from the 1970s—w hen populations w ere more 
robust and m ore juvenile fish w ere observed entering the 
fishery—suggests that the current biomass exceeds target 
values and implies that fishing has had little impact on
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the stock (Figure 2E; Safina & Klinger 2008; data from 
ICCAT 2010). For Atlantic cod (G. morhua) in Iceland, 
truncation  of the earliest 27 years (1928-1954) of time 
series data rem oved data from decades w hen  average 
stock sizes w ere six times greater than  at present, ob­
scured m axim a in  spawning stock biomass (SSB) and re ­
duced estimates of long-term  average biomass, making 
current stocks appear less depleted by contrast (Figure 
2F; data from Prefontaine 2009, ICES 2011). A recent 
analysis suggests that such data truncation  is not uncom ­
m on: 32% of North Atlantic stock assessments for com ­
mercially exploited fish excluded previously used data 
from the earliest dates in a tim e series. On average, 24 
years of early data w ere discarded, resulting in  reduc­
tions in  estimates of the m axim um  levels of SSB for 
several herring (Clupea harengus), haddock (Melanogram­
mus aeglefinus), and cod (G. morhua) stocks (Prefontaine 
2009).

Perhaps most im portantly, failure to consult relevant 
data from the past results in a loss of inform ation 
on population dynamics and ecosystem variability. For 
96%  of the stocks considered by Prefontaine (2009), 
truncation  rem oved inform ation on extrem es in  SSB, 
population fluctuations, or precedents in  recovery or 
decline. For one stock (sum m er spawning Icelandic h e r­
ring), discarding the earliest years of data obscured an 
SSB minima, and one w ould expect that for species such 
as American lobster (Homarus americanus), whose popu ­
lations have increased due to declines in predator abun ­
dances (Steneck & W ilson 2001; Frank etal. 2005), h is­
torical data w ould include population m inim a outside the 
range of m odern data. For blue sharks (P. glauca) in  the 
w estern  North Atlantic, data beginning in the 1950s re ­
vealed complexities in  the population trajectory not cap­
tured  by m ore recent data, w hich suggested declines of 
60%  since the m id-1980s (Baum etal. 2003). Synthesis of 
m ultiple tim e series suggested that declines in the 1980s 
w ere preceded by a period of stable or increasing abun ­
dance (1950s-1970s), so that overall decline m ay have 
been less dramatic (Aires-da-Silva et al. 2008). Such in ­
form ation on variability over tim e is essential for in te r­
preting m odern population changes, evaluating recovery 
potential, and understanding long-term  dynamics in m a­
rine ecosystems.

Conservation and management 
applications
The use of historical data frequently reveals the extent 
to w hich hum ans have altered population abundances 
and ecosystem dynamics, and in doing so, encourages

m ore precautionary conservation and m anagem ent. For 
green turtles, hawksbill turtles, and oceanic sharks, the 
use of data spanning the entire three-generation  tim e p e­
riod com monly used in extinction risk assessments not 
only dem onstrates severe declines as noted  earlier, it also 
makes populations emerge as endangered or critically en ­
dangered w hen  they appeared not to be at risk if only 
shorter term  data w ere considered (Figures 2A-D). In ­
cluding the entire tim e series for bluefin tuna w ould 
suggest that recovery targets should be higher and that 
fishing should all but cease (Safina & Klinger 2008; IC­
CAT 2010). For these and other m arine species, histori­
cal data facilitate m ore accurate assessments of extinction 
risk, better-inform ed recovery targets, and m ore robust 
and ecologically grounded assessments of fisheries stock 
status.

