
Contributed Paper

Comparison of Modern and Historical Fish Catches
(AD 750–1400) to Inform Goals for Marine Protected
Areas and Sustainable Fisheries
TIMOTHY R. MCCLANAHAN∗ AND JOHNSTONE O. OMUKOTO
Wildlife Conservation Society, Marine Programs, Bronx, NY 10460, U.S.A.

Abstract: We tested the unsustainable fishing hypothesis that species in assemblages of fish differ in relative
abundance as a function of their size, growth rates, vagility, trophic level, and diet by comparing species
composition in historical bone middens, modern fisheries, and areas closed to fishing. Historical data came
from one of the earliest and most enduring Swahili coastal settlements (approximately AD 750–1400). Modern
data came from fisheries near the archeological site and intensively harvested fishing grounds in southern
Kenya. The areas we sampled that were closed to fishing (closures) were small (<28 km2) and permanent. The
midden data indicated changes in the fish assemblage that are consistent with a weak expansion of fishing
intensity and the unsustainable fishing hypothesis. Fishes represented in the early midden assemblages from
AD 750 to 950 had longer life spans, older age at maturity, and longer generation times than fish assemblages
after AD 950, when the abundance of species with longer maximum body lengths increased. Changes in fish life
histories during the historical period were, however, one-third smaller than differences between the historical
and modern assemblages. Fishes in the modern assemblage had smaller mean body sizes, higher growth and
mortality rates, a higher proportion of microinvertivores, omnivores, and herbivores, and higher rates of food
consumption, whereas the historical assemblage had a greater proportion of piscivores and macroinvertivores.
Differences in fish life histories between modern closures and modern fishing grounds were also small, but the
life histories of fishes in modern closures were more similar to those in the midden before AD 950 because they
had longer life spans, older age at maturity, and a higher proportion of piscivores and macroinvertivores than
the modern fisheries. Modern closures and historical fish assemblages were considerably different, although
both contained species with longer life spans.

Keywords: Africa, fish bones, fisheries closures, historical ecology, Indian Ocean, no-take reserves, trophic
cascades, zooarchaeology

Comparación de Capturas Modernas e Históricas (750-1400 AD) para Metas en Áreas Marinas Protegidas y Pes-
queŕıas Sustentables

Resumen: Probamos la hipótesis de pesca no sustentable que plantea que las especies en ensambles de
peces difieren en abundancia relativa como una función de su tamaño, tasas de crecimiento, vagilidad, nivel
trófico y dieta mediante la comparación de restos óseos históricos, pesqueŕıas modernas y áreas cerradas
a la pesca. Los datos históricos provinieron de uno de los asentamientos costeros más perdurables de los
Swahili (aproximadamente 750 – 1400 AD). Los datos modernos fueron obtenidos de pesqueŕıas cerca del
sitio arqueológico y de áreas de pesca intensiva en el sur de Kenia. Las áreas que muestreamos fueron cerradas
a la pesca (cierres) eran pequeñas (<28 km2) y permanentes. Los datos de los restos indicaron cambios en el
ensamble de peces que son consistentes con una expansión leve de la intensidad de pesca y con la hipótesis
de pesca no sustentable. Los peces representados en los ensambles de 750 – 950 AD tenı́an mayor longevidad,
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mayor edad de madurez y tiempos generacionales más largos que los ensambles de peces posteriores a 950
AD, cuando incrementó la abundancia de especies con mayores tallas corporales. Sin embargo, los cambios
en las historias de vida de los peces durante el peŕıodo histórico fueron una tercera parte menos que las
diferencias entre los ensambles históricos y modernos. Los peces en el ensamble moderno tenı́an talla corporal
menor, mayores tasas de crecimiento y mortalidad, una mayor proporción de microinvert́ıvoros, omnı́voros
y herbı́voros y mayores tasas de consumo de alimento, mientras que los ensambles históricos tuvieron una
mayor proporción de pisćıvoros y macroinvert́ıvoros. Las diferencias en las historias de vida entre cierres
modernos y áreas de pesca modernas también fueron pequeñas, pero las historias de vida de peces en los
cierres modernos fueron más similares a las de peces en los restos previos a 950 AD porque tenı́an mayor
longevidad, mayor edad de madurez y una mayor proporción de pisćıvoros y macroinvert́ıvoros que las
pesqueŕıas modernas. Los cierres modernos y los ensambles históricos de peces fueron considerablemente
diferentes, aunque ambas contenı́an especies con mayor longevidad.

