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Abstract
Historical research is playing an increasingly im portant role in marine sciences. Historical data are also used in policy making 
and marine resource management, and have helped to  address the issue o f shifting baselines for numerous species and 
ecosystems. Although many im portant research questions still remain unanswered, tremendous developments in 
conceptual and methodological approaches are expected to contribute to a comprehensive understanding o f the global 
history o f human interactions w ith life in the seas. Based on our experiences and knowledge from the "H istory o f Marine 
Animal Populations" project, this paper identifies the emerging research topics for future historical marine research. It 
elaborates on concepts and tools which are expected to play a major role in answering these questions, and identifies 
geographical regions which deserve future attention from  marine environmental historians and historical ecologists.
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Introduction
In  the last fifteen years m arine science has taken a  historical 

turn . Looking m uch  further back in tim e th an  m ost previous 
studies, global initiatives such as the H istory o f M arine  A nim al 
Populations (HMAP) an d  the Sea A round  LTs program m es, as well 
as individual studies have investigated diverse socio-ecological 
systems, from  coastal E uropean  m arshes to Pacific islands. In  a 
parallel move, environm ental historians have undertaken  the study 
o f hum an  engagem ent with the underw ater realm  in a  sea change 
for history. Historians, archaeologists, economists, sociologists and  
geographers, have engaged w ith m arine scientists in an  interdis­
ciplinary effort to b ring  together the study o f hu m an  and  
underw ater worlds. T hanks to this collaborative effort o f m arine 
and  h um an  sciences, researchers have no t only identified but, for 
m any regions an d  species, resolved the prob lem  o f shifting 
baselines (a term  popularised by D aniel Pauly in his seminal 
1995 pap er [1]) by pushing back the chronological limits o f  our 
knowledge [2].

W hile there have been  trem endous advancem ents in m arine 
historical research, these are yet to be assim ilated into an 
integrated  seamless view o f the global history o f hum an  
interactions w ith life in the oceans (Figure 1). Furtherm ore, m any 
im portan t questions still rem ain  unansw ered. T h e  following are

w hat we consider to be  the five key areas o f research inquiry for a 
global m arine  historical research agenda:

i. W hat did the sea look like before hu m an  exploitations? So 
far, alm ost all the accessible inform ation relates to after first 
h um an  contact, and  by im plication very little is know n about 
pristine life in m arine waters, w ith the possible exception of 
the present-day ecosystems o f the m ost southerly Antarctic 
waters, and  the abyssal deeps. A bette r understanding of 
unexploited seas w ould serve as an  im portan t ecological 
baseline against w hich the im pacts o f hu m an  activities could 
be assessed.

ii. W hat is the relative im portance o f key drivers o f environ­
m ental change over historical tim e frames? T h ere  is good 
evidence for several abiotic, clim atic and  hum an  factors 
affecting life in the sea, bu t knowledge about their relative 
im portance th rough  tim e an d  their interactions rem ains 
poor.

iii. W hat has been the significance o f m arine resources for 
h um an  societies over time? T h e  physiological benefits o f  a 
m arine diet are well docum ented  bu t the econom ic and  m ore 
intangible implications for historical societies have no t been 
teased out.
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Figure 1. Integrated view  o f th e  global history of hum an interactions with life in th e  ocean s.
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iv. In  cultural term s, societies have valued the goods and  
services provided by the sea very differently across various 
cultures an d  th rough  tim e. W hat are the circum stances that 
have encouraged societies to exploit or give up  the oceans?

v. H ow  m ay historical inform ation be used for bette r ocean 
governance an d  m anagem ent in the future? W hile there  are 
exam ples o f the usefulness o f historical baselines for fisheries 
m anagem ent, the w ider potential o f  historical research for 
ecosystem and  seabed m anagem ent or the developm ent o f 
h u m an  coastal societies rem ains largely unexplored.

Beginning w ith an  elaboration  o f these em erging research topics 
in the sections below, this paper aims to develop a  new  research 
agenda for m arine historical research. W e also discuss potential 
applications and  further developm ent o f existing conceptual and  
m ethodological approaches, nam ely the ecosystem service con­
cept, the use o f indicators and  m odelling approaches, new 
m olecular m ethods, advanced oral history, and  the need for 
gendered historical research. W e then  discuss the curren t coverage 
o f historical research, and  suggest fu rther expansion in term s of 
regions and  ecosystems to ensure a  true global perspective. Finally, 
we sum m arize our thoughts on  the research agenda, and  suggest 
the foundation o f a  global research network: the O ceans Past 
Initiative (OPI) to assist in coordinating  research efforts worldwide.

Impacts on Marine Systems Over Time

2.1 Untangling drivers of change
Little is know n about w hat the oceans looked like before 

hum ans began  to affect m arine environm ents. T h e  study of

sedim ent cores as a  library  o f past D N A  provides one possible way 
o f understand ing  w hat used to be  swim m ing in the w ater colum ns 
above sea floors in a  pre-exploitation e ra  [3]. This could enable 
researchers to obtain a  bette r understand ing  o f pristine (pre­
hum an) ocean life. It m ay also shed some light on  w hen hum an 
activities started to im pact m arine systems, an d  how  these effects 
can be differentiated from  natural drivers o f change. Similarly, a 
small handful o f m odern  systems m ay yet be unaffected (or 
relatively so) by  h um an  im pacts. These areas include the abyssal 
deeps, and  the m ost southerly A ntarctic waters [4]; the degree to 
w hich these provide clues about the functioning o f o ther intact 
ecosystems prio r to exploitation is currently  unknown.

