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FIGURE 5. Background

What is the value to the Galapagos Islands of a shark
in the water versus its fins in a store? This comparison
has been calculated in other parts of the world and
the difference has tended to be quite stark. The

value of a shark in the water as a tourist attraction is
$200 typically much higher than its value as a commodity in
Million a restaurant. The difference tends to be even greater
once you consider that a shark can be viewed by
tourists day after day, year after year, whereas the
payoff from finning a shark is a one-time payment.
See for example, Figure 7, which is based on Vianna et
al. (2012): the present value to the tourism industry in
Palau of a population of 100 sharks is estimated to be
$200 million whereas the market value if the sharks
were killed and sold is $10,800.
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Fishery Tourism All of the existing studies in the literature on the
Industry value of sharks for tourism tend to use a very similar
(Present Value) L . ..
approach: divide the total spending on shark diving
Source: Vianna et al. (2012). by the average number of sharks seen per trip. For

example, the approach of Vianna et al. (2012) is to
multiply total spending by all divers by the percentage
of shark divers. This is then compared to the value of
harvesting all of the sharks that are regularly seen by
shark divers. In an earlier unpublished version of this
paper (Vianna et al., 2010), they estimate an annual
value per shark of $179,000 and a lifetime value of $1.9
million. How is the lifetime value calculated? Divers
typically come to see grey and white tip sharks in
Palau, which have an average life span of 16 years.
Assuming a discount rate of 5% and a time horizon of
16 years, an annual payment of $179,000 produces a
lifetime or net present shark value of approximately
$1.9 million.

One of the most relevant studies for this report
is Pefaherrera et al. (2013), which is currently the only
shark valuation study that has been conducted in
the Galdpagos. It is important to note that this study
just focused on Santa Cruz Island, which is not the
primary shark diving destination. The approach of
Pefaherrera et al. (2013) was to estimate the Annual
Gross Income of each dive agency, work out the
percentage associated with shark diving (this is based
on the perceptions of guides regarding the percentage
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of passengers that demonstrated that their primary
interest was diving with sharks), and then estimate
the income per shark seen using the frequency of
shark observations per week and the average number
of sharks seen per trip. It was estimated that each
shark (independent of species) may directly generate
approximately $34,000 per year from single-day dive
tours. Excluding whale sharks (which are very seldom
seen near Santa Cruz), the average lifespan of sharks
seen in the Galdpagos Islands is 23 years (see Table
12). Assuming a discount rate of 5% and a time horizon
of 23 years, this implies an average lifetime value of
$492,611.

Friedlander et al. (2012) adopt a similar
approach for a study of hammerhead sharks in Cocos
Island, Costa Rica. They calculated total spending on
dive tourism and then multiplied this by the percentage
of trips that go specifically to observe sharks. This
number was then divided by the average number of
sharks seen per trip. They calculate that the average
shark generates over $82,000 of spending every year
and that each shark generates $1.6 million over its
lifetime (assuming no discounting but assuming that
each shark spends 20 of its 35 years at the island).
Anderson and Ahmed (1993) estimate the annual value
of a grey reef shark in the Maldives to be $33,500. In
Western Australia, the average annual value of a whale
shark is estimated by Norman and Catlin (2007) to
be approximately $8,779 and the lifetime value to be
$210,725. Clua et al. (2011) examine lemon sharks in
French Polynesia and come up with an annual value
ranging from $138,573 to $316,699, and a total lifetime
value of $2.6 million. An attempt to establish the
individual worth of a live whale shark to tourism was
made by Graham (2004) for whale sharks in Belize. Her
calculation resulted in an annual value of $34,906 and a
lifetime value of $2,094,340 per shark. Although a wide
range of estimates have been produced for the tourism
value of a shark, the methodology used has remained
consistent across most studies. We plan to follow the
literature and will calculate the average spending per
shark sighting as follows:

Total spending on shark dive tourism in region X x %
of sharks observed in region X that are Species Y

Average Spending per Shark Sighting =

Average number of species Y observed in

region X per dive trip
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Data

The majority of shark diving in the Galapagos takes
place in the far north, at Darwin and Wolf islands.
Table 10 summarizes the relative shark abundances in
different regions of the Galdpagos. It can be clearly
seen that hammerhead sharks are very abundant in
the Far North (Darwin and Wolf). This is one of the
primary attractions for dive trips to these islands: to
view large numbers of hammerhead sharks. Viewing
hammerheads at Darwin is often rated as one of the
best diving experiences in the world. This is also the
only area where whale sharks are regularly observed at
certain times of the year and many divers come simply
to see whale sharks and nothing else.