Palabras Clave: África, cascadas tróficas, ecoloǵıa histórica, encierros para pesqueŕıas, huesos de pez, Océano
Índico, reservas sin captura, zooarqueoloǵıa

Introduction

Rapid intensification and expansion of modern capture
fisheries affects fishes and aquatic ecosystems (Jackson
et al. 2001; Worm et al. 2009). Understanding the ecol-
ogy of fish assemblages and ecosystems that are not fished
helps to set goals for the management of marine resources
and protected areas (Pitcher 2001; Sandin et al. 2008). Es-
tablishing these goals is challenging because most areas
have been fished for over 20 million years (Lotze et al.
2006; Rick & Erlandson 2008). To understand and po-
tentially recreate historical ecosystems, it is necessary to
synthesize information on historical ecology, life history
of species, and human use of resources.

Analyses of historical bone middens associated with
fishing grounds have yielded insights into human col-
onization, resource use, and dependency on specific
species and into the potential long-term effects of fishing
(Rick & Erlandson 2008). There is considerable hetero-
geneity in exploitation patterns and intensity as a func-
tion of social, environmental, and ecological factors (Rose
2004). Some evaluations of bone middens show little de-
tectable change in species composition over millennia
(Dalzell 1998; Maschner et al. 2008), whereas other eval-
uations show major changes in species composition over
a few centuries (Lotze & Milewski 2004; Rosenberg et al.
2005). Evaluations of middens associated with tropical
fisheries and coral reefs, for example, show variable ev-
idence of changes in fish assemblages (Wing & Wing
2001; Sabater & Carol 2009). Some investigators believe
that midden data and written historical accounts have se-
lectivity biases that make evaluating the state of historical
ecosystems difficult (Baisre 2010).

Rebuilding fisheries and establishing management
goals require combining knowledge of historical and cur-
rent fishing effort and its effects on ecological communi-
ties with different management systems. These manage-
ment systems include closures (areas closed to fishing)
of different sizes, ages, connectedness, remoteness, and
intensity and types of fishing in the area surrounding clo-

sures (Claudet et al. 2008; McClanahan et al. 2009). The
extent to which small to moderate sized closures simulate
extensive, historic, undisturbed ecosystems is unknown.
Most of the world’s marine protected areas (MPAs) are
small, median size of 4.6 km2, whereas the mean size of
544 km2 is greatly influenced by 10 MPAs that constitute
58% of the total protected area (Wood et al. 2008). Con-
sidering the area requirements of some large and vagile
marine species, most closures will not be of sufficient size
to meet these area requirements in fished seascapes. Ad-
ditionally, most no-take areas have been created since the
1990s (Wood et al. 2008), and it can take many decades
for fish assemblages to recover fully from fishing (Russ
2004; McClanahan et al. 2007). Recovery does not neces-
sarily represent a return to a pristine or undisturbed state;
rather, recovery is a stabilization of the total abundance
of fish and other affected species over a number of years
(Babcock et al. 2010).

The current system of coastal management is expected
to influence the composition of species in both exploited
areas and areas closed to fishing (Claudet et al. 2010).
For example, populations of large, slow-growing, highly
vagile apex predators are more likely than populations of
small, fast-growing, and site-attached species to decrease
in abundance from intense fishing and their populations
are unlikely to be maintained by small closures (Pauly
et al. 1998; Pinnegar & Engelhard 2008; McClanahan &
Hicks 2011). There may, however, be exceptions to the
above responses of different populations to fishing that
result from differences in the intensity and types of fish-
ing, environment, and species composition (Claudet et al.
2010). We compared life histories of fish caught in in-
tensive modern fisheries and small closures (<28 km2)
with excavated fish remains from one of the longest con-
tinuous Swahili coastal settlements (approximately AD
750–1400) in Shanga, Kenya (Mudida & Horton 1996).
We aimed to identify changes in the historical time series
that might be consistent with the unsustainable fishing
hypothesis, which is that high levels of fishing lead to
dominance of fast growing, short-lived species feeding at
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low trophic levels (Pauly et al. 1998; Pinnegar & Engel-
hard 2008). We asked whether the composition of fishes
in the current permanent closures was more similar to
those in the historical record or the modern fishery.

