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Abstract

The Yangtze River is the largest river in China and one of the three largest in the world.
Supporting c. 400 million people in its basin and known as the country’s ‘Golden channel’ it has
been playing an important role in China’s economic development. It is also home for a variety
of endemic species including one of the narrow-ridged finless porpoise’s (Neophocaena
asiaeorientalis) subspecies: the Yangtze finless porpoises (Neophocaena asiaeorientalis
asiaeorientalis), the only freshwater porpoise population in the world.
Endemic to the lower and middle reaches of the Yangtze, where it is still found, the Yangtze
finless porpoise is under great pressure from threats derived from the economic development
of the area: pollution, flow regulation, resource extraction, vessel traffic and fisheries bycatch.
Although all of these threats have been known for a long time, none has been quantified and
their impact on the rapid finless porpoise decline is unknown. From these threats, boat
collisions and fisheries bycatch are causes of direct mortality.
This project aims to assess the impact of the direct mortality causes on the Yangtze finless
porpoise population status. Using data collected on an independent ship survey conducted in
the main channel and two interview surveys to fishers across the porpoise’s distribution range,
i.e. the Yangtze main channel downstream the Gezhouba Dam, Dongting Lake and Poyang
Lake; this project has shown that cargo vessels and fishing gear are not playing a role as big as
expected, and identified areas on a transversal transect where porpoises might be more
vulnerable.

Word count: 14965
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1. Introduction
1.1 Problem statement
The Yangtze finless porpoise (Neophocaena asiaeorientalis asiaeorientalis) is a subspecies of
the narrow-ridged finless porpoise (Neophocaena asiaeorientalis) endemic to the Yangtze
River basin (Wang et al. 2000). Its distribution range extends from the Three Gorges Dam
(TGD) to the Yangtze estuary in the main channel, and includes the two biggest appended
lakes, Dongting and Poyang. The Yangtze finless porpoise is the only known porpoise in the
world to inhabit a freshwater ecosystem (Zhao et al. 2008; Wang 2009).
The Yangtze River is one of the three largest rivers in the world, supporting c. 400 million
people in its basin. Threats associated with its population include pollution, as thousands of
factories along the river discharge domestics sewage and industrial effluents; and flow
regulation affected by water development projects deeply affect river ecology. Furthermore,
resource extraction entails mining of the river bed, lakes and banks that is destroying
important habitat; in addition to industrialisation that not only contributes to pollution, is
associated with an increase in boat traffic and noise. Finally, fisheries bycatch and
overexploitation are also contributing to the degradation of the river (Zhao et al. 2008; Wang
2009; Mei et al. 2012; Turvey et al. 2013). Besides being the home of the Yangtze finless
porpoise, the Yangtze River drainage was home to another endemic cetacean species, the baiji
(Lipotes vexillifer). After the baiji was declared probably extinct (Turvey et al. 2007), the
porpoise became the only cetacean to inhabit the river. However, the population has
experienced a startling decline, with the most recent estimates indicating a population of c.
1100-1200 individuals, about 50% of the c. 2550 animals inhabiting the river in 1984-1991
(Zhao et al. 2008; Turvey et al. 2013). This decline was the reason behind the recent status
upgrade to Critically Endangered in the Red List of Threatened Species by IUCN (2013) (Wang
et al. 2013).
Although all of the threats to the Yangtze cetaceans have been known since before the baiji
became extinct, none has been quantified or addressed, and, with China’s economic growth,
most have increased drastically (Zhao et al. 2008). Turvey et al. (2007) identified bycatch as
one of the major causes of the baiji’s probable extinction, and it is known that this threat has
played a major role in porpoise population decline as illegal fishing is widespread in the river,
being observed daily during abundance estimation surveys (Zhao et al. 2008). However, the
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extent of the problem and the specific interactions between porpoises and different gear types
in the Yangtze are still not well understood.
Previous research has shown that bycatch is also responsible for most porpoise’s deaths and
that preferred species habitat overlaps extensively with gillnetting areas in the river (Turvey et
al. 2013). It has also indicated a decline in porpoise bycatch between the decades of 19891998 and 1999-2008, and an increase in deaths of unknown cause. However, it is not clear
whether it constitutes a major driver fisheries and, consequently, if fisheries management
conservation approaches are sufficient to recover the Yangtze finless porpoise population
(Turvey et al. 2013).
The number of porpoise deaths attributed to vessel strikes almost doubled between the
decades of 1989-1998 and 1999-2008. Fatalities related to ship traffic have been reported for
baiji and Yangtze finless porpoise since the 1970s and, with the development of the Chinese
economy and higher numbers of vessels present, they have increased (Turvey et al. 2013).
The major consequence of the threats acting upon the Yangtze, like in many other ecosystems,
is habitat modification and degradation. The impacts of this change in cetaceans are very hard
to assess since they manifest in long time scales, and affect habitat carrying capacity instead of
direct mortality. Therefore, conservation measures proposed for freshwater cetaceans are
generally biased towards actions that reduce direct mortality, like fisheries management or
vessel traffic control (Huang et al. 2012). Due to the uncertainty in relative threat impact in the
Yangtze and proof that bycatch is one of the drivers of decline, this bias has not necessarily
been detrimental to conservation. However, it is important to acknowledge and address less
direct causes simultaneously in multiple management strategies (Turvey et al. 2013).
Although, porpoise conservation cannot be fully achieved by addressing bycatch or vessel
strikes, as these are only two of the multiple threats, the steep decline in the population
makes it urgent to halt direct mortality while broader river restoration actions take place. To
know how to better address these direct causes it is necessary to quantify the impact they are
having in porpoise population.
It is complicated to assess threat impact if data on mortality is as limited as it is on the Yangtze
because mortality reporting and post-mortems are not carried out systematically (Turvey et al.
2013). Moreover, current techniques of census investigation used for cetacean population are
expensive and lack statistical power to detect population trends (Moore et al. 2010; Huang et
al. 2012; Turvey et al. 2013). Therefore, alternative data sources have to be exploited in the
2

Yangtze region, if population trends are to be addressed in a timely manner. Local ecological
knowledge (LEK) is a good potential source of information for conservation, as the target
species may be encountered relatively frequently by local people that exploit the same
habitats (Anadón et al. 2009; Turvey et al. 2013). Consequently, interview surveys can
represent an inexpensive approach to collect reliable data across wide geographical areas,
with increasing studies supporting this perspective (Anadón et al. 2009; Turvey et al. 2012;
Turvey et al. 2013).

1.2 Study aim
To investigate the existence of a correlation between spatial patterns of potential threat
factors, namely vessel traffic and fisheries bycatch, with spatial patterns of porpoise mortality;
in order to better understand the relative impact of different potential threat factors on the
Yangtze finless porpoise population.
This will be achieved by combining fishers LEK, including reports on porpoise mortality events,
and data previously collected in dedicated research ship surveys.

1.3 Research objectives
To achieve this aim, the following hypotheses for each of the six objectives were tested:
1. Spatial relationship between spatial patterns of porpoise mortality and patterns of
known porpoise abundance along the river
H1: Areas with high porpoise mortality are not closely related to areas with
porpoise abundance
2. Investigate the influence of cargo ship traffic and fishing gear usage on porpoise
mortality
H1: Ship traffic and the most harmful gears, rolling hooks and electrofishing, will
be strong predictors of porpoise mortality
H2: The gear type with highest level of mortality is the most used in the region of
highest porpoise abundance

3. Quantify the variation of fishing gear types and patterns of gear usage along the river
H1: Porpoise mortality is highly dependent on regions of high human disturbance
H2: Each gear type is not used equally; fishers prefer some types over others
H3: Each gear type is not used homogenously along the river, or lake, as its
maximum yield will depend on optimal habitat type for the target species
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4. Analyse the variation in near-shore to mid-channel usage of different gear types, and
how this compares with porpoise abundance across the onshore-offshore transect in
the river and lakes
H1: Each gear type is not used equally; fishers target different species
H2: Each gear type is not used homogenously across the river, as its maximum
yield will depend on habitat type for the different target species
H3: There will be an overlap of area of highest porpoise abundance and area of
highest gear presence, because both follow the presence of fish

5. Analyse the relationship between gear types with highest levels of reported mortality,
and predictor variables including: number of informants using gear type; location
within river system where gear type is used
H1: The gear type with highest level of mortality is the most used in the region of
highest porpoise abundance

6. Make recommendations on the implementation of the existent conservation action
plans
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2. Background
2.1 Yangtze River: China’s Golden Channel
The Yangtze, or Changjiang, River is the largest river in China and the third longest in the world
(Wang 2009; Chen et al. 2009; Dudgeon 2010). The main channel passes trough twelve
provinces, providing ecosystem services from the Qinghai-Tibet Plateau, where it originates, to
Shanghai, where it meets the East China Sea (Fig. 2.1). Downstream from the TGD it becomes a
floodplain that has four major cities: Yichang (4 million people), Wuhan (over 9 million),
Nanjing (8 million) and Shanghai (more than 20 million) (Chen et al. 2009; Dudgeon 2010).

Figure 1.1 – The Yangtze River basin The Yangtze river is indicated in red (Chen et al. 2012).

The river is known as the country’s ‘Golden channel’ as it is one of the biggest transportation
arteries connecting the coast to the interior. Although it is interrupted by the Gezhouba Dam
and the TGD further upstream (Fig. 2.2), the main channel is navigable by large commercial
vessels for 2000km to the sea (Dudgeon 2010). With the development of the Chinese
economy, the traffic has increased in number and type of vessel and the trend will continue in
the foreseeable future; the lower reaches support heavier traffic than the middle reaches and
have witnessed a doubling of vessel numbers every decade. The Yangtze River Dolphin
Expedition (YRDE) in 2006 has registered a minimum of 19 830 large cargo vessels from the
estuary to Yichang; this figure represents more than one ship every hundred meters (Wang
2009).
The development of the river to increase shipping capacity not only poses a threat to Yangtze
cetaceans by the presence of vessels and potential for ship strikes (Wang 2009; Mei et al.
2012), but also because it requires the use of explosives to deepen the channel and make it
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easier to navigate. This disrupts the water flow, changes vital habitats and may directly kill the
animals (Wang 2009).
The Central Yangtze constitutes a network of lakes and channels dependent on the monsoon
climate. The Spring/Summer period, from May to August, is the high water season, while
Autumn/Winter, from November to February, is the low water season. Water levels usually
reach their highest point in August and lowest in February (Kimura et al. 2012).

The

construction of dams and dykes for flood control and energy generation has altered this
system and caused almost the entirety of the shallower lakes to become separated from the
main channel. The only lakes still connected to the river are Poyang Lake, the biggest in China,
and Dongting Lake (Fig. 2.2)(Chen et al. 2009; Dudgeon 2010).

Figure 2.2 - Map of the Yangtze river system showing high dam and dredging projects (underway and finished)
(Reeves et al. 2000).