We collected published itineraries and prices
for the main shark diving tour operators and used this
to estimate total revenues by operator and by region.
Table 6 previously summarized the main operators,
their capacity, itineraries, and prices. We estimate that
total annual revenue in 2014 in the purely diving sector
was $17,581,000. This estimate is very much in line with
Epler (2007). In Table 11, we use published itineraries
of where shark diving vessels go to separate out these
revenues in terms of the different diving regions (Far
North, West, and Central). Far North refers to Darwin
and Wolf and we allocate $11 million of the almost $18
million spent on shark diving to this region. In other
words, 63% of shark diving revenues is generated by
the uninhabited islands of Darwin and Wolf.

TABLE 10.

Relative Shark Abundances
per Region by Shark Species

e Far North Region

(n=483)
Silvertip Shark 0.008
Silky Shark 0.25
Galdpagos Shark 4.042
Black Tip Shark 0.733
Scalloped Hammerhead Shark 125.7
Whitetip Reef Shark 0.192
Whale Shark 0.683

Average Spending Per
Shark Sighting

We now know how much divers spend to go to different
regions and the abundance of different shark species
in these areas, so we can apportion the revenue in each
region in terms of the frequency of observing each
species (Table 12). This is a crude measure but generally
captures the reason why divers go to certain locations.
For example, most divers are spending most of their
money to go to the Far North region ($11 million). The
reason they go there is to view the relatively large
proportion of hammerhead sharks, so the bulk of
revenues in the Far North region is apportioned to
hammerhead sharks ($10 million). As another example,
no revenue in the West and Central regions is attributed
to whale sharks since they are hardly ever observed
there. It wouldn’t make sense to attribute the value
of shark diving off Santa Cruz Island to whale sharks.
Furthermore, the majority of revenues in the Central
region is apportioned to Galdpagos and Whitetip sharks.
We now take these total revenues per shark
and, following the approach outlined above, we divide
the total spending per shark species by the average
numbers of sharks of this species seen per dive trip.
We sum this spending across all regions to generate
the annual value per shark sighting for different species
(Table 12). The values range from $83,000 per shark for
silvertips to $697,000 for hammerheads. The average
annual value of a shark in the Galapagos is $360,105.

West Region Central Region

(n=31) (n=93) fotal
- - 0.008
- 0.063 0.313

0.25 12.410 16.702
- 0.188 17.623

6.563 2.854 152.74
- 1.396 1.588
- - 0.683

Notes: Abundances are expressed as individuals observed per hour per diver recorded during underwater surveys conducted from 2007 to 2012.
Source: CDF-UCD-PNG Pelagic Census Database, as referenced by Hearn et al (2014).
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Vessel Name

Galadpagos Agressor |l

Galdpagos Sky

Humbolt Explorer
Pinguino Explorer
Galdpagos Master
Galdpagos Master

Galdpagos Master

Nortada Yatch

Total Revenue

Source: Published online itineraries.

Shark Species

Silvertip Shark
Silky Shark

Galapagos
Shark

Black Tip Shark
Scalloped
Hammerhead
Shark

Whitetip Reef
Shark

Whale Shark

Totals

Abun-
dance

0.008
0.25

4.042

0.733

125.7

0192

0.683
131.608

# Dives

12 $2,071,680.00
12 $2,887,477.89
13 $2,297,788.24
10 $1,204,210.53

12 $1,210,560.00

18 $780,000.00

Revenue

24 $260,640.00

12 $306,936.00

$11,019,292.66

Relative
Revenue

$669.83
$20,932.03

$338,429.13

$61,372.72

$10,524,626.8

$16,075.80

$57186.32
$11,019,292

Abun-
dance

0
0}

0.25

6.563

0}

0
6.813

# Dives

4

Relative
Revenue

@)
@)

$94,497.60

@)

$2,480,751

@)

@)
$2,575,248

Revenue
$690,560.00
$721,869.47
o]
$361,263.16
$403,520.00
$260,000.00
$86,380.00
$51,156.00

$2,575,248.63

Abun-
dance

0.000
0.063

12.410

0188

2.854

1.396

0
16.911

TABLE 11.