Methods

We combined 4 sources of species-level data: fish bones
from a midden in Shanga (Mudida & Horton 1996),
data from fish catches within 3 old (>25 years) Kenyan
fisheries closures (Watson 1996; Kaunda-Arara & Rose
2004a, 2004b), hook and line and trap data collected
from coral reefs in southern Kenya from 1998 to 2007
(McClanahan & Hicks 2011), and data on fish caught
with all common gears collected from the 3 fisheries-
landing sites nearest Shanga during 2 seasons in 2009 (J.
Omukoto, unpublished data). To compare species com-
position and life history, we converted species-level catch
data to life-history metrics weighted by the relative abun-
dance of each species.

Study Sites and Species

Shanga is on the southern section of Pate Island within
the Lamu archipelago of the northern coast of Kenya
(Fig. 1). The midden was on a narrow, sandy peninsula,
fringed by a tidal estuary and mangrove forest. Coral
reefs and the open ocean are approximately 4 km sea-
ward from the middens. Fish species identified in the
midden are currently widespread throughout the west-
ern Indian Ocean and present in modern Kenyan catches
(Mudida & Horton 1996). We examined data on the num-
ber of fishes collected from 3 closures (Kisite, Malindi,
and Watamu Marine marine national parks), 6 modern
southern Kenyan fishing grounds (Kenyatta, Chale, Mg-
wani, Mvuleni, Mwaepe, and Mwanyaza), and 3 modern
Shanga-Pate fishing grounds (Ishakani, Rubu, and Pate
Bay) (Table 1). The Kenyan marine national parks were
closed to fishing in 1968 (Malindi and Watamu) and 1978
(Kisite). Fishing effort in Kenyan fishing grounds is high,
with all reefs having >4 fishers/km2/day (McClanahan
et al. 2008). Both the closures and fisheries in southern
Kenya were in shallow coral reefs (1–12 m at low tide).
The benthic cover in fishing grounds and closures was
dominated by hard-bottom coral reef and seagrass beds
interspersed with sand and coral rubble. The studied reef
fisheries were distributed along the entire Kenyan coast
from Shanga in the north to Kisite in the south.

The environmental history of the Kenyan coast from
AD 750 to present is not well known (Mann et al. 2009).
The sea level has been stable since 2500 BP (Camoin
et al. 2004), and seawater temperatures over the past
1400 years have fluctuated (Anderson et al. 2002). Dur-
ing the warm Medieval Climate Anomaly (AD 950–1250),
mean seawater temperatures in the Indian Ocean proba-

bly were about 1 ◦C below present mean temperatures
and possibly were driven by a negative climate feedback
mechanism (Mann et al. 2009). During the Little Ice Age
(AD 1400–1700) temperatures dropped further, but after
AD 1700 the intensity of monsoons and upwelling off the
coast of Somalia increased (Anderson et al. 2002). During
the past approximately 80 years water temperatures and
input of terrestrial-based sediments have increased, the El
Niño Southern Oscillation has weakened, and the Indian
Ocean Dipole has strengthened (Fleitmann et al. 2007;
Nakamura et al. 2009). The abandonment of the histori-
cal settlement in Shanga coincided with the onset of the
Little Ice Age after a series of strong El Niño years in the
Pacific during the 14th century (Mann et al. 2009).

Collection of Field Data

We analyzed midden bone data from 12 phases (Horton
1996), each of which spanned approximately 50 years
(Table 1). Mudida and Horton (1996) collected bones
from a 5 × 5 m excavation pit (trench 2) at Shanga and
sieved them through a 5-mm filter. They used cranial
bones and vertebrae to identify species and compared
bones from middens with bones from fish caught in the
surrounding waters to confirm species identification. We
used bones they collected from trench 2 because it con-
tained the longest, most continuous, and greatest per-
centage of remains from marine fish. Additionally, the pit
was well dated at a fine temporal resolution and bones
were well preserved (Mudida & Horton 1996). We re-
port numbers of bones per species per phase, which is
expected to reflect the fish caught during that phase.
There is physical evidence from the middens that fish
were caught with hooks and indirect evidence that fish
were caught with traps and spears but no physical evi-
dence, such as bottom-line weights, that fish were caught
with nets.