With more than 17.5 million ha of inland water, the Yangtze valley accounts for 60 - 65% of
China’s freshwater harvest (Chen et al. 2009; Chen et al. 2012). Since 1955, there has been a
rapid increase in aquaculture leading to gradual decrease of freshwater fisheries. In 1993,
aquaculture surpassed capture fisheries, accounting for more than 50% of the country’s fishery
and making China the only country in the world with this fisheries pattern (Zhong & Power
1997; Chen et al. 2003).
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Despite the apparent prosperity of the region, the exploitation of the river has taken its toll:
fish production has decreased (427 000 tons in 1954 to 100 000 tons in recent years)
regardless of the intensification of fishing efforts. Recently, freshwater aquaculture has been
estimated to produce 210 times more kg.yr-1 than freshwater fisheries, turning the latter in a
small player in economical development plans (Wang 2009). In fact, the Yangtze fisheries
depend greatly on the artificial propagation and stocking of the river with overexploited
species to restore the depleted stocks (Dudgeon 2000; Chen et al. 2009).
Some of the most economically important species are common carp (Cyprinus carpio), silver
carp

(Hypophthalmichtys

molitrix),

bighead

carp

(Aristichtys

nobilis),

grass

carp

(Ctenopharyogodon idella), black carp (Mylopharyngodon piceus), crucian carp (Carassius
auratus), several catfishes and anchovy (Coilia ectenes) (Zhong & Power 1997). The species
structure in the catch has changed with resident species increasing proportionally and
migratory or semi-migrant species decreasing. This is a result of the isolation of lakes from the
river by dams and dikes, fragmenting habitats, cutting access to nursery and spawning grounds
and interfering with migratory routes (Chen et al. 2003).
There is legislation in place to control fishing activities and recover fish stocks. One of them is a
closed season in determined areas during the breeding season of important species. Other is
the ban of rolling hooks, electrofishing and fyke nets; these, together with explosive and
poisoning fishing, trapping and the use of cormorants, are very harmful to fishery resources
and other animals. The primary cause of the baiji’s probable extinction was indicated as the
unsustainable bycatch in rolling hooks, nets and electrofishing (Chen et al. 2003; Turvey et al.
2007; Turvey et al. 2012).
The main focus of fishing authorities has been resource exploitation and production
enhancement, hence the establishment of fishing size and harvest limits, gear restrictions and
area and season closures. However, many of these measures were made to improve public
perception not presenting the best options in species choice, size determination and
monitoring and assessment of stocks (Zhong & Power 1997; Chen et al. 2009). In the current
situation, the Agriculture Ministry of China (AMC), responsible for aquatic resources
enhancement at a national level, and the local fishery administration departments have to
focus more on resource management and environmental protection (Zhong & Power 1997;
Chen et al. 2009).
Rivers are one of the most threatened ecosystems in the world. A good example of that is the
Yangtze, one of the world’s most degraded ecosystems by the combined effect of all the
7

threats related to human population increase (Kelkar et al. 2010; Turvey, Barrett, Yujiang, et al.
2010).

2.2 Yangtze finless porpoise: ecology and population status
The Yangtze finless porpoise, locally known as jiangzhu (‘river pig’), endemic to the middle and
lower reaches of the Yangtze River, occurs only in the 1700km region between Yichang and
Shanghai and the adjoining Poyang and Dongting Lakes (Turvey 2008; Wang 2009; Kimura et
al. 2012; Zhao et al. 2013).
Its preferred habitat includes confluences of tributaries or lakes, or near sandbars where
currents meet in different directions creating counter-current eddies. It prefers shallow areas
(approx. 3m) close to the river bank (within 500m) with low water velocity and muddy
substrates that are rich in organic matter and plankton attracting large numbers of small fish
(Reeves et al. 2000; Wei et al. 2002; Wang et al. 2013). The high abundance of fish also attracts
gulls, herons and other water birds, and fishers that use traps and small mesh nets (Reeves et
al. 2000; Wang et al. 2013).
Behavioural studies of this species, as well as of the baiji’s, only started in the 1980s, providing
very important information to better design conservation measures. Studies of diving
behaviour have shown that porpoises catch their prey at the maximum dive depth,
corresponding either to the middle water column zone or river bed, presenting a quick turn
behaviour. This makes them vulnerable to entanglement in fishing gear set in the bottom of
the river (Akamatsu et al. 2002; Wei et al. 2002; Kimura et al. 2012).
Surveys have shown that porpoises show different distribution patterns according to the
season. However, their distribution is always highly correlated with fish presence being
strongly related to primary and secondary productivity areas (Reeves et al. 1997; Dong et al.
2011; Kimura et al. 2012).
The Yangtze porpoise population has been showing a steady decline over recent decades,
estimated as 6.4% loss per year (Table 2.1). However the distribution range has remained
constant (Reeves et al. 2000; Wang et al. 2013). The reproductive behaviour of the species, like
many other mammals, does not make them able to recover quickly: individuals of both sexes
are estimated to be sexually mature at 6 years of age, in a 17 to 18 year lifespan, and to have a
gestation period of approximately one year (Reeves et al. 1997; Chen et al. 2006; Wang et al.
2013). The mating period takes place between May and June in shallow waters and the calving
peak is around April/May (Reeves et al. 1997; Wei et al. 2002).
8

Table 2.1 – Population estimates for the Yangtze finless porpoise population. The methods used in each survey
were different so the estimates cannot be directly compared.

Year

1984-1991

Estimate (n)

2700

1997-1999

2000

2006

1000-1200 in the main
channel; 1800 with the
lakes

Area

Source

13 surveys covered
the area between
Yichang and
Shanghai; Dongting
and Poyang Lakes
Yichang to Shanghai;
Poyang and Dongting
Lakes and their main
tributaries
Yichang to Shanghai
(excluding Poyang
and Dongting Lake)

Zhang et al. 2003

Wang 2009

Zhao et al. 2008

A recent analysis of published and unpublished survey data has been conducted to reassess
the conservation status of the subspecies. It has determined the average rate of decline from
1990 to 2007 to be 6.4% yr-1, and predicted population change over three generations (from
1990 to 2040) to be 92.4%, leading to an upgrade in its classification to Critically Endangered
(CR) (Wang et al. 2013). Furthermore, a population viability analysis (PVA) performed in 2006
has suggested the porpoises will become extinct in 24-94 years (i.e. between 2030 and 2100) if
nothing is done to protect the population (Wang et al. 2005).
Yangtze finless porpoises are listed in the Second Category of National Key Protected Wildlife
Species in China, enjoying full legal protection in their range (Wang et al. 2005; Wang 2009).
However, the population decline is not due to direct persecution but to anthropogenic
pressures: reduced prey due to overfishing and fish habitat loss, bycatch, ship collisions and
underwater noise, habitat loss and degradation due to hydraulic projects, and pollution (Wang
et al. 2005; Wang 2009; Zhao et al. 2013).
Illegal fishing practices, notably the use of rolling hooks and electrofishing, not only can kill
porpoises directly, but were responsible for more than half of baiji deaths recorded from the
1970s to 1990s (more than 95% was due to human activities) (Turvey et al. 2007; Wang 2009).
Unlike many large mammal extinctions, the baiji was not a target of persecution, instead being
the victim of incidental mortality in uncontrolled and unselective fishing gear. Illegal fishing is
still widespread in the river, being observed daily in recent surveys; as the preferred porpoise
habitat overlaps with gillnetting areas they are likely to be vulnerable to entanglement in this
fishing gear (Turvey et al. 2007; Zhao et al. 2008; Turvey et al. 2013).
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Bycatch in gillnetting fisheries is not exclusive to Yangtze finless porpoises, representing the
most significant threat to populations of the six existent porpoise species worldwide (Jefferson
& Curry 1994; Reeves et al. 2013). Despite being the only freshwater porpoise in the world, the
Yangtze finless porpoise shares with the marine species a habitat preference that overlaps
with large gillnetting areas for artisanal fisheries, as these are mainly coastal (Jefferson & Curry
1994; Reeves et al. 2013).
Regarding ecology and threat, the Yangtze finless porpoise is very similar to the vaquita
(Phocoena sinus), the most endangered cetacean species in the world. Vaquitas are small
porpoises that live in a small area of the Gulf of California, where the gillnet fishery for totoaba
is vital for the livelihood of local people. Vaquita mortality in this type of gear dates back to the
1950s, possibly 1930s, and is now the main driver of decline threatening its survival. Data
collected from interview surveys to fishers and observers onboard fishing boats, on fishing
effort and incidental mortality, has shown that the gear ban and the existent reserve are not
being effective, with levels of bycatch still unsustainable (D’Agrosa et al. 2000; Rojas-Bracho et
al. 2006). A main problem with vaquita conservation is its dependence on the exclusion of local
people, many of which depend solely on the exploitation of those resources, in a region where
livelihood alternatives do not exist, and fishing is not considered a job but a way of life (RojasBracho et al. 2006).
Another species highly vulnerable to gillnets is the harbor porpoise (Phocoena phocoena),
despite being more widespread. One of the measures adopted to address bycatch in harbor
porpoises was a regulation approval by the European Union that mandates the placement of
acoustic deterrent devices (ADDs) in gillnets to make them more ‘visible’ to porpoises and
other marine mammals (Bjørge et al. 2013).
Finally, ship traffic brings several threats: it increases the probability of propeller strikes,
affects the animal’s navigation and communication systems as it produces high levels of noise,
and the mining and dredging of the river bed and banks destroys porpoise habitat and disrupts
primary productivity (Zhao et al. 2008; Wang 2009; Kimura et al. 2012).

2.3 Research methodology
There was no systematic research on the Yangtze finless porpoises until the creation of the
Baiji Research Collaboration Group in 1978 (Wang 2009). Since then, most investigations have
attempted to survey the Yangtze porpoise population, conducting visual surveys from a single
survey ship with observation platforms of varying heights and observers with non equivalent
experience, following no standard survey methods (Wang 2009; Dong et al. 2011). This
10

hampers comparison between survey results as they are confounded by methodological
differences and problems with design and analyses; surveys need to be consistent in
methodology, area coverage and sighting conditions (Reeves et al. 2003). Research on Yangtze
finless porpoise conservation has focused mainly on abundance and distribution patterns,
leaving mortality drivers an unexplored subject.
Standard periodic dedicated surveys are expensive and lack statistical power to detect the first
signs of population declines in short time-frames. One way of correcting this could be the
attachment of acoustic logging systems that allow data to be subsequently recovered, in
vessels that circulate in the river, cutting on the costs of ship fuel and team upkeep (Akamatsu
et al. 2008; Kelkar et al. 2010; Huang et al. 2012). Another way is to consult local people that
use the same habitat and, therefore, encounter the species regularly (Turvey et al. 2013).
The value of LEK, i.e. the knowledge of abundance and distribution of species usually obtained
by local individuals’ observations during their lifetimes, has been increasingly recognized by
researchers. It is impossible for scientists to sample wide regions intensively, regions that host
people with intimate relationships with the environment and natural resources and the
knowledge resultant from that (Davis & Wagner 2003; Drew 2005). It provides a low cost way
of collecting data across wide geographical area and obtaining biological information relevant
to conservation efforts (Moore et al. 2010; Anadón et al. 2009).
Artisanal fisheries represent 95% of the world’s fishers and are dynamic and hard to manage
(Rojas-Bracho et al. 2006; Moore et al. 2010), therefore is difficult, if not impossible, to find a
record that allows any type of assessment of the impact of fishing effort in catch of target and
non-target species (Moore et al. 2010). Several studies with tortoises (Anadón et al. 2009),
marine mammals and turtles (Moore et al. 2010), and seals (Dmitrieva et al. 2013) have proved
the potential of interview surveys in determining the abundance and bycatch impact in target
species populations. It has also been proved that interview surveys can be a good solution for
studying bycatch rates in the Yangtze as the porpoise is easily identifiable and does not require
specific skills to do it (Anadón et al. 2009), and informant data accuracy on Yangtze cetacean
relative abundance and decline was validated by independent survey data (Turvey et al. 2013).
It is however important to acknowledge the limitations of this technique as is highly
dependent on the right identification of local knowledge experts and on the interpretation of
the answers (Davis & Wagner 2003; Turvey et al. 2013). Taking the Yangtze as an example,
although it is impossible for untrained people to identify animals that died due to pollution,
acoustic traumas or electrofishing; interviews have revealed that fishers where able to
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correctly identify two main categories of direct mortality: fishing gear bycatch/entanglement
and vessel strikes. However, untrained people cannot differentiate a porpoise that was killed
by a ship strike, from a porpoise that was hit by a ship when already dead (Turvey et al. 2013).
Although the information provided is inadequate to study abundance trends in declining
species that are still frequently encounter, and caution is needed when interpreting results, it
is suitable to research the severity of threat impact (Turvey et al. 2012).
Furthermore, the incorporation of LEK in alternative management strategies and the
involvement of local people in conservation action, allows them to control important factors in
their lives and makes them more welcoming of conservation research resulting in more
accurate reports (Natalie et al. 1994; Davis & Wagner 2003).

