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Preface

On April 1994, a big fire broke out in Isla Isabela, the Iargeét istand in the Galipagos Archipetago of
Ecuador. We heard the news with great attention and anxiety about the influence of the fire on the valuable
wildlife, because there had boen growing interest in conserving the natural cnvironment in Japan following
the registration of the beech forest in the Tohoku regien and the cedar forest in the Nansei Shoto as part of
the natural heritage specificd under the Convention concerning the protection of the world’s cuttural and
naturat heritage, the year before, in December 19923, 7

The Galdpagos are an isolated group of islands which lic in the Pacific Ogean on the equator. The nearest
mainland country is Ecuador, some 1000 km to the cast,

The Archipelage is far from Japan, but its unique and fascinating wnld!l& is gencrally well known, as it has
been introduced by many students, tourists, photographers and journalists. Formerly, the interesting and
curious story of the Galdpagos islands wildlife was a matter of another world. In the 1980s when overscas
travel was becoming popular owing to the economic development and rapid progress of transport facilities,
the Galdpagos Islands becamie easy Lo access as a tourist resott,

On the other hand, as nature consetvation became an important global issue to be tackled, we realized that
the Japanese Archipetago as well as the Galdpagos Archipelage is an element of the Lacih's ecosystem from
the global vicwpaoint.

These circumstances lay beneath our deep concern and the concrete measures addressed by the Japanese
Government toward this catamity.

When a bigger fire occurred in 1985, the Japanese Government gave only pecuntary aid. This time, the
Government tricd to give pecuniary and other technical aid by seading a research group of experts to the
scenc of the fire in the Galdpagos Islands.

Then, the Group of Experts was organized and sent through the Japan International Cooperation Agency
{JICA). The purpose was (o research the day-after damage from the fire to vegetation and land vertebrates,
and to give, if possible, technical advice about ways of restoring or monitoring, including means of
proliferation of the Islands wildiife.

Although we could not stay long cnough, because of force of circumstance, each member wrote a paper en
his field research on the base of information we got on the spot, and [ assembled these papers into this
Report on the influence of the fire and the future protection of wildlife in Isabela, ‘The contents of this
Report do not necessarily refleet the official view of JICA but merely that of the Group of Experts. We
sincercly hope that this Report will be helpful in promoting international cooperation for the preservation of
Galdpagos Islands wildlife.

This field research was carried out thanks to the cooperation and support of a great number of people.

We would like to express our thanks to General Lacricio Almeida, Head of the Natienal Depariment of Civil
Defence (PDNDC), our counterpart in licuador, and to his staff members, especially to Ms. Gloria Maria
Roldan, Maonager, Enviconment Department, Technical Division, who always went with us during field
rescarch to handle coordination and arrangements. Our research could never have succceded without her
kind and devoted services. We would like to express our thanks also to Dr. Chantal Blanton, Chief of the
Charles Darwin Rescarch Station (CDRS), to Mr. Felipe Cruz, Manager of the Galdpagos National Park
Scrvice (SPNG), and to their excellent staff members, who acted as our guides during our stay in [sabela and
Santa Cruz.



Our cordial thanks are due to Mr. Jacinto Gordillo, General Manager of CDRS Tsabela Office, and to Mr,
Arnold Topiza, Staff, SPGC {sabela Office, who arc experts in Isabeta, Their appropriate information was
indispeosable to carry out our short-stay fickd research effictently.

Our profound gratitude is also due to the Japanese Embassy tn Ecuador, which coordinated and made
arrangements for us with the Ecuadorian Authoritics and gave us every facility dering our stay. We are
much obliged to Mr. Matusui Masato, Councilor, and to Mr. Masutome Tokure, Sccretary, for the great
trouble they tock for us. We are deeply indebted to Professor fta Shuze, Nagasaki University, _for his kind
help and encouragement in all aspeets in Japan. : '

Finally, we cxpress our grateful thanks and deep respect to all concerncd in JICA, the Economic Codperation
Burcau of Ministiy of Foreign Affairs, and to the Globat Environment Department and the Nature
Conscrvation Burcau of Environment Agency, for their endeavor and decision regarding the Group of Experis.

December, 1994
On behalf of the Group of Experts,

- Kehmaru Masaaky
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{. Background and objectives of the asslgnmént of the Group of
Experts |

On 12 April 1994, a big fire occurced in Isla Isabela, the largest istand in the Galdpagos Archipelago of
Ecuador. Ten days laicr, on 22 April, every newspaper reporied the news distributed by AFP news agency,
and said hat the firc continucd to spread and that precious wildlife was in peril.

At the news of the disaster, the Ministry of Foreign Affairs and the Eovironment Agency studied what Japan
could do for the alfected Galdpagos islands wildlife, a world natural heritage, and, at the same time, they
asked what Ecuader wanted by gathering information through the Japanese Embassy on the spot.

~ As a result, the Ministry of_Forcign Affairs decided to deliver urgently the pecuniary atd of 50 thousand
dollars, and at the request of the Ecuador Government, to send experts to the spot, in cooperation with the
Environment Agency and HCA, for the purpose of researching the damage, and of giving, if possible, the
required technicat cooperation for wildlife protection,



Il Organization and mission of the Group of Experis.

The mission of the ¢xperls was to;

*Rescarch the day-after d'im'igv., 10 wildlife

-‘"sludy and give advice for the pn,scnauon and proliferation, ifendemw spcu\s su\h as thc Giant Tortoxs:.
and the Land Iguana and \tgnlalmn are sev erdy alfected. .

+Study and give advice on the monitor program on the \uldhfc and natural eavironment in ordcr lo understand
the change of circumstances and their state of recovery in the fire-affected area and in the suirounding area
not affected by the fire.: ' B ‘ '
*Study and give advice for restoration, il necessary.

To carry out the mission, expu ris were called upon to join the Group. The munbcrs of the Group arc, Ilslcd
below:

KOHMARU Masaaki _ ) )
. (ChargeiSpecialty) Chiel, Nalure conservation managenmient
(Titlc} Head, Tohoku Arca National Park and Wildlife Office, Bavironment Agency

SHIMIZU Yoshikazu
{Charge/Specialty) Plant ciology
{Tite) Assistant professor of Natural Science, Department of Literature, Komazawa University

YANAGISAWA Norio
(Charge/Specialty) Ornithology
(Fitle) Chief, Investigation Office, Japancse Socicty for prescervation of birds

OHTSUKA Satoko
(ChargefSpecialiy) Herpetology
(Title) Research staff, Japan Wildlife Research Centre

ITCH Yuhzo
(Charge/Specially) Veterinarian, Wildlife Management
(Tite) Chicf, Office of Wildlife Management, Wildtile Protection Division, Nature conservation
Bureau, Envirosment Agency

KAWAI Kohji
(Charge/Specialty) Planming, coordination and management
(Title) Manager, General Affairs Division, JAICA International Centre



lll. Rinerary and summary of the field research

1. ltinerary

Hinerary Ficld research was carricd out following the itinerary shown below:

June 3 (Fri.) "l‘ok_'_,"o to Miami AA-026

June 4 (Sat)) Miami to Quite AA-967

June 5 (Sun.) Preparation of materials and related equipment

Junc 6 (Mon.} Preparatory arrangements with the Japanese Entbassy in Fcuador, the National
Department of Civil Defence (DNCD) and other governmental anthoritics

June 7 (Tue.) Infornsation-gathering and supply of related equipment _

Junc 8 (Wed)) Quito to Isla Baltra via Guayaquil EQ-191 Isla Bahira to isla Santa Cruz oat and bus)

Jung 9 (Thu,) Arrangements with the Charles Darwin Resvarch Station (CDRS) and the Galdpagos
National Park Scrvice (SNPG) '

June 10 (Fri.) Preparatory rescarch, Group meeting and final check for starling

Jun.c H{Sat.} Isla Santa Cruz to Isia Isabela {(chartered boat)

June 12(Sun.} to June 16 (Thur) Field research

Jure F2{Ii.) Ista [sabefa to Ista Santa Croz (chartered boat) Arrangement with CDRS and SNPG_

June IS(Sat.) Collation of collected data and Group meeling .

June 19(Sun.) Visit to 1sla Santa Fe

June 20(Mon.} Isla Santa Cruz to Isla Baltraoat and bus) Isla Balira to Quito via Guayaquil EQ-190

June 2{(Tuc.) Arrangemicnt with the Japancse Embassy in Bevador and collation of collected data

June 22(Wed.) Seminar/Workshop: [nfluence of the disaster on the satural environment of the
Galdpagos Archipetago and its prevention (osganized by DNIDC)

Junc 23(Thut.) Oral presentation of the rescarch report in the Seminar _

June 24(Frt.) Notification to the Japanese Embassy of the completion of research

fune 25(8at.) Quito to Miami AA-966

June 26(Sun.} 1o Junc 27 (Mon.)  Miamito Tokyo AA-027



2. Summary of the field research

According 1o the above-mentioned itinerary, ficld rescarch, data gathering and exchange of opinions with the

concerned Feuadorian authorities were carried out.

1) Previous arrangements with ONDC (Sun., 6 June)

Al the head office of the DNIXC, we heard details of the recent fire and foriner big fires, and studicd how Lo
rescarch the day-after damage with the staff concerned in the conflagration on Isabcla. Consequee atly, we
planned to first go ta the site of the fire by car along the fircbreak in order to graQb'ihc situation in ils'.lolalily,
and to undértake careful rescarch by campmg out at sc\eral pom:s |n order 1o compare the dlffen,nl

environmental condittons.

(Participants)
Ecuadorian side (DNDC}:
Nelson Vasquez  (Director, Technical Div.)
Magno Rivera {Manager, Geotechnical Dept., ’_I'é-chnical Div.);
Gloria Maria Roldan (Manager, Environment Dept., Technical Div.)
Mario Cruz. {Stalf, Volcan, Geotechnical Dept, Technical Div.)-
Carlos Cardelon {Dircctor, Training Div.) '
Japanese side:’ ' '
Kohmaru Masaaki  (Group of Experts)’
Shimizu Yoshikazu {Group of Experis}
Yanpagisawa Norio  {Group of Expeits)
Ohtsuka Fusako {Group of Experis)
Itoh Yuhzo (Group of Experis)
Kawai Kohji {Group of Experis)
Sayama Hiroshi {Rescarch stafl in Ecuador, National Personoel Aulhonly)
Masutomi Tokuro  (Japanese Embassy in Fcuador)

2) Preparatory arrangements with CDRD and SPNG (Thur,, 10 Jung)

We went ta the SPNG and explained the purposes of our reseacch ta Mr. Felipe Cruz, Manager (the General
Manager was in Quito on business at the time), and Mr. Chantal Blanton, Chicf of CDRS. In answer to our
request for their cooperation in collecting data on the fire and the eavironmental situation in Isabela, and in
conducting ficld rescarch, ey willingly offered their support in all aspects and ¢x prcseed their cxpcc{auons
for this project.

3} Field research in Santa Cruz {Fri., 10 June)

En order to learn about the patural environment of the Galdpagoes Islands, and to serve as a rehearsal of the
rescarch in Isabela, we visited under the CDRS stafi’s guidance a region where we could see typical natural
vegetation, and the tortoise seserve to see Giant Tostoises in the wild, Atthe breeding lield of the agroforestry
(@ project of useful teee planting) where we stopped on the way, we learned about the project from Mr. Lenin
Prado, Research staff of the fickd,



| 4) Field research Inlsabela
(1) Field research in the site of the fire in 1994 (Sun., 12 June, to Mon,, 13 June)

Afler arrival on the island, we talked over our research project with Mr, Simon Caicedo, General Managgr,
DNDC Galdpagos Office, Mr. Genman Morillo, SPNG, and Mr, Arrold Topiza, Ranger staff of the island,
As aresult, in consideration of the bad condition of the road on the Tircbreak, we decided to go directly (o
the most interior point we could reach (in the Alemania region), and to rescarch there by camping out.

On 12 June, we started to camp along the fircbreak. It was some four hours ride by specially made car
(Mercedes Benz truck, EUnimok). Afler sciting up the base eamp, we started fictd rescarch in the nearby

surroundings of the camp site,

On 13 June, we carried out field research of the site of the fire along the firebreak. We obscrved vegetation
at the site of the fire, and vegetation and birds in its surroundings which were not affecied by the Tire.

Whea we wend back to the camp, Ms. Roldan advised us to go down the mouniain before dark for fear
that we could not pass the firebreak in worse condition. So we pulled down the tent and elimbed down the
mountain with the DNDC team who withdrew from the site.

(2) Field rescarch in the fire-alfected arca of 1985 (Thur,, 14 June)

To observe the state of recovery, we visited the site of the former big fire in 1985 under the guidance of
M. Jacinto Gordillo, General Manager, CDRS Isabwla office, and Mr, A, Topiza, SPNG, along the border
line between private tand and the National Park, which lies to the west from the main road passing Santo
Tomds, and along the former fircbreak, and assessed there the state of recovery from damage in comparison
to the vegetation in the adjacent arca not affected by fire. On the way, we visited the small relic Scalesia
forest in the farmland (which CORS bought to preserve as a forest for environmental eduocation), and on
the way back, we visited the Giant Tortoise Reseeve Centre.

(3) Research on the vegetation of the lillﬂral zone of Isabela (Feb., 13 June to Thur,, 16 Junc)

On 15 June, under the guidance of Mr, J. Gordillo and Mr, A. Topiza, we landed in the Union region, to
the west of Puerto Villamil. 1t was a one hour trip by boat. We observed there the vegetation in the habitat
of Giant Tortoises, the tagoon and iis inhabitanis.

On 16 June, we observed the vegetation of the arid zone in the Muro de los lamentos region, a 40-minute
car ride 1o the west of Puerto Villamil.

(4) Special meeting with the Head of DNDC (Thur., 16 June)

As the Head of DNDC came to inspect Esabela, a special meeting was held at the hotel where we were
staying. We reported the research we camried out, and the DNDC invited us to attend the DNDC seminar
on our way home and asked to make a report on this rescarch at the seminar.