Revenue per Region by
Number of Dives

# Dives Revenue
4 $690,560.00
4 $962,492.63
4 $707,011.76
6 $722,526.32
4 $403,520.00
6 $260,000.00
8 $86,880.00
6 $153,468.00

$3,986,458.71
TABLE 12.

Revenue per Region by
Shark Species

Relative
Revenue

@)
$14,85110

$2,925,430

$44,317.56

$672,778

$329,081

0
$3,986,458

Total
Revenue

$669.83
$35,78313

$3,358,357

$105,690

$13,678,156

$345,157.25

$57186.32
$17,581,000

Notes: Abundances are expressed as individuals observed per hour per diver recorded during underwater surveys conducted from 2007 to
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We obtained published estimates of the average
lifespan of each shark (except for silvertips where we
make a conservative guess based on similar species
from the same genus), and combine this with an annual
discount rate of 5% to calculate the total lifetime value
of a shark:

n

Lifetime Value = E

(t=0)

Annual Value
(1+0.05)¢

where n is the average lifespan of the shark species.

Note that our decision to use a discount rate will bias
our estimates down relative to most of the studies in
the literature, which do not discount future revenues

from shark tourism. Vianna et al. (2012) is the only other

study we are aware of that uses a discount rate. The
results are in the final column of Table 13. The lifetime
values range from $1 for silvertips to $12 million for
hammerheads. The average lifetime value of a shark
in Galdpagos is $5.4 million.

These estimated annual and lifetime values
deserve some discussion. These values are higher
than any others in the literature (see Figures 8
and 9 for comparisons with estimates from other
studies). It should be noted that we are using the
same methodology as these other studies and we
are actually being more conservative by discounting
future revenues. These numbers suggest that sharks

TABLE 13.

Individual Valuation of
Shark Sightings by Species

Shark Species ATEY

per shark
Silvertip Shark $83,72814
Silky Shark $319,459.83
Galdpagos Shark $697,450.24
Black Tip Shark $319,459.83
Scalloped Hammerhead Shark $697,450.24
Whitetip Reef Shark $319,459.83
Whale Shark $83,72814

Average lifespan?

in the Galapagos Islands generate more revenue than
any other existing study on shark diving. In particular,
hammerhead sharks in the Galapagos Islands are the
most economically valuable sharks on earth. They
generate more spending per shark in their lifetime
than any other species in the world (Figure 9). One
of the primary reasons for why sharks are so valuable
in the Galapagos is the large total expenditure on
shark diving. Most of the other studies in the literature
examined shark diving operations where annual total
expenditure was less than $10 million. For example,
the closest annual estimate to our own is from Clua et
al. (2011) but they evaluated a shark diving industry in
French Polynesia with a total annual expenditure of
$5.4 million.

The Value of Sharks to
the Fishing Industry

Fishing directly for sharks is banned by law in Ecuador.
Nevertheless, the landing of “incidental” shark catches
with their fins intact is allowed on the mainland. In the
Galdpagos archipelago, fishing, landing, and trading of
sharks is illegal. In 2004 the president signed a decree
that banned all exports of shark fins. However, because
of the high value of fins ($400-$1000 per kg (WildAid,
2007)), illegal operations and smuggling remained a
serious issue. In 2007, the president overturned the ban
and currently the export of shark fins from incidental
catch is allowed on the mainland.

Discount rate Total lifetime value

19 0.05 $1,095,609.54
25 0.05 $4,821,909.01
24 0.05 $10,321,316.25
12 0.05 $3,150,912.72
35 0.05 $12,117,635.95
25 0.05 $4,821,909.01
70 0.05 $1,703,254.42
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Although industrial fishing is prohibited in the
Galapagos Marine Reserve since 1998, there is illegal
fishing by large fishing vessels, including in the waters
around Darwin and Wolf (Figure 10), which are the
most valuable in the archipelago in terms of shark
diving revenue. WildAid estimates that, at any given
time, there are 1to 5 vessels fishing illegally in the
waters of the reserve, often targeting sharks. This illegal
activity, added to fishing by local fishers, jeopardizes
the natural resource that provides the largest source of
revenue for diving tourism in the Galdpagos.