2.4 Conservation action implementation
The discussion of the conservation status and actions for the Yangtze finless porpoise has gone
hand in hand with past conservation planning for the now-extinct baiji. For the past 20 years
strategies have been extensively discussed and proposed in workshops, published papers and
reports to the Chinese government (Wang 2009; Wang et al. 2013).
The main conservations measures for Yangtze cetaceans were proposed in the 1986 Workshop
on Biology and Conservation of the Platanistoid Dolphins and have been reiterated ever since.
They can be divided into three major strategies that are complimentary to each other: in situ
conservation, ex situ conservation, and intensification of captive breeding research (Wang
2009).
Since that workshop, five natural reserves and two semi-natural reserves have been
designated (Table 2.2) (Wang 2009). In China, different levels of reserve status (municipal,
provincial and national) get different levels of financial support and public attention. One of
the national reserves has become one of the most important: the Tian’e-Zhou Baiji Nature
Reserve in Shishou, Hubei Province, in central China. It was designated by the Chinese
government to protect the baiji. It is an old course of the Yangtze that is 21km long and 1-2km
wide, and that is still connected to the main channel during the flood season. It now supports a
healthy population of about 22 translocated porpoises (Akamatsu et al. 2002; Wang 2009;
Zhao et al. 2013).
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Table 2.2 – Summary of cetacean reserves in the Yangtze main stem (Adapted from Zhao et al. 2013).

Reserve

Upper limit

Lower limit

Grade

Year established

Length (km)

Shishou

Xinchang

Wumakou

National

1992

89

Honghu

Xintankou

Luoshan

National

1992

136

Anqing

Sanhaozhou

Zongyang

Municipal

2007

223

Tongling

Zongyang

Jinniudu

National

1993

58

Zhenjiang

-

-

Provincial

2006
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Despite the creation of reserves, protection from the exploitation of the river’s resources
continues to be hard to provide, as the reserves support the same human activities as the rest
of the river whose control goes beyond the influence of reserve management (Wang 2009;
Wang et al. 2013).
It is not possible to manage protected areas along the Yangtze with approaches that exclude
human populations dependent on regional resources, so not all threatening activities will be
regulated or abolished even in the reserves. However, if local fishers and other resource users
are seen as important stakeholders in dolphin conservation it will be easier to implement
protective measures (Kelkar et al. 2010; Zhao et al. 2013). One of the facts hampering the
development of an integrated management plan is the lack of effective communication
between the different management authorities responsible for the several levels of reserve
(Zhao et al. 2013).
Another issue with the current reserve network is that it was mainly designed to protect the
baiji, not overlapping completely with the current distribution and abundance of porpoises.
Zhao et al. (2013) have demonstrated that the reserve area does not completely cover areas of
high porpoise density and the area that it covers is under non-national protection; however
the subspecies shows a stable site fidelity pattern making it easier to adapt the protected area
network.
The research of captive breeding has shown positive results
in 2005 when the first captive bred porpoise was born at
the Institute of Hydrobiology (IH) of the Chinese Academy
of Sciences (CAS) (Fig. 2.3). The captive population, has
shed light in life parameters important for ex situ
conservation (Wang et al. 2005; Wang 2009).

Figure 2.3 – The male porpoise calf
just after birth (Wang et al. 2005).
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The unaided reproduction of porpoises in both concrete tanks and semi-natural reserves
shows their robustness and feasibility of larger-scale ex situ actions with them (Reeves & Gales
2006).
In situ conservation measures included laws that ban electrofishing, rolling hooks and other
harmful fishing gear from the porpoise’s range. In spite of that, informants seem unaware of
the legislation that bans rolling hooks for example. The ban might be having some success with
fish populations but it is not having a big impact on the porpoises (Zhao et al. 2008; Zhao et al.
2013; Wang et al. 2013).
The Yangtze is going to keep developing and the consumption of resources will keep increasing
with the rise of the Chinese economy and so there is little time left to protect this subspecies.
The development of restoration and management plans is urgent and should not wait for more
data (Wang 2009; Huang et al. 2012). However there are still calls for the necessity of a better
understanding of the way species are being affected by human activities (Kelkar et al. 2010),
quantification of relative importance of different threats to better address them (Zhao et al.
2008), trends in status and abundance (Turvey et al. 2013), and cause of porpoise mortality
(Wang et al. 2013) among others.
Habitat deterioration is a major obstacle for the long-term recovery of cetacean populations as
their threats cannot be just addressed in a short-time scale (Huang et al. 2012).
It is then necessary to prioritize actions that will halt the decline of wild populations, especially
of slow recovering species like the Yangtze finless porpoise. To establish these priorities it is
vital to understand the relative impact of the different threats on the population.
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3. Methods
3.1 Data
The project was based on three existing datasets, of which two have already been partly
analysed and published in order to answer related research questions on Yangtze ecology.
The first dataset was constructed in 2006 during a dedicated research survey in the Yangtze
River and was provided by Dr. Turvey and Dr. Zhao. The second and third datasets, provided by
Dr. Turvey, consisted of the raw data from two questionnaire surveys (Appendix 1 and 2)
conducted in 2008 and 2011-2012, respectively, along the Yangtze River and Dongting and
Poyang lakes.
3.1.1 The Yangtze Freshwater Dolphin Expedition
Led by the IH, the Administrative Committee of Changjiang Fisheries Resource of the AMC and
the baiji.org foundation, the YRDE was a systematic visual and acoustic survey of Yangtze
cetacean species that took place between 6th November and 13th December 2006. Two
independently operated research vessels followed a line transect, the only survey design
possible due to traffic constraints, along the main Yangtze channel in a roundtrip between
Yichang, the closest city to the TGD, and Shanghai, in the Yangtze estuary (Fig. 3.1).
The purpose of the survey was to try to detect any surviving baiji and also to estimate Yangtze
finless porpoise distribution and abundance. The two major lakes that are still connected to
the river, Dongting and Poyang, support finless porpoise populations but were excluded from
the survey as they are regularly monitored by the IH.
With the results of this survey, Turvey et al. (2007) studied the abundance of the Yangtze river
dolphin (Lipotes vexillifer) and declared it functionally extinct, and Zhao et al (2008; 2013) have
estimated finless porpoise abundance and assessed the effectiveness of the existing reserve
network.
This dataset supplied information on cargo ship traffic, fishing boat traffic and finless porpoise
abundance along the main Yangtze channel transect, complementing the information obtained
from the remaining datasets.
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3.1.2 Questionnaire survey 2008
From 27th February to 1st April and 30th September to 3rd November 2008, interviews were
conducted in fishing communities situated in 27 localities along the middle and lower reaches
of the Yangtze River and Poyang and Dongting lakes to investigate regional fisheries and the
status of several threatened freshwater species. The geographical coverage of the survey
included the entire distributional range of the Yangtze finless porpoise (Fig.3.1).
A total of 599 fishers were interviewed by a native Chinese speaker in an informal one-to-one
setting. The respondents were identified by regional fisheries officials as having a good
knowledge of the Yangtze ecosystem. Fishing families in this area live and work together in
family boats sharing a substantial amount of ecological experiences; therefore, to maintain
data independence, only one person per family was interviewed.
More details about the methodology adopted are explained in Turvey et al. (2010; 2010b;
2012; 2013).
Only the fisheries and porpoise question groups were used for this study (Appendix 1). These
provided information on temporal and geographical usage of fishing gears, fish species being
caught, and temporal and geographical distribution of observed porpoise mortality events
across the entire distribution range of the taxon turning it into the central dataset.
3.1.3 Questionnaire survey 2011 - 2012
The surveys conducted in 2006 and 2008 identified a hotspot area for finless porpoises
consisting of 400km of the main Yangtze River channel, and Poyang and Dongting lakes (see
Zhao et al. 2013). A second, two part interview survey was therefore conducted from 15 th to
23rd November 2011 in Dongting Lake and from 23rd March to 20th April 2012 in the main
channel and Poyang Lake, to gather further more detailed information to inform porpoise
conservation across this hotspot area.
The methodology was essentially the same as adopted for the 2008 survey, with fishers being
identified and interviewed in an identical manner. However, the questionnaire was slightly
different, with a bigger focus on the socio-economic aspects of the Yangtze fisheries, and a
more detailed group of questions about fishing gear usage and finless porpoises (Appendix 2).
A total of 576 fishers were interviewed.
This dataset provided information on temporal and geographical fishing gear usage and
porpoise mortality.
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3.2 Statistical analyses
All statistical analyses were performed using R version 2.15.3. The analyses were divided into
two major questions: what is the relationship between observed patterns of porpoise
mortality and variation in fishing gear usage and ship traffic along the river; and what is the
relationship between observed patterns of porpoise habitat usage and fishing gear usage
across the river.
3.2.1 Pattern analysis along the river
The 2008 and 2012 datasets were analysed in an identical way, only differing in the
information of mortality predictors available for each.
Following the same methodology adopted by Turvey et al. (2010; 2013), the c. 1700km
between the TGD and the Yangtze estuary, i.e. the surveyed area, was divided into seventeen
100km sections, measured as the river distances in the Yangtze shipping chart (Appendix 3).
These sections were scored in the upstream-downstream direction with section 1 being the
closest to the TGD and 17 the closest to the estuary. Dongting and Poyang lakes were analysed
as independent sections 18 and 19, respectively (Fig. 4). The sections were treated as ordered
categorical data. Time constraints did not allow for spatial correlation testing between the
main channel’s 17 sections.
For this analysis sections 18 and 19 were excluded due to the geographical disruption and lack
of data of cargo vessel traffic and porpoise abundance for the lakes.
Interview data were assigned to each section according to the location of the fishing
community where interviews took place. Traffic data, both cargo ships and fishing boats, were
also divided by section.

Figure 3.1 - Map of the middle-lower Yangtze river basin featuring interview locations (stars), boundaries of the
numbered river sections and the division into upper, middle and lower regions used by Zhao et al (2008). Target
sections from the 2012 questionnaire are in different colour. The Yangtze finless porpoise distribution range goes
from the Three Gorges Dam to the estuary, including Dongting and Poyang lakes (Turvey, Barrett, Yujiang, et al.
2010; Turvey et al. 2013).
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Firstly, it was investigated visually if the different types of fishing gear were used differently
along the Yangtze mainstem, and a chi squared test was performed for total gear usage in each
section, for 2008 data, and in each county, for 2011-2012 data.
Fishers reported that they exploit the river with different levels of intensity according to the
time of the year. As a result, mortality events could be biased towards the period when fishers
spend more time in the river, either due to the higher number of gear in the river or to having
more time to spot dead porpoises. A linear regression was performed on the proportion of
fishers said to fish more in each month and the proportion of dead porpoises reported per
month during the last decade, to investigate whether there was a positive correlation between
these variables.
The data were analysed in a generalised linear model (GLM) framework with normal errors and
the identity link function to test for gear and traffic influence on porpoise mortality.
Information was available on seven main possible mortality predictors in the datasets: cargo
ship traffic and the use of fixed nets, drag nets, free-floating gill nets, rolling hooks, traps,
cormorants and electrofishing. To increase model power, traps were excluded as they are
considered to pose very little threat to finless porpoises; other gear types reported to be used
at very low levels (e.g. cormorant fishing, moat fishing) were also removed; and free-floating
gill nets and drag nets were combined as a single predictor (“free floating net”), since there
was some confusion in the specific usage behaviours associated with the different gill net
types, with some nets probably used for both activities. Due to the reserve on the part of
informants to admit using electrofishing, direct report data was limited, and so an indirect
metric was used instead.
A similar number of fishers were interviewed in each section; however some regions are more
densely populated or support bigger fishing communities. To estimate fishing gear impact on
the porpoise population more realistically the number of people using each type of fishing gear
was corrected in the following way:

To test for seasonal variation in mortality, chi squared tests were performed on counts of dead
porpoises reported per season and per month since 1990. Deaths reported before 1990 were
excluded from analyses as recollection quality is expected to get poorer with time.
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Besides season and month, another temporal factor that can influence porpoise mortality is
the existing fishing ban from April to June. Therefore, when information for month was
available, mortality reports were differentiated as occurring during the fishing ban or not and a
chi squared test on counts was conducted to investigate whether fewer porpoises were
reported during the fishing ban period. The ban lasts only three months in contrast with the
nine months of non-ban period, and so, if there is no influence of the ban in mortality events,
it is more likely for porpoises to die during the non-ban period. To correct this, the number of
dead porpoises during the non-ban period was divided by three (i.e. duration of the ban) and
the chi squared test was run on these values.