The DNDC mcmber of the meling were:
General Laericio Almeida: Head, DNDC
General Pavon: Chair, National Safety Commission
Mr. Fernando Molina: Director, Foreign Affairs Project Div., DNDC
Mr. Simon Caiceido: General Manager, DNDC Galdpagos Office
Mr. Jacinto Gordillo: General Manager, DNDC Isabela Office
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1. Fire-affected area in 1994 on _Isab'ela

1) Locéllo'nrand size of the buin! area, and the cause of the fite

The fire broke out from the point at about lat, 0°55' S, tong. 91°14' W, The point is shown below in fig. 1.

© The site arca was some 36.05 sq km, according to the computer, equivalent to about 0.8 % of the area of

_ lsabcla {4.588 sq km), but 32 sq km and 45 sg km, according 1o the DNDC and the Galépagos National Park
Office, respectively.
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‘Fig.1 Map of the site of lhe fire



2) Circumstances of the burnt area (topography, vegetation)

The fire broke out in the hill region between the Voledns Cerro Azul and Siesfa Negra in the s_o:ulh of Isla
Isabela. There is a new lava zone lying from the northwest (o the southeast, some 6 km to the west from the
site. 'We can find also the lava zone all over the notih side of each Volcdn, Alihough we can find some old
fumaroles as small hiils and craters in this area, the ground swrface is almost covered with many species of
vegetation without any rew trace of volcanic activities. :

The vertical distribution of the vegetation on the southwest side of Volcdn Sierra Negra is 4s follows (See _
the fig.2.): Arid zone (0 to 100 m), Seni-arid zone {103 to 250_ m), Scalesia zone (250 to 700 m), Shrub
zonc (70010 900 m), Pampa zone (900 to 1100 m). In the Scalesia Zone and higher, where il is always foggy
and humid, a cloud forest {(mossy foresl) Lype vegetation is scen, that is, the trees are covered with smaller
plants such as mosses and lichens. ' .
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Fig. 2 Vertical distribution of the vegetation of the southwest of Isabela and the fire-affected areas

The Scalesia zone, generally a gentle land with wotkable soil, has been easily cultured in the large islands,
In Isabela, as there were penal colonies before 1945, wheie the criminals were livin g a self-sulficicnt life at
Puerto Villamil, Santa Tomds and Alemania regions, we can find fruil trees introduced to cultivation at that
time, and domestic animals gone wild that had been initially carried in with colonists from Guayaquil and
set free on the island. In the fice-affected Alemania region which is now uninhabited, the Scalesia zone and
Shurub zone are almost covered with Guajava trees (Psidium guajava) which was introduced from the
mainland in the days of colonization. Domgstic species gone wild such as cows, burros and horses have not
only destroyed the vegetation of the island, but have also endangered giant tortoises by competing for food
TESOUICes.

By the late fire, the forests in the lower part of the Scalesia zone, at altitudes of between 250 to 450 meters,
were mainly affected. It is well thal the fire did not spread (o the Shrub zene or to the Pampa zone where



. inflammable ferns and grasses grow closely. During the bigger fire in 1985, a vast arca from the Scalesia
zong to the caldera of Voledn Sicrra Negra was affected. :

Regarding the cause of the fire, although it may have been a spontancous combustion by the volcanic

activity, in consideration of the location and circumstances, the most likely possibility is that the fire was
~accidentatly caused by a hunter who chased domestic animials gone wild. As cloud forests in the arca arc

always damp, it is thought that a fire is bard (0 stasi. Taking into account the fact that the fire in 1985 was

caused by abnormally dry weather in the rainy scason of the year before, we can say that the long dry
- weather is conisidered as an indirect cause of this fire. :

3} Fire fighting and remarks
(1) Details from the fire information to the fire fighting -

It was before noon on 12 April that the first report of the fire came in from a SPNG staff member on patrol
- by boat who foind smoke rising at the foothills of Veledn Sicrra Negra. Received the teport by radio
- contact, Mr. Cruz, Manager of SPNG, knew intuitively that it would get serious because of a long spell of
. dry weatier they had, remembering the big fircin 1985, He lost no time in calling his staff to fight the fire,
- but he found the required equipment unavailable. At the same time, he reported the fire to Mr. Caicedo,
General Manager, DNDC Galdpagos oflice (on Isla San Cristabal), who reported the emergency to the
Head office in Quito. Three days after, on 15 April, General L. Almicida, Head of DNDC, and Ms.
Roldan, Manager, Environntent Dept., DNDC, rushed off to Isabela and inspected the fire by helicopter.
As the fire was spreading luriously, they realized the necessity of fice fighting on the national level. By
their request of relief under a state of emergency, the President of Ecoador declared, on 19 April, a state of
national emcrgency (a government ordinance} with the approval of the National Assémb'ly.

(2) Fire fighting .

Before the declaration of a state of emergency, the SPNG stalf fought a g_ainsi the {ire. But it was all they
could do to open a road of access to the fire with two bulldozers transported from SanCristébal, and to cut
undergrowth of fuel foad. They could not even carry walcr, without any means of access to the spot, any

available cquipment or any channe! of cbmm:_md for ire fighting.

After a state of emergency was declared, the armsy and the navy joined the tire fighting under the command
of the DNDC, and built the firebreak which served as the road of aceess, using the three bultdorers
transported by sea from the maintand. Atthe momen, the special-purpose Unimoc trucks made by Mercedes
Benz were most useful for the transportation of goods and workers.

(3) Remacks

The expertsin fire fi thimg who were sent from the U, 8. A o inspect the disaster for five days from 21
April, highly estimated the fire brcak and the su pporung systém and said ‘that it was appropriate to use the
big machines in a big firc like that because normal fire extinguishers were too ineffective and would

cxhaust the workers in vain. .

At the site of the fire, “é found that the firebreak and the fire stﬁp fine were not akways the same. It is
) because the fire fgh[lnb was carricd out inside the fircbreak, or hcausc the fire burnt itself out by changes
in wind d:rccuon or by lhc non ml'fammab:l:ly of plants before it nachcd the l“r«.brmk



- Atany rate, as the fire did not spread over the ficebreak, there is no doubt that the fircbreak was effective
in controlling the fire,

“The fircbicak was made by felling trees with bulldozers. 1t was an open cutover 15 to 20 meters wide with
pited logged trées and debiis on the edges. (See fig: 3:) On the firchreak, we observed bare lava and soil
of volcanic ash which lay 10 to 15 centimeters deep, in places. We also found a man!lc commumly of
I:ana. lpomea a!ba, ain ady duclopmg on lhc forest border. '

At the DNDC seminar hcld in Quno on 22 and 23 June, as a person mncemcd Mr. E. Cruz Managcr of
SPNG, stressed that to rapidly address the disaster with the minimum damagc it was mdnspensable to
provide big machines such as bulldozers and Unimoc trucks which were most he!pf ul for the fire ﬁg‘hung
in Isabela, to define the channel of command, and to establish a network for contact:; . - g

We proposed, at the semihar, the need of preventive measvres for disaster by means of forecasts of
meteorological conditions, warnings and attention ¢alls for inhabitants and their mutual cooperation. Finally,
Generat Almeida, Head of DNDC, exprcsséd his gratitude 1o all interests involyed in the fire fighting

- (including our Group of Experts), and expressed that it was important for the natural heritage preservation
1o ensure the suppori from international organizations aad many other countrics, because what one coun'try
could do was limited.
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Fig. 3 Cross section of the firebreak

4) Damage to vegetation
(1) Research on \‘cgeiaﬂm in the fire-affected-area and in the lion-aﬂec’té(ll, periphery

We chose as many various plots as possible, ac¢ording to the extent of influence and the circumstances,
and their surroundings, and obscrved the burnt or remaining species of vegetation, - Because of the time
limitation, we made only a list of species in pla&s In the plots w hen, we could conduct adn.quatc rescarch,
we carried oul astratification of the vcgctauon and recorded 1he spccnes by siratum We measured also the
diameter at breast height (DBH) of the canopy trees and esumalcd the popu!anon dv.nsnly by a spacmg
method. The seven rescarch plots in Isabela and other |s!ands are shown in fig. 4. As'we could not geta
detailed topographical map, we calculated the latitude and longitude using the global positioning systein



(GPS),

The following is a brief description of the rescarch results.

Research plm 182; Site of the fire in 1994 (alt. 20 m)

" This plot was focated in a last fire-affected area, where the fire spread over the firebreak. The stand is
almost completely composed of gua;ava teees, and the crowns and trunks ggnera!l) remained unburnt. On
the trunks (o the height of 50 to 60 ¢, stight burns are seen without any damagc The organic malters on
the forest floor are burncd out and only black ash remaincd. When we dug below the surface, it became
clear that only the upper layer of the floor was burned. The crown leaves of the forest are mostly unburncd.
On the ash layer of the floor, we observed withered leaves which had probably fallen after being affected
by the heal of lhe fire, '

meg to a little rain which had fallen five days carlicr, we observed new Ica\ es of the bracken (Preridium
aquilingn) shooting forth from the subterranean stem which remained unburned, guajava buds sheoting
out, and new shoots of Desmodium cmon and Salvia insularis.
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. Fig. 4 Research plots

Research plot IB3:_Site of the fire in 1994 {alt. 370 m)

This is located in the center of the fire-affected arca which lies between the base camp and the Alemania
region. At the place most severely affected, we obscr\ed charred guajava trunks. We found them on the
stope of the rocky spine, facing cast- southeast, whlch was probably once a sunny place with bracken
communitics and guajava trees of small density. We found black ground with charred organic matter at
our feel.



Due to the rain which fell five days carlier, many bracken leaves came out from the subterrancan stems,
and reached the height of 40 to 50 cm when we observed. The individual deasity was about 30 to 50 per
sq meter, that is, they were rather close there.

Rggargh plot [Bﬂ b‘gar th firg stop tine in the Al_e“man a rgglon_(all_lﬂ_i.m. a! (_) 51 §Q 1" S, long.

“As the uninhabited Alemania region was once a colony of seitiers before the second world war, many
introduced plants ase secn 1her'c.

~ On the flat arca of the ancient colony, coffes trecs, oranges, peppers and or pine commiunities are grown

up under big avocados (Persea amencana}

This plot was situated ia the transition zone, where the vegetation is both varicd and thick, from the ridgy
site covered with exposed lava to the flat area covered with soil. The fire stop Imc is seen ai the center of
the aica, {Sce Fig. 5.)

On the dry ridgy site the firc-affected forest with guajava trees of 4 meters high was observed (the individual
density is 0.14 per s meter). The burned organic maiter made a carbonized layer on the floor, but guajava
teces remained unburnt with shoots coming out from the trunk. We found unburnt brackens grown up
thick to the height of 2 m. So brackens had probably served as the fuel load of the fire. In the lava area,
there are tunnels made at the cooling time where we can find roots in places. The fire could spread by
burning the organic niaiter in such twnnels. ' '

40m

;noist : T dry il
few fuel . much fuel

Persea amcricana

Psidinm gunjava'

- _plot IS Al 345w

Ctenitis sloanei
Bryophyl lum pinratuni

Fig. 5 Aspect of the trénsiﬁon zone around the fire stop line
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On the hillside undér the ridge, guajava trecs are 7 to 8 meters high. Green leaves ane séen at the crown,
- while herbs are burnt away {rom the forest Roor. The flames of the firg mwst not have reached the crowa.

~ On the flat arca, several big avocados of 15 to 20 mcicrs high are secn. Its forest foor is darker and
moister than the ridgy site. We cannot find any sun plants such as brackens but pteridophytes (Crenitis
sloanei, for example) growing with small density, The herbs on the floor were not affected by the fire,

1. Jat. 0°5179.9" S, long.

Research plot 1BS; Reli _ uagava foﬂ {
9]“!2'4_4.1”51_)

A part of the fircbreak - was made on a saddle. The northwest inside was fire-affected and southeast
outside, not alfected. As the vegetation was continuous on both sides (the slope inclination is about 20° ), its
species and structure scemed o be similar. So we set the plotin a relic sland, to rescarch the state of the

guajava forest before the fire.

“The canopy of the scrub of 4 meters high is compaosed almost entirely of guajava ttees. The individual
density is 0.27 per s m', and the average diameter at breast height is 6.3 em. Most stems are ithin, of a
diamcter of less than 10 cm, (Scc Fig. 6.) Taking the place of a poor bush layer, feras cover the floor to
the height of 1.5 m (cover degree: about 70%). Anmwong the bracken commuoitics, naturalized grasses,
Paspalum conjugatum, arc scen. In the scrub, we found droppings of burros. We can say thal this scrub
was formed rather recently, judging from the thin guajava individuals and poor bush fayer.
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.Fig.6-DBH h'jslogram of lhe guajava trees in a scrub in Plol 1B5 -

" Rescarch plot 136: Relic Sealosia forest in the fire-affected drea (ale, 320 m) -

We set the research plot in a stand where many relic individuals of scalesia are seen inside the firchreak.
This stand on a flat area is 5 meters high, of which the canopy covering is about 80%, composed of three
species, Scalesia cordata, Croton sconleri and Psiditon ghajava. (See Fig- 7.)



The individual density of the canopy is .49 per s mcler, its average diameter at breast height is 5.8 e and

individuals of more than 10 cm in diameter are not seen. Forests of the scalesia in this area were almost

dead owing to much rain caused by Ef Nido in 1983, and new seedlings came out after (De Vries & Tupiza

1990). So the forest we observed must be composed of young scalesia individuals. On the ether liand the
~ average diameter al breast height of guajava trecs is 3.5 cm and they are all thm So thc: guajava trees
' probably invaded more recently lhan the scalesia trees.

" As the canopy is consnderably open, the forest is clear but Scalesia saplings a.re not seen. ‘The bush layer
is composed of native species such as Croton scouleri, Chiococca alba, Psidium galapageium, Zanthoxylum
fagara, and guajava stems. The forest ﬂoor. covered closély with moss, is kept moist. W¢ observed there
the heibs such as Desmodium canum, Centella asiatica, Paspalum conjugatum, Doryopteris pedata and

* Polypodium tridens. We found few brackens.

In a fire-affected arca next to this research plot, we observed Scalesia trees with the barks of the base
tackened. We saw resin oozing around the barks. Asits cambium is not charred, however, suchindividuals
will survive. ' '

- The firebreak was constructed around the burning arca by felling trees in order to control the spread of fire
by the empty arca. The trees were cut down by bulldozer and the center was levelled for the vehicles. The
debris and logged trees were piled on both s:dcs then an open space of 15t0 20 melers wide appeared

lhrough the forest. (See Fig. 3.)