Extinction risk

The most straightforward application of historical data is 
to assessments of extinction risk, such as those coordi­
nated  by the IUCN Red List, w hich estimate population 
change over a species' most recent three generations (but 
no less than  10 years, Criteria A l ,2 v3.1). M arine animals 
evaluated as Endangered or Critically Endangered using 
these criteria had an  average three-generation tim e p e­
riod of 45 years; for 25%  of species, it exceeded 60 years 
(data from IUCN 2011), dem onstrating a widespread 
need for long-term  data to conduct accurate assessments 
of extinction risk. These assessments are frequently be­
deviled by a lack of data, hindering the m anagem ent 
of species from  small invertebrates to large charismatic 
species such as sharks (M cClenachan etal. 2012). A quar­
ter of m arine species evaluated by the IUCN lack suffi­
cient data for assessment (data from IUCN 2011), and 
in  m any cases, historical data prove to be the only re ­
liable inform ation for use in  assessments of extinction 
risk. For example, targeted research in archives, fisheries 
m anagem ent agencies, and local libraries yielded m ulti­
ple data sources spanning 180 years on the abundance 
of large sharks. These data w ere used to estimate trends 
in  abundance of five species that previously lacked re ­
gional quantitative assessments (Table 2, Cavanaugh & 
Gibson 2007; Ferretti et al. 2008). Similar efforts are 
underw ay for sawfish (Pristidae) arguably the most en ­
dangered group of m arine animals (IUCN 2011). Saw­
fish abundance and distribution records are sparse, but a 
long history of targeted exploitation, com bined w ith  the 
unique appearance of these fishes, suggests that historical 
records docum enting sawfish exploitation exist and can 
be used to develop baseline estimates and extinction risk 
evaluations.
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a) Baseline estimate w ith  historical data
b) Baseline estimate w ith  m odern data
c) Recovery target range im plied by historical data
d) Recovery target range im plied by m odern data
e) Possible range o f recovery due to  habita t a lteration, ecological changes, etc.

i/i
co

JU
Figure 3 E s t im ates  of  p a s t  p o pu la t io n  s izes  a r e  3

typical ly g r e a t e r ,  th o u g h  le ss  p rec i se ,  with  historical  o

d a t a  (a) th a n  w i th o u t  (b). S e t t in g  a r eco v e ry  t a r g e t  is 

a political p r o c e s s  b u t  is of te n  in fo rm ed  by  p a s t  

a b u n d a n c e s ,  so  t h a t  t a r g e t s  m a y  in c r e a s e  w h en  

historical d a t a  a r e  u s e d  (c vs. d). R eco very  pote ntia l 

can  b e  limited by  c h a n g e s  in t h e  e c o s y s t e m ,  so 

r e s to r in g  "p r is ti ne” a b u n d a n c e s  m a y  n o t  be  

p o ss ib le  (e).

a o

P ast P re se n t F u tu re

Table 2 Long-t erm c h a n g e  in s h a rk  p o pu la t ion s ,  with a n d  w i th o u t  h is to r ­

ical d a ta  (Ferretti  e ta ! .  2008; C av a n ag h  & Gibson 2007)

S p ec ie s

W i th o u t  historical d a t a With historical d a ta

Basel ine d a t e Trend Basel ine  d a t e Trend

P rio n a ce  g la u ca 1979 -38.50% 1950 -96.53%

A lo p ia s  vu lp inu s A b s e n t A b s e n t 1898 -99.99%

Lam n a  nasus A b s e n t A b s e n t 1827 -99.99%

Isu rus  o xy rh in cu s A b s e n t A b s e n t 1827 -99.99%

S p h yrn a  z yg a e n a A b s e n t A b s e n t 1827 -99.99%

Contextualizing recent recovery and setting 
targets

Historical data pertaining to past abundances or 
geographic ranges can also be used to help to inform  re ­
covery targets (Scott et al. 2005). Unlike estimates of ex­
tinction risk, setting recovery targets is a political decision. 
For m any reasons, including changes in  environm en­
tal regimes (Duarte et al. 2009), fluctuations in predator 
and prey population abundances (Baum & W orm 2009), 
habitat loss (Marsh etal. 2005), and m anagem ent goals, it 
is often neither possible nor desirable for recovery ta r­
gets to be equivalent to historical baselines (Figure 3). 
Nonetheless, clear understandings of past population tra ­
jectories and ecosystem condition are essential to inform  
these decisions.

Under the U.S. Endangered Species Act (ESA), past 
population abundances, range sizes, and extent of h istor­
ical habitat com m only inform  recovery planning. Recov­
ery targets might be equivalent to observed abundances

in the recent past, such as for the Endangered Kemp's 
Ridley sea turtle (Lepidochelys kempii; FWS 2010) and the 
Hawaiian m onk seal (Aí. schauinslandi; NOAA 2007), or 
m ay be a percent of estim ated historical abundances, such 
as for the Endangered southern sea otter (Enhydra lutris 
nereis) w hose target is approxim ately 20% of estimates 
of its early 20th century abundance (FWS 2003). Recov­
ery targets also m ay include explicit ecosystem baselines, 
such as for the Endangered sm alltooth sawfish (Pristis 
pectinata) w hose delisting requires that at least 25% of 
m angrove habitat observed in aerial photographs in 1940 
be available (NOAA 2009). Past conditions are com monly 
referenced in recovery plans, but resources often do not 
exist for a systematic review  and synthesis of histori­
cal sources, so that accurate population "baselines" that 
could be used to inform  these legally binding recovery 
targets are often unknow n.