Questionnaire survey 2008 differences
Influence of finless porpoise geographical distribution
An index of porpoise mortality rate was derived as:

Live sightings in section j
Verbally, this can be understood as an index of the number of deaths detected per interviewee
per live porpoise. Due to close temporal proximity of this survey with the 2006 YRDE, it was
possible to use abundance data from then in conjunction with the 2008 dataset.
The influence of live porpoise sightings on the number of reported deaths was investigated
visually and through a linear regression to ensure that a higher frequency of dead porpoises
was not simply a direct reflection of a higher density of live porpoises in the area.
Cargo ship traffic and fishing gear usage
Being widely recognized as illegal, electrofishing was a sensitive subject and very few fishers
admitted to using it themselves, resulting in a minimal number of direct usage records for
analysis. It could not therefore be included in the model in the same way as the other fishing
gears. However, the interview included two questions that asked whether electrofishing was
considered to be a problem in the region and how many people in the local community were
estimated to use it. This allowed for an indirect estimation of the number of electrofishers in
each section.

19

This estimation, being indirect, was more prone to interpretation errors. To account for those,
six different indices were calculated and run as part of the model to verify which would be a
better representation of reality:
1.
2.
3.
4.

5.
6.

The final full model was:
glm (log(Porpoise.deaths) ~ Cargo.traffic + Free.floating.net + Fixed.net + Rolling.hooks +
Electro)
It was run in every explanatory variable combination accounting for a total of 31 models plus
the null model. The set of 32 models was then run seven times to accommodate the six
electrofishing indices and the removal of electrofishing completely. The best index was chosen
as the one generating lower AICs, and the best model by the lower AIC difference (AICΔ) and
higher Akaike weight (AICW).

Questionnaire survey 2011-2012 differences
The data collected in the 2006 YRDE (i.e. porpoise abundance, cargo ship traffic, fishing boat
traffic) was not considered in the 2012 analysis. The interview survey was only conducted in a
relative short section of the main channel: four sections and the lakes. This required a finer
scale analysis conducted by dividing the survey area into counties (typically tens of kilometeres
in size) instead of the coarser-scale 100km sections used in the previous analyses. YRDE data
was not available at this spatial resolution.
This altered the way porpoise and fishing pressure indices were calculated. Fishing pressure for
a given method was calculated as:
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(i.e. the estimated total number of fishing boats present). The number of registered fishing
boats in each county was collected independently from local fisheries authorities
corresponding to the numbers of licensed fishing families per county.
Since data on porpoise abundance was no longer available, (although it is expected to be less
variable due to the survey focus on known hot spots), porpoise mortality rate was indexed as:

(i.e. the number of deaths noted per interviewee). In this questionnaire, fishers were not
asked about how many people use electrofishing in the area so it was not possible to use this
variable.
The full model was:
glm(log(Porpoise.deaths) ~Free.floating.net + Fixed.net + Rolling.hooks)
It was run in all combinations of explanatory variables totaling 8 models including the null
model. The best combination was chosen according to the models’ AICΔ and AICW.
3.2.2 Pattern analysis across the river
From data collected during the 2006 main channel survey, Zhao et al. (2008) also estimated
the abundance of finless porpoises across an onshore-offshore cross-river transect, for four
distance-from-river-bank intervals: 0-149m, 150-299m, 300-500m, and >500m. The first three
are subdivisions of the near bank area and the last describes the mid channel area (Fig. 3.2).

Figure 3.2 - Stratification of the river bank and mid channel area (Zhao et al. 2008)
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These onshore-offshore abundance estimates were further divided into three separate
estimated for the upper reaches (Yichang – Ezhou), middle (Ezhou – Huayang) and lower
reaches (Huayang – Shanghai) of the Yangtze River. Therefore, for the analyses across the
river, the river sections, for 2008, and counties, for 2012, were allocated to those groups
according to their location (Fig. 3.1).
This existing framework of onshore-offshore porpoise abundance was used to further
investigate the spatial relationship between porpoises and different gear types.
Chi squared tests were performed on the frequencies of respondents exploiting each interval
and gear to investigate whether different patterns of fishing gear use differ between different
gear types across the same distance-from-bank-interval; and how the same gear is used in
different intervals.
With the 2008 dataset only a coarse analysis was possible as the fishers were only asked if they
fished near the bank or in the mid channel area. Porpoise abundance was obtained by adding
up the three near bank subdivision abundances.
With the 2012 dataset, a more detailed analysis on how fishers use the intervals defined by
Zhao et al. (2008) was conducted, but only for the middle section of the main channel where
the survey was conducted.
The gear usage analysis was repeated for each lake and for each year. Porpoise abundance was
not taken into account as there were no data available for the lakes.
Finally, a linear regression was conducted to relate the proportion of total gear usage in the
mainstem and proportion of porpoise abundance per interval.
3.2.3 Target species
For each study location, mainstem, Dongting Lake, and Poyang Lake, it was inspected visually
which are the main aquatic species being targeted by each gear type. The process was
repeated for both years.
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4. Results
4.1 Pattern analysis along the river
4.1.1 Mainstem
Influence of finless porpoise geographical distribution
There was no influence of finless porpoise abundance on the number of dead porpoises
reported per section (slope=0.348, F=2.114, p=0.1665), also apparent from visual inspection of
the data (Fig. 4.1).
The highest peak in mortality in section 10 corresponds to the area where Poyang Lake is
connected to the main channel, an area where dead porpoises from the lake can be dragged to
by the water current. This trend is not visible in section 4 (where Dongting Lake converges with
the mainstem), because, unlike sections 8 and 9, it is not a hotspot (Zhao et al. 2013). For
geographical reference, the major cities, Yichang, Wuhan, Nanjing and Shanghai, are in
sections 1, 7, 14 and 17, respectively. Existing reserves are located in sections 3, 5-6,10-11, 12
and 15.

Figure 4.1 – Distribution of live and dead porpoises along the river. The 100km sections are scored in the
upstream-downstream direction (1 is closest to the TGD and 17 to the estuary). Dead porpoises are the total
number of dead porpoises reported per section as a proportion of total of dead porpoises reported in the river by
respondents in the 2008 survey. Live sightings are the number of live porpoises sighted per section as a proportion
of total number of live sightings registered during the YRDE in 2006.

Variation of fishing gear along the river
There was a significant variation along the river of gear usage (Fig. 4.2 and 4.3) justifying the
idea that gear variation might be associated with variation in porpoise mortality (Table 4.3).
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Table 4.1 - Chi-squared test results on gear usage variation along the mainstem for both questionnaires
2

2008 data
Free floating net
Fixed net
Rolling hooks
Trap
2012 data
Free floating net
Fixed net
Rolling hooks
Trap

χ

Df

p-value

52.48
38.61
41.23
105.1

16
16
16
16

<<0.001
0.0012
0.0005
<<0.001

90.5
84.33
56.43
69.15

12
12
12
12

<<0.001
<<0.001
<<0.001
<<0.001

Figure 4.2 – Variation of total gear usage along the Yangtze main channel according to 2008 informants.
Proportion of respondents using each type in each location. Most informants use more than one gear type,
therefore added proportions may be higher than 1.

Figure 4.3 – Variation of total gear usage along a 400km stretch of the Yangtze main channel according to 2012
informants. Proportion of respondents using each type in each location. Most informants use more than one gear
type, therefore added proportions may be higher than 1. The 400km correspond to sections 8 to 11 from the 2008
survey area.
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Relationship between porpoise mortality and threat predictors along the river
2008 Dataset
Indices 1 (sum of indicated electrofishers divided by number of respondents) and 5 (average of
electrofishers per section) generated equally low AICs in models that included electrofishing as
a mortality predictor, making the two sets of models very similar statistically. Despite the
similarities, Index 5 was chosen to perform the analyses as it provides a more accurate
estimation of electrofishers than Index 1. Estimates of electrofishers differed widely: the same
section could be reported to host 4 electrofishers by one informant and 200 by another. Index
1 tried to correct for this variation only taking into account every different estimate of
electrofishers, i. e. if 3 respondents estimated that there were 10 electrofishers in the area,
that value would only be considered once when calculating the average. Index 5 considered
how many times each different value was repeated constituting a true average of estimates.
Cargo ship traffic did not influence porpoise mortality significantly independently of the
combination of predictor variables it was inserted in. All different predictors featured at least
once in the top models (Table 4.2), suggesting that traffic does not influence mortality more
than any other predictor.
The best models generated when using Index 5 were firstly chosen according to the rule
presented by Burnham and Anderson (2002) which states that AIC differences (AICΔ) inferior to
2 give substantial empirical support to the model. Secondly, models whose AIC weights (AICW)
differed by an order of magnitude or more were also excluded. Four models met these
conditions:
Table 4.2 – Values of AIC, AICΔ and AICW for the best generalised linear models of porpoise mortality rate index
obtained from the 2008 questionnaire that include electrofishing as a mortality predictor

Model: glm(log(Porpoise.deaths)~
Free floating net + Fixed net + Electro
Fixed net + Rolling hooks + Electro
Cargo traffic + Free floating net + Fixed net + Electro
Cargo traffic + Fixed net + Rolling hooks + Electro

AIC
52.253
52.425
53.281
53.526

AICΔ
0
0.172
1.028
1.273

AICW
0.212
0.195
0.127
0.122

In all of the top four models, electrofishing played the leading role in the explanation of
porpoise mortality (0.007<p<0.0032), followed by fixed nets (0.012<p< 0.027). Rolling hooks
and free floating nets showed no influence at an interesting significance level (0.05); however
they would have if the chosen α was 0.1, suggesting that there might be some effect of these
variables.
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In the Yangtze River context, it is not straightforward why fixed nets would affect finless
porpoise over free floating nets or rolling hooks and so this was investigated in more detail. In
every model ran, fixed nets showed quite high p-values (p>0.64) unless electrofishing was
included in the model. This combination reduced fixed net p-values to significant levels. This
fact, together with the need to calculate the number of electrofishers indirectly, raised
suspicions that the chosen electrofishing variable might be adversely affecting other predictor
variables. For this reason, the models that excluded electrofishing completely were also
examined.
From the set of models that exclude electrofishing, two stood out when using the same criteria
as before, i.e. AICΔ<2 and AICW. Despite failing to explain porpoise mortality in any of the
models, the predictors included in the top models were rolling hooks and free floating nets.
Both of these results contradict the most common causes of death reported by fishers (boat
collision).
Cause of death

Frequency

Unknown
Boat collision

104
50

Free floating net

24

Rolling hooks

14

Electrofishing

11

Trauma

4

Fixed net

2

Trap

2

Natural stranding

2

Figure 4.4 – Cause of death reported by 2008 informants. Unknown causes also include reports where
informants couldn’t provide a sound explanation for their guess; trauma concerns reports with evidences other
than boat strike and the different gear types correspond to bycatch. Causes of death were supported as not being
2
2
distributed by chance (χ =455.2, df=8, p<<0.001), even when unknown causes were removed (χ =142.5, df=7,
p<<0.001).