How ever, the vast m ajority o f extant m arine systems have been 
shaped by b o th  natural and  anthropogenic influences. Lhider- 
standing the changes th a t these m arine systems have undergone 
requires untangling the underlying drivers o f  these changes. 
Drivers are natural o r hum an-induced  factors that directly or 
indirectly force changes in ecosystems [5]. W hile direct drivers 
influence ecosystem com ponents and  processes themselves, indi­
rect drivers alter one or m ore direct drivers. Physical and  
biological drivers such as changes in tem perature  regim e or 
nu trien t input, resource extraction, or the introduction  of alien 
invasive species act directly upon  m arine systems and  their 
com ponent organism s [6-10], Indirect drivers include hum an  
dem ographics, econom ic, sociocultural, and  political processes, 
and  scientific an d  technological innovation [11]. T h e  m ajority o f 
changes in ecosystems are caused by m ultiple interacting 
anthropogenic a n d / - o r na tura l drivers. These interactions can 
be cum ulative, antagonistic, synergistic, o r otherwise. D ecoupling 
the effects o f single drivers to distinguish hum an  influences from
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natura l variability is a  key interest o f  bo th  scientists and  ecosystem 
m anagers, an d  should be an  integrative p a r t o f a  research agenda 
th a t addresses historical change.

D eterm ining im pacts o f na tu ra l drivers on  pristine m arine 
systems w ould im prove our understanding o f ecosystem functions 
and  the role played by anthropogenic influences. Analysing the 
h a rd  parts o f organism s is one way to obtain inform ation to infer 
the interaction of environm ental drivers and  ecological responses. 
For exam ple, the shells o f molluscs an d  otoliths (fish ear bones) are 
prim arily  constructed from  calcium  carbonate  (C a C 0 3). Stable 
isotopes o f oxygen, carbon  and  nitrogen have a long history o f use 
as geological and  biological tracers [12-14], If  fish otoliths, 
shellfish rem ains o r o ther biological samples can  be obtained from 
a  know n tim e in the past (e.g., from  dated  m idden horizons, 
m useum  collections), then  the stable isotope and  b an d  increm ent 
evidence for environm ental tem perature  a n d /o r  organism al 
grow th and  m aturation  for th a t period  can com pared  to the same 
m easures from  m odern  individuals to exam ine long-term  change 
in param eters o f interest, and  potential effects o f hu m an  activities. 
Stable isotope analysis can  also help researchers to exam ine 
different aspects o f  climate, food web structures, and  other 
characteristics o f  past m arine  ecosystems [15]. For exam ple, 
sequences o f tem perature  estim ates based on 8 1 8 0  in fish otoliths 
can be applied to infer season a t capture, w hich contributes to a 
bette r understand ing  of past fishing patterns [16]. T h e  technique 
has also been  used for the study o f m arine species an d  hu m an  diet. 
Recently, O rto n  an d  colleagues have shown the growing role o f 
cod im ports for m edieval London. U sing cod rem ains from 
excavations, they p ro o f the use o f  this technique for the indication 
o f changes in  hu m an  diet [17]. N aturally  occurring clim ate 
variations have an  im pact on the productivity o f  m arine 
ecosystems [18]. A num ber o f investigations have docum ented  
substantial fluctuations in fish populations related to clim ate 
forcing [19,20]. T h ere  is also well-established evidence for m ajor 
clim atic influences on  phyto- and  Zooplankton com m unities 
[21,22]. R ecen t studies have identified ecosystem-level shifts in 
various ecosystems a round  the globe [21,23-25]. These shifts are a 
consequence o f the interplay betw een clim ate forcing and  various 
hu m an  im pacts, prim arily  resource exploitation and  po llu tio n / 
eutrophication. D etailed investigations o f reef grow th and  species 
com position in an  A ustralian coral reef have shown that 
environm ental degradation  caused by hu m an  im pacts has added 
additional pressure on  the na tura l historical instability o f these 
reefs [26]. Results from  ano ther A ustralian reef indicate that 
sedim ent an d  nu trien t inpu t following E uropean  settlem ent 
proh ib ited  the recovery of Acropora assemblages after a  series o f 
acute d isturbance events (SST anomalies, cyclones an d  flood 
events) [27]. O n e  approach  to detangling the im pacts o f such 
com bined natural an d  anthropogenic drivers is the exam ination  of 
paleontological, climatological, archaeological an d  historical evi­
dence from  localities affected by similar clim ate events b u t with 
differing levels o f hu m an  im pacts [28]. Such an  approach  could 
also provide a  fresh perspective on  na tura l variability.

Required research. U ntangling na tura l an d  anthropogenic 
causes o f environm ental change to estim ate the extent o f hum an 
im pacts on  the oceans should be one o f the m ajor tasks for 
historical research in the near future. C oord inated  m ulti­
disciplinary research activities a ro u n d  the globe th a t focus on 
the same tim e period  in areas o f  contrasting h um an  exploitation of 
m arine resources will assist in distinguishing the effects o f natural 
and  h um an  drivers o f m arine environm ental change.

2.2. The role of hum ans
Exam ination  o f the earliest hu m an  interactions w ith the m arine 

environm ent in m ost parts o f  the world is beset by a  m ajor 
problem . T h e  rise in sea level after the m ost recent ice-age has 
obscured or destroyed m uch  of the earliest evidence o f hum an  
exploitation along the m argins o f ancient shores [29]. A lthough in 
some areas such as the N orth  Sea some evidence of early 
exploitation has been  recovered from  subm arine deposits it has 
often been  rew orked by  waves and  currents m aking interpretation  
difficult [30]. Flowever, there  is evidence for an  intensive use o f 
m arine resources by early m odern  hum ans in Pinnacle Point 
(South Africa) some 164,000 years ago. G athering  shellfish seems 
to have been  p a rt o f a  response to sea level fluctuations, which 
forced these people to expand their hom e ranges and  to follow the 
shifting position of the coast [31]. A lm ost contem porarily, 
N eanderthals gathered  shellfish in the coastal waters o f T orrem o- 
linos in Southern  Spain [32]. Archeological studies have revealed a 
general shift in m arine resource exploitation from  inshore towards 
offshore areas. M arine  fish becam e increasingly im portan t - as 
early as 1,500 years ago - on  the Californian coast [33]. Similar 
patterns have been  discovered in the W adden  Sea [34],