Su: Scalsia cotdata
C : Croton scoulei
Z ' Zanthoxylomi fagara
P Psidium guajava

_Plot 1BS Alt320m

-
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fire prevention boll.
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Fig. 7 Aspect of the Scalesia stand that remained unburned and around the fire stop line on Plot IB6

The plot was situated on the fisebreak in a ridgy site where lava is exposed on the centes part and fing soil
lays about 10t 15 cm deep in places. We observed mantle communities of Hana, lpomoea alba, on fallen
trees and debris piled on the forest border. At this fire, the Scalesia forest to be protected was also cut down
to make the ficebreak, As to the firchreak and its efféctiveness,‘ tefer to paragraphs IV 1 3) and V 2 1).



Rescarch plot IB8: Guajava forest reinained unbumcgiground the hasemmpiail 310 m, lal, 0°51°46.9”
S.long. 91°13°24.4" W

The base camp was situated on the flat area covered with relatively rich soil, in the guajava forest of 7 to
8 meters high. The arca is outside the firebreak, so it was not affected by the fire. The maximum

diameter at breast height of the guajava trecs of the canopy is about 30 ¢m, in contrast to the thin guajava
individuals on the ridgy site.

As we found a Big avocado of which diamelter at breast height is more than 50 cm, the reason why the
guajava trecs have grown well is not 6nly the soil condition but also the age of invasion of the guajava
speciés._ In the canopy, Zanthoxylim fagara {maximum DBH: 16 cmy) and Croton sourel {maximum
DBH: 10 cm) are also scen. ‘The individual density of the canopy is 0.16 per m . The forest is moist,
presenting a clowd forest Lype vegetation. '

DEH-Histogram in Plot 166
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Fig. 8 DBS histogram of the individuals of canopy on the Plot IB6

(2) Conclusiq_n "

To keep fire burning, fucl loads are necessary, In the fire of this time, brackens (Peridinm aquilinum) and
herbs under open guajava trces, mosses and lichens on the crowns and stems, and shrubs in bush layer
served as the fuel load.

- However, as the aritount of these plants was not so great, the fire did not stay long in one place but spread
all over. According to the stalf concemed in the fire fighting, the fire spread ataspeed of 10 nvh when the
wind fell, 20 m!h when the wind rose. :

In this fire, only the light uel loads were burned and the heavy fuel loads such as the ccown, trunk and root
of the guajava trecs were not burned (except in some places).,

—ih—



Many crown leaves withered and fell because of the heat of the fire. We observed such withered {eaves

remaining on the crown in the research.

The litter (Ao laycr) was also burned to black ash but the burnt fitter was only the upper pait of a fow
centimelers deep. As aresult, roots of guajava trees and subterrancan stems of brackens remained unburned.
We obscrved many individuals with new shoots which came out by the rain on 8 June, just before the
rescarch. As guajava trees have Slfong regenesative capacity, they can bud from roots remaining unburned
cven if the canopy is burned. In our rescarch, we observed many shoots at the roots of guajava. '

“According to the DNDC, the foltowing four types were observed when the fire spread over the breakfire.
(Sce Fi 2. 9.} {a) Spre ad of fire from crown to crown to the next iree (h) l.eapmg flames by cpnph)tu, moss
of lichen blown up in the fire (¢} Spread of fire 1hrough the roots in the lava tunnel (d) Spread of fire
through the roots of organic malter on lava. 'ﬂ:q said that the wide fircbreak was Lﬂl‘C[l\b for the check
to the spread of type (a) or (b), but inef fective for the spread of type or (d)

Firebreak - Firebreak

(a) From crown to crown " {b) Leap flames by burning air plants

Firebreak

le :
 SERRCRR NI S DR ' Firebreak
Lava tunnel '
(c) Through roots in the lava tunnel . {d)Through lhe roots or organic matter on lava

Fig. 9 Four types of fire spread over the firebreak



The traces of the fire were mainly found on the lava arca with poor soil of in the screb on ridgy site, while
we found plants remaining unburned in the fercst on gentle slopes or on Rat areas. Brackens, a main fuel
load, grow thickly on a dry site under clear guajava forest. In such arca the fire spread rapidiy. On the
contrary, sunny planis such as brackens scarcely grow in a moist and dark forest. In such an area without
fucl loads such as brackens and grasses, a fire does net spread so rapidly. The research plot 134 (sce Fig.
5) shows how the fire stopped spreading at the ransition zone of vegetation from the lava land to the
adjacent low land, The guajava forest on the lava land was busned out, but ¢ven grasses under the avocadoe
(introduced species) forest on the low tand remained unburned. The firebreak must be most effective if it
~is set belween the forest composed of tall trees and that of low trees.

Within the fire-affected arca, the giajava trees weré mainly affected and some relic native forests including
Scalesia trecs were also affected. (See Fig. 7.) These relic forests are valoable place where native species
including cndemic ones such as Scalesia cordata, Crofon scouleri, Spindus saponaria, Psidinm
galapageium, Zanthozyleni fagara, Pisonia floribunda, and Tremia micrantha, are séen. While remainin I
guajava trees had only a slight trace of fire on the trunk, remaining Scalescia trees had clear black bumt
traces on the trunk with resin oozing from them. That is, the former is better able to resist fire than the
latter. A fice must accelerate a reduction of retic native forests (thal is, a prosperity of guajava trees).

5} Damage to animals

Since animals are different from plants fixed on the ground, the ficld rescarch required to assess the damage
include observing charred bodics, burned waces of eggs or nests as a direct method, or comparing the states
of living in the firc-affected arca and the non-affected arca with simitar conditions as an indirect method.

This time, we didn’t try te directly find traces of damage. Because firstly any habitat of giant tortoises and
land igeanas and any nesting place of shearwaters and boobies which bleed in a colony, were not included
in the fire arva, sccondly it was not the breading season of the birds in general, and thirdly we could not stay
long on the island. Neither did we adopt the indirect method of comparing the living states, because did not
have enough time to select appropriate cescarch points for it.

Contequently, we could not carry out research except a census of birds at the plots of vegetation cescarch,
We had to do assess the damage to animals by analogy from ciccumstantial evidence and the infonmation

made public.

{1) Mammals
(a) Native spécics

In the Galdpagos, mammals are poorly rcprcscmcd. 'l‘hc te are cleven native mammals, of which two are
bats, seven are rats, and two are seals, but five species of rats are thought o be extinct because of competition
for food resources with the boat rat that invaded with the cotenists or by viral diséascs br'_oughl withthem.
{See Table 1.} In [sabela, three native mamihals_s are seen, that is, the hoary plainnose bat (Lasiurus cinereus),
the Galépagos fur scal (Arctocephalys galupagoensisy and the Ga!épagds sca lion (Zalophus ealifornianius
;i'oilebacki)‘ As the Hatter two species inhabit the littoral zone, the animals which could have suffered
from the {ire are only the hoary plainnose bats among the native mammals in Isabela.

During our field research, we did not {ind any evidence of victims of the species in the fire-affected arca
or any evidence of living animals in its periphery. The species is not endeatic in the Galdpagos, but wel-
known in America from southern Canada to central Chile and northeen Argeating, and in Hawaii also. As



" it is a migrant, its capacity of moving must be high.

From a consideration of the fact that the bats roost alone of small group in the wood, they had a much
_better chance of surviving even if they inhabited the fire-affected arca.

- (b) Introduced species

“Inthe Gaiépagos there arc many specics gone wild which were initially introduced as domestic animals
- with the colenists, and they are all scen in Isabela, o

They include feral goats, pigs, burtos, horses, cows, cats, dogs, rats and mice. They were perhaps inhabiting
the firc-affected arca, and we are certain that many burros and cows are living (here as we heard their calls

-and found their droppings.

Turing the ficld research, we found a cat carcass, which sho‘md that some animals had failed to escape.
From consuicrmg the fact that the fire sprr.ad slowly, how cver, many animals must kave been able to
escape the fire. ‘

Table 1. Mammal species in the Galdpagos

Order Chiroptera
Plainnose bat family (Vespertilionidac)
Galapagos plainnose bat (Lasiurus brchyotis)
Hoary plainnose bat (Lasiurus cinereis)

Order Carnivora
Earred scal family {Otaridae)
Gatdpagos fur scal (Arctacephalus galapagoensis)
Galdpagos sca lion (Zelophus californianus wellebaeki)

Order Rodentia

Rice rats {Cricetidae)
Santa Fe rice rat {Oryzomys bauri)
San Cristob bal rice rat {Oryzomys galapageensis) : maybe extinct
Santa Cruz rice ral {Nesoryzomys narboronughiiy: maybe extinct
FFernandina rice rat (Nesoryzomys narboroughit)
Santa Cruz rice rat (Nesoryzomys narboroughii): maybe extinet
Fernandina rice rat (Nesoryzomys narb.:irou;ghi:')

" San Salvador rice rat (Nesoryzomy's rarboroughii): ma)bp cxunct
" A World List Of Mammals with Japancse Names

Source: himaizomi Yoshinori “Sekal honyuuru: wamc; ]IlC " {1988) (A World Llst of Mammals with

Japanesc Names)
(2) Birds

(2) Census in the fire-affected arca'and on its periphery
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We recorded the bird specics by a line census and a point census at the research plots of the vegetation.
(See Table 2.) As the census was not carried out with encugh time and frequency to be uscd for statistics,
we should not form any conclusions {rom the census.

{b) Conclusion
a) Sea birds

We think that sea birds were not affected. Many sca bird specics inhabit and breed in the kittoral zone
of Isabela, which include the eridemic Galipagos penguin (Spheniscus mendiculus), the endemic flightless
cormorant (Nannopterum harrisi), and the brown pelican (Pelecanus occidentalis). Asthe fire fortunately
occurred in the inland, the sea birds cannot have been influenced by it. We had been anxious about the
nests of true petrels and shearwaters (Procellariidac) which dig a hole in the ground for breeding, but
their nesting place was not in the affected arca, and neither was the breeding place of the boobies
(Sulidac).

"b} Land birds

If the fire occurred in the breedin g season when they nest and breed (from December 10 April, mainly
from January to March), the nests and young birds which are not able to move could have been greatly
affected. As the fire of this time was luckily cnough out of seasen, the land birds must have remained
untouched by the fire. The small lang birds including Darwin’s linches are roughly divided into three

groupes as follows:
+ Species which feed mainly on hard seeds, such as the Small Ground Finch (Geaspiza fuliginosa)

* Species which feed mainly on soft seeds or fruits, such as the Small Tree Finch (Camarhynchas

parvils)

» Species which feed mainly on inseets, suchas the Woodpecker Finch (Cantarhynchus pallidus) and
the Warbler Finch {Certhidea olivacea) :

For species which feed on hard sceds, naked ground is necessary for their foraging. So they are seen.en
the road or in the open spaces around human habitation, in the arid zone and ie the grasslands on the
mountain. As their breeding place was not in the fire-affected arca, it is thought that they were scarcely
influenced by the fire. For the other two species which feed on soft seeds, fruits, or insects, a forest is
indispensable as not only the place where they live but also the place where their foods are produced.
So the loss of forest by the late fire must have had a geeat influence onihem. But our research could not
show elearly how nwch influence the fire had.

The places where the species which foed on sofl seeds and fruits or the species which feed oninsects are

frequently seen are:
+ Forests of native specics such as Scalesia (Scalesia spp.), where the trees have grown well.

» Forests including refatively many native specics, even where the dominant tree is the introduced

guajava.

Although we don’t know correctly how many arcas of such forests were lost in the {ire, it must have
been small in the Aleimania region.



In a forest of low guajavas, the nuwber of birds of the three species which feed o hard seeds, soft seeds,
* fruits or insects is small. In the fire of 1985, many such forests weie damaged. '

Though, as we mentioned above, we can say that noi so many birds of species which feed on soft seeds,
fruits or insects were originally inhabiting the burned-out area, the birds will continue to be influenced
somehow over 5 to 30 years oF more until the time the arca relurns completely to its former state,

The populauon size of birds was small in thc burned-out arca. We observed only a few birds flying over
or down in the forest. We ohserved somc birds of specics which feed on hard seeds picking on the
ground in ihy site of the fire. They must have come to the OpeiE SPACE W hich appuan.d after lhc v cguat ion
such as forns gm\mng under the fon st was humt away.