2012 Dataset
Data on cargo ship traffic and surrogate data for electrofishing were not available in the 2012
dataset. Therefore, the full model only included three of the main gear types as mortality
predictors: free floating nets, rolling hooks and fixed nets.
The best models were selected according to their AICΔ and AICW as before:
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Table 4.3 - Values of AIC, AICΔ and AICW for the best GLMs of porpoise mortality rate index obtained from the
2012 questionnaire

Model: glm(log(Porpoise.deaths)~
Fixed net
Free floating net + Fixed net
Free floating net + Rolling hooks
Fixed net + Rolling hooks

AIC
38.701
40.362
40.609
40.609

AICΔ
0
1.661
1.908
1.908

AICW
0.324
0.141
0.125
0.125

In the three bottom models (Table 4.3), none of the gears influenced porpoise mortality in the
studied river sections (8 to 11). However, in the three models where fixed nets are included,
they would be influential if the chosen level of significance was 0.1; and in the first model,
confirmed by the AICW as the best in the group, fixed nets are of borderline significance
(p=0.052) indicating some importance of this gear in the explanation of porpoise deaths.
Temporal analysis of mortality
There was no effect of season, month nor fishing ban when considering reported porpoise
mortalities during the last decade in both datasets (Table 4.4).
Table 4.4 – Chi-squared test results on temporal variation of porpoise mortality for each questionnaire
2

2008 data
Season
Month
Fishing ban
2012 data
Season
Month
Fishing ban

χ

Df

p-value

1.350
15.08
0.075

3
11
1

>0.7
0.17
>0.7

5.205
12.65
0.529

3
10
1

0.16
0.24
0.47

The number of porpoises reported dead per month was not influenced by the number of
informants who reported to use the river more intensively during certain months in any of the
surveys (Table 4.5). This indicates that the number of death reports is not a reflection of
sampling effort, i.e. fishers are not increasing the probability of finding porpoises because they
are spending longer periods in the river.
Table 4.5 – Linear regression results on the influence of fishers’ presence in reported number of dead porpoises

2008
2012

Slope

F

p-value

0.041
15.08

0.257
1.079

0.62
0.32
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4.2 Pattern analysis across the river
4.2.1 Mainstem
Variation in usage of each fishing gear across the river
The most recent and detailed survey confirms the trend observed in 2008: none of the fishing
gear types is being used equally across the river, except fixed nets that do not show any
variation across the river (Table 4.6).
Through visual inspection (Fig. 4.5 and 4.6), it is clear that all the different types of gear are
more heavily used in the near bank area (0-500m), than in the mid channel (>500m).
Additionally, the more detailed plot (Fig. 4.6) highlights the concentration of fishing gear in the
nearest 150m area, especially traps, rolling hooks and fixed nets, which are almost exclusively
used in this area. It also shows that for more than 300m off the bank, practically the only gear
being used is free floating net. Although the number of informants using each gear varies
between intervals, the pattern of gear usage is essentially the same.

Figure 4.5– Coarse scale usage of the main gear types across the river according to 2008 informants. ‘Other’ gear
types refer to every gear that cannot be grouped into one of the main types, including electrofishing. Frequency of
each fishing gear corresponds to the number of fishers using it, and frequency of porpoises to the estimated
abundance by Zhao et al. (20008)

Figure 4.6 – Fine scale usage of the main gear types across the river according to 2012 informants. The
intervals 0-149.9m, 150-299.9m, and 300-500m are subdivisions of the near bank stratum.
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Table 4.6 – Chi-squared test results on spatial variation of each gear type usage across the river for both
questionnaires
2

2008 data
Free floating net
Fixed net
Rolling hooks
Trap
2012 data
Free floating net
Fixed net
Rolling hooks
Trap

χ

Df

p-value

55.53
3.6
37.19
24.95

1
1
1
1

<<0.001
0.058
<<0.001
<<0.001

110.98
6
88.78
252.48

3
3
3
3

<<0.001
0.116
<<0.001
<<0.001

Within each of the intervals, each gear type is being used by a significantly different number of
people (Table 4.7). Independently of the interval considered, free floating nets (the
combination of gill nets and drag nets) are the most heavily used gear, followed by trap and
rolling hooks at similar levels and finally, fixed nets are the least used gear. Electrofishing was
not inspected visually as the reported numbers are too low to be visible when individually
plotted against other gear types, but they were included in the ‘Other’ category.

Table 4.7 – Chi-squared test results on gear usage variation within each stratum for both questionnaires
2

2008 data
Near bank
Mid channel
2012 data
0-149.9m
150-299.9m
300-500m
>500m

χ

Df

p-value

594.57
321.29

4
4

<<0.001
<<0.001

201.156
163.23
175.37
37.2

4
4
4
4

<<0.001
<<0.001
<<0.001
<<0.001

Porpoise abundance across the river, as estimated by Zhao et al. (2008), indicates there are
more porpoises in least exploited area, the mid channel (Fig. 4.5).
Gear usage in the 300-500m interval and mid channel (>500m) could suggest a possible
influence of free floating nets in porpoise populations due to the spatial overlap. However, in
the 400km of the main channel for which finer scale data was available, the total usage of gear
is not associated the abundance of porpoises in each stratum (slope=-1.32, F=1.265, p=0.378),
i.e. the distribution of porpoises is not correlated with the presence of fishing gear across the
river.
29

Main fish species captured
According to the 2008 informants, the main species being captured through fishing activities
are common carp, grass carp, silver carp, black carp and southern catfish (Fig. 4.7). These are
five of the main commercially important species, that are managed for harvesting (Chen et al.
2009). The species structure of the harvest is very homogenous for every gear, with every
species being captured in the same quantity.
The 2011-2012 survey revealed a more heterogeneous target species structure, with common
carp and silver carp being the predominant species (Fig. 4.8). Bighead carp was also reported
to be harvested at considerable levels, in approximately the same amount as black carp. While
the 2008 data references to the 1700km, this data concerns only 400km of the mainstem,
possibly reflecting local abundance patterns.

Figure 4.7 – Most caught species in the mainstem according to 2008 respondents

Figure 4.8 – Most caught species in the mainstem according to 2012 respondents
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4.2.2 Dongting Lake
Variation in usage of each fishing gear across the river
In Dongting Lake, different patterns arise when investigating if each gear is used
homogenously across the lake. Free floating nets were the only gear type being used
differently in different areas in 2008. Fixed nets and traps were used the same way
independently of the distance to shore in 2008 but not in 2012. Rolling hooks did not show any
variation in either year (Table 4.8).
Table 4.8 - Chi-squared test results on spatial

Table 4.9 - Chi-squared test results on gear

variation of each gear type usage across

usage variation within each stratum for both

Dongting Lake for both questionnaires

questionnaires

2

2008 data
Free floating net
Fixed net
Rolling hooks
Trap
2012 data
Free floating net
Fixed net
Rolling hooks
Trap

χ

Df

p-value

3.6
1.29
2
0.89

1
1
1
1

0.058
0.26
0.16
0.35

6.8
53.3
3.8
31.88

3
3
3
3

0.078
<<0.001
0.28
<<0.001

2

2008 data
Near bank
Mid lake
2012 data
0-149.9m
150-299.9m
300-500m
>500m

χ

Df

p-value

6.92
9.727

3
3

0.074
0.021

60.96
20
29.93
33

4
4
4
4

<<0.001
0.0005
<<0.001
<<0.001

The visual representation of gear usage across the lake (Fig. 4.9) reveals that the main gears
used differ from the ones in the mainstem. The number of fishers using fixed nets and traps
exceeds the number of fishers using free floating nets and rolling hooks.

Figure 4.9 - Coarse scale usage of the main gear types across Dongting Lake according to 2008 informants. Mid
main channel refers to areas >500m from the bank, i.e. the mid lake area
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It is also clear that the most intensively exploited stratum is the one closest to the river bank
followed by the central area of the lake. The finer scale representation (Fig.4.10) reveals a Ushaped pattern on the gear usage across the lake. Use of all gears declines in intermediate
distances and is higher in the first 150m and beyond 500m (Table 4.9).

Figure 4.10 - Fine scale usage of the main gear types across Dongting Lake according to 2012 informants

4.2.3 Poyang Lake
Variation in usage of each fishing gear across the river
Rolling hooks were the only gear being used similarly in all distance intervals in 2008, despite
being used differently in 2012. All other gear types presented differential use across Poyang
Lake in both years (Table 4.10).
As in Dongting Lake, all gears show a downward trend of usage intensity as distance from bank
increases, and an increase in the mid lake area (>500m) (Fig. 4.11 and 4.12). This difference is
particularly acute in traps that are used very intensively in the area close to the lake margins
(Table 4.11).
Unlike any other place so far, in 2008 informants only reported the use of free floating nets,
traps and rolling hooks; while in 2012 the full array was reported. It is likely that this is just a
reflection of the sample size (30 fishers in 2008 and 238 in 2012).
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Table 4.10 - Chi-squared test results on spatial
variation of each gear type usage across Poyang
Lake for both questionnaires
2

2008 data
Free floating net
Rolling hooks
Trap
2012 data
Free floating net
Fixed net
Rolling hooks
Trap

χ

Df

p-value

4.67
1.29
6.43

1
1
1

0.031
0.26
0.011

36.75
29.27
34.875
99.17

3
3
3
3

<<0.001
<<0.001
<<0.001
<<0.001

Table 4.11 - Chi-squared test results on gear
usage variation within each Poyang Lake
stratum for both questionnaires
2

χ

Df

p-value

Near bank

16.17

2

0.00031

Mid lake

8.61

2

0.013

0-149.9m

89.79

4

<<0.001

150-299.9m

30.36

4

<<0.001

300-500m

29.93

4

<<0.001

>500m

61.85

4

<<0.001

2008 data

2012 data

Figure 4.11 - Coarse scale usage of the main gear types across Poyang Lake according to 2008 informants

Figure 4.12 - Fine scale usage of the main gear types across Poyang Lake according to 2012 informants.
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5. Discussion
Potential threats to the Yangtze finless porpoise population are well-known, but attempts to
quantify the relative significance of different threats have rarely been made quantified.
Therefore the impact of each is unknown, making conservation management very difficult for
this Critically Endangered cetacean. This study is one of the first attempts to quantify two of
the biggest threats: bycatch and vessel strike, based on interview data.