But for m ost o f hu m an  history, the extent o f anthropogenic 
im pacts on  natural environm ents was largely restricted to local and  
regional levels. W ith in  the last 200 years, hu m an  actions reached 
the global level by affecting processes such as global nu trien t and  
w ater cycles. T h e  traces o f hu m an  activities are no t restricted to 
populated  areas anym ore, b u t can  be  found everywhere in the 
ocean [35]. For exam ple, plastic debris is accum ulating a t the 
shorelines o f even the m ost rem ote islands and  in the deep sea 
[36]. Jo h a n  R ockström  and  colleagues [37] claim  th a t hum an 
actions have accelerated to such an  extent th a t they m ight push the 
E arth  beyond its “planetary  boundaries” . T h e  term  planetary  
boundary  refers to thresholds betw een alternate states o f the global 
system. O nce crossed, the system enters a  new state, and  
irreversible environm ental change m ight be  unavoidable. By 
now, the existence o f thresholds has been posited for num erous 
ecological an d  social-ecological systems, including the m arine 
realm  (see the thresholds database o f the Resilience Alliance and  
the San ta  Fee Institute, h ttp ://w w w .resa llian ce .o rg /in d ex .p h p / 
thresholds_database). T he world has en tered  a  geological new era: 
the A nthropocene.

In  this era, an  im portan t line o f research will be  the study o f the 
interaction o f different h um an  activities an d  their im pacts on 
specific m arine  areas in the past. Cross-regional com parisons o f 
m agnitude and  d irection o f these changes to m arine life in 
response to m ultiple hu m an  pressures could also be extrem ely 
helpful in teasing ap art m ultiple long-term  drivers. For exam ple, it 
was only by  the late 1990s th a t m ore or less the full range of 
harvestable fish and  invertebrates in all ecological strata  o f 
Southeast Asian waters was caught [38]. N ear-pristine m arine 
systems could still be  found in some parts o f the Indonesian 
A rchipelago until the 1960s, a  tim e a t w hich Atlantic waters had  
already been  affected by industrial fishing activities for m ore than  
two centuries. In  particular, da ta  from  large, isolated, late settled 
islands or regions such as M adagascar, N ew  Zealand, and  
A ntarctica, w here significant hum an  im pacts becam e relevant 
m uch later th an  in the seas bordering  the m ajor continental 
landm asses, can play an  im portan t role in distinguishing am ong 
na tura l clim atic variability and  hum an  drivers (including an th ro ­
pogenic clim ate change). R ecen t w ork in A ustralian coral reefs has 
shown th a t it is indeed possible to differentiate natural variability 
from  hum an-induced environm ental change [27].

Despite the im portance o f similar drivers acting a t the global 
level, m ost ecosystem changes are caused by  a  set o f  interactions
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th a t are m ore or less unique to a  particu lar place [11]. T o 
understand  how  resource and  socio-economic endow m ents, in 
com bination with o ther factors, have created  specific exploitation 
patterns, bioregional histories o f m arine environm ents need to be 
developed. T his will also provide a m ore com prehensive view of 
“w hat once was” , e.g., historical baselines o f m arine anim al 
populations, enhancing  our ability to articulate desirable ecolog­
ical states an d  m anagem ent recom m endations [39].

In  this line o f  research, specific a ttention  m ust be  paid  to the 
role o f globalisation an d  changing consum ption patterns. Processes 
o f  globalisation have had  a  significant influence on  m arine 
resource exploitation for hundreds o f years. T h e  quest for m arine 
resources was an  im portan t aspect o f E uropean  expansion into 
Asia, Africa and  the Am ericas. Arctic m arine m am m als, sea turtles 
in the C aribbean, and  cod from  Iceland to N ew foundland are ju st 
some exam ples o f valuable sought-after species [40]. Similarly, 
Asian, particularly  Chinese food and  m edicine markets, have 
driven a  search for m arine species on  a  regional to global scale 
over the past few centuries. For exam ple, the developm ent o f sea 
cucum ber fishing and  trad ing  by people from  M akassar, 
Indonesia, can  be traced from  its beginning m ore th an  300 years 
ago to the industrialization o f the fishery in the 20th century and  
the depletion o f sea cucum bers in the 1980s [41]. Econom ic gain 
was only one side o f the story. C hanging preferences for certain 
products, the exploitation o f new  areas, and  technical innovations 
all played a role in a  w idening search for m arine resources.

Required research. H ow  has the p a tte rn  o f m arine resource 
exploitation proceeded in each area  settled by hum ans, and  which 
species were affected? W as the unfolding o f events in Africa 
fundam entally different from  histories in Asia, Australia, the 
Am ericas, and  E urope and  recently settled rem ote islands? T o 
address this will require integration o f the earliest archaeological 
records with historical and  m odern  inform ation sources to 
determ ine patterns o f m arine resource use over the entire period  
o f hum an  settlem ent o f coastal m argins. Studying the role o f 
globalisation and  changing consum ption patterns m ay im prove 
our understand ing  o f resource use by  linking serial depletion on  a 
global scale to local dem ands. W e also need research into 
changing consum ers preferences, especially tow ards m ore sustain­
ably harvested m arine products. D o such changes occur on a short 
o r long-term  scale, are they caused by public advice, by  econom ic 
forces, or by o ther cultural factors th a t are to date poorly 
understood?