The appearance of large open spaces because of the fire is advantageous to the specics which feed on
hard seeds, while it is disadvanlageous to the species which feed on sofl seeds, fruits or insects. We
protect the species which feed oninsects because these specics occupy a higher position than that of the
speeies which feed on hard seeds in the ecosystens. To do that, we must preserve fotests composed of
native species and forests in which many native species dominate. We suggest the improvement of
forests dominated by introduced species like guajava to forests dominated by native species in the

future.. -



Table 2-1 Census {line census) of the birds in the Galdpagos islands (Santa Cruz and Isabela)

Rasearch - {line 1 SC Line 1 SC Line2 SC

Tortoise house to Hotel  |Todoise house to Hotel  [Craler side
Date” © T dun 8 : Jun. 9 Jun. 10
Oislance, Weather ~ 600 m, Clear : 600 m, Clear 400 m, Cloudy
Circumstances - |Caclus, shrub, mangrave [Caclus, shrub, mangrove |Scatesia forest
species o ferest RSt )
Vegelation Plot SG1
: research plot .
Dark-billed Cuckoo 1T 1
Cocoyzus mefacoryphus
. |Short-eared Owi 1
| Asio flammeus
Vermilion Flycatcher
i1 FPyrocephalus nubinus
Large-billed (Galdpagos) ' 1
Flycalchar
Myiarchus magnirosliis
Galdpagos Mockingbird 1 2
Nesomimus parvulus
" |Yellow Warbler - 33 29 _ 6
Dendroica petechia '
. [small Ground Finch 4 _ 14 1
Geospiza fuliginosa
|Medium Ground Finch 10 o1 4
| Geospiza fortis _ '
- JLarge Ground Finch a 6 2
Geospiza magnirostris _
- |Small Tree Finch s 2 L7
Camarhynchus parvulus
' |Large Treé Finch ]
Camarhychus psittacula
“|Woodpacker Finch 1 3
Camarhynchus palkdus :
* IWarbler Finch ' 1 16
* Certhidea olivacea
TOTAL {PopUlation) 63 66 : 43 B
_ Popt]lali_on perhal . 2tfha 22/ha 21.5Mha

SC: Isla Santa Cruz
IB: Isla tsabela The census range of both sides is 25 m wide.
Alemania @ ~ (@ : bumnt area, base camp surrounding area
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Research

Date
Distance Weather

Circumstances
Species -

.Vegelation

research plot

Line 318
Alemania

Jun. 12
600 m, Cloudy

Low guajava
forest, bumnt area

Plot 1B}

Line 4 1B
Alemania

Jun. 13
1600 m, Gloudy

fRoad made by
cutting guajava

Plot IBS

Line 51IB
Alemania

Jun. 13
500 m, Rain
Rather tall
guava forast

Plots 1B, 1B7

Line 6 IB -
Alemania

~Jun. 13
600 m, Rain_

Rather lait guava
forest

Dark-bitled Cuckoo
Cocoyzus melacoryphus
Shont-cared Owl
Asio Hammeus
Vermilion Flycatcher
Pyrocephalus rubinus
Large-billed (Galdpagos}
Flycatcher
- Mylarchus magnirostris
Galdpagos Mockingbird
Nesemimus parvulus
Yellow Warbler
Dendroi:_:a petechia
Smafi Ground Finch
Geospiza fuliginosa
Mediurm Ground Finch
Geospiza lontis
Large Ground Finch
Géospféa magnirostris
Smal Tree Finch
Camarhynchus parvulus
Large Tree Finch
Camarhychus psittacula
Woodpecker Finch
Camarhynchus paliidus
Warbler Finch
Certhidea ofivacea

10

TOTAL (Population)

Population per ha

1/tha

45
9Mha

25
10/ha

11.7/a



Table 2-2. Census {poinl census) on the birds in the Galapagos islands (Santa Cruz and Isabela)

Rescarch, Poinl 118 Poimt21B - Poinl 3 18

Weather Alemania , Cloudy [Alemania |, Cloudy {Alemania |, Cloudy
Date Jun. 12 Jun, 12 Jun. 12
* Circumslances Low guajava forest, | Low guajava forest, Low guajava forest,
_ ' bumt area 1984 - crater edge burnt area 1984
Vegetation PlotlB2 : Plot IBS
Species researchplot -
Tlme ......... B B B

Vermtion Fiycatcher | e
Pyrocephalus rbinus
Gal4pagos Mockingbird
Nesomimus parvilus
Yellow Warbler _ 4 1
" Dendroica petechia
Small Ground Finch _ : 8
Geospiza fuliginosa
Medium Ground Finch ' 3 1
Geospiza lortis
Large Ground Finch 3 2
Geospiza magnirostris Passage in flying
Cactus Finch '
' Geospiza scandens
Small Ground Finch
. Camarhynchus parviilus
TOTAL (Population) 3 15 4
* Population perha |- 1.5/Mha 96ha| 1.3/ha

* The population per ha is calculated in terms of research time of 40 min. The census radius is S0 m.
%  ‘The relic scalesia forest 15 0.12 ha in area.

1B: Isla Isabcla
Alemania@) ~ (D : burnt area, base camp surrounding arca The census range of both sides is 25 m wide.
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Research, Point 4 1B Poni 618 Point6 1B
Weather Scalesiaforest, |Cloudy Muro de fos lamentos,
: . | Ctear N ' Clear
ate : Jun. 14 Jun. 14 _ Jun. 16
Circumslances Relicscalesia’ . | Low guajava forest, | Arid zone vegelalidn
forest - burnt area in 1985 such as cactus
‘ Vegetauon PiollBIO ................ PIoIIBﬂ ..... ..............................................
Species rosearch plot - - o _
s e 40mm ...............
Vermiion Fiycatcher | i
Pyrocephaius rubinus _ _
Galépagos Mockingbird ‘ S 4.
Nesomimus parvulus
Yellow Warbler | ' 2
Dendroica petechia
Srmall Ground Finch - 1 . 12
Geospiza luliginosa
Medium Ground Finch - 4
Geospiza forlis '
Large Ground Finch
Geospiza magniroslris
Cactus Finch : . 5 -
Geospiza scandens
Small Ground Finch 3 . I
Camarhynchus parvulus i R
TOTAL (Population) : 4 .2 ' 3B
: Populatiob per ha ** 44 2/a 06Mal ‘ 1.1/ma
(3) Reptiles

For (he reptiles, we carricd oot interviews besides the Nield rescarch io the fire-affecied arca. We heard
mainly from Ms. Linda J. Cayot, BExpert herpciologisl. Dircctor in charge of wildlife protéction, CDRS,
Mr. Felipe Cruz, Manager, SPNG, Mr. German o Morillo, Isabela National Park Office, Mr. Arnold
Toppiza, and Mr. Jacinto Gordillo, General Manager, Isabela CDRS Office. The sescarch result is as
follows:

Although we had heard in Japan (hat many giant tortoises and land iguanas were influcnced by the fire,
they were niol, in facl, because their limited habitats, caused by their depopulation, were not in the fire-
affected arca, (Sce Fig. 10) '



As to the ava lizards, which are also seen in the zone at the height of 300 to 400 meters, they could have
inhabited the burnt area. Their habitats, however, are gencrally in the arid zooe o lava zone. So, the land
lizard population may not have been reduced by the fire. As to the 1ess aften seen Galdpagos snakes,
which are thought to live in the same region as that of the lava lizards, we could not tell the influence on
theim because their habitat and their popqiaiion were unknowa, If the snake habifats were in the burnt
area, such spocics with a small population must have been somchow influcnced. During our fiebd research,
we did not see any dead lizards or dead snakes, As we observed a few crickets prey insect of lava lizaeds,
in the site of the fire, there may have been a place of refuge for insects under the ground in spite of the
“report that the underground lava got heated. If so, Java lizards might have been able to escape from the
fire. ‘ '

We had heard the news in Japan that giant tortoises were allowed to take refuge from the fire by helicopier.

They were not, in fact. As we mentioned above, their habitats are not in the fire-affected arca, The fact is
. that the giant tortoiscs which had been planncd to be moved to the research station, were transported by
- .the helicopter which was permitted to fly for fire-lighting. {Sce below for further details)

L) Habitat of the Giart Todaisa (Geochelona elephantopyus vicina, or Geochelong elephantopus gunihen,

B paniiat of he GaliBagos Land lguana (Conclophus syboristatus)
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Estimated

individuals or less
FUCATO TILLANIL

Carrs Falind e
Estimated 20010 300 individuals €13 tors

?Fig'..i f__)' Habitals of the giant loﬂ_oisé and the Galapagos land iguana



2. Fire-affected area in 1985

1) Location and size of the burnt area

~ According to Mr. Mario Cruz of DNDC, the arca burnt by the fire was located to the west of the area burnt
_in the late fire, about 120 to 150 km? in arca. We have not, howcvcr any correct data.

2) Circumstances of the burnt area (topography. vege!aﬂon)

'I'hc ﬁn, of 1985 spread over an area three or four l:mes as large as the burnt area in the ﬁre of 1994 fmm the
200-meter-high foothill to the 1100-meter-hi gh caldera of Voledn Sierra Negra (rou ghly 10kmiin dlamelcr,
the second largest caldera of the world). (See Fig. 1.) Although the area affected by the fire in 1985 is not
correctly known because of insufficient data, it is estimated that the farge hitlside which lics between the
viltage of Santo Tomids and the burnt arca in the fire of this time was fire-alfecled, According to the intérview
research, some places were affected iwice by the two fires, but, we suppose, such arcas were limited. We
heard that the inhabitants of Santo Tom4s had set fires in order to control the fire direction bul in vain
without proper wind at the moment.

As to the vegetation zone, Scalesia zone, Shrub zone and Pampa zene were damaged, As we mentioned

“above, the Scalecia zone and Shrub zone were estimated (o have been dominated by the introduced species
of guajava for the most part of them. As the affected area was near the human habitation of Santo Tomis, a
part of the farmland or pasture was also burnt.

Jwas said that the fire in 1985 was caused by El Nido : that is, after the geeal rains in 1983 caused by El
Nido , which permitied the plants 1o grow thick and the organic matters to accumulate, a long stem o:fdry
weather followed for two years, 1984, 1985, and this condition might be responsible for the big fire of 1985.
(See Fig.11.) '

Na data of the year 1981

Prepared according to data deriwd from M.H.Jackson(1993
{thousand} a ¥ . S o ( : )

] 7
A\, i\

1979 1989 1981 1982 1093 1984 1995 1996 1947

£  Animal precipitation
Fig.11 Annual precipitation at Santo Tomés in Isabela



3) Fire fighting and remarks

The fice fighting was carried out by making the fircbreak and by selling fires intentionatly, but the effort was
not effective o control the fire. On the contrary, the fire intentionally started made the firc-alfected area
increase, In the end, they had to wait till the fire had gone eult by itsell in the rain,

4) Damage to the vegelation and the state of recovery

{1) Rescarch on the ve_gelation in the fire-affected area and the surrounding non—afi‘eded area

We carried out research at the two plots in Lhe same way as in the burnt area of 1994, (Sce Fig. 4.) The
result is as follows:

. Research plot 1BI; Guajava forest on the site of the fire of 1985 (alt. 340 m, k. 0°52'34" S, tong. 91°13'17.47 W)

This stand which had been daméged by the firein | 985, near the area affected by the late fire, is a scrub,
some 3 meters high, of which the canopy is comprised of an introduced species, guajava. In spite of the
canopy covering of 100%, the forest is relatively clear because the leaves are open. The individual density
of the canopy comprised of guajavas was 1.41 per m%, Many saplings of guajava have come out from the
stock {average number of stems is 2.6 per stock) and every stem is thin, From these points, we estimate
that these trces have regenerated from the surviving roots after the crowns were buint by the fire of 1985,
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~ Fig.12 Comparison of the gua]avé forests in the area affected by the fire in 1985 and in the
adjacent non-affected area ' :

-—e—



In the bush layer, we observed, there are niany guajava saplings and a few number of endemic species
such as Parwiniothammns sp., andin the herbaceous layer, many Pleridium aqu itinur, Desmodinm Cantum,
which served as a fuel load in the late fire, as well as Cen!el!a asmrrm, C tmrmerum Diffussa, Dm) opleris
pedata, and Polypodium fndt’m

On the ferest floor, fatlen leaves of guajava and moss plants have formed AQ Ia) er of 5 cm deep. Although
the inside of the forest is apparunll), dry, ihe forest Roor is moist.

Research plot 1811 Comparison of the guaie_\\'a forests in he érca-;iffcctcd by the fire of 1985 and in its
adjacent non-affected area (alt, 500 m, lal. 0°51'8.7"S, long. 91°3°25.9° W)

When we walk for a while in a guajava forest of 4 10 § meters high, to the west from the maia road in Santo
Tomas, we find the border Hne between private farmland and the National Park. The border line of 2
meters wide separated in 1935 the fire-affected area of the guajava forest of National Park from the non-

' affected area of the guajava forest of the farmiand. We carried out ﬂeld rese anh in bolh slands o  COmpare
lho forest structure, (SecFig. 12)

In the stand on lhc side of the farmland which was not affected by the fire, we observed an almiost pure

guajava forest. The canopy of 3 to 4 meters high is composed of closed guajava crown of which the

- covering is almost 100% except the gap. The individual density of guajavas was 0.88 per 1 m? and the

average diameter at breast height is 3.1 cm. The floor is covered with mosses, and mosses and lichens are

hanging down from the crawa: it shows a cloud forest type vegetalion. There is no nalive shrub but

guajava saplings. We obscrved herb species such as Commelina diffusa, Clenitis sleanei, Doryopteris
pedaia, Centella asiatica, Kalanchoe pinnata and Peperomia galapagensis on the forest ﬂoor. .

In the stand on the side of the National Park which was af fected by the fire, we observed a scrub with a
clased crown, of which the canopy was com posed of guajava of 3 to 4 meters high. The individual density
of guajavas is 0.29 pec I m%. Tt might be an inftuence of the fire that the value is smaller than that of the
other stand. The frequency and the average diameter at breast height of 3.4 cm are almost the same as
thosc of the oiher stand. The species in the shrob and the herb specics are also the same as those of the
other stand. We observed abracken community of 2 meiers high in the canop) gap

(2) Conclusion

Concerning the recovery of the vegetation affected by the fire in 1985, a follow-up study for two years *
was conducted b}' CXpers mc!udmg Nowak (1990)

’ﬂn study sald as follov. s;

(a) ln a Semi- decnduous forest (alt. 80 1o 250 m), the \.cguatlon has retusned (0 its former state in lwo
years because the crown survivai puun!age is high and the affected shrub has rapidly regenera!cd

(b} In a Clesed evergreen forest (alt. 250 to 500 m), 90% of the guajavas were burnt (o their crowns but
65% of the guajaﬂ'as had regenerated to break into leaves. Many individuals of Scalecia were dead
and many seedling came out after.But the scedlings were damaged because of diseases and insects.
After all, Guajava took the place of Scalecia. Native shiubs have hardly recovered. '

— 98—



{c) Inan Open evergreen forest and secob (ali. S00 o 800 my), as a great number of brackens servid as the
{uel load, almost all individuals were burat to their crown, but many guajavas have regenerated to
‘break into leaf, :

(4} In a Pampa(alt. 300 to 1100 m), a secondary grassland dominated by Commelina appeared at first,
then it is gradually returning to its former state of structure. In places where natuealized grasses took
rool, the vegetation has changed to be easier 1o catch fire than before.

Our research was carried oul at two areas affected by the firgin 1983,
The rescarch plot IB1 was situated in a pure forest of guajavas of 3 meters high.

The density of the individuals at the canopy is 1.41 per 1 m?, and although the canopy covering was 100%,
the forest is considerably clear because the crown leaves are open. Many individuals have several stems
on the irunk (2.0 stemis per trunk on average): is it a state of regeneration after the {ire?