5.1 Model and predictor variables adequacy
Nearly all models created presented contradictory results to the more descriptive statistics or
expectations.
Previously published results from the analysis of the 2008 dataset suggested that cargo vessels
may be one of the main threats for the Yangtze finless porpoise population, estimating a
fourfold increase in the proportion of porpoises killed by vessels between the decades of 19891998 and 1999-2008 (Turvey et al. 2013).
Therefore, it was expected that cargo vessel traffic would be a major predictor in porpoise
mortality. However, the model applied showed that there was no influence of ship strikes in
the number of dead porpoises. Similarly, in a study of seasonal distribution changes, Kimura et
al (2012) could not conclude that the presence of ships affected the frequency of live sightings.
However, in both cases, the lack of a significant difference is not proof that there is no effect,
only that it is not being detected. A possible explanation for the lack of effect detected in this
study might be that only the number of big cargo vessels was considered a predictor, when
every motorized boat with a propeller can kill porpoises. Alternatively, the increased
proportion of vessel strikes reported by Turvey et al. (2013) might just reflect the increased
recall of porpoises killed by ships in recent times, i.e. fishers might have found a similar
number of dead animals in the past but forgotten it.
It is also important to consider that in this study, the only traffic threat considered was
ship/propeller strike as it is the only one that can be easily identified by untrained people and
without a necropsy. In fact, propeller strike is one of the easiest causes of death to identify due
to the characteristic parallel equidistant slashes present on the animal’s carcass (Morgan &
Patton 1990). Acoustic lesions, that are very important drivers of mortality in other species,
were not considered, as well as ship strikes that did not involve the propeller and, therefore,
did not leave the characteristic wounds.
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If dead porpoises were found entangled in fishing gear, informants reported what type of gear
it was. Fixed nets were only reported twice (out of 213 mortalities) in 2008, however,
according to the model applied to this dataset, they are influencing the porpoise population
more than free floating nets or rolling hooks. It is possible that fixed nets are driving porpoise
mortality in a secondary way or having an unknown, more targeted effect in the species
mortality.
These facts, together with the statistical significance of fixed nets only when electrofishing is
included in the model, suggests that this model may not be the most adequate to use in this
situation; or that the extrapolation of fishing gear usage to a wider scale needs more complex
correction factors to better represent the Yangtze reality. However, it is unlikely that the
unexpected results are due to a bad choice on the electrofishing index. In the set of models
applied to this dataset that completely excluded electrofishing, there was no variation in
porpoise mortality explained by any of the legal gear types.
Similarly, the sets of models applied on 2011-2012 data, which did not include electrofishing,
did not show any influence of any gear type. In this case, the absence of effect may be
explained by the smaller area surveyed and subsequent lack of statistical power to detect
change.
A possible explanation for the lack of variation explained might simply be that fishing gear
entanglement is not so deadly as to mask every other threat in the river. The very high number
of porpoises dead by unknown causes can represent deaths by pollution, electrofishing, or
auditory trauma. These predictors were excluded from the model as they could not be
identified by fishers. If quantified and included as mortality predictors they could explain a lot
of the verified mortality making smaller causes, as can possibly be fixed nets, insignificant.
The non-seasonality on mortality patterns in a region with a monsoon climate, and therefore,
different characteristics according to the season, may suggest that the drivers of porpoise
decline are, in their majority, of human origin. Anthropogenic threats may not have been
quantified but are present along the river in very high levels. The combined threat effect may
be having such a high and correlated impact on the porpoise population that the of the relative
weight of each cause is difficult to calculate, i. e. a porpoise in a given area may become more
vulnerable to pollutants, or wound infections, because overfishing and noise pollution make
hunting more challenging eventually leading to its demise.
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In the present study no power analysis was performed due to time constraints; however the
sample of interviewed fishers represented about 25% of the total number of licensed fishing
families in the Yangtze main channel. Furthermore, there is no record of anyone ever being
prosecuted for killing porpoises in the Yangtze, suggesting that the informants would openly
report dead porpoises and that data is reliable (Turvey et al. 2013).
Despite the suspicion of it being one of the most important drivers of porpoise mortality,
electrofishing impact could not be directly assessed in this study. Many fishers were not willing
to discuss the subject, and most did not admit to use it. Being a sensitive subject its impact
should be investigated using more appropriate techniques developed for similar situations, as
previously suggested by Turvey et al. (2013).

5.2 Relevance of fishing patterns
The results of fishing gear usage matched what was expected: free floating nets are the most
commonly used type of gear, followed by rolling hooks and traps. Fixed nets are barely used
and the use of other fishing gears that cannot be grouped under any of the major types
suggests a more local preference (Fig. 4.2 and 4.3). The use of rolling hooks is illegal, however
this regulation is not being enforced as its use was openly reported, indicating that informants
are not aware of that fact as proposed before by Turvey et al (2013).
Of these gears, fishers reports seem to indicate free floating gill nets as the one gear type
posing a greater threat for the Yangtze finless porpoise population. Although is it mostly being
used in the near bank area, it is the only gear type that is widely used across the river and it is
almost the only one being used in the mid channel area where the highest number of
porpoises can be found (Zhao et al. 2008). Despite being more abundant in the mid channel
area where there is less fishing activity, porpoises show the highest density in the near bank
strata in the middle and lower reaches of the river (Zhao et al. 2008), suggesting that the a
smaller number of porpoises is aggregating in specific areas.
In these shallower areas, rolling hooks may pose an increased threat as it is more likely that
porpoises will dive to the riverbed to hunt. As shown by Akamatsu et al. (2002) the porpoises
present a “turn around” behaviour when hunting that may facilitate their entanglement, if
they do this near the bottom, they are more exposed to the rolling hooks that lay there. Near
bank areas are particularly prone to entanglement in fishing gear since they are the most
exploited zone by every type of gear. However, this study indicates that the distribution
pattern of fishing gear across the river is not correlated with porpoise distribution in the same
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gradient, suggesting that porpoises may avoid dangerous areas, or that the effect is not being
detected. In either case, this information should be used in future reserve designation and
fishing management strategies prioritizing areas where gear and porpoise density is higher.
The combined presence probably means that these are areas of high primary or secondary
productivity, making their protection beneficial for the ecosystem.
The preferential use of traps in the lakes in the near bank stratum might indicate that the
porpoises are safer here than in the main channel.
The information obtained on main fish species being captured was not particularly useful if
only information on which species being captured the most was being considered, as these are
part of the group of species on which most of the fishery enhancement effort focus on (Fig. 4.8
and 4.9). However, the more detailed dataset suggested some variation in the species
composition of catch at a finer spatial scale. Species structure provides valuable information
on ecosystem health and on the efficacy of the efforts to artificially propagate and stock the
Yangtze fishing stocks with black carp, grass carp, silver carp, bighead carp, common carp, and
other important species are widely carried out throughout the basin (Chen et al. 2012). It is
also useful to further advise on fisheries control and restrictions that would support the
development of these species allowing the target stocks to restore more naturally.

5.3 Conservation actions: recommendations
‘One searches in despair for signs that the lessons learned in conservation efforts with one
species might commonly be applied to the conservation efforts of any other species’
Noel and Helen Snyder as cited by Turvey (2008)

Since the alarm bell sounded for the baiji, plenty of attention has been directed to the Yangtze.
Multiple workshops and meetings have taken place to discuss how to better address the
threats faced by both cetacean species in the river. The solutions found reflect how much
thought was put into it as it covers almost every possibility to keep a wild population alive in
its natural environment.
Three main strategies are being followed: in situ conservation using natural areas in the river,
ex situ conservation using semi-natural reserves, and captive breeding (Wang 2009).
Furthermore, collaboration groups constituted by scientific research institutes and
governmental agencies have been created, and Action Plans have been approved and

37

authorized to be put into practice (Wang 2009). Harmful fishing gear use has been banned but,
as it can be seen by the open reporting of rolling hooks in this study, not effectively.
Additionally, the fundamental genetics, seasonal distribution patterns, ecology and behaviour
of the porpoise are now known (Akamatsu et al. 2002; Wei et al. 2002; Zheng et al. 2005; Chen
et al. 2006; Zhao et al. 2008; Kimura et al. 2009; Xian et al. 2010; Kimura et al. 2012; Zhao et al.
2013) providing valuable data to be considered in the development of conservation measures.
China is the world’s second largest economy and its government leaders are only re-elected
every 10 years. These are two great advantages in relation to most other countries where the
environment, that requires long periods to present changes, is often overlooked by
governments with 4 or 5-year mandates that prefer to invest in quicker changes. Furthermore,
the recently elected Chinese President has shown the will to develop his country further in a
more sustainable, less damaging to the environment way (Grammaticas 2013).
All the conditions are met for the Yangtze finless porpoise to be a conservation success case.
Why then is the population declining so fast and conservation actions being implemented so
slowly?
As was pointed out by Wang (2009) in a review of the finless porpoise status and trends, in a
country that seeks growth and development like China, when a choice need to be made,
development wins making ‘suggestions based on conservation-oriented research … nothing
more than “conservation on paper”’ (p.3482). This statement reflects the main limitation of
porpoise conservation until now: it has been presented as conservation of a species for its
intrinsic value in an environmental context where economic value is more important.
All porpoise recovery strategies should be integrated in a more holistic Yangtze River
ecosystem restoration project. This type of endeavour would be more appealing to the
government as it would include a fisheries recovery project that would allow for a future, more
sustainable and profitable exploitation of its fish stocks; and a control of pollution levels that
would improve people’s lives. Only 31% of water samples from the Yangtze tested for quality
were classified as one of the top two quality categories (in six) (Dudgeon 2010). This scenario
would also allow for other charismatic Yangtze species, like the Chinese alligator or the
Chinese giant salamander, to recover improving value-for-money and public opinion (Dudgeon
2010). The recovery of the river also ensures that the porpoises have a habitat to live in.
Porpoise conservation strategies should start by addressing the most direct drivers, like
harmful fishing gear and vessel collisions. Some solutions to address these issues like the
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complete closure of the Yangtze fisheries, or the reduction of ship speed in areas of higher
porpoise abundance, have already been suggested (Wang 2009).
In the questionnaire surveys, 91% of respondents in 2008 answered negatively when asked if
they would like their children to be fishers. This suggests that Yangtze fishers do not see fishing
as a way of life, like many fishing communities, but only as an income source. Moreover, most
of them have an alternative job during the fishing ban making the Yangtze the perfect scenario
for a gradual transition for alternative livelihoods. This transition should start in regions where
porpoise density and/or abundance are higher, and provide support and training in the new
occupation. In the low-priority areas, fishers should be involved in porpoise conservation
programmes and encouraged to report encounters with dead porpoises. The medium-term
objective would be the total absence of fishing gear in the river and major lakes.
Until it is complete, enforcement in gear regulation needs to be more effective. In
environments like the Yangtze, solutions like ADDs, implemented in marine gillnetting fisheries
in Europe, are not appropriate. Underwater, sound is reflected by the river bed and the surface
(Vračar & Mijić 2011). Considering that gillnets are the most used and widespread gear in the
river, this measure would an extra source of noise that would probably increase acoustic
pollution considerably.
Legislation should be created to impose speed limits on all types of vessel in important areas
for porpoises. Additionally, transport companies that cover considerable distances in the river
should carry onboard observers. This would not only help to raise awareness for porpoise
conservation, but it would also enable a more regular monitoring of the porpoise population.
For these measures to work at a fast enough pace to guarantee the survival of the porpoise
population it has to be led by Chinese teams, and stakeholders that deal more closely with the
porpoises, like fishers and transport companies, need to be involved. This involvement is vital
as, ultimately, it is the change in their behaviour and attitudes that will affect the population.
Although western countries should advice on the process and make their expertise available,
cultural differences and reasoning are too different for a project of this dimension to be led by
foreigners; as it would be if Oriental scientists were responsible for the recovery and
management of the wolf in Europe, for example. The general distrust of the people would
hinder action’s implementation. This has been made clear so far with the development of the
westernized course adopted in porpoise conservation.
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The Yangtze finless porpoise lives in the worst place possible, as the Yangtze is one of the most
degraded freshwater ecosystems (Turvey et al. 2012), however it is living its critical period in
the ideal context to revert the trend. There is still hope for the Yangtze.
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7. Appendices
Appendix 1 – Yangtze fishers survey questionnaire 2008
DATE:

LOCATION:

INTERVIEWER:

A: FISHERIES QUESTIONS
1) Are you a professional fisherman?
a) Are you retired?
2) How old are you?
3) How many years have you been fishing?
4) What kind of fishing gear do you use today? (list all if more than one type)

Free-floating gill nets

Hao wang

Drag nets (feng wang)