Qualitative and sem iquantitative historical data are 
particularly relevant to recovery target setting for histori­
cally exploited species that are experiencing recent popu­
lation increases (Lotze etal. 2011b). For example, Branch 
et al. (2004) used M onte Carlo simulations, Bayesian 
statistics, and m eta-analyses to combine and analyze data 
from early 20th century whaling logbooks and un stan ­
dardized sighting surveys beginning in the 1960s for the 
Antarctic blue w hale (Batenoptera musculus intermedia). 
The results suggested that although the population in ­
creased by ~ 7%  per year from 1974 to 2004, it was 
still below 1 % of preexploitation abundance levels, and 
should therefore rem ain protected under the Endangered 
Species Act. This and other recent population increases 
are promising, but w ithout data describing the period
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of exploitation, the m agnitude of the recovery can be 
overestimated. Historical data can contextualize recent 
recoveries and provide m ore realistic assessments of pop­
u lation dynamics than  can be derived from m odern eco­
logical data alone.

Fisheries management

In the m anagem ent of large-scale fisheries like for tu ­
nas and groundfishes, early tim e series and historical data 
can contextualize current stock status and inform strate­
gic decisions about recovery goals (Ricard et al. 2012). 
Data truncation due to uncalibrated changes in research 
protocols, such as survey designs, gear, or vessels (e.g., 
STECF 2008) often precludes the use of early data for es­
tim ating reference points (e.g., Bmsy and Fmsy), w hich rely 
on tim e series data of catch, fishing effort, and indices of 
abundance from research surveys. However, completely 
discarding early data risks losing im portant inform ation 
on historical m axim a of stock health  indices, such as fish 
size, relative abundance com pared to other species, or u n ­
exploited SSB, w hich are critical in understanding long­
term  stock dynamics and recovery potential.

Historical data also have great potential to be used in 
data-poor fisheries, for w hich reference points and re ­
covery targets are typically generated w ith  a diversity of 
data types. The precedent for using Traditional Ecolog­
ical Knowledge to help understand stock structure and 
distinctiveness, m igrations and ontogenetic changes, and 
trends in landings and catch per unit effort (Neis et al. 
1999; M acKinson 2001; Berkes 2003) suggests the po ­
tential to use historical data to m anage these stocks. In 
fact, reference points such as Bmsy can be set using h is­
torical catch trends (Berkson et al. 2011), and recovery 
targets for data-poor fish stocks have been set using a va­
riety of nontraditional data sources including and in te r­
views w ith  resource users and diver logbooks spanning 
20 years (Porch et al. 2006). Fram eworks therefore exist 
to integrate a diversity of historical data sources that re ­
flect long-term  population dynamics (e.g., M cClenachan 
2009).

Engaging the public and stimulating policy 
changes

Finally, historical data can help stim ulate public engage­
m ent and conservation action w here there is a dem on­
strated need. For oceanic sharks, the scale and m agni­
tude of population declines revealed by historical data 
helped to garner support for im proved shark conserva­
tion measures, including shark finning regulations, a ban 
on retaining oceanic whitetip sharks taken as bycatch

in international w aters of the Atlantic Ocean, and the 
E uropean Union Action Plan for Sharks, w hich should re ­
duce bycatch of >40 threatened  species of elasmobranchs 
in  the M editerranean, N orth Atlantic, and global seas 
(European Commission 2009; Shark Alliance 2010). In 
the recent designation of m arine protected areas in 
California, photographs depicting the decline in size of 
recreationally caught fish over 50 years drew  attention  
to underw ater changes in  fish com m unities and engaged 
the public in  debates over designating areas closed to fish­
ing (LaFee 2009). And in  the Florida Keys National M a­
rine Sanctuary, ecological baselines have been used to 
dem onstrate to stakeholders how  the abundances and 
distributions of m ajor habitat types such as mangroves 
have changed over the last century, and to com m uni­
cate the goals of habitat conservation w ith in  Sanctuary 
boundaries (FKNMS 2011).