© We observed shirubs such as endemic Dam':'m_‘o;l-mnnms tentifoliius, besides guajava saplings. As to the
heebs, native ;sbccies suich as Preridium aq:ér’!inum, Desmodium canum, Centelia asiatica and Commeling
drfﬂesa grow rather thickly. Itis mleresung thal native species regencrate in the bush fayer, under the
canopy composed of the naturahzcd guajavas

In the research plot IB L, we compared the burnt geajava forest in the National Park with the vnburmt
guajava forestin the adjacent private land. The grasses on the buffer zone of 2 meters wide which separates
the National Park fron the private land are cut every year, Bach stand is a pure guajava forest of 310 4
meters high, and every aspect, such as structure, floor and grasses, is almost the same. (Sce Fig. 12.) The
maximum diameter at breast height frequency per 20 individuals is simifar. So we can say that the diffefence

_of individual density depends on the micro-environment, r{nhcr than the influcnee of the fire. Al the
canopy gap we found in places brackens growing in community. .

Alough the crowns were burnt in the fire of 1985 niuch more than in the fire of this time, guajavas have
regenerated to break into leaf with no trace of fire. As arule. Scalecias, native shrubs, and native grasses
. in the Pampa have hardly regenerated, and they are often replaced by naturalized species such as guajava
- and grasses. However, on the Guajava forest floor, we observed a large number of native grass species.

5) Damage to the birds and the state of recovery
{1} Researches on the birds in a burat area and in an unbusnt area
We carried out field research at the two plots in the same way as al a buent arca of 1994,

The result is shown at the research tine 31B Alemania- (%) (Rtseanh plot IB1) and at the research point
SIB (Rescarch plot iB 1 l} (Sec Tables 2-1 and 2-2.) -

At the rescarch line 31B Alemania- (K, we observed only two Yellow warblers and a Medivm ground
finch: the individual densily is | per ha. As they are seen not in a forest bul in a liccbreak, they might be
there for the open space.

We estimate that the bird popuolation in a guajava forest of X meters high is rather small.



At the research point SIBI 1, we observed only a Vermilion fMycatcher and a Small grouad finch: the
individual density is 0.6 per ha. This point includes the burnt stand in the National Park and the unburmnt
stand in the farintand, and both stands are composed of guajava forests of 3 10 4 melers high, The border
line is a grassland and the grasses are cutevery year. A Vermition flycatcher was seen in the grasstand. A

" Small ground finch'was seen ina l'orc,sl in the burit arca where lhc 1ndw1dual de nsaly is smafler than that
in the uriburot arca

In both stands, the bird populauon is ralher sma!l in companson \uth lhal ina lal! guajava fon,s( ora
Scalecia forest in the unburnt arca.

{2) Conclusion

The studies on the damage to the birds from the fire in 1985 weére carried out by Carmen (1991) and
others. Accbtding to their studies, il was the inscclivorous species such as Warbler finches, Tylant

_ fiycaichers including Warbler finches, Vermilion flycatchers, Large-billed (Galdpagos) fycatcher, and
‘Ground finches {Geospiza spp.), that weee mast affected by the fire, because they lost forests where they
were nesting and feeding. The influence was serious becauw the l"m occumd in the breeding season. As
the fire reached to the grassy highland in 1935, Galépagos hawks and Short- eargd owls, hunters of rodents,
were considerably affected by the fire. Also, were Groove-bitled anis as the woods near the houses were

also burnt. '

In our rucauh we obscrved two msecmorous Yeilow v\,arblcrs al lhe resumh lmc ‘liB bul no Tylant
flycatchers. Atthe research point SIB1, we only found one Vermition ﬂ) calcher Wc cannot say that the
insectivorous bird sp-ccu:s have rccovered.

© Atthe research lines 41B Alemaania- () dnd 61B Alernania- {8) situaied in a relativ ely tall guajava forest,
many Warbler finches and Tylant flycatchers were sech in the open breakfice. ' ‘

The vegetation has relurned to the former state without any trace of fire owing to the regenerative power
of guajava specics, while the state of recovery is not énough for the birds for nesting of feeding. Froma
“consideration of the fact that rich avifauna is scen in the forcst of 7 to 8 meters hi gh, even if its crown is
dominated by guajavas, 10 to 20 years may be required till the guajava forest of 3 to 4 meters high has
grown up (o a double all forest, although it depends on topographic and atmospherie factors.



3. Others - the result of site Investlgalion and mformatlon collection except
In the alﬁlcted areas

During our stay on the Gal4pagos Istands this time we conducied not only investigation related to the fire, but
- also, using every opportunity, site and hearing :n\csugauon on nature and the conservation of nature of thc
lslands in gg neral to grasp the whole Islands. The fotlowmg is the result of thc investigation.

1) Vegetation
We carried out investigalion and observation on the flora and vegetation on Santa Cruz Island (in 3 places},
on Isabela Island (in 14 places including the above-mentioned 9 places refated to the fire), and on Santa Fe

Istand (in 1 place). (See Fig.4.) The method of investigation is the same as that in the afilicted areas, etc. The
following is a brief description of each area explored.

(I) Santa Cruz Istand

Research p[ot SCi: Vegetation near Puerto Ayora (Altitude: [0m; $0°44°19.3", W90°(832.4")

Puerio Ayora is a town scrving as a base for ecotourism and has a large population, but outside the city
area there still remains comparatively primary natural vegetation. Fisst, there is a narrow mangrove forest
on the lava coast. Besides four species of mangroves (Rhizophora niaugle, Laguncularia racemosa,
Conocarpus erectus, Avicennia gemu'rmns),'shrubby'A-fg:yteams octagona, poisonous Hippomane
mancinella, climbing Cryptocarpis p_)'nfopni.é, ete. are relatively widely met. As for herbs, Sesuvium

porfulacastriun, Sesuviunt edmonstonei, Heliotropium curassavicum, cte, form a community, covering

the surface of the earth.

When setting foot in an inland area apart from the forest on the coast, the vegetation of the Arid zon¢’
appears, Prickly pears (Qpuntia sp.) and (Jasminocereus sp.) are peculiar to this vegetation, bul parosant
dropping leaves in the dry season (Bursera graveolens), walasarno, a useful tree {Piscidia carthagenensis),
Parkinsonia aculeata having leaves of strange form, Erythrina velutina distinguished by red Mowers, ‘e‘lft’:.
are met as trees. As shrubs, lhomy Scutia pancifiora, Castela galapageia having leaves like Ilex crenata
Thunb., Acacia rorudiana having fine leaves, Altenantliera fitifofia, Altenanthera echinocephala having
unique aggrcgalue inflorescence, half-climbing Plumbago scandens, cte. are often met,

On the Okinawa and Ogasawara Islands there are many cases where naturalized weeds have made invasion
and grown thick along the roadside, but here we got an impression that naturalized weeds were very small
both ia kind and guantity. Is it because the severe dry condition refuses their invasion or because it has not
been long since the laltu half of 1980s when the number of tourists increased rapidiy?

Research plot SC2: Forest of Scalesia penduncrfaza (Alitude; 600

Forcsts of Scalesia pendunculata remain cetatively well in the place over the watershed where the roadway
connecting the airport and Puerto Ayora divides the north and south slopes of Santa Cruz {sland. The

place where twin craters oxist was chosen as an arca to be explored,



Table 3 shows the composition of cach layer. The height of trees of a forest is 4 1o Sm and almest 100% of
the tree layer consists of Scalesia peduncidata being tree Scalesia. M any of the lrunks of SCﬁk’ala are thin,
FOcm or less in diameter, and generally they have a form of bean sprout. The coverage of canopy is about
0%, but it is relatively bright in the forest as leaves of tree crowns are sparse. In spite of that, there are
almost no natural young growth or seedling of Scalesia (sun tree) seen in the forest. Mosses and lichens grow
thick on trunks and the forest floor, looking like a foggy forest. . o '

As for the shrub !a) er, Psychotria ryfipes and Tamnefarrm mfo sericea are ol'lcn mel and besuks thcm _
Psidinm galapageiwm, Zanthoxylum fagara, Chiococca alba, Cordia {ewcaphlyctis, cic. are met. As for herbs,
Altenanthera halimifofia grows in cotonics here and there, and Commerina difusa is widely spread. There are
many Kinds of {ern. To trunks adheres Peperomia gaz’apagem:s and Pa csrﬂom suberosa, a chmbn ng plant, '
was in bloom. : i { ‘
Cinchona succirubra, an exotic tree, has invaded in the neighbothood, which has aroused fear about

inNtucnce on the forest of Scalesia, .

Table 3 The composition of each layer of Research Table 4 The composition of each I'a=yé.f of Rescarch

. plot SC2 : : . plot SC3
5CI
Tree layer : N=30 .
?‘g{}?m pedmwnhzm _ e o o
_ Free layer N=20
Trema micrantha 5%
Sthrob layer N=59 Al ) i
PS!'('}IOH’?(; rufipes 35.6% Pisonia fl n?b""m; 0%
Tournefortia rifo-sericea 27.1% g‘sr(;'tw'n g(; ;]1: ::f?”:m %gg
Psidium galapageium o 11.9% catesta pedunicatasa i
Zanthoxylun fagara ' ' 8.5% A .
Chiococca alba 5.1% ?’2:3::;31::; fagara
. py
Cordia lewcafhlyctis . 3.4% . Tewmefortia mfo- sencea

Madvastrum sp, Chiveacea alba

Herb layer Clerodendriin molle

Alternanthera halimifolia

Asplenium cristatum

Asplenium anritunt var. auriculatum
Asplenium praesiorsum

Blechnum accideniale var. puberulum
Commelina diffusa

Crenitis sloanei

Doryapteris pedata var. pa!mam
Hyptis rhomiboidea : _ _ o
Polypodiim sp. _ _ N: The number of individuals investigated
Thelypteris guadrangularis . ’ '
Passiflora suberosa (vine)
Peperomia galapagensis {cpiphyte)

Herb Ia)'cr

_ Sahm oc‘crdenmhs
Blechnim brownei

. Paspalum conjugatiom
Thelypteris quadrangularis
Passifiora edulis (vine)

Figures show the percentage ol’in.d_i\id\‘;als of each specics.

N: The number of individuals investigated

Figures show the perecntage of individuaks of each specics.



Rj’ii(‘art.h plot SC3: chutauon ound the protected area for giant tortoises (Altitude: 210my; S0740°16.5",
W90°25°59.1")

There is a protected area established for giant torluisg.s in a place about 1.5-hour walking in farmland from
 Comunity of Sahra Roza. There is a native semideciduous forest consisting of Trema micrantha, Pisonia
ﬂonbrmdn and Psidium ga!apaqemm around the hollow where puddles are formed in the rainy season.
Scalesia pedunculata is also mixed, though in small numbers, and this is considered to be transitional
vegetation from the Scalesia 7onc 10 the Arid zone. Table 4 shows the spectes composing cach layer.

As for the shrub layer, species are met which appear both in the Arid zone and the Scalesia zone such as
Zanthoxylum fagara, Té:?mefoﬂfb rufo-sericea, Chiococea atba, Paspa!uhn z‘onjugamm' (a grass weed)
‘and Passiflora edulis (a climbing {ruit tree) known as a passion fruit are often met, which may be caused
under the influence of farmland nearby. On the way to the protected area Caesalpinia bondic with sharp
prickles repelling browser forms a large commuoity and the scale of damage to vegetation caused hy
domestic animals having become wild is expected to be farge, :

(2) lsahcia lsjaind _
Research plot IBY: Vegetation of the Pawpa 7

The re spreads grassland cons:sﬁn 2 of plants with fength of about S0cm on the stope of the outer wall of
the caldera of Sierra Negra. There as a heavy fog over the grassland at the time of in\'estigaiion'and we
observed only a partof it. The grassland basically consisting of bracken (Preridium aquilinuny and Paspalum
conjugarm has many kinds of grass (Centella asiatica, Equisetun begotense, Lycopodium, Cyperus spp.,
Griapharium purpureum, Euphorbia sp., Labiatae, ete.) mixed as if in a flower gacden. Most of the flowers
aré,however, of sober color and this flower garden is somewhat diffcrent from that in the alpine zone on
the mainfand. {t is interesting that most of herbaccous plants are common to those appearing on the floor
of ihe forest of Scalesia located in places of lower altitudes. As for the shrubs, Pemetya howellii belonging
to Ericaceae is mel which is considered to be derived from a specics of the same genus appearing in the
alpine zpné of the mainland of Ecuador. Cyathee weatherbyana, tree fern, is also a species poculiar to this
zone, Parwiriiothamius sp. bcing an endemic genus of the Compositae was also in hloom.

&Lseauh plot 1B10: Remaining forest gi Scalesia of Sangg Thomas{Alitude: 340m: S0°50°48.1",
WoICLT 7Y

in the middié of the farmland a little cast of the trunk road in the area of Santo ‘Fhomas is a remaining stand

" of Scalesia cordata. CDRS bought this stand which was private bland 1o preserve it as a historical sample
_ of a forest of Scalesia and 1o pursue a plan to use it as a material for teaching inhabitants {cspecially
* children) of the Lslands the contents and value of the native forest. At present this stand (30m x S0m) is
fenced to exterminate exotic species such as guava and to profect and propagate Scalesia. Mr. Jacinto
Gordillo, the head of the branch office of CDRS on Isabela sland, is responsible for this project.
Investigation was conducied in places with relatively high deasity of Scalesia (0.77 /m?). Mast of the trees
composing the canopy with tree height of 7m are Scalesia and the average diameter at breast height was
7.8cm (Fig.13). lndmdua!s mth fine trunks of Scmor less in diameter were distinguished by death duc to

" self-thinning. .‘nnce the crown ‘of Scalesia is smiali, there is a gap bcu-.cc-n crow ns; the coverage of the
" canopy is about 80%! Species reathmg the canopy besides Scalesia are Zamhm_;lrmr fagara and guava



and the latter has individuals I7cm in diameter (Fig.14). There are parts greatly invaded by guava in the
fenced place. As for the shrub layer 3 to 4m high the natural young growth of guava was predominant, but
native shrubs and natural young growth (Psidinm gafapageium, Psychotria rufipes, Chiococca atba,
Tournefortia rufo-sericea, Cordia leucophlyctis, Zanthoxylum fagara, ete.y were also met in relativ cly
greal nuiibers. Mosses and lichens grow |h|ck on trunks and the forest ficor, iookmg like a foggy foresl.
Since bottom grass is mowed, herbs are poor, and fern was mel in great nombers such as Dar_wp:ms
’ peda!a, Ponpodumx tridens, ele. In gaps Preridium aguilinum formed a com nunity.