Si wang

Drag nets (wei wang)

Shrimp traps

Gill net / drag net (tuo wang)

Crab net (xie wang)

Gill net (san ceng wang)

Rolling hooks

Other type of fishing gear (describe)
5) Size dimensions of gill / drag net:
a) Mesh size
b) Net length
c) Net width
6) Have you always used this kind of fishing gear? (Y/N)
a) When and why did you change your fishing gear?
7) What is the commonest type of fishing gear used in your village?
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8) Have you ever used rolling hooks in the past? (Y/N)
a) When did you stop using them?
9) Do you know how many people still use rolling hooks in this section of the river? (Y/N)
a) How many?
10) Do you ever lose/have to replace your fishing gear? (Y/N)
a) How often?
11) Do you ever see ‘ghost’ fishing gear in the river? (Y/N)
a) What kind?
b) How many times in the past year?
12) Is there a problem with electro-fishing around here? (Y/N)
a) Do you know how many electro-fishermen there are in this river section?
b) How many years ago did electro-fishing start in this river section?
13) What species of fish do you catch?
a) Japanese eel Anguilla japonica (manli)
b) Crucian carp Carassius carassius (jiyu)
c) Predatory carp Chanodichthys erythropterus (boyu)
d) Grenadier anchovy Coilia nasus (fengweiyu)
e) Grass carp Ctenopharyngodon idella (caoyu)
f) Common carp Cyprinus carpio (liyu)
g) Sharpbelly Hemiculter leucisculus (cantiaoyu)
h) Silver carp Hypophthalmichthys molitrix (lianyu)
i) Bighead carp Hypophthalmichthys nobilis (yongyu)
j) Chinese longsnout catfish Leiocassis longirostris (huiyu)
k) Wuchang bream Megalobrama amblycephala (fangyu)
l) Black carp Mylopharyngodon piceus (qingyu)
m) Yellowhead catfish Pelteobagrus fulvidraco (huangsangyu)
n) Southern catfish Silurus meridionalis (nianyu)
o) Chinese perch Siniperca chuatsi (guiyu)
p) Other species (list/describe)
14) Have you ever seen or caught Reeves’ shad (shiyu)? (Y/N)
a) When did you last see this fish?
b) When is the last time that anybody saw this fish?
15) How many hours do you spend on the river each day?
16) How many days a week do you go fishing?
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17) What time of day or night do you go fishing?
18) How much time is your fishing gear in the water for each week?
19) What job do you do during the fishing ban?
20) Apart from the fishing ban, do you do different amounts of fishing at different times of
year? (Y/N)
a) Which months do you do the most fishing?
b) Which months do you do the least fishing?
21) Where do you fish?
Main channel (mid)

OFTEN

SOMETIMES

RARELY

Main channel (near bank)

OFTEN

SOMETIMES

RARELY

Behind sandbars/islands

OFTEN

SOMETIMES

RARELY

In tributaries

OFTEN

SOMETIMES

RARELY

22) What are the upstream and downstream boundaries of where you go fishing?
23) Have you always fished in this region? (Y/N)
a) Where did you used to fish?
b) When did you change your fishing range?
24) What kinds of changes have you noticed over time?
a) Amount of fish caught:
BETTER / SAME / WORSE THAN BEFORE
b) Declines of particular species (name any species that have declined)
c) Number of fishing boats on the river:
MORE / SAME / FEWER THAN BEFORE
25) Do you want your children to be fishermen? Is it a good job for the next generation? (Y/N)
SPACE FOR ADDITIONAL COMMENTS:
B: FINLESS PORPOISE QUESTIONS
[Informant is asked to identify a finless porpoise from a series of photographs without being
prompted. If he/she is able to do this, the following questions are asked.]
26) How often do you see porpoises when you are on the river?
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27) Do you see more porpoises at a particular time of year? (Y/N)
a) When?
28) How many porpoises do you normally see at a time?
29) Do you think that there are as many porpoises today as there used to be in the past? (Y/N)
30) Do porpoises ever take fish out of your nets? (Y/N)
31) Have you ever seen dead porpoises, or heard about porpoises getting killed? (Y/N)
a) When did you last see a dead porpoise? (month, year)
b) Where was this animal seen?
c) Do you know what killed the porpoise?
d) Do you have any information on any other dead porpoises?
32) Do you know if there are any dead porpoises around here anywhere?

(Y/N)

33) Do porpoises ever get killed by ships?
a)
b)
c)
d)

When was the last time this happened?
How often does this happen?
How many times has this happened in the last five years?
Where in the river do ships kill porpoises?
i. Distance from bank:
ii. Geographical location:

e) How do you know it that the porpoise was killed by a ship?
34) Do porpoises ever get killed by electro-fishing? (Y/N)
a) When was the last time this happened?
b) How often does this happen?
c) How many times has this happened in the last five years?
35) Do porpoises ever get killed in fishing gear? (Y/N)
a) What kind of fishing gear? (describe mesh size)
b)
c)
d)
e)

When was the last time this happened?
How often does this happen?
How many times has this happened in the last five years?
Where in the river does fishing gear kill porpoises?
i. Main channel, side-channel or tributaries:
ii. Distance from bank:
iii. Geographical location:
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36) If porpoises get caught in fishing gear, what do people do with them?
37) In what months/seasons do porpoises most commonly get caught/killed?
SPACE FOR ADDITIONAL COMMENTS:
C: BAIJI QUESTIONS
[Informant is asked to identify a baiji from a series of photographs without being prompted. If
he/she is able to do this, the following questions are asked.]
38) Do you know what a baiji is? (Y/N)
39) Have you ever seen a baiji in your lifetime? (Y/N)
a) How many times have you ever seen baiji?
b) When was the last time you saw a baiji?
c) Where was the last place you saw a baiji?
d) Do you remember what you were fishing for when you saw baiji?
i. What species were you fishing for?
40) Have you ever seen more than one baiji at a time?
a) What is the largest group of baiji you have seen?
b) Where did you see this group?
c) When did you see this group?
d) Do you remember what you were fishing for when you saw baiji?
i. What species were you fishing for?
41) Describe your baiji sightings (e.g. duration, habitat, behaviour, time of year, distance from
boat).
42) If you have never seen a baiji, how have you heard about the species?
43) Do you know of anyone else that has ever seen a baiji? (Y/N)
a) Describe their baiji sightings (e.g. location, date, duration, habitat, behaviour, time
of year, distance from boat).
44) Do you know of anyone specific who we might want to talk to, who might know
more about baiji? (Y/N)
45) Have you ever seen a dead baiji? (Y/N)
a) How many dead baiji have you seen?
b) Describe any dead baiji that were seen (location, date, other details).
46) Have you ever heard of anyone catching a baiji? (Y/N)
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a) If so, what kind of fishing gear it was caught in?
47) Have you ever heard of baiji being killed in any other way? (Y/N)
(e.g. strandings, boat collisions)
a) Describe:
48) If baiji ever got caught in fishing gear, what happened to them?
49) Did you notice any particular period in time when baiji became much rarer? (Y/N)
a) When?
50) When do you think baiji disappeared
51) What do you think caused the baiji to disappear?
52) Why do you think that the porpoise has survived but the baiji has disappeared?
53) Do you know about any stories, myths or legends about the baiji?
SPACE FOR ADDITIONAL COMMENTS:
D: PADDLEFISH QUESTIONS
[Informant is asked to identify a paddlefish from a series of photographs without being
prompted. If he/she is able to do this, the following questions are asked.]
54) Do you know what a paddlefish is? (Y/N)
55) Have you ever caught a paddlefish in your lifetime? (Y/N)
a) How many paddlefish have you ever caught?
b) When was the last time you caught a paddlefish?
c) When is the last time that anybody you know caught a paddlefish?
d) Where was the last place you caught a paddlefish?
e) What kind of fishing gear were you using, and where in the river?
56) If you have never caught a paddlefish, how do you know about the species?
57) Do you know anyone else that has ever seen or caught a paddlefish? (Y/N)
a) Describe the sighting (date, location, other details):
58) Do you know of anyone specific who we might want to talk to, who might
know more about paddlefish? (Y/N)
59) Have you ever heard of paddlefish being killed in any other way? (Y/N)
strandings, boat collisions)

(e.g.

a) Describe:
SPACE FOR ADDITIONAL COMMENTS:
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Appendix 2 – Yangtze fishers survey questionnaire 2012
1. Location of interview:
2. Date:
3. Name of interviewer:
4. Are you prepared to participate in our anonymous survey, given our explanation of the
project’s aims, and answer the following questions? (this constitutes a verbal agreement)
Y/N
A. Livelihood questions
5. How old are you?
6. Are you retired?

Y/N

7. How many years have you been fishing?
8. What was your annual income over the last 12 months?
9. Has your annual income been fairly stable for the last five years?
If N,

a) Describe variation in income over the past five years

10. Does your income vary monthly or seasonally?
If Y,

Y/N

Y/N

a) Describe how much your income varies from month to month

11. Is fishing your main source of income?

Y/N

12. Do you have any other source(s) of income? Y / N
If Y,

a) Describe other source(s) of income
b) What proportion of your income comes from fishing?
c) Do you do different jobs at different times of year?
(describe)

13. How much do you have to spend every year on fishing gear, boat maintenance, boat fuel
and licenses before you make a profit?
14. How much more money do you have to spend on boat fuel today compared to five years
ago?
a) Are increasing fuel costs a problem for you?
15. Do you receive any money from the government for reimbursement? Y / N
If Y, describe:
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a) How much money do you get from the government each year?
b) What is this reimbursement for?
B. Fishing gear questions
16. How many types of fishing gear do you use?
17. List all the types of fishing gear that you use:
___ Gill net:a) describe mesh size / dimensions:
b) record local name:
___ Drag net:

a) describe mesh size / dimensions:
b) record local name:

___ Fixed net:

a) describe mesh size / dimensions:
b) record local name:

___ Rolling hooks
___ Trap (e.g. eel trap, crab/shrimp trap)
___ Other (describe)
(Number these in order of usage, where 1 = gear type most regularly used)
18. Describe the main fish species that you try to catch at different times of year, and what
types of fishing gear you use at different times of year:

JAN

FEB

MAR

APR

MAY

JUN

Fish:

______

______

______

______

______

______

Gear:

______

______

______

______

______

______

JUL

AUG

SEP

OCT

NOV

DEC

Fish:

______

______

______

______

______

______

Gear:

______

______

______

______

______

______

19. For each of the main types of fishing gear that you use, complete the following questions:
Fishing gear type 1:
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a) Name of gear type:
b) Where do you use this gear type?
MAIN RIVER CHANNEL SIDE CHANNEL TRIBUTARY
c) How far from shore do you use this gear type?
d) What water depth do you use this gear type in?
e) Do you frequently use this gear type near the following geographical features?
SANDBAR/ISLAND

CONFLUENCE

OTHER (describe) ________

f) What is the main geographical location(s) where you go fishing with this gear type?
g) How many hours per day do you use this gear type?
h) How many days per week do you use this gear type?
i) How many hours do you leave this gear type in the water when you are fishing with
it?
j) Is this gear type tended or unattended when you are fishing with it?
k) What time of day or night do you fish with this gear type?
l) Do you use this gear type more at certain times of year? (excluding the fishing ban)
Y/N
If Y, what time of year do you use this gear type?
m) What are the main types of fish that you try to catch with this gear
type?
n) Do you also typically catch any other types of fish with this gear type
that you are not specifically trying to catch?
o) Why do you use this gear type more than other types of gear?
- Do you catch a greater total amount of fish with it?
- Do you catch more of a specific type of fish with it?
- Easier to use than other types of fishing gear?
- Can make more money using this type of fishing gear for the same
amount of effort? (If YES, describe how much more money in
comparison to other named fishing gears)
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- Other reason (describe):
p) What proportion of your fishing income do you derive from using this gear type?
Fishing gear type 2:
a) Name of gear type:
b) Where do you use this gear type?
MAIN RIVER CHANNEL SIDE CHANNEL TRIBUTARY
c) How far from shore do you use this gear type?
d) What water depth do you use this gear type in?
e) Do you frequently use this gear type near the following geographical features?
SANDBAR/ISLAND