Ways Forward
Two distinct m ethods of approaching conservation as­
sessments exist. One prioritizes the precision of quan ti­
tative data and structures assessments around  the avail­
ability of consistent, standardized tim e series. If the goal 
is to understand long-term  population change, however, 
m ore realistic results will be achieved by reversing the 
process. In this case, the appropriate tem poral scale of 
analysis should first be determ ined, and then  the best 
data to describe change over this tim e period should be 
identified. In some cases, the best data will be qualita­
tive or sem iquantitative, lack consistency, or come from 
several unstandardized sources (e.g., Branch et al. 2004; 
M ortim er & Donnelly 2008). Identifying m ultiple data 
sources is particularly im portant for historically exploited 
long-lived species for w hich long-term  trends can rarely 
be evaluated accurately w ith a single source.

Locating data that most appropriately reflect long-term  
changes often requires a m ajor interdisciplinary effort 
(e.g., Rosenberg etal. 2005). Data appropriate for assess­
m ents often can be found by em ploying historical, soci­
ological, and inform ation technology research methods, 
including targeted searches in local and regional archives 
and libraries (Lotze & Milewski 2004; M cClenachan etal. 
2006), interviews w ith  past resource uses (Saenz-Arroyo 
et al. 2005; Ames 2004), and compilation of scattered 
fisheries records m aintained by disparate m anagem ent 
bodies (Ferretti et al. 2008). Efforts to make data acces­
sible, such as those by the History of M arine Animal 
Populations (w w w .hm apcom l.org), Ocean Biogeographic 
Inform ation System (www.obis.org), and by researchers 
them selves (Reichman et al. 2011) should facilitate the
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use of historical data in  both  academic and m anagem ent 
contexts. Finally, although it is methodologically simpler 
to rely exclusively on m odern standardized data, relevant 
data should not be discarded because they differ in for­
mat, quality, resolution, and scale from the recent data 
w ith  w hich they will be compared. Statistical approaches 
including m eta- and Bayesian analysis, w hich allow re ­
searchers to synthesize data from heterogeneous sources 
and incorporate semiqualitative or qualitative data about 
past conditions, such as expert opinion (Newton 2010), 
have provided new  insight about past population states 
(e.g., Branch et al. 2004; Ferrerii et al. 2008).

Conclusion
Terrestrial ecosystem m anagem ent has expanded its use 
of data to incorporate inform ation from the past, includ­
ing paleoecological data and historical narratives. In m a­
rine resource m anagem ent, the quest for historical base­
lines has evolved from a search for "anecdotes from  the 
past" into the formal discipline of historical m arine ecol­
ogy, w hose data and m ethods can do m uch to inform  
IUCN Red List Assessments, Endangered Species recov­
ery plans, and fisheries assessments. Inclusion of such 
data is especially pertinent to data-poor species that lack 
m ore traditional tim e series data and populations whose 
abundance trajectories have reversed (from declining to 
recovering), such as m arine m ammals and turtles. In ­
corporating historical data into m anagem ent and con­
servation often increases estimates of m axim um  popula­
tion abundances and of the capability of m arine ecosys­
tem s to support large, productive populations of m arine 
fish, turtles, and mammals, and can alter scientists', m an ­
agers', and the public's perceptions of recovery potential. 
Finding and integrating historical data into m odern pop­
ulation assessments is not trivial but ensures that use­
ful inform ation is not lost and the best data are used 
to establish accurate benchm arks for conservation and 
m anagem ent.

Acknowledgments
W e thank  the participants of a M ay 2010 workshop 
on historical baselines and law led by John  Pandolfi, 
K athryn M engerink, and Jerem y Jackson, hosted by the 
Sm ithsonian Institution M useum  of Natural History. We 
are grateful to Dalai Al-Abdulrazzak, M aurice Clarke, A n­
drew  Cooper, Trevor Davies, Nicholas Dulvy, Benjamin 
Neal, Steve Roady, and David W ilmot for discussion. L.M. 
was supported by a National Science Foundation In terna­
tional Postdoctoral Fellowship (#0965242). F.F. was sup­
ported by the Lenfest Ocean Program. J.K.B. was sup­
ported by a Schmidt Ocean Institute Fellowship.

References

Ames, E.P. (2004). A tlantic cod stock struc tu re  in  th e  Gulf of 
M aine. Fisheries, 29, 10-28.