Rescarch plot IB12; Vegelation 01. the Afld ionﬂc with Scafesia affinis (Altitude;

. We observed the vegetation of the Arid zone along the main road connecting Puerto Villamil and Santo
Thomas. This is a dry location with exposures of lava in places and the coverage of vegetation is about
60%. There grows shrubhy Scalesia (Scalesia affinisy whose height reaches 2m. According ta Mr. Jacinto
Gordillo, Scalesia cordata appears at an altitude of 70m or higher in the same Arid zone and there is an
intermediate area where neither species is met. There is also Daiwiniothaninus tenuifolius var. galbriusculus,
the endemic genus of an asbor of the Compositae. Other ascettained specics are Alternanthera echi nocephata,
Altemanthera halimifofia, Lycopersicon cheesmanii, Bursera graveolens, Chiococca alba, Waltheria ovata,
Cordia leacophlyctis, Clerodendrum mole, Plumbago scandens, Croton sconreli; Meytenus octegona,
Passiflora foeiida, cic. Many specws have sharp pnckles which may bc remains of their copmg with

" eating by g:anl lortmscs and land iguanas which had once ll\ed

‘ Resgg gh piot lBl= : Vegetation ip_habitats of the area of Umong lmudg 0 to 10m: Sl°0 26.1",
We1°5'48.3")

We tanded on the coast aboul 1.5-hour ride in'a boal to the west l'rom Puerio Vitlamil. According to Mr.
Jacinto Gordillo, giant tostoises wers found 2 to ¥ years ago around here, but recently they have nol been
seen. On the coast was a small-scale littoral forest, where Rhizophora mangle, Avicenia germinans,
Conocarpus erects, Hibiscas tiliaceus, Hipponmn‘e mancineila, ctc. were wet. In paricular, Hibiscus
tiliaceaus also grows ia the interior part about Sk from here and serves as an indicator of spring waltcr.

‘From the very inside of the littoral forest spreads the vegetation of thé Arid zone. Nol only Opratia sp.,
but also Crofon sceuleri, Scutia paucifiora, Cryplocarpus pyriformis, Acasia rorudiana, Clerodendrum
molle, Maytenus ociogona, Chamaesyce viminea, Yaliesia gatbro, Plumbago scandens, Lysium mininim,
ete. were met. Here we also saw dung of donkeys. It is said that they partially compete with the food of
giant torloiscs. Atong the coast a litlle backward to the cast from this landing spot are a vast sandy bcach
aqd back marsh, On the coasl Iponiea pe._smpme grew its tendrils, Seaevala pliemieri was in white bloom, |
- and Lysium minimum formed a large community covering the surface of the earth, '

l

Re gganh pj_Qi iB14: Vegetation in { the. And zone around “lhe Wall of Gncl“ (Allrlude lOm. SU’ST‘%Q .9,
Wol°0ig.4" ol . . :

‘Then., is a place with traces ol' slone masonry callcd "lhc Wall of Gncl" aboul 40 mmu(c nde inacarto
the west from Puerto Vd!arml Accordmg to Mr Jacinto Gordulko. ithad bun a US military base from
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{1941 to 1945, and prisoners had been made to construci a stone wall since 1946,

The vegetation of the Arid zone with Opssida sp. is met around there. Scalesia afinis is also met here; the
basic constitucnt species are common to those of _A'rca explored 1812, Around parent plants of Opuntia
are many prickly young individuals which have grown from fallen propagules formed on the edge of the
thalluses of parent plants. We saw flawers of Lantana peduncularis, an endemic species. Though thisis a
place greatly affected by human beings, as was reeationed a_ﬁovvé, only some naturalized species are met
such as Sida sp.; the surrounding native \'cge!atioh dods not scem to be greatly damaged. Docs the severe
environment of the Arid 7one prevent nalural_ized_spociés frofn invading? It is an interesting phenomenon.

(3) Santa Fe lsland

Research plol SFI Vegetalion in lhe Ar:d zone of the habltal of Iand l,@.uanas

Santa Fe Islaml is a small island thh an arca of 24km2 located io the southeast of Santa Cruz Island. The -
highest altitude is 239m, and the whole island belongs to the Arid zone. On this istand goats having
become wild propagated and caused great damage to the vegetation. In 1971, however, all the goals were
exterminated and the vegetation was recovered. Part of the coast of the island is one of the landing spots
for eco-tours and a course is provided for tourists to observe hair seals on the beach and land iguanas in the
interior part.

Ina 30—m—widc zone from the coast where the landing spot is provided continues a comntunity of
Cryptocarpus pyriformis 1t 2m high. Though this species grows like a liane on Santa Cruz Istand, here
it grows like shrubbery, which is interesting. Beyond it is serub mainly consisting of Bursera glaveolens
and Croton scouleri having shed their leaves and Opuntia sp. and Sentia pouciflora grow in places. i is
difficult 1o presume the former damage by the goats on the basis of the present vegetation, bot is it due (o
this that shrubs seemed to be small in quantity? . .

2) Mammals

The native mammals of the Galdpagos Islands are poor; thege are only 2 specics of bats, 7 species of rats, 2
species of hair seals. Five out of the above-mentioned seven species of rats are coasidered to have been
exterminated through competition with black rats having invaded the Islands wilh the setttement of human
beings and vira discases brought by them. (Rcfu' to Table 1.} :

However, investigations on {and small mammals seem Lo be insufficient. For cuampk rice rats are considered
to be exterminated on Sanla Cruz Island, bul we saw rais obviously different front black rats on the forest
Moor by the roadside when we got off to sec the twin craters (Refer to lhcll’ronlispicce), which suggesls that
rice rats are still iving. This is a field needing detaited investigations on cats as well as on bats.

3) Birds

About 120 speeies of binds are registered on the Galdpagos Islands (Harris, l9'74). Twenty-six of them are
peculiar to the Galdpagos Istands. [n addition, 53 species including the endemic ories inhabit all the year
round on the Islands as resident birds. Others are sea binds having a breeding area on the Islands, sea birds
making seasonal migration, snipcs and plovers stopping in on the way of mi gration or goipg down (o pass
the winter there, and birds straying into the Islands at rare intervals. Recorded are only 26 species of the



sparrow otder generally recognized as small birds, 18 species of which are resident birds. Most of the others
are sea and water birds. Al these show clearly the fualuns of lhc |solatcd islands in the ocean no less than
1000k to the east of the mainland of South Anu rica.

n such avi-fauna, we recorded 57 specics in total dunng our stay from Juoc & to Junc 20 on three islands:
Santa Cruz, Isabela, and Santa Fe Islands. (Refer 1o Table 5.)

We conducted the census made in investigations on the inflluence of the fire also in other places, the result of
which was already shown as part of Table 2, _ :

“This result shows that most of the resident birds inhabiting the three islands and more than halfl of the
_ mi gratoty birds bave been rccognizrcd.'O;J.l of the resideat birds, ten plus species including Gaiépagqs penguing
(p ireuisa[s HW,{di(_!dﬁj), Rightlcss cornorants {Nannoptern harrisi), large cactus fiﬁches (Geospiza
. 'conimsiris), ete. are not recorded because we 'did_nol go to islaads or arcas where lhe):r inhabited. The

following is a brief description of birds recorded.
* Albatross

We saw two-three waved albatrosses above the ocean beiween Santa Cruz and Isabela Istands when we
sailed between them. 'This is the only one specices of Diomedidac.

« Shearwaters

* Above the ocean between Santa Croz and Isabela Islands and between Santa Fe and Santa Cruz Islands we
saw Hawaiian dark-'rum]jcd petrels and Audubon’s shearwaters. Audubon’s shearwaters are often met
also bctuu.n Balira and Santa Cruz lslamk

Hawaiian dark-rumped peticls have breeding areas in the Hawaiian lslands and the Galapages Islands. In
the Hawaiian Islands, however, the environment has remarkably changed and they are almast extinct

there.

“Inthe bncdlng arcas of the Galapagos Islands thcy are also dn.crcasmg in number and lhelr protccllon is

being watched with keen intercst,
» Storm petrels
'They were often met above the occan between Santa Cruz and Isabela Islands, between Santa Fe and
Santa Cruz Islands, and between Baltsa and Santa Croz Islands. In addition, on Santa Cruz, dsabela Istands,

ctc. they were seen o také wing from the beach. We saw 4 species in total. In all cases they were flying

individually.

+ Tropicbirds
We saw two red-billed lI‘Dpleil‘dS flying above the ocean beiween Santa Crus, and Isabela Iﬁ!ands Only
one spccus is r;cordcd on the quapagos Islands.

* Pelicans

This sea arca is inhabited by only one specics, brown p«.llcans They are often met curywlu re, on the
beach and above the ocean. On lsqbc!a Island we saw them propagaling in the mangrove forest on the
coast
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* Boobies

They can be scen c\crwhcu on the beach and above the ocean. Blue- footcd boobm were the |argesl in
population. Masked white boobics were small in number. Red-footed boobies and brown boobics were
scen only five, respectively. Of the boobies propagaling in the Islands, red-footed onds arc the laigest in
population, and then masked white ones and blue-footed ones. The recerd of boobics is extrémely limited;
they are considered to be a retrograding species in the Islands.

* Frigatebirds
© They can be seen everywhere, on the beach and above the ocean. Since the Isfands are Surrotinded by the
sea, they can ‘sometinies be scen in the sky above the land. There are two’ spccues large frlgaleblrd and

' amenmn fngalclnrd it is rather difficult to dlsllngmsh thein while they are ﬂymg Itis sald lhat the
number of individuals propagating in the Islands is larger for Iarga, fn galeblrds

+ Egrets

Eight sp’ecies are recorded in the Islands and we saw six out of the el ghl species.
Cattle egrels were often scen with domestic animals on drable tand and grass!and

Comnion egrets weie scen on the beach and grassland of a mountainous region.

They may be advancing into the non-waterside environment,

Great blue herons were scen on the beach and Jakes near the coast only in very smai] numbers

Lava herons are often seen on the lava bcach lhxy are consnd;n.d 1o be a varicty of slnatcd heron Not a
few individuals are located in the middle of them.

Yellow-crowned night herons steep in the forest of mangrove by day and are active b)' mghI Wc saw a
small numbes of them on the beach of Santa Cruz Istand.

* Flamingoes

_Only one species, greater flaminge, is. ncnrdcd in the Istands. We saw about HQ greater Mlamingoes on
lakes and marshes of Isabela Island in total.

+ Yyitd ducks

We saw only “hnc cheeked pmlalls on fakes and marshes of lsabcla Island; the number of them was
about 20

* Hawks In the Istands is recorded only one species peculiar lo the Islands,
Galapagos Hawk. On Isabela Island we saw flying individuals several times.

* Water rails
There are species pefuliar to the islands: but we saw only 'corhjmon gallllinu'1es.¢i)nil;kes and-r:nars'l.ies of
Isabela Island. . ' S

* Snipes and plovers
In the ls!aqd's‘.arc rccor_ded 3t spc'clies\,_-hul‘ “e saw only te_n.:speg‘ics;.

eystercatcher, black-bellied plover, semipatmated plover, ruddy turnstone, wandering tattler, semipalmated
sandpiper, western sandpiper, sanderling, whimbeel, common stilt. Of these species, oystercatchers and
commeon stilis act in pairs and we think they are propagating. Semipalmated plovers are in rivalry over



territory ar_:d_lhey are expected to propagate. Other young indi\{idﬂa!s seemed to spend time (il they
reached reproducing age.

*» Sea gulls and terns

In the Istands are recorded 9 sp¢cics. and we saw four of them. Lava gulls and brown noddies are oflen
seen on the beach and above the sea, but they were hardly 1o be seen offshore. Swallow-tailed gulls and
. royal terns were secn on the beach of Isabela Island only in small numbgrs.

* Doves
In the Islands is recorded only one endemic specics, Galapagos dove. We saw a few of them on Santa Cruz,

and Santa Fe Islands. They were seen in dry land with space on the surface of the earih where cactuses

grew,

* Cuckoos

In the Islands are recorded 3 species, and we saw (wo of them. Dark-bitled cuckoos weré often seen’in
woodlands in the interior part and groove-billed anis - in forests taken care of by people and near human

habitations.
* Owls

In the Islands are recorded 2 species: barn owl and short-earred owl. They also propagate. We saw only
short-earred awls; they were often seen in grassland located on the upper part of a inountainous region
both on Santa Cruz and lsabela Isands, '

* Tyrant-fiycatchers

Venmilion flycatchers were often seen in woodlands in the interior part of Santa Cruz and Isabela Istands.
‘They prefer to inhabit on the border with a forest and space. '

Large-billed flycatchers, an endemic specics, were often seén in the dry zone and woodlands above it

* Swallows

In the Istands are recorded 4 species, but we saw only one specics. We saw one Galapagos martin flying
in the sky above the dry fand of [sabela Island.