CONFLUENCE

OTHER (describe) ________

f) What is the main geographical location(s) where you go fishing with this gear type?
g) How many hours per day do you use this gear type?
h) How many days per week do you use this gear type?
i) How many hours do you leave this gear type in the water when you are fishing with
it?
j) Is this gear type tended or unattended when you are fishing with it?
k) What time of day or night do you fish with this gear type?
l) Do you use this gear type more at certain times of year? (excluding the fishing ban)
Y/N
If Y, what time of year do you use this gear type?
m) What are the main types of fish that you try to catch with this gear
type?
n) Do you also typically catch any other types of fish with this gear type
that you are not specifically trying to catch?
o) Why do you use this gear type more than other types of gear?
- Do you catch a greater total amount of fish with it?
- Do you catch more of a specific type of fish with it?
- Easier to use than other types of fishing gear?
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- Can make more money using this type of fishing gear for the same
amount of effort? (If YES, describe how much more money in
comparison to other named fishing gears)
- Other reason (describe):
p) What proportion of your fishing income do you derive from using this gear type?
Fishing gear type 3:
a) Name of gear type:
b) Where do you use this gear type?
MAIN RIVER CHANNEL SIDE CHANNEL TRIBUTARY
c) How far from shore do you use this gear type?
d) What water depth do you use this gear type in?
e) Do you frequently use this gear type near the following geographical features?
SANDBAR/ISLAND

CONFLUENCE

OTHER (describe) ________

f) What is the main geographical location(s) where you go fishing with this gear type?
g) How many hours per day do you use this gear type?
h) How many days per week do you use this gear type?
i) How many hours do you leave this gear type in the water when you are fishing with
it?
j) Is this gear type tended or unattended when you are fishing with it?
k) What time of day or night do you fish with this gear type?
l) Do you use this gear type more at certain times of year? (excluding the fishing ban)
Y/N
If Y, what time of year do you use this gear type?
m) What are the main types of fish that you try to catch with this gear
type?
n) Do you also typically catch any other types of fish with this gear type
that you are not specifically trying to catch?
o) Why do you use this gear type more than other types of gear?
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- Do you catch a greater total amount of fish with it?
- Do you catch more of a specific type of fish with it?
- Easier to use than other types of fishing gear?
- Can make more money using this type of fishing gear for the same
amount of effort? (If YES, describe how much more money in
comparison to other named fishing gears)
- Other reason (describe):
p) What proportion of your fishing income do you derive from using this gear type?
20. Have you caught less fish during the droughts in recent years? Y / N
If Y, describe:
a) How much less fish per month during the very dry periods:
b) How much less have you earned per month during the very dry periods:
21. Do you spend more time trying to catch fish during the dry periods? Y / N
If Y, describe:
a) How much more time per day?
b) How much more time per week?
C. Porpoise questions
22. Do you know what a porpoise is? (get the informant to accurately describe what a porpoise
is, and then identify one from a series of photos)
If the informant knows what a porpoise is, ask the following questions:
23. When did you last see a dead porpoise?
24. How many dead porpoises have you seen over the past year?
For each dead porpoise sighting, record the following information:
Date:
Location:
Cause of death (if known):
25. If porpoises get accidentally entangled in fishing gear, describe what do you would do with
them:
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a) What would you do with the animal?
b) Do you cut the fishing net to release the animal?
c) Would you report the incident? Y / N
If Y, who would you report it to? (be as detailed as possible, e.g. give name of
fisheries contact if known)
26. Have you caught any porpoises in gill nets in the past year? Y / N
If Y, describe:
a) how many have you caught?
b) were they alive or dead?
c) when did you catch them?
d) where were they caught?
i) how far from the bank?
ii) MAIN CHANNEL

SIDE-CHANNEL TRIBUTARY

iii) SANDBAR/ISLAND CONFLUENCE OTHER (describe) ________
iv) exact geographical location
v) what water depth?
(If more than one animal, record the information separately for each event)
27. Have you caught any porpoises in drag nets in the past year? Y / N
If Y, describe:
a) how many have you caught?
b) were they alive or dead?
c) when did you catch them?
d) where were they caught?
i) how far from the bank?
ii) MAIN CHANNEL

SIDE-CHANNEL TRIBUTARY

iii) SANDBAR/ISLAND CONFLUENCE OTHER (describe) ________
iv) exact geographical location
v) what water depth?
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(If more than one animal, record the information separately for each event)
28. Have you caught any porpoises in fixed nets in the past year?

Y/N

If Y, describe:
a) how many have you caught?
b) were they alive or dead?
c) when did you catch them?
d) where were they caught?
i) how far from the bank?
ii) MAIN CHANNEL

SIDE-CHANNEL TRIBUTARY

iii) SANDBAR/ISLAND CONFLUENCE OTHER (describe) ________
iv) exact geographical location
v) what water depth?
(If more than one animal, record the information separately for each event)
29. Have you caught any porpoises in rolling hooks in the past year?

Y/N

If Y, describe:
a) how many have you caught?
b) were they alive or dead?
c) when did you catch them?
d) where were they caught?
i) how far from the bank?
ii) MAIN CHANNEL

SIDE-CHANNEL TRIBUTARY

iii) SANDBAR/ISLAND CONFLUENCE OTHER (describe) ________
iv) exact geographical location
v) what water depth?
(If more than one animal, record the information separately for each event)
30. Have you caught any porpoises in other types of fishing gear in the past year?
Y/N
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If Y, describe:
a) how many have you caught?
b) were they alive or dead?
c) when did you catch them?
d) where were they caught?
i) how far from the bank?
ii) MAIN CHANNEL

SIDE-CHANNEL TRIBUTARY

iii) SANDBAR/ISLAND CONFLUENCE OTHER (describe) ________
iv) exact geographical location
v) what water depth?
(If more than one animal, record the information separately for each event)
31. Is there any seasonal variation in when porpoises get killed in fishing gear?
Y/N
If Y, describe:
a) what time of year do porpoises get killed in fishing gear the most?
32. Do different numbers of porpoises get caught in fishing gear today compared to in the
past? Y / N
If Y, describe:
a) Do more animals get caught in fishing gear today compared to the past?
33. Have you caught more or less porpoises during very dry years? Y / N
If Y, describe how many more or less porpoises get caught than during
other years:
34. Do you ever find any half-eaten fish in your nets that might have been eaten by porpoises?
Y/N
If Y, which type of fishing gear(s) do you find these in?
35. Are there any dead porpoises around here? Y / N
If Y, describe WHERE, and inform Sam and Leigh immediately.
36. Describe the difference between a baiji and a porpoise (get the informant to accurately
describe what a baiji is, and then identify one from a series of photos)
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37. If the informant is able to accurately identify/describe a baiji, ask the following questions:
a) Have you ever seen a baiji? Y / N
b) If Y, when did you last see a baiji?
(If the informant reports a baiji sighting dating from after 2000, record all sighting details and
tell Sam or Leigh immediately so that further questions can be asked)
D. Attitudes and awareness
38. Do you want to continue being a fisherman in the future? Y / N
If N, describe:
a) what other livelihoods/jobs would you want to do instead?
b) what would you need to change jobs?
i) new skills / training / education? Y / N
ii) start-up funds? Y / N
iii) relocating? Y / N
iv) other factors? Y / N (describe)
39. What do you do for work during the seasonal fishing ban (April-June)?
40. During the fishing ban, do you earn more, less, or about the same income per month as
during the months when you go fishing?
If MORE or LESS, describe the difference in monthly income during the fishing ban and
the rest of the year:
41. Describe what the fishing ban is for:
42. Do you object to the fishing ban? Y / N
If Y, describe the main objections to the ban:
43. As far as you know, what proportion of fishers in this community do you think practice
electrofishing?
44. How much money do you think that people can make from electrofishing per month?
45. Why do people use electrofishing over other methods?
a) Catch more fish: Y / N
b) Catch more of particular types of fish: Y / N (describe which fish)
c) Easier or less effort required compared to other fishing methods: Y / N
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d) Other reasons (describe):
46. Do you think that electrofishing is sustainable for local fisheries? Y / N
47. Do porpoises ever get killed by electrofishing? Y / N
If Y, describe:
a) How many porpoises do you know have been killed by electrofishing during the past
year?
48. Have you ever killed a porpoise during electrofishing? Y / N
If Y, describe:
a) How many times?
b) When did this happen?
c) Where did this happen?
(Record these details for all reported porpoise deaths caused by electrofishing)
49. Do you think that electrofishing is sustainable for the porpoise population? Y / N
50. How much of a problem do you think that electrofishing is in this region?
NOT A PROBLEM

SLIGHT PROBLEM

SERIOUS PROBLEM

51. Do you know if any types of fishing gear are illegal? Y / N
If Y, describe which types:
52. When was the last time that fisheries officials discussed fisheries regulations about illegal
fishing gears with you or your community?
53. Do you know whether there are any laws about finless porpoises? Y / N
If Y, describe these laws:
54. When was the last time that fisheries officials discussed fisheries regulations about
porpoise conservation with you or your community?
55. How often do you see/meet with fisheries officials each year?
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Appendix 3 – Interview locations from 2008 and 2011-2012 surveys
2008
River section
1
2
2
3
3
4
18
5
5
6
7
8
8
8
9
10
19
10
11
12
13
13
14
15
16
16
17

Interview locality
Yichang
Longzhou
Jianglin
Xinchang
Shishou
Jianli
Yueyang
Honghu
Jiayu
Jinkou
Wuhan
Ezhou
Huangshi
Qizhou
Wuxue
Hukou
Douchang
Pengze
Anqing
Tongling
Wuhu
Wujiang
Nanjing
Zhenjiang
Jiangyin
Nantong
Chongming

Region
Upper
Upper
Upper
Upper
Upper
Upper
Upper
Upper
Upper
Upper
Middle
Middle
Middle
Middle
Middle
Middle
Lower
Lower
Lower
Lower
Lower
Lower
Lower
Lower
Lower

Downstream distance from Yichang
0
130
190
213
238
313
In Dongting Lake
445
495
595
626
722
760
793
830
901
In Poyang Lake
936
1030
1123
1226
1290
1321
1404
1512
1570
1650

Nr of interviews
31
20
12
4
27
18
30
26
22
9
30
6
6
35
15
20
30
15
35
35
21
17
37
28
15
15
20

2012
River section
18
18
8
8
8
8
9
9
9
19
19
19
19
19
19
10
10
10
10
11

Interview county
Yueyang
Miluo
Huanggang
Xishui
Huangshi
Qichun
Yangxin
Huangmei
Jiujiang
Lushan
Xingzi
Douchang
Yongxiu
Poyang
Yugan
Hukou
Susong
Wangjiang
Dongzhi
Anqing

Region
Middle
Middle
Middle
Middle
Middle
Middle
Middle
Middle
Middle
Middle
Middle
Lower

Location
Dongting Lake
Dongting Lake
Mainstem
Mainstem
Mainstem
Mainstem
Mainstem
Mainstem
Mainstem
Poyang Lake
Poyang Lake
Poyang Lake
Poyang Lake
Poyang Lake
Poyang Lake
Mainstem
Mainstem
Mainstem
Mainstem
Mainstem

Nr of interviews
150
9
9
19
5
19
26
9
10
11
22
38
32
59
42
35
9
12
17
43
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