Altered Marine Ecosystems

3.1. Extinctions, species declines, and  habita t changes
Extinctions an d  resource depletions in the m arine realm  have 

been evaluated by a  num ber o f studies (eg., [41,42,43]). W e now 
have a relatively precise overview o f globally extinct m arine 
m am m als, birds, fish, and  molluscs [42]. M any species have 
becom e extirpated, or nearly so, across p a r t o f their range, such as 
is the case with several shark an d  ray species in the M editerranean  
Sea [43]. O thers have been depleted to such an  extent th a t they 
canno t fulfil their form er role in the ecosystem, as in the case o f 
reduced abundances o f some filter feeders [44], T o  truly 
understand  the extent o f these changes, long-term  biodiversity 
loss should be studied in different regions o f  the oceans over 
various periods o f  time. This includes the reconstruction o f 
decadal, centennial, an d  m illennial dynam ics o f m arine anim al 
populations [45,46]. A num ber o f  studies have provided im portan t 
knowledge in this respect, for exam ple on  changes to shark 
populations in the W est A tlantic [47], o r on  num bers o f  large 
p redatory  fish in different seas [48]. M ost o f the historical studies

to date have concentra ted  on  exploited h igher trophic levels o f 
m arine anim als, while in term ediate an d  lower trophic levels have 
largely been ignored [49]. In  large p a r t this is because the evidence 
abou t large exploited species is m ore readily available from 
archaeological and  historical sources. But there is also evidence for 
a  sequential exploitation of invertebrate species in  the past [41]. 
H ow  this has shaped the status o f  ecosystems should be  an 
im portan t research topic in future.

C hanges in coastal and  m arine habitats are a  related research 
topic th a t deserves m ore attention. A lthough this line o f w ork has 
been  less p rom inen t th a t changes in species, im portan t con tribu­
tions have already been  m ade. For exam ple, Lotze and  colleagues 
reconstructed  tim e lines, causes, and  consequences o f change in 
several estuaries an d  coastal seas worldwide an d  found similar 
patterns o f hab ita t destruction, w ater quality degradation, and  the 
influence o f invasive species [44], O th e r work has also focused on 
sub-tidal algae forests in  the Adriatic Sea [50], or provided a  two- 
century  perspective on  changes in a  Scottish coastal a rea  [51].

Required research. In  the future, a  m ajor research avenue 
m ay be to link geospatial da ta  and  historical m aps showing coastal 
and  m arine habitats to inform ation abou t past distribution and  
abundance o f species derived from  archaeological, historical, and  
genetic sources. Such research could help us to understand  
indirect causes an d  effects o f h ab ita t change an d  be o f value to 
m arine and  coastal m anagem ent. Focussed research on species 
across levels, including in term ediate and  lower levels, is required  
to describe the patterns and  m agnitudes o f their exploitation, 
preferably from  the period o f first h um an  settlements to the 
p resent day.

3.2. Recoveries of populations, habitats and  ecosystem s
T h ere  are m any  exam ples a round  the w orld w here previously 

affected species, habitats and  ecosystems have or are responding to 
new  m anagem ent interventions. For exam ple, over the last 40 
years o f p ro tection  populations o f New Z ealand  fur seal 
(Arctocephalus fosteri) have started to rebound  after 600 years o f 
exploitation first by Polynesian settlers and  later by  E uropean 
sealers [52]. Interestingly, the same protection  regim e has m ade 
little im pact on  the recovery o f N ew  Z ealand  sea lions (Phocarctos 
hookeri). In  this species the re tu rn  o f m aturing  females to their 
beach  o f b irth  has lim ited the expansion of b reeding populations 
into their historic range [53].

R esearch  on ecological recoveries has a  very clear link to 
providing inpu t to decision-m akers an d  m anagers, because it 
brings a  historical perspective into the p resent m anagem ent o f 
m arine resources and  tells them  w hat has w orked so far and  w hat 
not. G iven th a t the approach  to m anaging m arine  systems is 
evolving towards ecosystem -based adaptive m anagem ent, a  long­
term , historical perspective to ecosystem function and  change is 
very m uch needed  [54,55]. An interesting exam ple o f such work is 
a  recen t reconstruction o f social-ecological interactions over the 
last 700 years in H aw aiian  coral reefs. I t  reports previously 
undetected  recovery periods related to a  com plex set o f  changes in 
underlying social systems resulting in the release o f reefs from 
direct anthropogenic stressors [56].

Required research. Future investigations should continue to 
assess the adaptive capacity and  resilience o f degraded ecosystems 
and  depleted stocks to recover from  hu m an  impacts. T h ere  is 
already w ork done on how m arine  resources have recovered from 
previous exploitation-related declines [45,57], b u t we need  a 
stronger focus on  w hich species, ecosystem traits, and  m anage­
m en t activities m ight facilitate recoveries.
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Perceptions, Governance, and Management of 
Marine Systems

H ow  people perceive an d  value m arine environm ents and  the 
resources they provide determ ines individual and  collective 
preferences, actions an d  strategies in the m arine realm . H istorical 
descriptions o f coastal an d  m arine environm ents are prim e 
exam ples o f docum ented  perceptions o f the past. In  the absence 
o f o ther data , they have been  successfully used to establish 
abundance changes o f  m arine species in different tim e periods 
[58,59],

D ifferent perceptions and  valuation systems also underlie the 
institutional structures th a t govern and  m anage m arine systems. 
R esearch on governance structures m ust be  linked w ith research 
on  perceptions and  values to understand  w hat drives and  has 
driven approaches to m arine resource exploitation and  its 
m anagem ent in different periods o f time. For analytical clarity, 
it is im portan t to distinguish betw een governance and  m anage­
m ent. G overnance describes a  social function centered  on  efforts 
to steer the actions o f hum ans tow ard  achieving desirable 
outcom es an d  avoiding undesirable ones. It covers the fundam en­
tal goals, institutional processes and  structures w hich are the basis 
for p lann ing  and  decision-m aking, and  sets the stage w ithin which 
m anagem ent occurs. M anagem ent refers to the process by which 
hu m an  and  m aterial resources are used to achieve a  defined goal 
w ithin a  know n institutional structure [60].