B aum , J.K. & B lanchard  W. (2010). Inferring  shark
popu lation  trends from  generalized lin ea r m ixed  m odels of 
pelagic longline catch an d  effort data. Fish. Res., 102, 
229-239.

B aum , J. & M yers, R.A. (2004). Shifting baselines an d  the  
decline of pelagic sharks in  th e  Gulf of M exico. Ecol. Lett., 7, 
135-145.

B aum , J.K., Myers, R.A., K ehler, D.G. et al. (2003). Collapse 
an d  conservation  of shark  populations in  th e  N orthw est 
Atlantic. Science, 299, 389-392.

B aum , J.K. & W orm , B. (2009). Cascading to p -d o w n  effects of 
changing oceanic p red ato r abundances. Ecol. Lett., 7, 
135-145.

B erkson, J., Barbieri, L., Cadrin, S. etal. (2011). Calculating 
acceptable biological catch for stocks that have reliable catch data 
only (Only Reliable Catch Stocks— ORCS). NOAA Technical 
M em orandum  NMFS-SEFSC-616. 56 Pages.

Berkes, F. (2003). A lternatives to  conventional m anagem ent: 
lessons from  small-scale fisheries. Environments, 31, 5-19.

B ranch, T.A., M atsuoka, K. & M iyashita, T. (2004). Evidence 
for increases in  A ntarctic  b lue w hales based on  Bayesian 
m odelling. Mar. Mammal Sei., 20, 726-754 .

Cavanagh, R. & Gibson, C. (2007). Overview o f the conservation 
status o f cartilaginous fishes (Chondrichthyans) in the 
Mediterranean Sea. W orld C onservation Union, Gland, 
Sw itzerland, an d  M alaga, Spain.

A ires-da-Silva, A.M., Hoey, J.J. & Gallucci, V.F. (2008). A 
historical in d ex  of abundance  for th e  blue shark  Prionace 
glauca in  th e  w estern  N orth  A tlantic. Fish. Res., 92,
41-52 .

D uarte, C.M., Conley, D.J., C arstensen, J. etal. (2009). R etu rn  
to Neverland: shifting baselines affect eu trophication  
resto ration  targets. Estuar. Coast., 32, 29-36 .

Eddy, T.D., G ardner, J.P.A. & Perez-M atus, A. (2010). 
Applying fishers' ecological know ledge to construct past 
an d  fu ture  lobster stocks in  th e  Ju a n  Fernández 
A rchipelago, Chile. PLoS ONE, 5, e l3 6 7 0 .

E u ropean  C om m ission. (2009). On a European Community 
Action Plan for the conservation and management o f sharks. 
COM, Brussels 5 February  2009.

Ferrerii, F., M yers, R.A., Serena, F. etal. (2008). Loss of large 
predato ry  sharks from  th e  M edite rranean  Sea. Conserv.
Biol., 22, 952-964.

FKNMS (Florida Keys N ational M arine Sanctuary). (2011). 
Office of N ational M arine Sanctuaries, NOAA, Silver 
Spring, MD. C ondition R eport 2011.

FWS (Fish an d  W ildlife Service). (2003). Final revised recovery 
plan for the southern sea otter (Enhydra lutris neries). U.S. 
D epartm en t of In terior, Po rtland  Oregon.

FWS (Fish an d  W ildlife Service). (2010). Bi-national recovery 
plan for Kemp's Ridley sea turtle (Lepidochelys kempii). U.S. 
D epartm en t of In terior, M exico City.

C onserva tion  Letters 5 (2012 ) 3 4 9 -3 5 9  C o py rig h t and P hotocopying : © 2 0 1 2  W iley  Periodicals, Inc. 357



From  arch ives  to  co n servation L. McClenachan e t a l .

Frank, K.T., Petrie, B., Chio, J.S. etal. (2005). Trophic 
cascades in  a form erly cod-dom inated  ecosystem . Science, 
308, 1621-1623.

ICCAT (In ternational Com m ission for th e  C onservation of 
A tlantic Tunas). (2010). Atlantic bluefin tuna, Executive 
Summary. S tanding C om m ittee on  R esearch an d  Statistics 
(SCRS), ICCAT, M adrid.

ICES (In terna tiona l Council for th e  E xploration  of th e  Sea). 
(2011). Ecoregion stock: Iceland an d  east G reen land  cod in 
Division Va. w w w .ices.dk /com m itte/acom /com w ork / 
re p o rt/2 0 1 1 /2 0 1 1/cod-iceg.pdf (visited Dec. 15, 2011).