Catch-and-release fishing was allowed in the Kisite,
Malindi, and Watamu marine national parks (closures)
between 1995 and 2005. Local fishers caught fish with
traditional traps and hand lines in Kisite from August
to October 1995 (Watson 1996), Malindi in 2000, 2001,
2002 and 2005, and Watamu in 2000, 2002, and 2004
(Kaunda-Arara & Rose 2004a, 2004b). In the southern
Kenyan fishing grounds, we measured catch (number of
fish per person per day) by gear (hook and line and tra-
ditional traps) and species on haphazardly selected days
between 1998 and 2007 to reduce seasonal or tidal bi-
ases that might be associated with a structured sampling
design. We collected data at 3 landing sites on catches
associated with all gears in use (beach seine, hook and
line, shark net, set net, gillnet, cast net, and spear) in the
current Shanga fisheries.

All gears have some level of selectivity for species and
size, and this creates challenges when comparing fish
catch over time and space when gear use is potentially
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Figure 1. Kenyan coastline and study sites, with details of (a) northern sites and (b) southern sites. Sites include
the midden in Shanga, fishing grounds near Shanga and southern Kenya, and marine parks, where experimental
fishing was undertaken.

Table 1. Sample sizes and summary statistics per historical and modern catch periods (all species pooled) and estimated calendar years of the
phases.∗

Sample Number of Mean number of SE of Years,
Phase size species individuals/species the mean data source

1 63 16 3.9 0.5 ∼AD 750–800, midden bones
2 222 21 10.6 1.3 ∼AD 800–820, midden bones
3 161 18 8.9 1.1 ∼AD 820, midden bones
4 437 24 18.2 1.5 ∼AD 820–850, midden bones
5 449 19 23.6 1.8 ∼AD 850–900, midden bones
6 392 20 19.6 1.8 ∼AD 900–950, midden bones
7 846 22 38.5 2.4 ∼AD 950–1000, midden bones
8 1080 28 38.6 2.6 ∼AD 1000–1100, midden bones
9 666 26 25.6 2.2 ∼AD 1100–1150, midden bones
10 646 25 25.8 2.6 ∼AD 1150–1200, midden bones
11 436 27 16.2 1.9 ∼AD 1200–1300, midden bones
12 78 15 5.2 0.6 ∼AD 1320–1400, midden bones
13 3878 40 97.0 4.8 current (1995–2005), caught in closures (parks)
14 6076 39 155.8 5.1 current (1998–2006), caught in southern fishing

grounds
15 547 27 20.3 1.0 current (2009), recorded at the 3 Shanga modern

fish-landing sites

∗Derived from Mudida and Horton (1996), Watson (1996), Kaunda-Arara and Rose (2004a, 2004b) and McClanahan et al. (2008).
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different or unknown (McClanahan & Mangi 2004;
Supporting Information, Fig. S1). We expected restricting
sampling to traps and hook and line to reduce the errors
created by comparing gear with different selectivity. Nev-
ertheless, we present catch data for all gears used for the
modern fisheries. Results of previous research show that
traps, seine, and gill nets catch similar species. Seine nets
often displace or outcompete traps at high levels of fish-
ing effort (McClanahan & Mangi 2004; McClanahan et al.
2008). However, when a gear type is no longer used,
other types of gear can catch the amount and the species
of fish that had been caught with the previously used
gear (McClanahan & Hicks 2011).

Life History of Fishes

For each species of fish in the historical or modern data,
we extracted values for 8 life-history traits from Fishbase
(Froese & Pauly 2000) by using the country and species
options: maximum body length in centimeters (Lmax);
lifespan in years; generation time in years; age in years at
first reproduction (maturity) (tm); length in centimeters
at maturity (Lm); mortality rate (M); growth rate coef-
ficient (K/year), and length in centimeters at optimum
yield (maximum biomass yield), (Lopt). We also classi-
fied each species by functional group (herbivores, om-
nivores, microinvertivores, macroinvertivores, piscivore-
macroinvertivores, and piscivores), food consumption,
and trophic level. Food consumption is the food con-
sumed as a percentage of the individual body weight.
Trophic level was calculated using the formula of Pauly
et al. (2001) on the basis of weighted trophic levels of the
species’ diet. It is expected that there is variation within
this trophic-level metric for each species but that this vari-
ation is considerably smaller than the variation between
species, particularly in the tropics, where there are large
differences in species life-history characteristics (Pauly
1998). To estimate species diversity or dominance for
each phase, we calculated one minus Simpson’s diversity
index, 1−D, where D = ∑

(ni/Nt)2, ni = total number
of individuals of species i, and Nt = total number of in-
dividuals of all species in the sample. Zero indicates the
lowest and 1 the highest diversity.