A reconstruction of Ecuador fisheries by
Jacquet et al. (2008) estimated shark landings from
1979 to 2004. The main findings are that they estimate
landings on the mainland of 7,000 tonnes per year
or nearly 500 million sharks (this number is 3.6 times
greater than what’s reported by FAO). Fin exports
exceed mainland catches by 44% or 3,850 tonnes per
year. The authors suggest that this difference may

FIGURE 9.

Incidence of Commercial
Fishing Captures in the
Galdpagos Marine Reserve
Between 2001-2012

- High Incidence

Low Incidence

. Fishing boats (>22m)
. Small boats (7-22m)

come from sharks illegally caught in the Galdpagos.
WildAid (2007) estimate that 80% of Ecuador’s fin
exports originate from the Galdpagos. Carr et al.
(2013) compile all of the illegal shark vessels seized in
Galapagos waters from 2001 to 2004 and document
the illegal catch onboard one of these vessels: 379
sharks from seven species, including mainly female
and juvenile sharks. In another catch reconstruction
study, Schiller et al. (2014) estimated that from 1950
to 2010, 105,500 tonnes of sharks have been taken
from the Galdpagos EEZ by Ecuadorian boats only
(this is equivalent to 13% of all fish landings over this
period). This was estimated as the difference between
shark exports and reconstructed shark landings on the
mainland.

Shark fishing is obviously big business in the
Galapagos and Ecuador. So what is the market value
of a shark caught in the Galdpagos? Most of these
sharks are sold on the mainland and data on prices

Source: http:/www.huffingtonpost.com/ocean-unite/nontraditional-allies-wor_b_7800260.html
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are not easily obtained. Sharks are typically sold as a
whole carcass and prices range from $0.65 to $0.75 per
pound (O. Rosero, pers. comm). If fins are large enough
(15cm at the base), fishermen additionally receive
between $3 to $8 as a bonus payment. Fins will often
pass between 2 and 3 middlemen before they reach

a final buyer at a much higher price. Sharks typically
have a weight between 140 to 200 pounds (O. Rosero,
pers. comm) so the value of a shark lies somewhere
between $91 to $158. This roughly compares to
estimates from other parts of the world: $108 in Palau
(Vianna et al.,, 2012) and $195 in Costa Rica (Friedlander
et al,, 2012). Clearly, the tourism value of a shark far
exceeds the value of its meat and fins (Figure 11). The
economy of Ecuador is much better served with more
sharks in the water.

Fishing Value Per Shark  Annual Spending Pe

Marginal vs. Average Value of a Shark

A standard criticism of the approach we have taken

in this report to calculate the value of a shark is that
this represents the average value and not the marginal
value of a shark. This is certainly true. We do not expect
that if one hammerhead shark in the Galdpagos is killed
tomorrow that this will decrease tourist spending this
year by $697,000. A more accurate interpretation of
our estimates is that they capture the marginal value

of losing all sharks in the Galdpagos Islands. Certainly

if all of the hammerheads at Darwin and Wolf were
harvested this would impose a massive loss on the
shark diving industry on the order of many millions

of dollars. This loss would far exceed the marginal
benefit of selling these sharks on the mainland or to
Asia. An interesting discussion of the pros and cons of
using average and marginal values to value animals for
tourism purposes is contained in Catlin et al. (2013) and

FIGURE 9.
Fishing Value of a Shark vs.

Annual Spending per Shark
Sighting

r Shark Sighting
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Vianna et al. (2013). A similar argument to our own is
made by Vianna et al. (2013, p. 301):

“Questions such as “should a shark sanctuary
be created?” are not about marginal changes in
the shark population, but about large changes
- potentially from none or almost none to a
large population. In such cases, it is theoretically
sound to compare the average value of sharks
for tourism with the average value of sharks

for fishing. Indeed, the comparison is simply a
scaled down version of comparing the value of
a whole shark population for tourism with its
value for fishing.”

