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COMMENT

Global economy interacts with climate change to jeopardize species
conservation: the case of the greater flamingo in the Mediterranean
and West Africa

The conservation of many species depends on sustainable
economic activities which shape their habitats. The economic
use of these anthropogenic habitats may change quickly
due to world trade globalization, market reorientations,
price volatility or shifts in subsidy policies (Gauthier et al.
2005; Gottschalk et al. 2007). Recently, the finance crisis
has impacted economy worldwide. How this may have
affected the use of habitats beneficial to biodiversity has not
been documented so far. However, consequences could be
particularly acute for species sensitive to climate change while
jeopardizing long-term conservation efforts. We illustrate this
concern using the case of the greater flamingo Phoenicopterus
roseus in the Mediterranean and West Africa.

Flamingos are long-lived colonial waterbirds inhabiting
coastal brackish wetlands and salt lakes around the world.
Breeding colonies are dependent on both rainfall and
availability of undisturbed islands to protect eggs and chicks
from terrestrial predators (Simmons 1996; Johnson & Cézilly
2007). Saltpans have been exploited by flamingos because the
circulation of brine over extensive areas guarantees favourable
water levels and salinities annually (Johnson & Cézilly 2007;
Béchet et al. 2009).

In the south of the Mediterranean, most colonies of greater
flamingos occur in natural wetlands facing the challenge of
hydrological stochasticity (Fig. 1). Breeding is intermittent
depending on minimum thresholds of precipitation and given
scarce rainfall, the average probability of successful breeding
in a given year at these sites is only 0.44 (n = 6 colonies; 95%
confidence interval (CI): 0.35–0.52). The low rate of successful
breeding in the south of the Mediterranean may further
decrease in future years due to predicted dryer conditions
(Bates et al. 2008). This should reduce flooding frequency
of favourable wetlands by more episodic rainfall and in turn
curtail fewer breeding opportunities for flamingos.

In the north of the Mediterranean, brackish wetlands
have often been transformed into saltpans and/or fish farms
which buffer hydrological stochasticity. In particular, the
Mediterranean coastline comprises >170 saltpans (range 1–
12 000 ha) spread over 18 countries (Sadoul et al. 1998).
Throughout this region, most flamingo colonies are located
in saltpans which represent 45% of the breeding sites of the
Mediterranean and West African population (Fig. 1). The
probability of successful breeding in saltpans, 0.83 (n = 7
colonies; 95% CI: 0.66–0.93), is 1.86 ± 0.31 times higher
than in natural habitats (logistic GLM, df = 235, p < 0.001).

Saltpans contributed to 46% of the chicks fledged in the last
five years in the Mediterranean and West Africa.

In 2007, financial changes disrupted the economy of the
saltpans of Salin-de-Giraud in the Camargue (Rhône delta,
France), the largest commercial saltpans in Europe (12 000 ha),
causing flamingos to fail to breed at one of their main colonies
in the world. It was the first interruption in annual breeding
since 1974. In the 1960s, the Mediterranean population of
greater flamingos was only half of what it is today, and breeding
occurred at only two sites, the Camargue and Fuente de Piedra
(Spain). Poor breeding success was linked to low rainfall in
Spain and the lack of suitable nesting sites in the Camargue. In
order to solve this latter problem, an artificial island was built
in the Fangassier lagoon in the saltpans of Salin-de-Giraud.
Flamingos adopted this island in 1974, and bred there annually
until 2007.

In 2007, Salins Group, the owner of the lagoon, decided
to decrease salt production by 60%, reduce its employees
by 50% and sell 20% of its estate, including the Fangassier
lagoon. This decision triggered a social conflict and a strike that
prevented the traditional flooding of the lagoon. In the absence
of water, the birds did not breed. The decision to reduce salt
production resulted from cascading events of acquisitions and
sales, moving the capital from managers of industry to financial
investors. Salins Group was bought out twice between 1997
and 2000, and returned to its original managers through two
successive leverage buy outs (LBO), in 2000 and 2004. LBOs
are financial operations facilitating the purchase of firms by
financial groups, financing an important share of the cost of
acquisition by debt. Typically, LBOs increase the debt by
5–8 times, and the firm’s turnover is used to reimburse this
debt. As a result, there are layoffs and reductions in mid-term
investments to rapidly reimburse high-interest loans (Bruton
et al. 1999; World Economic Forum 2008; Nielsen 2008; Hall
2008). In 2006, the chemical company Arkema, who purchased
40% of the Salins Group’s annual production, breached its
contract following a technical innovation disposing of its need
for salt. This imperilled the reimbursement of Salins Group’s
debt, causing financial distress and triggering land sales. In
2009, following the 2008 world financial crisis, Salins Group
put 9000 ha of saltpans up for sale and announced a new
dismissal plan.

The closure of 45% of the Mediterranean saltpans in the
1990 s was restricted to small-scale entities (Paracuellos et al.
2002), but this is no longer the case. Even the largest saltpans
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Figure 1 Greater flamingo breeding sites
in the Mediterranean and West Africa.
Colony sites were classified as active
commercial saltpans (�), abandoned
saltpans (�) or natural wetlands (�) based
on Johnson & Cézilly (2007). Symbol size
is proportional to colony productivity
index, calculated as the sum of chicks
fledged over the last five years with
successful breeding (except in Algeria for
which breeding occurred only twice and
Tunisia only four times). Chicks were
counted from the ground or from aerial
photographs depending on sites. In
brackets is the average probability of
breeding success for a given colony in a
given year.

are sensitive to global financial conditions. Since saltpans
provide up to 50% of flamingos foraging requirements during
the breeding season (Béchet et al. 2009), this species will
obviously be affected by such economically-driven changes.
Saltpans buffer rainfall variability, thus allowing annual
reproduction of flamingos (Béchet & Johnson 2008; Béchet
et al. 2009). The closure of saltpans may thus enhance
the adverse effects on flamingos and other waterbirds of
predicted reductions in precipitation (Bates et al. 2008)
by limiting the availability of alternative nesting sites. As
flamingos of the Mediterranean belong to a metapopulation,
local changes could affect the species at a much larger scale
(Balkız et al. 2010). Finally, the sea level rise predicted
for the Mediterranean (Bates et al. 2008) may constitute
an additional threat, flooding existing breeding sites (for
example the submersion of the Ebro delta; Rovira & Ibàñez
2007).

Increasingly, global economy stochasticity directly affects
land use, with important negative consequences for wildlife
(Robertson & Van Schaik 2001; Gauthier et al. 2005;
Gottschalk et al. 2007). Here, we additionally show that
financial agendas can disrupt a conservation success story,
which relied on pursuing a sustainable economic industry:
solar saltpans. Global finance could thus exacerbate negative
effects of climate change by affecting anthopogenic habitats
acting as biodiversity refuges. We call for large-scale
monitoring of the effects on species conservation of this
new type of stochasticity imposed by financial volatility in
the global economy. This requires multi-case analyses by
interdisciplinary teams, including economists and ecologists.
Fighting for regulations that would divert financial volatility
from sustainable economic activities, thus favouring long-
term stable sources of funding for such activities, should
become a top-ranking priority of conservation agendas.
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