Morkinghirds

Four endemic species are knowa in the Islands. Most of the n16ckingbirds of the same species inhabit in
the same island. Only Galapagos mockingbirds, however, inhabit three istands: Santa Cruz, Isabela, and
Sania Fe Islands. '

* Wood warblers

In the Istands is recorded only one spéeies yellow warbler. However, the population of this specics is
large, and besides, lhey are widely distributed from the beach to grassland in the upper part of the island.
We lhmk this is a species of land bird having the largest population in the Islands. :

* Finches

Inthe lsl}inds are known 13 species, all of which are cesident birds and peculiar to the Islands. Thisis a



" Table 5-1 List of birds bred in the Galapagos Islands and spemes of birds recorded '
{Juns 8 to June 20, 1994)
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no mak -+ accidvatal bieds 5 dund 1222 Q»\NI'I'A(RUH?
&.Jund19 SANTALY IS
1 2 3 4 5
SPRENISCIOAE
Galapagos Lerguin Spheniscus mendiculus
PODICIRICAE
Pied-biled Grebe Foditymbus podiceps
DIOMEDIDAE
Waved Aatiess Ciomedea inoraia o o
PAOCELLARNDAE . { . ‘
Cape Pigaon {Pintado Pelrel) Dagtion capense
Hawaiian (Oa%-rumped} Pelmi. Flerodroma phagopygia o 0
Pakinson's Pelred Proceltara parkinsord
Wedgetailed Shearaater Pufinus pacificus
Flesh- footed Shearwater Puflines cameipes
Sooty Shearwster Putlinus griseus
Audubon's Shearwales Putfiags Berminier o ") o)
HYOROBAVIDAE -
White-venled (Efiods) Siorm Pelrgt Cceanitas gracilis s
White-fared Storm Pelrel Felagodroma matng
White-belfied Stom Petrel Frepetts gralaria
Baﬂ-d-rumped (Madeiran) Slorm Pelrel Oceanadroma castra ] fe] 0
Leach’s Siovm Petrel . Oveanodroma lguc&hoa l
Wedga-numped (Galapagos) Storm Petret Oceanpdroma lethys ' o o o
Mahham's Stom Petrat Oceanodroama makhami ) o
PMAETHONTIOAE '
Fed biled Tropickird Phaethon aetherous o o
PELECANIDAE
Brown Pelican - Peloranus ocbidentalis - ¢ o o o o o
SULIDAE :
Shue-looted Booby Sufa nebogxi o o o o o
Maskad (white) Booty Sulz dyctylatra o o o
Srown Booby Suvfa keucogaster O
et lovled Booby Sv'a sula a
PHALACROCORAGIOAE '
Elghiless Cormpran] Narnopterym harisi
FRECGAMIDAE
Great Fogatebird Fragata minor o o o :0 :
Magniticent Frigatebisd Fregars magnificans o o ) o .
ARDEIDAE ‘ ' ' o
Great Blue Heron Ardea hendis o o
Common Egrel Casmerodius abys o - F) o
Snowy Egret Leucaphoye thula
Caltie Egret Bubwlous bis o o o
Lava Harog Butondes sundevali o o o
Suriated Heron Butoiises statos o o o
Yefiow-Crowned Night Haron Myctioorax violacca 0 i o



Table 5-2 List of birds bred in thé Galapagos islands and speclés of birds recorded
{Continued from the previous page)

ARDEIDAE (continued)
Black-crowned Night Heron
" PHOENICORTERIDAE
Greater Flamingo
ANATIDAE
Back-belied Tree Duck
white-cheeked Pilait
Biue-wingad Teal
ACCIPITRINIDAE
Gatapagas Haek
PANDIONIDAE
Osprey
FALCONIOAE
Peregrine Falcon
RALUDAE
Gatapagos Rall
Paict-bitted Crake
Common Gahinute (Mogrhen)
Purple Gallingla '
HAEMATOPODIDAE
Cystercalcher
CHARAORNDAE
Black-belfied (Grey) Plover
Goiden Plover
Semipaimated Piover
Thick-biled Piover
Kitideer
Ruddy Tuinstone
8lack Turnstone
Suclpirg
SCOLCPACIDAE
Saoltary Sandpiper
Lesser Yeliowlegs
Greater Yeellowlegs
Spotted Sandpiper
Wandeteg Talller
Willet .
Koot
Leasl Sandoiper
Semipaimated Sandpiper
Westem Sandpipar
Baird's Sandpiper _
White-rumpod Sandpiper
Peclo:af Sandgiper
Sanderling '
Sult Sandpiper
Whimbrel
Madbied Godwil
Shord-billed Dowicher

Nycticorax ayclicorax
Phoenicaplerus ruber

Oendraxygra autumaalis
Anas bahamens's

Anas disoors

Bufeo gatapagoensis
Fandon_ halaelus
Falco peragninus

Latalalus spilonolus *
Neocrex enythrops
Galinuta chloropus
Porphyrila madinica

Hacmalopus oslra’agus

Squatarola squatarola
Pluviafis gomica
Chraradays semipalmalys
Charadriys witsomia
Charadnys voolferus
Arenaria inferpres
Arenaria melanocephala

Aphnza virgala

Trioga solitaria

Trivga Ravipes

Tinga melanolfeucus
Actitis macufaria
Heterscelus incanus
Caioprophorus semipaimaltus
Calidds canutus

Caldis minuilia

Galidkis pusiius

Catidris enduri

Cahdris bairdii

Caalickis fusciooils
Calficris meianoios
Crochthia aha
Micropatama Mmonlopus
Numeniug phacopus
timosa fodoa

EimmOdiomus geiseus



Table 5-3 List of birds bred in the Galapagos Istands and species of birds recorded
{Continued from the previous page}

RECURYIROSTAIDAE
Gommaon Stilt
PHALAROPODIDAE
Nodhem (Red-necked) Phatarope
Red {Grev) ﬁha!arope
Witson's Phalarope
STERCORADIOAE
Greal Skea
Pomasing Skua (Jasger
LARIDAE
Swallow 1a7ed Gult
Lava Gl
Frarklin's Gult
Lzughing Gull
Royal Tern
Common Tern
Socty Tern
. Fairy Ten
Biown Noddy
COLUMBIDAE
Galapages Dove
CUCULIDAE
Dark-bifled cuckod
Bzack.bi.;led cuchad
Groove-Bitled Ani
TYTONIDAE
Bam Owl
STRIGIOAE
Shon earéd Ol

CAPRIMULGIDAE
Common Nighthawk
ALCEDINIDAE

Beled Kingtisher
TYAANMNIOAE
Yermition Fiycalcher

§ 8792 Gulled Flycatcher
HIRUNDINIDAE
Gaalapagoes Martin
Puple Martin

Bark Swallow (Sand martin]
Bam Swallcw
MIMIDAE

Gelapages Mockinglid
Charas Moglngbirg
Heotd Mockioghird
Chatham Mockinghird

Himanlopus himaniopus

Lobipes ipbatus
Phalaropys Ralicacivs
Steganopus volor

Catharacia skua

Sterporanius pomanious

Creagrus furcatus
Larys furigingsus
Larys pipixcan
Lans alricdla
Srama maxira
Stema hirundo
Srera buscala
Gyp's ala

Anous stolidus

Zanada galapagoensis
Geccyzus melacoryptuws
Coccyzus aahropihelinus
Crotophaga sulciroslis

Tyto aba

Aso fammaus

Chardedes minoe
Cerylo alcyon

Fyrocephaltus rudinus
Myiarchus magmrosing

Progng modesia
Frogna subrs
Aiparia ripacia
Hirundo restica

Nasoreinus panuius
Nesomimus trilasciatus
Mesomimus macdonaid

Nesomimus melandts



Table 5-4 List ol birds bred in the Galapagos Istands and species of birds recorded
(Continued from the previous page)

Warbler Finch -

Cenhided olivacea

PARULIDAE _
Yellow Wadier Dendroics petechia o o
THRAUPIDAE ' o
Summer Tanager Firanga ndva
 ICTERIDAE ‘
Bobolink bolrbhoﬁyx o'tyz fvoeus
FRINGILLIDAE o
Small Ground Fingh - Geospiza hlignesa o o
Medium Groudd Finch - Geospiza ivtis 0 o
hmg‘mh_ Geospiza gzagnims:r.’s ) Q
Snarpbeaked Ground Finch Geospiea difictls
Cacis (Ground) Finch Gecspiza scandsns o o
Laiga Cactus Finch Goospiza congraslas
. Vegolarianfires) Emh Platyspiza crassirosleis o Q
Swall Tree finch Eamariynchys panals o o
Mecﬁumlmﬁmh CamaWus pau,;,w;;r o
Larga Tree Fingh Camadhynchus psiiacula o )
‘ Woodpechksr Fincy Camachynchus palidus o] o
Mm\czxﬁf.mb C&.’ﬂ&‘(hyﬂc’lus pefiobates
o

group well-known as a sample of speciation, Ten species have a distribution and inhabit Santa Cruz and
Isabeta Istands. We saw 9 out of the ten species.

Since ground finches such as small ground finches colleet food mainly on the ground, they were often
seen in the dry zone, grassland in the upper part of an istand, on roads near human habitations. Small
.- ground finches have the largest population, and then medium ground finches. The number of large ground
finches was small.

" Cactus ground finches were often seen in Lhe dry zone, but compared with small ground finches, they
were much smaller in number. o - : : :
Medium tree finches and lasge tree finches were scen in forests and bushes, but their population is not

The poputation of warbler finches was large in woodlands, but it was small in bushes and near human
habitations.

The popuelation of woodpecker finches is not large in the forest of Scalesia in woodlands, but they were
often scen. This species is famous as  bird using tools; it pecks out insects inhabiting holes bored in trees
by using a iwig. We did not sce it in the forest of guava or near human habitations; we saw it in the forest

of mangrove only once.



4) Reptiles
(1) The present state

As for giant tortoises (Geochelone elephanfopus) which receive most attention of all reptiles in the Galapagos
Isiands, a technique for their propagation has alteady been established with the cooperation of CEIRS and
SPNG. In some areas their population has been recovered by reintroduction to habitats after propagation.
- On the other hand, even now there ate areas where thei poputation is small and they are in danger of
extinction due 10 the influence of hunting and inlmigrams, and besides, there are areas where their present
situation is not clear, such as populations in distant places hard to get to {the northern part of [sabela
Island, etc.). In addition, their classification is not a final one, which holds the key to the solution of the
problem of propagation. The system of their classification is now investigated from a genetic viewpoint,
and it is expected that (he classification of populations will be clear and propagation potency will be
increased in the near future, ) |

As for land iguanas (Conofophus spp., the system for their propagation is arranged following giant tortoises
and retransfer is also conducted, but a complete technique of their propagation is not yet established, and
there is the danget that the number of their wild individ_uals may be decreased by the influence of wild
dogs and cats. '

Lava lizards (Tropiduris spp.) inhabit lowlands in great numbers {on Santa Cruz, Isabela, and Santa Fe
Istands a considerable number of their individuals were seen in the cleared dry zone in lowlands (in the
lava zone and on the coast)}, and it is not accessary o immediately take measuies to cope with the present
situation. CDRS has also judged that al present they are rot in danger of extermination, giving them low
priofity of investigation. Only outside scientlsts conduct the:r own investigalions.

Itis feand that native and exotic geckos (Pbﬂlodacr) !us spp ) compele wnh each other ancl that Galapagos
snakes (Alsophis spp., Philodrysa spp.) are ad\ersely affected by exolic mammals, but detailed
investigations arc not yei conducted. In particular, the classification of snakes has been changed {formerly
3 species of Dromicus), with the result that it is not completely known what islands what species (subspeéies)
inhabil. In addition, there are few individuals whose inhabitation is confiemed. Judgmg from this situation,
considecable investigations will be necessary in the future. L

As for marine iguanas (Amblyrhynchiis cristatus), a respectable number of them can be seen on the beach
(craggy place), and there is no fear of their extermination, but they receive some influence from exotic
species. Marine iguanas can receive influence from the change in climate and itis necessary (o further
conduct detailed investigations {o determine what factors have influence on them,

The reptites list of the Galapagos islands will be showa in Table 6.

—fd



Table 6 The Reptiles of the Galdpagos Islands

Chelonlidae (sea turlle Family )
Chelonia mydas
Testudinidae (fand turtle family }
Geochelone efephantopus
G.e. abingdoni  Pinla: Only in Lonesorne George where itis being grown

G.e. becki Isabela: (Volcan Woll}
G.e. chathamensis San Cristobal
G.e. darwini - Santiago
G.e. ephippium Pinzon
G.e. gafapagoensis Floreana: extinct
" G.e. gunther Isabela (Volcan Sierra Negra)

'G.e. hoodensis ~ Espandla
G.e. microphyes  lsabela (Volcan Darwin)
G.e. phaniastica  Fernandina :extinct

G.e.porteri Santa Cruz

G.e. vandenburghi Isabela (Voloan Alcedo)

G.e. vicina Isabela (Cerro Azul)

G.e. subsp. . Santa Fe: extinct {only bone specimens existing )

(G.e.wallacei  Rabida: Sald not to live, but not known concermning subspecies)
Gekkomdae {gecko tamily) . .

Phyllodactylus | iuberculosus

Phyllodaciylus bawi

Phyltodaciylus barringlonensis

Phyltodactylus galapagoensis

Phy!!oda cfy!us gitberti

Phyllodactylus leei ,

Gonatodes caudisculatus: mrroduced Species

Phyllodaciylus reissi: introduced species

L epidodactylus lugubris: introduced species

Iguanidae {lguana family}

Conolophus {fand lizard }

Conalophus subcristalus
‘ Conolophus pallidus

Amb:yrhynchus (sealizard) ,

_ Amblyrhynchus cristatus: 7 subspecues
Tropidurus S

- Tropidurus afbemarfensrs
Tropidurus bivilialus



Tropidurus delanonis
Tropidurus duncanensis
Tropidurus grayi
Tropidurus habeli
Tropidurus pacificus

Colubridae (Snake family)
Philodiyas sp.
Alsophis sp.

The above classification was compiled using Wrile (1983) and Jackson (1893) as reference,
but a reconsideration of classification is taking place at present by means of genetic
investigations.

{2) Problems of reptiles in the Galapagos Islands .
(a) Poaching

Hunting by himan beings gave a scrious impact to the poputation of giant tortoises in the past, and even
-pow poaching scems to have the greatest influence on them. The purpose of poaching is to get their meat
{especially, meat of female ones), but natives say that they ate the meal of giahl torioises in the past, but
now they seldom eat it. This is different {rom the remark of the staff of CDRS that cven now inhabitants
in some regions eat the meat of giant tortoises, itis not clear whether natives catch them to cat their meal
or 1o sell them to outside peuple as sea slugs. But in the Galapagos Islands there is a fact that giant
tortoises were killed after sea cucumber fishery had been prohibited, though it is not clear whether the
killing had rclation to the resistance to the prohibition of sea cucumber fishery., We are worried about
inhabitants' low awarencss of the preservation of giant tortoises. ' a

{b) Exolic species

ILis pigs which have become wild that have the greatest influence on giant torloises of all the exolic
species. They prey on the eggs of giant tortoises, exerting a remarkable inffuence on them in the beceding
period. Besides direct predation, pigs tread on nests insensitively, ca‘uéin'g damage to theny: In the natural
condition without cxotic species hawks are considered to be predators of young giant tortoises. In addition,
the experience of the CORS propagation center has shown Lhal even exotic rals prey on young gianl
tortoises. There is a history that on Pinta Island goats propagated in wild condition {goats were expelled
from Pinta Island and there are no goals on it) and ate up the plants ef giant tortaises, with the result that
giant tortoiscs were exterminated. But it is said that generally when the istand is large, competition of
glant tortoises with exotic species for plants does not have such a strong influence on them compared with
direct influence of poaching by human beings or exotic spedies. This is because the plants of giant tortoises



is diversified, that §s, they eal arborcous plants such as eaves of Acacia macracantha, e1¢., cactuses such
as Opuntia, etc., fruit of Hipponiane mancinelfa (Manzanillo) (poisonous to human beings), gramineous
plants, etc. Though exotic animals exert influence on trees, they bave not yet done so much damage as to
extremely decrease the population of giant tortoises.