IUCN (In terna tional U nion for th e  C onservation of N ature). 
(2011). R edL ist of T hrea tened  Species. h ttp :/ /w w w . 
iucnredlist.org / (visited Dec. 11, 2011).

Jackson, J.B.C., Kirby, M.X., Berger, W .H. etal. (2001). 
Historical overfishing an d  th e  recent collapse of coastal 
ecosystems. Science, 293, 629-637.

LaFee, S. (2009). Fish Story. San Diego Union Tribune. San 
Diego, M ay 16, 2009.

Lotze, H.K., E rlandson, J.M ., Hardt, M .J. etal. (2011a). 
U ncovering th e  ocean 's past. C hapter 8 in  J.B.C. Jackson, 
K.E. A lexander & E. Sala, editors. Shifting baselines: the past 
and future o f ocean fisheries. Island Press, W ashington, DC.

Lotze, H.K., Coli, M., M agera, A.M. et al. (2011b). R ecovery of 
m arine  an im al populations an d  ecosystem s. Trends Ecol. 
EvoL, 26, 595-605.

Lotze, H.K. & M ilewski, I. (2004). Two centuries of m ultip le 
h u m an  im pacts an d  successive changes in  a N orth Atlantic 
food w eb. Ecol. Appl., 14, 1428-1447.

Lotze, H.K. & W orm , B. (2009). Historical baselines for large 
m arine  anim als. Trends Ecol. Evol., 24, 254-262 .

M acKinson, S. (2001). In tegra ting  local an d  scientific 
know ledge: an  exam ple in  fisheries science. Environ. 
Manage., 27, 533-545.

M aynou, F., Sbrana, M., Sartor, P. etal. (2011). Estim ating 
trends of p opu lation  decline in  long-lived m arine  species in  
th e  M edite rranean  Sea based on fishers' perceptions. PLoS 
ONE 6, e21818. do i:10 .1371 /jou rna l.pone.0021818.

M arsh, H., D e 'a th , G., Gribble, N. & Lane, B. (2005). Historical 
m arine  popu lation  estim ates: triggers or targets for 
conservation? th e  dugong case study. Ecol. Appl., 15, 
481-492 .

M cC lenachan, L. (2009). Historical declines in  goliath  grouper 
in  sou th  Florida. Endangered Species Res., 7, 175-181.

M cC lenachan, L. & Cooper, A. (2008). E xtinction  rate, 
historical p opu lation  struc tu re  an d  ecological role of th e  
C aribbean m o n k  seal. Proc. R. Soc. B., 275,
1351-1358.

M cC lenachan, L., Cooper, A., C arpenter, K. etal. (2012). 
E xtinction  risk an d  bottlenecks in  th e  conservation  of 
charism atic m arine  species. Conserv. Lett., 5, 73-80.

M cC lenachan, L., Jackson, J.B.C. & N ew m an, M.J.H. (2006). 
C onservation im plications of historic  sea tu rtle  nesting  
beach  loss. Front. Ecol. Environ., 4, 290-296.

M oore, M.M., Covington, W .W . & Fule, P.Z. (1999).
R eference conditions an d  ecological restoration: a 
so u th w este rn  ponderosa pine perspective. Ecol. Appl., 9, 
1266-1277.

M ortim er, J.A. & Donnelly, M. (2008). Hawksbill Turtle 
(Eretmochelys imbricate). M arine Turtle Specialist Group 
2008 IUCN R ed List status assessm ent.

Neis, B., Schneider, D.C., Felt, L. etal. (1999). Fisheries 
assessm ents: w h a t can be lea rn ed  from  in terv iew ing  
resource users? Can. J. Fish. Aquat. Sei., 56,
1949-1963.

N ew ton, A. (2010). Use of a Bayesian n e tw o rk  for R ed Listing 
u n d e r uncertain ty . Environ. Model. Softw., 25, 15-23.

NOAA (National O ceanographic an d  A tm ospheric
A dm inistration). (2007). Recovery plan for the Hawaiian monk 
seal (Monachus schauinslandi). NMFS, H onolulu.

NOAA (National O ceanographic an d  A tm ospheric
A dm inistration). (2009). Smalltooth sawtooth recovery plan 
(Pristis pectinata). NMFS, Saint Petersberg.

Pauly, D. (1995). A necdotes a n d  th e  shifting base-line 
syndrom e of fisheries. Trends Ecol. Evol., 10, 430.