Data Analyses

We examined the 12 phases in the midden as indepen-
dent periods. We pooled data on fish abundance from the
3 closures into phase 13, from the 6 southern Kenyan
fishing grounds into phase 14, and from the modern
Shanga fishing grounds into phase 15. We based data
on all the life-history, ecological, and trophic parameters
for each phase on weighted mean values by individual
or bone for each of the parameters for all 15 phases
and 97 fish species. We used canonical correspondence
analysis (CCA) to examine associations among life-history
traits, functional groups, and other ecological metrics.

Fish species in all the phases were dependent variables
and the life-history traits and ecological metrics were in-
dependent variables (ter Braak & Šmilauer 2002). The
CCAs included 34 species that occurred in over 3 phases.
Associations between composition of fish species and the
type of gear used in the Shanga fishing grounds were ex-
plored with detrended correspondence analysis (DCA).
The main assumption of CCA is that the data are uni-
modal, which is commonly the case for weighted data on
species abundance, but the tests are robust to significant
deviations from this assumption (ter Braak & Šmilauer
2002). We conducted analyses with CANOCO for Win-
dows 4.5 software (ter Braak & Šmilauer 2002).

Results

A total of 15,977 fish were sampled from middens, clo-
sures, and fisheries. There were 5476 samples of 97
species from the midden (Supporting Information). Multi-
variate evaluation of the life-history parameters indicated
a strong split between the modern and historical catch as-
semblages with the first axis of the CCA, which explained
60% of the total life-history variance (F = 6.83, p < 0.01;
Fig. 2). Fishes in the historical assemblage (phases 1–12)
were older, had a greater length at maturity and at maxi-
mum and optimal yields, and longer life spans and gener-
ation times than modern assemblages, whereas the mod-
ern assemblage (phases 13–15) had faster growth and
higher mortality rates (Table 2). The 3 phases of the mod-
ern catch contained more species associated with sea-
grass, such as marbled (Leptoscarus vaigensis) and star-
eye (Calotomus carolinus) parrotfishes, cigar wrasses
(Chelio inermis), dories (Lutjanus fulviflamma), and
humpback snappers (Lutjanus gibbus), than the histori-
cal phases, although these species were present in mid-
dens.

The second CCA axis explained 16% of the total life
history variance. The 12 midden phases were separated
by this axis, as were the 3 modern phases. The histori-
cal phases were separated by differences in age and body
length. Older phases were dominated by fish species with
longer life spans, and more recent phases were domi-
nated by species with larger bodies. Despite the strong
separation between historical and modern catches, body
length of fishes in the modern Shanga fishing grounds was
more similar to body length in late historical phases than
in the modern southern Kenyan fisheries. The closures
and the early historical phases had fishes with longer life
spans. Rabbitfish (Siganus sutor), unicornfish (Naso hex-
acanthus), and the sky emperor (Lethrinus mahsena)
were more abundant in modern closures than in modern
fishing grounds.