T h e  notion o f the sea as a  seemingly endless source o f resources 
has long dom inated  m arine  governance, or ra th e r the relative 
absence of institutions governing the sea. H ow ever, there are also 
exam ples o f long-enduring  traditional m anagem ent regimes which 
have regulated the exploitation of valuable o r scarce resources 
such as pearl oysters, sea cucum bers, o r Trochus spp. shells in m any 
coastal areas in the Pacific an d  parts o f Southeast Asia, long before 
m odern  fisheries m anagem ent was invented. For exam ple, the 
Indonesian regim e o f “ sasi lau t” regulated access to m arine 
resources by placing tem poral and  spatial harvesting restrictions 
on  them . Similarly regulations in E uropean  inshore waters such as 
the L im ford sustained fisheries for hundreds o f years [61]. W hile 
such com m unity-based m anagem ent is certainly no t a  panacea, 
studies a round  the world have found th a t traditional com m unity- 
based governance regim es contain elem ents th a t m ay support 
sustainable resource use [62,63].

Required research. H ow  have different local perceptions o f 
m arine systems affected their governance and  m anagem ent, and  
how have these evolved over time? C an  we identify elem ents o f 
these historical, com m unity-based approaches to ocean gover­
nance and  m anagem ent th a t a re  also relevant to m odern  m arine 
m anagem ent?

Emerging methodological approaches
A num ber o f em erging m ethodological approaches are expected 

to have a  considerable influence on  future m arine historical 
research. T hey  include conceptual developm ents such as the 
application o f the ecosystem service concept in historical analyses 
o r the consideration o f social issues like gender and  equity issues, 
b u t also new  biophysical tools, for exam ple different kinds o f 
m olecular and  stable isotope analyses. These approaches are not 
necessarily new  to science, b u t it is their application to historical 
research th a t is expected to im prove our ability to analyse and  
evaluate changes in m arine systems an d  their organism s over time.

5.1 Applying th e  ecosystem  service con c ep t  in historical 
analyses

Ecosystem services are an  array  o f potential benefits derived 
from  specific ecological com ponents and  processes, ranging from 
the provision o f fish to the capacity o f the ocean to buffer clim ate 
change. Environm ental change has clearly altered  the level o f 
ecosystem services provided by m arine systems, b u t to w hat extent 
is largely unknow n. T h ere  is a  need to im prove our understanding 
o f how  past changes in m arine systems have affected m arine 
ecosystem productivity and  m arine  ecosystem functioning, and  
how this has influenced the ability o f m arine systems to provide 
ecosystem services.

T h e  ecosystem service concept values nature  in relation to 
hu m an  uses. By acknowledging the role o f ecosystems as providers 
o f essential goods and  services, it links ecosystem functions with the 
econom y an d  social spheres, including livelihoods and  well-being 
[64]. T h e  ecosystem service concept thus provides an  approach  to 
assess the value o f m arine systems, although this does no t have to 
be a  m onetary  valuation. M ore im portantly, it offers a  standard­
ized m ethod to com pare these values over tim e, by showing how 
changes in ecological functions have caused changes in benefits to 
society [65].

A lthough m uch historical research is clearly related  to 
ecosystem services an d  benefits, the concept o f  ecosystem services 
itself has hardly been  used in the discipline. O ne exception is the 
decline in m arine m am m als in New Z ealand  th a t followed the 
w ell-docum ented onset o f M aori sealing soon after initial 
settlement, and  E uropean  whaling in the early 19th century 
[66]. Both cultures viewed m any  species o f m arine m am m als as 
valuable com m odities to be  harvested, so the num bers o f these 
m am m als declined precipitously as a  result [67,68]. Now, these 
species are p ro tected  and  their value to New Z ealand as a 
provisioning service has declined to zero. Instead, m arine 
m am m als are currently  p rized for their spiritual and  existence 
value; people enjoy directly viewing them  from  land, sea, and  air; 
and  they are appreciated  as subjects for research and  educational 
activities. M oreover, whales are now  recognised as having 
im portan t roles in  ecosystem regulation [69]. Studies like these 
Alústrate the usefulness o f the ecosystem service concept as a 
com m on fram ew ork for analysing the im pacts o f environm ental 
change on  societies.

5.2 Developing indicators
Indicators are characteristics o f ecological an d  social systems or 

their com ponents, such as species, populations, networks, and  
social groups, w hich ideally indicate a  certain  state o r dynam ic of a 
system th a t is otherwise difficult to m easure and  evaluate. Because 
ecological and  social systems are inherently  complex, the use o f 
indicators helps to describe them  and  their changes in  simpler 
term s. I f  chosen well, indicators can  track changes over tim e and  
across species o r regions, an d  can inform  m anagers and  the 
general public.

O n e  o f the m ost fundam ental ecological indicators o f  historical 
change is a  change in population  abundance. This can be 
m easured as a  decrease o r increase in the num ber o f individuals, 
their biomass, average size or age, as well as an  expansion or 
contraction  o f their distribution over tim e [70]. T hese indicators 
have been  applied to a  variety o f records from  the past. For 
exam ple, archaeological records from  shell m iddens revealed 
declines in the relative abundance, size and  age o f w hite sturgeon 
from  2600 to 700 years ago based on  their bone frequency and  
dentary  w idth [71,72]. H istorical whaling m aps and  log books 
have been used to reconstruct the rap id  depletion o f right whales 
[Eubalaena japonica) in the N o rth  Pacific by  19th-century whalers
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[73]. Fisheries catch  and  effort d a ta  th roughout the M editerranean  
have been used to analyse declines in the catch-per-unit-effort 
(CPUE) o f sharks since the 19th century [74], In  ra re r cases, it has 
been possible to extend such analysis into the early 17th century 
[75]. O th e r fundam ental ecological indicators are the basic 
presence or absence of a  species in an  ecosystem, the trends in 
functional groups, or changes in trophic habits an d  positions [70]. 
Future developm ent o f  ecological indicators will m ove towards 
standardization and  evaluation o f indicators, an d  the developm ent 
o f  reference levels (targets, thresholds, limits) to inform  the 
m anagem ent o f m arine  resources and  ecosystems.