However, it would be useful for accurate cost-benefit
analysis to know the marginal value of a shark in the
Galapagos. We now propose a potential solution to
this issue. Suppose demand for sharks is given by

P =a - bX where Pis marginal value, X is the quantity
of interest (shark population), and a and b are fixed
parameters. Let the “choke quantity” be given by

the parameter L, so b =a + L. And let X be denoted
as a fraction of L (for example, if X = L + 2 then the
relevant quantity is half the choke quantity size).

Definition 1. The Reduction Ratio, denoted RR, is the
percentage decrease in average value that equals the
marginal value.,

Then we have the first result:

Proposition 1.
X

RR= ————
(2L-X)

Which leads to our first lemma:

Lemmal.

dRR

>
dX °

In other words, the reduction ratio is increasing
in X — the larger is X the larger is the percentage
wedge between average and marginal value.

Now, suppose the shark population is at most half
what it would have to be to drive all demand to
zero, so X <[+ 2. Then, by Lemmma 1, and invoking
Proposition 1, we find that the reduction ratio is:

RR <1+ 3+++

In other words, as long as you believe that the shark
population is at most half of the choke quantity,

then it follows that, to convert an average value to a
marginal value requires reducing the average value
by, at most, 33%. This would imply that our estimate
for the annual value of $360,105 for the average
shark should be adjusted to $237,669. And the
estimate for the lifetime value of the average shark in
the Galdpagos should be re-scaled from $5.4 million
to $3.6 million. Both of these numbers far exceed the
maximum marginal value of harvesting a shark: $158.
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The Galapagos Islands are one the
world’s top destinations for nature
tourism, and an important economic
engine for Ecuador. If spending on
flights and mainland tourism trips is
included, Galapagos tourism accounts
for 55% of all tourism revenue in
Ecuador (Epler, 2007). A significant
proportion of the visitor experience

in the Galapagos in terms of time,
spending, and enjoyment) is actually
marine-based. We used tour itineraries,
exit surveys, academic articles,
government documents and NGO
reports to calculate how much of the
tourist experience in the Galapagos
depends on marine-based activities. By
separating tourists into three groups
(land-based “stay-overs”, tourists

on live-aboard vessels that do land
and marine activities, and tourists on
purely diving live-aboard vessels), we
calculated how much of the tourist
experience is marine-based. We then
allocated within-island spending based
on these proportions to calculate

the value of marine-based tourism in
the Galapagos islands. Of the $265
million spent by tourists within the
Galapagos in 2014, we estimate that
58% ($154 million) is directly dependent
on marine-based tours, activities

and experiences. This suggests that

the majority of tourism value in the
Galapagos is dependent on the marine
environment. We estimate that 5,019
jobs in the Galapagos depend on
marine-based tourism. In other words, 1
out of every 3 jobs in the islands.

Based on tourist surveys within the Galdpagos and
findings in other parts of the world, we estimate
that creating a large network of no-take areas
within the Galdpagos islands could increase annual
spending by tourists between $14 and $90 million,
without increasing the number of tourists. This

is because tourists are willing to pay more for an
enhanced marine environment and less congestion
at popular snorkeling and diving spots. Fishing may
be impacted by the creation of no-take areas but
since the maximum value of legal fisheries in the
Galdpagos is in the range of $4 million, it should be
possible to find a win-win solution that benefits all
stakeholders. There are obviously very important
distributional and equity concerns that would need
to be addressed with the designation of new no-take
areas.

Many tourists come to the Galdpagos for
the sole purpose of viewing sharks. This is one of
the primary reasons for tours to Darwin and Wolf
islands. Using published information on shark diving
tours, their prices, itineraries, and capacities, we
estimated how much tourists currently spend on
shark-diving tourism in the Galapagos. We find that
the majority of shark diving expenditure relies on
the two uninhabited islands of Darwin and Wolf.