The smallest number of fish bones (63) and species
(16) were found in the first phase of the bone midden.
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Figure 2. Results of canonical correspondence analysis with fish species composition as the dependent variable
and life-history characteristics as independent variables: open circles, historical and modern catch periods
(phases); closed triangles, species; arrow, life-history trait and direction of influence of the trait on the fish species
(arrows point toward larger numbers); 1, Acanthopagrus berda (Goldsilk seabream); 2, Acanthurus lineatus (Lined
surgeonfish); 3, Alectis indicus (Indian mirrorfish or Indian threadfin); 4, Arius spp. (Broadsnouted catfish); 5,
Carcharhinus limbatus wheeleri (Blacktip and sharpnose blacktail shark); 6, Calotomus carolinus (Stareye
parrotfish); 7, Caranx sexfasciatus (Bigeye trevally); 8, Cheilio inermis (Cigar wrasse); 9, Epinephelus
caeruleopunctatus (Whitespotted grouper); 10, Gerres acinaces (Pursemouth); 11, Gymnothorax favagineus
(Honeycomb moray); 12, Gymnothorax undulatus (Leopard moray); 13, Leptoscarus vaigiensis (marbled parrotfish);
14, Lethrinus lentjan (Redspot emperor); 15, Lethrinus mahsena (Sky emperor); 16, Lutjanus argentimaculatus (River
snapper); 17, Lutjanus fulviflamma (Dory snapper); 18, Lutjanus gibbus (Humpback snapper); 19, Naso hexacanthus
(Blacktongue unicornfish); 20, Papilloculiceps longiceps (Madagascar flathead); 21, Plectorhinchus flavomaculatus
(Lemon sweetlip); 22, Plectorhinchus gaterinus (Blackspotted rubberlips); 23, Plectorhincus schotaf (Minstrel
sweetlip); 24, Plectorhincus sordidus (Black or redlip sweetlips); 25, Plectropomus punctatus (Marbled
leopardgrouper); 26, Plotosus limbatus (Darkfin eel catfish); 27, Pomadasys multimaculatum (Cock grunter); 28,
Epinephelus lanceolatus (Brindlebass); 29, Rhabdosargus sarba (Gold sea bream); 30, Siganus sutor (Whitespotted
rabbitfish); 31, Sphyraena barracuda (Great barracuda); 32, Stegostoma fasciatum (Zebra shark); 33, Tripteredon
orbis (African spadefish); 34, Variola louti (Lyretail grouper). (Codes and common names from Smith and
Heemstra [1986].)

Phases 1 and 5 had a shallow-water species of surgeonfish
(Acanthurus lineatus) and the lemon sweetlips (Plec-
torhinchus flavomaculatus). The large-bodied (about
1 m) marbled leopard grouper (Plectropomus puncta-
tus) occurred in phases 2, 3, and 4. Numbers of fish
bones increased to a peak at phase 8 (AD 1000–1100) be-
fore declining. In phases 6–8 there were more maximum-
length species and species with longer life spans than
in earlier phases. Reef (Carcharhinus spp.) and zebra
sharks (Stegostoma fasciatum); bigeye trevally (Caranx
sexfasciatus); African spadefish (Tripteredon orbis);
great barracuda (Sphyraena barracuda); and white-

spotted (Epinephelus caeruleopunctatus), lyretail (Var-
iola louti), and brindelbass (Epinephelus lanceolatus)
groupers appeared in phases 6–8.

The CCA with the independent ecological variables
diet, trophic level, and rate of food consumption pro-
duced distinctions among assemblages similar to the
analysis that included life-history variables, where his-
torical and modern assemblages were separated strongly
by the first axis (F = 8.09, p< 0.01; Fig. 3). Simpson’s
diversity index did not differ strongly among the as-
semblages. The historical assemblages included a higher
percentage of species at higher trophic levels and of
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Figure 3. Results of canonical
correspondence analysis with
species composition as the
dependent variable and
functional groups, trophic level,
and feeding consumption as
independent variables (open
circles, historical and modern
catch periods [phases]; closed
triangles, species; arrow,
ecological characteristics, trophic
functional groups, and direction
of influence on the fish species;
species codes are as in Fig. 2).

piscivore-macroinvertivores, macroinvertivores, and pis-
civores, whereas the modern assemblage had more her-
bivores, omnivores, microinvertivores, and species with
higher food-consumption rates. The modern closures had
a greater percentage of microinvertivores and piscivore-
macroinvertivores than the modern fishing grounds.

Discussion

Historical and modern assemblages were notably differ-
ent, and life history, diet, and trophic level of species’
assemblages explained nearly 60% of this variance. These
differences are consistent with an unsustainable fishing
hypothesis in which an increase in fishing effort and time
is predicted to reduce abundance of slow-growing apex
predators and mean trophic level and to increase abun-
dance of opportunistic species (those with broad diets,
high feeding rates, and high growth and mortality rates)
(Pauly et al. 1998). Heavy fishing allows a few species that
feed low in the food web and have high growth and mor-
tality rates to persist, which can maintain high-fisheries
production (McClanahan et al. 2008). Heavy fishing elim-
inates or greatly reduces abundance of species with long
generation times, large body size, slow growth rates, and
species that compete with humans for food (Pauly et al.
1998; Pinnegar & Engelhard 2008). The historical pat-
terns we observed have also been observed along gradi-
ents of fishing effort in Kenya’s modern fishery (McClana-
han et al. 2008; McClanahan & Hicks 2011).