Social indicators are expected to play a  very im portan t role in 
the future for the assessment and  m anagem ent o f coastal and  
m arine systems and  their changes over tim e. Such indicators can 
be qualitative o r quantitative and  are used to describe the status o f 
social systems, an d  their dynam ics and  processes. W hile status 
indicators m easure, for exam ple, the cu rren t perception  of target 
species, their availability or the social networks o f  resource 
exploitation, process indicators assess specific actions, changes or 
functions over a  defined tim e period, such as participation, conflict 
resolution o r institutional change [76]. Social process indicators 
can be used to evaluate participation  and  decision-m aking in the 
m anagem ent o f coastal and  m arine  resources by assessing m etrics 
such as the num ber o f meetings, the levels o f  participation, and  the 
character o f social networks involved.

Indicators are expected to play a  far greater role in the analysis 
o f  social-ecological systems in the future. T hey  allow for regular 
m easurem ents o f key ecological, socio-economic, and  social- 
ecological processes to bette r understand  system changes an d  their 
underlying causes [76].

5.3 Utilizing modelling app roaches
A m ajor research issue in this field is how to integrate historical 

knowledge an d  ecosystem modelling, including past and  future 
applications an d  simulations. T h e  future will b ring  developm ents 
in m odelling techniques w hich increase the capability to hindcast 
ecosystem dynam ics and  ensure forecasting possibilities [70]. M ore 
com parative analysis o f qualitative and  quantitative m odels m ust 
be developed since the ability to m odel past m arine ecosystems is 
crucial to understand ing  the present, and  to pred ic t the future. 
T hese analyses will be  challenged by the urgent need to consider 
ecological, econom ic and  social dim ensions o f change [7 0].

Q ualitative and  quantitative m odelling techniques [77-81] have 
already been adap ted  or m odified to m odel past m arine food webs. 
For exam ple, qualitative m odelling was used in the G ulf o f M aine 
to identify distinct and  sequential phases in the trophic structure o f 
kelp forests [82]. T h e  authors used archaeological, historical, 
ecological, and  fisheries da ta  to docum ent a  serial targeting and  
depletion o f ab u n d an t top consum ers th a t led to functional loss o f 
trophic levels, creating  trophic cascades th a t changed the structure 
and  function o f the ecosystem [83]. In  the Adriatic Sea, qualitative 
m odelling has similarly been used to describe the historical change 
o f m arine food webs using ten  historical periods th a t started in the 
p re-hum an  period  before — 100 000 BC to the global expansion of 
hum ans in AD 1950-2000 [84],

A n interesting approach  to m odelling past ecosystems has been 
developing under the “ Back to the Fu tu re” approach  [85]. This 
approach  aims a t evaluating historic ecosystems as tools to define 
possible restoration goals and  to design rebuilding strategies for 
ecosystems. Tw o rem arkable applications were developed for 
C anad ian  m arine ecosystems o f N ew foundland [86] covering the 
years o f  1450, 1900, 1985 and  1995, and  in British C olum bia [87], 
covering the periods o f 1750, 1900, 1950 and  2000. Both studies 
highlighted the general depletion o f m arine resources since the first

E uropean  contact and  the im portan t changes in the structure and  
functioning o f food webs th rough  time.

5.4 Application of molecular tools
M olecular genetics has fundam entally changed our understand­

ing o f m arine  ecology. Investigations have dem onstrated  extensive 
adaptive change in m arine populations in response to natu ral and  
anthropogenic drivers. R esearch has also shown th a t the estim ated 
population  sizes o f several species are m uch smaller than  census 
sizes, w hich is highly relevant for m anagem ent an d  conservation
[88]. A notable exam ple o f the use o f m olecular techniques in 
historical ecology studies is R o m an  an d  Palum bi’s study on N orth  
A tlantic hum pback whales (Megaptera novaeangliae), fin whales 
(Balaenoptera physalus) and  m inke whales (Balaenoptera acutorostrata), 
in w hich they used m olecular m arkers to estim ate the p re ­
exploitation abundance o f these species. T heir results indicated 
th a t cu rren t population  num bers are far below  their original size
[89], (although, in a  recent overview, Palum bi was careful to 
outline the indefinite tim e param eter o f  their study and  a  num ber 
o f uncertainties [90]). A genetic approach  was also used to 
estim ate pre-w haling abundance of E astern  Pacific gray whales. 
T h e  results substantially differed from  population  reconstructions 
based on  catch records, w hich h ad  considered the population  to be 
fully recovered [91]. Both exam ples clearly dem onstrate the 
relevance o f m olecular tools in defining baselines for m anagem ent 
o f m arine species, an d  the recovery o f depleted populations.

M olecular tools also have an  enorm ous potential to contribute 
to the discussion on  detangling natural an d  anthropogenic drivers 
o f change. A recent study using genetic da ta  from  the harbor 
porpoise (Phocoena phocoena) in the Black Sea was able to reconstruct 
the dem ographic expansion o f this species some 5,000 years ago as 
a  result o f  natural environm ental changes, as well as its population 
collapse due to recent anthropogenic activity [92].

M olecular analyses are increasingly used in research on 
biological invasions, one o f the m ost serious hum an-induced 
threats to m arine ecosystems [49]. This has im proved our ability to 
m ake inferences regarding invasion histories, enabled resolution of 
some of the long-standing questions regarding the cryptogenic 
status o f m arine species an d  provided m eans to recover the 
patterns o f com m unity structure o f the ocean’s biota.