We combined information on tourist spending with
data on the frequency of viewing different shark
species at different locations to calculate the average
spending generated per shark sighting. This is a
popular approach in the literature and has produced
estimates for the annual value of a shark ranging
from $8,779 to $316,699. We found that sharks are
more valuable in the Galapagos than anywhere

else on earth. The average value of a shark to the
tourism industry in the Galdpagos is $360,105. Since
sharks can live for quite some time, they continue to
provide value year after year. We estimate that the
average lifetime spending generated by a shark in the
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Galdpagos is $5.4 million. This is, again, larger than
any other estimate from other parts of the world.
This strongly suggests that sharks in the Galapagos
(particularly hammerhead sharks) are the most
economically valuable sharks on earth. This value far
exceeds the maximum value a shark can fetch when
sold on the mainland for its meat and fins ($158).

A number of caveats to our main findings
are worth mentioning. The biggest limitation in terms
of our estimate of marine-based tourism is that we
don’t have detailed and reliable information on how
stay-over tourists spend their time and what provides
them with the most enjoyment. We have assumed
45% of their experience in the Galapagos is marine-
based but this may not be accurate. However, given
that stay-over spending is such a small percentage
of total spending, this assumption is not pivotal.

For example, if we assume that O% of the stay-

over experience is marine-based then our total
expenditure estimate only drops from $154 million to
$135 million. A second caveat is that our projection
of future spending if large no-take areas are created
is inherently uncertain. We cannot predict the future,
but it is certainly the case that tourists are willing

to pay more for a pristine marine environment with
less congestion. Combining this with documented
increases in spending in other parts of the world
gives us confidence that no-take reserves will
increase spending but the exact magnitude of this
change is impossible to predict.

In terms of the average value per shark
sighting, the methodology we use will tend to
undervalue sharks that are very abundant since
total expenditure will be divided by a larger number.
In a slight departure from the previous literature
we have attempted to mitigate this concern by
apportioning revenues to each species based on
their relative abundance in a particular region. For
example, hammerheads are apportioned the majority
of the expenditures for the Darwin and Wolf areas
whereas Galdpagos and Whitetip sharks get most of
the spending for the Central Galdpagos region. An

additional caveat to the interpretation of our estimate

of the value of a shark is that this value is the average
spending per shark sighting and not the marginal
value of an additional shark to the tourism industry.
We have proposed a sensible re-scaling to derive the
marginal value to the local economy and it does not
change our overall conclusion.

Despite these caveats, our results strongly
indicate that the benefits of creating large no-take
areas in the Galapagos Marine Reserve far outweigh
the costs. In particular, full protection of the waters
around Darwin and Wolf are necessary (but not
sufficient) to preserve the largest source of economic
benefits for the Galapagos economy. In terms of
funding the management and enforcement of new no-
take areas, a special fee for visitors to Darwin and Wolf
islands certainly appears to be a viable option worthy
of further discussion.
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Marine-based Tourism for Live-aboard Vessels (A,B,C)

Navigable A

Total Excursions

Total Marine-based Execursions

% of Marine-based Execursions

Total Annual Revenues for Vessels Navigable A*

Total Annual Revenues for Vessels Navigable A*
Marine-based Activities

1696
944
56%
$213,162,372.50

$119,370,928.60

* These values are based on the lowest fare of the shortest itinerary for each vessel.

Sources: Internet-based searches

Number of Vessels 39
Total Sample Size (Itineraries} 85
Navigable B

Total Excursions

Total Marine-based Execursions

% of Marine-based Execursions

Total Annual Revenues for Vessels Navigable B*

Total Annual Revenues for Vessels Navigable B*
From Marine-based Activities

38

16

42%
$4,591,700.00

$2,571,352.00

* These values are based on the lowest fare of the shortest itinerary for each vessel.

Sources: Internet-based searches

Number of Vessels 2
Total Sample Size (ltineraries} 2
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Navigable 3

Total Excursions

Total Marine-based Execursions

% of Marine-based Execursions

Total Annual Revenues for Vessels Navigable B*

Total Annual Revenues for Vessels Navigable B*
From Marine-based Activities

49

40

82%
$1,092,262.50

$611,667.00

* These values are based on the lowest fare of the shortest itinerary for each vessel.

Sources: Internet-based searches

Number of Vessels 1
Total Sample Size (ltineraries} 2
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