The 650 years of historical data indicated small
changes that might be associated with the early stages
of fishing expansion from nearshore to offshore loca-
tions, possibly associated with improved fishing ves-
sels and gear during the later 400 years. Many of
the species in the early stages of the midden are as-

sociated with seagrass and reefs that are a few me-
ters deep, whereas the later phases included more
species typically found at depths of 5–20 m (Smith &
Heemstra 1986). In these later phases, fishes with large
body sizes but shorter life spans increased in abundance.

As the numbers of fish bones increased in the middens,
so did the numbers of domesticated animals (Table S1).
Mudida and Horton (1996) concluded that the earliest
human inhabitants of the study region could have sur-
vived on nearshore shellfish and possibly the blood of
domestic animals. By approximately AD 1000, however,
sheep and goats began to dominate the human diet. The
abundance of molluscs used for food and ornaments de-
clined at the same time, and by about AD 1375 bones
of domestic animals outnumbered fish bones in the mid-
den. Mudida and Horton (1996) found evidence that the
abandonment of the settlement was associated with loot-
ing. These observations suggest that access to resources,
culture, and dietary choices rather than simply hunting
of the largest predators dictated human diet.

The midden contained bones of the same fish species
that are commonly caught today, but also contained
bones of a number of large apex predators that are un-
common today. The greatest change over the 650 years
was a reduction in the life spans of the fish. There was
no evidence of increased abundance of fast-growing her-
bivores and microinvertivores. A core group of species
was present in all phases, including the 2 seagrass-feeding
parrotfishes, the dory snapper, and the cigar wrasse. In
the modern assemblages, these core species and species
that feed on microinvertebrates were more abundant,
whereas apex predators and species that feed on macroin-
vertebrates were less abundant.

Despite some differences in gear use, there were rel-
atively minor variations in composition of the catch
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assemblage between the fished grounds of southern
Kenya and Shanga. Fishing in the modern Shanga was
less intensive than in the south and may reflect fewer
people in the north. Nevertheless, life-history attributes
of all modern assemblages were consistent with those ex-
pected from heavy fishing; greater abundance of seagrass-
associated species and lower abundance of apex preda-
tors and herbivorous and carnivorous species associated
with coral reefs (McClanahan et al. 2008).

Fishes in modern government closures did not strongly
resemble the historical assemblage; rather, they were a
variation of the modern fisheries. Closures had greater
abundance of piscivore-macroinvertivorous and microin-
vertivorous species with longer life spans and lower abun-
dance of herbivorous species than heavily fished reefs
(McClanahan et al. 2010). These closures are among the
oldest and best managed in the western Indian Ocean
and have a high biomass of fish (McClanahan et al. 2009).
There is evidence, however, that even up to 38 years
after closure, some species and trophic groups had not
yet recovered, notably triggerfish (macroinvertivore) and
rabbitfish (herbivores), but piscivores were not well sam-
pled in the modern assemblage (McClanahan et al. 2007).

Small closure areas, short closure times, low levels of
connectedness, and heavy fishing around the borders of
closures are likely to influence assemblages of fish and
other species in closures and produce assemblages that
do not represent historical ecosystems (Claudet et al.
2008). Extensive modification of marine ecosystems may
be largely irreversible given current spatial and temporal
extents of management.

The species we found in the midden are currently
present in the country and the region. Nevertheless, the
probability that their abundances will increase to histori-
cal levels is small given the area and connectivity needed
for them to remain viable and given current human re-
source use and climate-change effects. The proposal to
rebuild ecosystems rather than to achieve sustainable use
of resources (Pitcher 2001) is likely to decrease fishing
yields considerably and could take centuries to accom-
plish given current fishing effort. Projections of rapid
recovery of fishes in closures and fisheries have not ac-
counted for the recovery at the species level or consid-
ered the many life histories that are common to undis-
turbed coastal ecosystems (Jones & Schmitz 2009). Con-
sequently, in tropical countries with high dependence
on natural resources, a combination of closure networks,
more-extensive restrictions on the take of apex predators,
and provision of alternative sources of protein and liveli-
hoods to reduce fishing effort may be the most feasible
social-ecological management system in the near term.