5.5 Advancing m e th o d s  for written d o cu m en ts  and  oral 
history

T h e  provenance o f docum ents traditionally fram es m odes o f 
inquiry in the history discipline. P o rt records, log books, tax 
ledgers etc. are typical sources o f quantitative inform ation, while 
interviews, w ritten m em ories or new spaper coverage can provide 
b o th  quantitative an d  qualitative inform ation.

W itness testimonies, especially, are increasingly used to acquire 
inform ation on past an d  con tem porary  m arine environm ents and  
fisheries. T h rough  testimonies, individuals or groups share their 
perceptions and  opinions abou t past events o r experiences. O ral 
history helps to gather these accounts o f the past, and  to m ake use 
o f traditional an d  local environm ental knowledge th a t resource 
users have accum ulated [93]. I f  oral histories have been recorded 
or w ritten down, the tim e span for w hich this kind of da ta  can be 
used extends far beyond living m em ory. T h e  scientific literature on 
the use o f oral history has grown rapidly over the last three 
decades [94], B ut after Saenz-A rroyo’s p ioneering study on 
shifting baselines in fisherm en’s m em ories [95], the work by 
Palom ares an d  colleagues on the establishm ent o f abundance data  
from  historical narratives [58], and  the application of a  fuzzy logic 
approach  to da ta  gathered  from  interviews [96], the m ethodolog­
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ical progress seems to have slowed, a lthough the value o f oral 
history has been  clearly dem onstra ted  [59].

A n im portan t aspect w hich certainly deserves fu rther attention  
is the creation o f quantitative data . Qualitative inform ation is 
typically rich an d  insightful b u t difficult to control for selectivity 
and  representativity, a  problem  a t the very h eart o f the historical 
discipline w hich emphasises the critical work o f uncovering 
problem s o f bias. A basic social science approach  -  the coding 
o f qualitative da ta  -  can  provide an  im portan t contribution  in this 
respect. C oding comprises o f the search for em erging topics and  
key words in docum ents o r interview transcriptions, an d  their 
description w ith a  unique code. This allows, for exam ple, 
quantitative frequency analysis o f topics.

In  recent years, discourse analysis, m eta-analysis an d  digital 
representation  have provided historians with a  wide range o f new 
m ethodological and  technical tools to grapple with vastíy increased 
masses o f data. “Big D a ta” tools w hich organise masses o f  data  for 
geographical, tem poral and  discursive analysis has the potential to 
b ring  historical in terpreta tion  to a  new  level o f  b read th  and  
precision. M arine  environm ental history has no t yet fully 
em braced the potential o f such new m ethodologies. In  particular 
there  is great potential in the application o f database and  
geographical inform ation tools for the study o f disparate oral 
and  docum entary  data.

5.6 Using a g en d e r  lens
M arine resource exploitation in general, an d  fisheries in 

particular, are often perceived to be  a  m ale dom ain  [97]. This is 
largely the result o f  the socially constructed roles o f m en and  
w om en w ithin societies: while m en  are typically regarded as 
providers, w om en take care o f the hom e and  family. It has also to 
do with the traditional perspective th a t fishing refers to the 
catching o f fish w ith specific gears, such as lines an d  nets. G leaning 
from  shorelines an d  reefs has rarely been acknowledged as fishing 
[98]. Additionally, it has often been  assum ed th a t fisheries largely 
operate in the public dom ain, a  usually m ale dom inated  sphere. 
T h e  ra ther female dom inated  private dom ain  is m ostíy no t in the 
focus o f attention. But especially in subsistence an d  o ther small- 
scale fisheries, m uch  of the adm inistration  an d  logistics including 
financial issues, as well as the processing happens in the household 
and  th rough  family networks. An analytical focus on  public and  
form al practices misses w om en’s roles as well as a  considerable 
p a rt o f  w hat it takes to organize an d  p u t into practice a  fishing 
operation  [99],

This has two m ajor implications: ignoring the role o f w om an in 
fisheries can lead  to a  substantial underestim ation  o f fishing 
pressure, especially in coastal areas. It also leads to an 
underestim ation  o f the social an d  econom ic contributions that 
w om en provide in fisheries, especially in processing an d  o ther 
value-adding activities [100]. A gender lens can increase 
understand ing  of the history o f m arine resource exploitation. 
D ifferentiating roles, responsibilities, access an d  opportunities o f 
m en and  w om an will provide a  m ore com plete picture about 
access to and  control o f m arine resources [101].

Since the first consolidated publication on  w om en in fisheries by 
N adal-K lein and  Davis [102], the literature has increased rapidly. 
W hile some o f these publications have focussed on the role o f 
w om en in m arine resource collection [103,104], pre- and  post­
harvesting activities [105], o r their role in governing and  
m anaging m arine resources [106,107], others are ra th e r concep­
tual contributions such as Y odanis’s w ork on  the social construc­
tion o f gender in fishing com m unities [108]. R ecen t work has also 
high lightened w om en’s in dep th  knowledge on species and  
environm ental changes. For exam ple, oral histories in New

Z ealand  indicate the im portan t role th a t wom en, often accom pa­
nied by children, once played in gathering  seafood from  shallow, 
easily accessible shores sixty to seventy years ago [109]. W om en’s 
knowledge confirm ed th a t fish and  shellfish were very abu n d an t 
and  could be reliably caught or gathered w ith little effort.