Prefontaine, R. (2009). Shifting baselines in  m arine  fish 
assessm ents: im plications for percep tion  of m anagem en t 
an d  conservation  status. Honors thesis in Marine Biology. 
D alhousie University, Halifax, Nova Scotia.

Porch, C.E., E klund, A.M. & Scott, G.P. (2006). A catch-free 
stock assessm ent m odel w ith  application to  goliath  grouper 
(.Epinephelus itajara) off so u th e rn  Florida. Fish. Bull., 104, 
89-101.

R eichm an, O.J., Jones, M.B. & Schildhauer, M.P. (2011). 
Challenges an d  opportunities of open data in  ecology. 
Science, 331, 703-705 .

Ricard, D., M into, C., Jensen, O.P. etal. (2012). Exam ining 
th e  know ledge base an d  sta tus of com m ercially 
exploited m arine  species w ith  th e  RAM Legacy Stock 
Assessm ent D atabase. Fish Fish., Published online, early 
view.

Rosenberg, A.A., Bolster, W .J., A lexander, K.E. etal. (2005). 
The h isto ry  of ocean resources: m odeling cod biom ass 
using  h istorical records. Front. Ecol. Environ., 3, 84-90.

Saenz-Arroyo, A., Roberts, C.M., Torre, J. etal. (2005).
Rapidly shifting env ironm en ta l baselines am ong  fishers of 
th e  Gulf of California. Proc. R. Soc. B-Biol. Sei., 272, 
1957-1962.

Safina, C. & Klinger, D.H. (2008). Collapse of b luefin  tu n a  in 
th e  W estern  Atlantic. Consent Biol., 22, 243-246 .

Salom on, A.K., Tanape, Sr. N.M. & H unting ton , H.P. (2007). 
Serial depletion  of m arine  invertebrates leads to th e  decline 
of a strongly in teracting  grazer. Ecol. Appl., 17,
1752-1770.

Sam houri, J.F., Levin, P.S., Jam es, C.A. etal. (2011). Using 
existing scientific capacity to set targets for 
ecosystem -based m anagem en t: a Puget Sound case study. 
Mar. Policy, 35, 508-518.

358 Conserva tion  Letters 5 (2 0 12 ) 3 4 9 -3 5 9  C o p y rig h t and P hotocopying : © 2 0 1 2  W iley  Periodicals, Inc.

http://www.ices.dk/committe/acom/comwork/
http://www


L. McClenachan e t a l . From  arch ives to  co n servation

Scott, J.M ., Goble, D.D., W iens, J.A. etal. (2005). R ecovery of 
im periled  species u n d e r th e  E ndangered  Species Act: th e  
n eed  for a n ew  approach. Front. Ecol. Environ., 3, 383-389.

Seminoff, J. (2004). IUCN RedList Global Status Assessment: 
green turtle (Chelonia mydas). IUCN M arine Turtle Specialist 
Group, Gland, Sw itzerland.

Shark  Alliance. (2010). ICCAT adopts actions to protect 
sharks. Press release, 27 Novem ber. 
h ttp ://w w w .sharkalliance.org /con ten t.asp?d id= 36553  
(visited Dec. 11, 2011).

STECF (Scientific, Technical an d  Econom ic C om m ittee for 
Fisheries). (2008). 27th Plenary Meeting Report o f the Scientific,

Technical, and Economic Committee for Fisheries (PLEN-08-01), 
Ham burg.

Steneck, R.S. & W ilson, C.J. (2001). L ong-term  an d  large 
scale spatial an d  tem poral p a tte rn s in  dem ography and  
landings of th e  A m erican lobster, Monarus americanus in  
M aine. J. Mar. Freshwater Res., 52, 1302-1319.

Thurstan , R., B rockington, S. & Roberts, C.M. (2010). The 
effects of 118 years of industria l fishing on UK bottom  
traw l fisheries. Nat. Commun., 1, 1-6.

Willis, K.J. & Birks, H.J.B. (2006). W hat is n a tu ra l?  th e  n eed  
for a long-te rm  perspective in  biodiversity conservation. 
Science, 314, 1261-1265.

C onserva tion  Letters 5 (2012 ) 3 4 9 -3 5 9  C o py rig h t and P hotocopying : © 2 0 1 2  W iley  Periodicals, Inc. 359

http://www.sharkalliance.org/content.asp?did=36553