We assume that the fish assemblages at our study sites
were well reconstructed by our methods and less influ-
enced by climate and oceanographic change than by fish-
ing. There are problems with use of catch data to reflect
assemblaghes of fish in situ and with the use of midden

bones to reflect catch (Erlandson & Rick 2008; Branch
et al. 2010). Catch, for example, does not sample the full
assemblage of fish because gears are selective and under-
sample small fish that are the most abundant species (Mc-
Clanahan et al. 2010). Nevertheless, the gear effect was
not large and was considerably smaller than the phase or
time and space effect. For example, species composition
in 2 modern phases (14 and 15), one with and one with-
out restrictions on gear, was more similar to each other
than species composition in any other phases. This high
level of similarity probably occurred because the gears
(traps, beach seines, and gill nets) have similar selectivity
(McClanahan & Mangi 2004).

The midden data are temporally extensive but have
limited spatial extent and possibly reflect nonrandom dis-
card and different decay rates of small and large bones
(Erlandson & Rick 2008). The high diversity of bones in
the middens and the similarity of Simpson’s diversity in-
dex over time do not, however, suggest different rates of
decay. Additionally, over time, composition of the core
group of species was augmented by apex and mesopreda-
tors, which generally have large cranial bones and ver-
tebrae. We expected the small size of the mesh used
to sample the midden and the use of the larger cranial
bones and vertebrae for identification to reduce error.
Moreover, there was no monotonic trend in bone size,
and large-bodied fish species were found throughout the
phases.

Restricted spatial extent and replication in the midden
data was the greatest challenge to comparisons over the
long periods we considered. Accordingly, we sampled
over large spatial and temporal extents in the modern as-
semblage and compared fishing near Shanga with fishing
at sites distributed throughout Kenya. Sample sizes from
middens are often small and bones offer low taxonomic
resolution. We were able to identify bones to the species
level on the basis of specimens from the modern catch,
and sample size was considerable for both the historical
and modern sample.

Abiotic environmental change over time must also in-
fluence and contribute to the total observed variation.
Data on nearshore environmental variables from this re-
gion are sparse and data on their relation to historical
fish communities are not available. Seawater tempera-
tures may have been somewhat lower and waters cleaner
historically than today, but the effects of these differences
on historical or comtemporary fish fauna are unknown.
We suspect that the environmental differences between
historical and modern periods were not large, had minor
effects on the fish communities, and were not in a di-
rection that would confound a test of the unsustainable
fishing hypothesis.

Our comparison of catches in permanent fisheries clo-
sures and open-access fisheries show that small differ-
ences in fish catch can often reflect larger differences in
the in situ fish assemblages (McClanahan et al. 2010). We
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documented relative declines in piscivores and macroin-
vertivores and increases in herbivores and microinverti-
vores over the past 1250 years. Relative changes are not
absolute changes and, therefore, it is likely that the abso-
lute abundances of herbivores and microinvertivores, but
not piscivores and macroinvertevores, were greater in the
past. Reductions in piscivores and macroinvertivores are
likely to increase abundances of their prey and thus have
possible cascading effects on reef ecology (O’Leary & Mc-
Clanahan 2010). Consequently, the differences between
historical and modern catch assemblages we documented
are likely to reflect ecosystem-level changes, which will
be challenging to document through scientific means and
to reconstruct through management.
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ter Braak, C. J. F., and P. Šmilauer. 2002. CANOCO Reference manual
and CanoDraw for Windows user’s guide: software for canonical
community ordination. Version 4.5. Microcomputer Power, Ithaca,
New York.

Watson, M. 1996. The role of protected areas in the management of
Kenyan reef fish stocks. Environmental Economics. University of
York, York, United Kingdom.

Wing, S. R., and E. S. Wing. 2001. Prehistoric fisheries in the Caribbean.
Coral Reefs 20:1–8.

Wood, L., L. Fish, J. Laughren, and D. Pauly. 2008. Assessing progress
towards global marine protection targets: shortfalls in information
and action. Oryx 42:340–351.

Worm, B., et al. 2009. Rebuilding global fisheries. Science 325:578–585.

Conservation Biology
Volume 25, No. 5, 2011