A nother line o f  w ork has looked a t m asculinity and  its linkages 
to fishing. For exam ple, Fabinyi [110] has described how  illegal 
fishing activities in the Philippines provide young m en w ith a 
higher social status, while Allison has argued  th a t physical settings 
and  the distinct culture o f  fishing societies shape similar “ m arine 
m asculinities” in fishing com m unities in different regions o f  the 
world [111]. In  a  recent publication, Schw erdtner M áñez & 
Pawelussen [99] call for a  gendered  perspective on the different 
roles o f bo th  m en and  w om en in o rder to be tte r understand  the 
history o f m arine resource exploitation over time.

Coverage of Historical Analyses

U n d er the auspices o f F1MAP, twelve regional an d  three 
species-based projects were developed betw een 2000 and  2012. 
These uncovered a w ealth o f historical inform ation th a t has been 
published in m ore th an  200 peer-review ed scientific publications. 
Flowever, even such a  concerted effort could by  no m eans a tta in  a 
global coverage in the investigation o f hum ankind’s interactions 
with the sea. T o  understand  the history of hum an  interactions with 
life in the oceans on global and  smaller scales historical research 
needs to be extended to new geographical areas.

Costello and  colleagues have identified a num ber o f  areas that 
received little or no a ttention  during  the Census o f M arine Life, 
such as the southern and  eastern M edite rranean  Sea; estuaries, 
coastal areas an d  coral reefs o f the Ind ian  O cean; large regions o f 
South A m erica and  the Ind ian  O cean; and  m any o ther habitats 
including ice-bound waters, ocean trenches, and  some deep sea 
areas [49]. In  term s o f historical investigations, this list o f gaps is 
even longer.

South Am erica is one o f the regions w hich have so far received 
very little attention. A lthough there are an  increasing num ber o f 
studies on  the environm ental history o f the continent, these have 
h ad  an  alm ost exclusively terrestrial focus. O ne o f the notew orthy 
exceptions is the work by Perri, who exam ined the Spanish 
overexploitation of the oyster beds a round  the island o f C ubagua 
in w hat is today V enezulea [112]. O th e r work covers the 
ecological history o f the Peruvian guano industry from  1800— 
1973, and  its relation to the developm ent o f w orld’s largest 
industrial fishery, th a t o f  anchoveta [113]. M ore recendy, Eddy et 
al. have studied the change in lobster biomass over 400 years o f 
h u m an  fishing activity on the C hilean Ju a n  Fernández archipelago 
[114], But the vast m ajority  o f the con tinen t’s coasts and  m arine 
areas rem ain  untouched  by  historical studies.

For the African continent, the situation is similar. A n exception 
is South Africa, w here a num ber historical studies have been 
undertaken, including work on long-term  trends on com m ercially 
exploited species [115,116], and  work on the history o f harbors 
and  fisheries [117]. In  an  overview o f the history o f m arine and  
estuarine studies in South Africa, the au tho r argued th a t South 
Africa has some o f the best data  in the w orld on  the biodiversity o f 
rocky shores, coastal waters an d  estuaries exists, as well as large 
collections o f m any  taxa [118]. Clearly, fu rther historical work 
could take advantage o f these rich collections. T here  are also some 
historical studies on  the island o f Rodriguez, including research on 
shifting baselines [119,120]. B ut for the rest o f the continent, we 
are no t aw are o f any studies in m arine environm ental history or 
historical ecology.
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T h e  po lar regions certainly represent ano ther region with a  rich 
history in m arine resource exploitation: whaling, seal hunting, and  
search for fish have b rough t people for centuries into these areas. 
T h e  history o f whaling has received some attention, for exam ple in 
a  paper by  H acquebord  who analyzed the im pacts o f elim inating 
thousands o f whales and  walruses on  o ther m arine m am m als 
[121]. O th er studies have assessed ecological changes o r popula­
tion trends resulting from  the mass rem ovals o f pinnipeds and  
whales [122]. W haling records have also been  used to establish 
declines in A ntarctic sea-ice extent [123], and  the influence of 
environm ental factors on  w haling operations has also been  studied 
[124], H ow ever, m uch research could still be done in these regions 
to expand our understand ing  o f how  they have been  changed by 
resource extraction over time.

A n area  for w hich we have very little inform ation is the th ird  
dim ension o f the oceans: the deep sea [125]. W hereas the coastal 
areas o f m ost developed countries have been  exploited for several 
centuries, the deep sea waters were little know n by  fisherm en and  
m arine scientists alike ju st 100 years ago. In  the m eantim e deep 
sea investigations such as the D utch  Snelllius Expedition o f the 
1920s, and  m ultiple D anish an d  N orw egian led deep sea 
investigations traversed the Atlantic, Ind ian  and  Pacific O ceans 
from  the tu rn  o f the 20th century until the 1960s. The Carlsberg 
Foundation’s Oceanographic Expedition Round the World from  1928—30 is 
an  exam ple o f  how global biogeography was charted  well in 
advance of real im pacts from  resource exploitation in the deep seas 
o f  the W orld’s oceans [126]. T oday  m any o f these areas are 
exploited for m ultiple m arine resources. Such early endeavours 
deserve careful scrutiny to provide reference points for p resent day 
ocean m anagem ent.

A nother focus o f a tten tion  should be  on  historically data-rich  
areas. For exam ple, m uch docum ented  evidence is available for 
large parts o f m aritim e Southeast Asia, including the coral 
triangle. This region is the centre o f global m arine biodiversity, 
and  the exploitation and  trade  of its m arine  resources has a t least 
partly  been  docum ented by its form er colonial regimes. Especially 
for the form er D utch  East Indies, bu t also for w hat today is P apua 
New G uinea, a  w ealth o f historical m aterial has been collected in 
D utch  an d  G erm an  libraries and  archives, and  its processing has 
ju st begun [127]. J a p a n  and  C hina are also countries w ith a  long 
trad ition  of record  keeping, and  strong connections to the sea. 
W orking with these da ta  m ight also im prove o u r understanding of 
early drivers o f resource exploitation, w hich created  networks and  
trade routes th a t are still im portan t today [41],
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