. Pogs and cats which have become wild have influcnce also on marine iguanas and snakes small in number,
especially with cats doing a lot of damage to snakes. On islands where cats have not immigrated a certain
number of snakes can be seen; but on islands where cats have immigrated it is very difficult to confirm the
inhabitation of individuals, though such detailed investigations as mentioned above have not been made
on snakes and it is not clear whether or not there cxisl faciors other than cats which have influence on

them.

As for geckos, there is the possibility of conpetition between native species and exotic ones. Al present
exolic geckos expand their habitat in the vitlage {private houses), bul are not in competition with native
ones outside the village, Extension of the sphere of influcoce of exotic plant species on the reptiles of the
Galapagos Islands has not caused so great a problem so far.

Expanding of the forest of guava, however, scems to have some influence on the inhabitation range of
giant tortoises,

{3) Measures against problems and problems (o be solved

fixotic animals are expelled by hunting from islands where human beings do not live. There are some
cases of complete expulsion of exoiic animals, such as expelling of goats from Santa e and Pinta Islands.
On islands where human beings live, however, complete expulsmn is thought (0 be difficult. In the
investigation conducted this fime we saw horses equipped with reins which had been raised by human
beings in a herd of wild horses. As long as the raising of domestic animals continues, and as long as
inhabitants exist who insist on property in domestic animals, complele expulsion is thought to be difficult.
In spite of that, SPNG does hunting of cxotic animals two-three times a year,

To prevent poaching inhabitants are given education in cavironmental conservation, but insulficient
_malerials and facilitics make enlightenment of inhabitants insufficient. In addition, arrested giant-tortoise
~ poachers are to be imprisoned for one monih or fined 20000 sucres, which is said to be not so heavy.

(4) Rephlcs of Isabela !sland

‘ ln lbc SOUth m area of isabela lsland cxplored this time ¢arca of Cerro Azut and Vo!nan Sicrra Negra) the
population of giant tottoises and land iguanas has considerably decreased due to poaching in the past. As
for giant tortoisﬁ:s. there are only 8 habitats confirmed. {Refer 1o Fig. 10 for habitats and population.)
Formerly it was thought that giani torlaises in the southern area were of subspeeies inhabiting around
respeclive volcanos. R '

According fo fecent investigations, it is not clear in which of the 8 habitats 2 subspecics (G. elephantopus
vicina, G, elephantopus guntheri) inhabit owing (o division of habitats by lava flows from the volcanos.
For examplg, it is confirnied that in the arca of Cinco Cercos two dilferent forms of giant ostoiscs live
togeiher and the conclusion of classifying investigation is now being looked forward to. At presepl in
habitats near the coast a certain number of giant tortoises inhabit. Though exotic species such as donkeys
inhabit, there is no particular change in vegelation scen and the habitats are kept almost in a natural state.



In habitats in highlands, however, the poputation of giant tortoises has decreased and we are’ worricd
about their extermination.

ftis known that excépl in the southern area giant tortoises inhabit in (‘OII.Sid(“rab[O.nlli.ﬂbCfS the arca of
Volcan Alcedo, but those in the areas of Volcan Wolf and Volcan Darwin are fot investi gated sufficiently
because the areas are hard (o gel to. 1t is possible that goats, donkeys, cte. in the afea of Volcan Alcedo
have noved to the northern part and exerted influence. Expulsion of donkeys from around Volcan Arcedo
has'already been started and a plan is being made to start investigations on the statc of giant tortoises and
exolic §pccies in the areas of Volcan Wolf and Volcan Darwin next year.

Habitats of land iguanas are also fimited. Only two habitats are confirmed in the southern area of Isabela
Island. Their population, ete. has not been grasped yet, which makes it necessary 1o conduct investigations

in the future.

5) Preservation of giant tortoises

(1} Establishment of a preservation area for giant tortoises

In the southern part of Santa Cruz Island is established a preservation area for giant tortoises. Here they
inhabit in witd condition. A considerable number of domestic animials such as cows also get in this area.
The significance of the preservation arca established is not clear because anyone can get in this aica and
pertodical investigations are not conducted either,

(2} The giant-tortoise propagation center on Santa Cruz Istand

[tis thought that 4 male giant tortoiscs are necessary for at least 12 females to keep an adeguate réproductive
rate. The maintenance of the population under propagation in wild condition depends on the area and
ccological system. for example, on Espancla Island there inhabit about 50 males, which is said (o be
adequate for propagation in natural condition. - ' o

As for islands or habitats with small populations, CDRS moves giant tortoises inhabiting :the‘re 1o the
Propagation center established on Santa Cruz Island to propagate them and raises young prodoced from
cggs about 5 years followed by retransferring them to the original habitats, thus recovering the population.
At present about 600 giant tortoises are raised in the Propagation ceoler. There was a period when
propagation did not go well, not knowing that it was necessary to fix the top and ihc bottom of ancgg. The
propagation technique is now established, and aboul 1670 giant torteises have been retransfe-rred (o
Espanola Isfand, Pinzon Island, Santiago Island) from 1975 to 1993, On Esp‘ano'!a' Island the poputation
was very small before propagation: 2 males and 10 females. Not more than 300 giant tortoises have been
retransferced, and the poputation has recovered to such a degree as to enable to reproduct in natural
condition. The fact that giant tortoises hatched in the Propagation center have propagated in wild condition
attests that they will be able to mature to reproduct in patural condition in 20 to 30 years. Naturally they
_make it a rule to make investigations on the balance mechanisny of population comesponding to the ecotogical
system of the habitat before retransfer and determine the number of individuals 1o be retransferred.

The giant-tortoise propagation technique has already been éstablished, but it has some problenis. The last
giant tortoise named Lonesoie George discoviered on Pinta Tsland in 1972 has feinale giant tortoises (G.
elephantopus becki) in the arca of Volean Wolf on Isabeta Istand which arc (hought to be taxonotiically



" nearest to the subspecics (G, elephantopus ab;‘:igdom') on Pinta Island as the mate. Oné of the problems is
whether it is possible to retransfer giant tortoises there even if propagation gocs well, as the \'cg'elation on
Pinta Istand has chaniged because herbivorous animals do not exist. Anothet problem of whether propagation
with a different subspecics is adequate for avoiding extermination is left unsolved.

(3) The giant-tortouse propagatmn cenler on lsabela Island

As for giant tortoises in the aouthcm arca of this 1sland the populauon cspecially that inhabiting around
Volcan Sierra Negra is small, and a plan is being made to propagate them in the Propagation center
followed by retransferring them (o the island. Aftee the fire in 1985, the consteuction of the Propagation
ceater was started in Pucrto Villamil in 1987 with the use of aid from foreign countrivs. This center is
. managed by the National park burcau. It was in 1990 when the construction of the breeding fanm was
completod that the first giant tortoises were carvied in. But the hatchery (utilizing solar heat) is not completed
because of an insufficient state budgcet, and they seem to be expecting aid for the fire this time. This
propagation cenier has now 55 individuals (15 matwre individeals; 3 males and 12 females) and 10
individuals (5 mature mdmduals 4 males and | female) broughl from the arca of Cazucla and the arca of
C crro Paloma l'tSpCLll\(.l) Ofthus» mature individuals, five frogi the arca of Cerro Palonta and nine from
he arca of Casucla (2 malug and 7 fcnﬂ!<.3) were cartied with the use of a helicopter at the lime of the fire

_11. LJ.E_

Other giant tortoises have been carried by the staff of SPNG, donkcys horse s, elc. from the fire in 19900
the fire this time, Most of them were small and few reached maturity, The nesting period of giant tortoises
is from June to December. Most of the individuals casried from the arca of Cazuela to this center are
female and they alecady show mounting and copulation, which indicates the possibility of egg production
within this year. In the Propagation center they are giveo as food grass leaves of a plaﬁl called Xanthosomus
violacern (Otoy in the native language) similar to faro three times a week. This plant is an exolic onc
raised by islanders originally for food for pigs, and now it is grown for giant tortoises raised in the
Propagation center. We are worried about the influence of the food plant they cat which cannot be eaten
. by themin natural condition when they are retransferred,

6) Agroforestry (Useful tree planting project)
The following description is based en the on site explanation by Lenin Prado, a research worker of CDRS.

In the Galapagos Istands plants brought by human beings from outside the Istands have become wild and

. arca big menace to pative species. In particutar, farmland and pastures outside the park area bave become
. a hotbed of naturalized plants, which invade the surrounding park arca. For example, Cinchona succirubra
. introduced in 1946, one of the rare trees highly valued as a certain medicine inthe maintand, is invading
- the forest of Scalesia at an altitude of 450 to 700m on Santa Cruz Island. On the other hand, Piscidia
carthagenesis, one of the limited number of useful native trees, has been used for a long time as a material
for shlps houses, fusniture, ctc., and it has re markably decreased in populallon on Samta Cruz and San

" Cristobal Isfands. Tn the managui park arca only fdlmg of dead trees is permitted, but in Tfact, illegal
fellmg of live trees continues even now. Since Piscidia canhagmems gIows slouly, itis in danger of
extermination when e fl as it is. To solve these problcms CDRS and SPNG starled ajmnl project of

" agrofore slry in I990 I :rsl they sr.-lcctcd five species of trees capablc of use as timber in lhg future and



ccologicatly not actively invadjng native forests {with low capability of seed dispersion): Tectona grandis,
Pfscici‘ia carthagenensis, Switenia macrophylla, Juglans neatropica, and Centrolobiim paraense, and
two spécies for fecd: Gliricidia sepitm and Er‘y;kn’mz poepihiana. (Of these species, only. Piscidia
ca-uhagenensis is a native one.)

In the nurscry center established in the arca of Villavista on Santa Cruz Island, they gather seeds from
good parenl trecs in the Island (in the case of seeds alceady introduced in the Istand in the past) or bring
seeds fron the maintand and grow nursery trees. They say propagation hy cullage has recently been well
under way. There are 2-m-wide buffering zones on the border between the park area and private farinland,
" and proper trees are selected from the tree species mentioned above and planted on the farmiand side (in
the farmland) with the cooperation of the fanmiers concérned. The farmers not only grow these lrecs, but
also expet harmful naturalized specics in the farmland, thus prevénting raturalized plants in the farmland
fror invading the park area, and besides, utilizing produced timber for their own usc or sale. There will
“be no need of importing timber from the mainland, which will prevent exotic species from invading at the
" time of import. The annual budget for this project is 20 o 30 1hou:and dollars. At pn. sent this pro_;cct has
a staff of only 3 including the managcr hm‘d on the spot.

College students of the [:cuador mamiand \o[unlanly take pan in IhIS prop.ct by turns. Th|s ycar thrcc

- thousand nursery teees are to be planted. We want (o advance enlightenment of farmers and spread this
project, but there is no car for the exclusive usé of the staff, and it is also dilficult to pr-:parck prin;éd matier
due to a budgetary deficit. We also encourage the village authorities and crganisations such as an agri&ullural
cooperative 1o engdge in this project as their own. We intend to spread similar pmjecls to San Cristobal
ang Isabela Islands where people settle like on Santa Cruz lsland

' 7} Environmental education

The organs and groups concerned have a common awareness that oné of the most important factors for
further advancing nature conscrvation in this arca is an increase on the pait of people living in the Galapagos
Istarids and people going there to sec the sights of the understanding of the foltowing points and to bring
them to concrete action: (1) geological and biological history of the 1sTands and its invaluable value; {2)
how fragile it is and how it has been disturbed by human beings; (3) what ¢lforts have been made 1o
preserve i {(4) why it is nceessary for people on the carth, the Ecu'adorjan people, and inhabitants of the..
Islands to preserve nature on the Galapagos Istands; (5) how they act in their own posilion to prcscn’é

nalure, ¢ie.

The Galapagos Islands, almost the whole ared of which is the National park and which are régistered as
onc of the World’s natural heritages, are visited by many tourists from various foreign, mainly western,
countrics. The system of using this national park is well known as typical cco-tourism. Not'only the
lodging and accessing méthod is limited, but also a toixr is required to be accompanicd by an authorized
guide, which makes it possible to give tourisis an oppor(umiy of receiving cmlronmcnlal education as
well as to control the number of tourists and their behavior. '

The visitors center and the giant- tortoise propagallon hc:hms in CDR‘; on Santa Cru; lsland are opcn lo
the public and it is posmhlc to hear a detailed lecture on lhcm The facilitics are in ihe course of the
tour.] hLy are the only place w heee extensive mformauon can be obtamed Placcs in thc course of !ht, €Co-
tour are Immcd from the viewpoint of natun, LOT\SCI’VGU\)I‘I and pIac-.s havmg lh-d e;senc:, ol‘nalun, of the
Ga!apagos Islands are sclected in consideration of the i icicncy of the tour. Places not arousing public



interest or whose aature is disturbed are ot selected. It

is indispensable to show people pictures and other materials to supplement their on-sile expericace and
make them understand the menace to nature of the Galapagos Islands, and aid ofthe Sasagawa Foundation
(o this field such as video apparatus is highty estimated.

On the other hand, we observed some cases of environmental education of on-site experience type for
islanders, especially for children, not for tourists, on Isabeta Island.

"This is given exclusively By Mr. Jacinto Gordifto, the head of the branch oftice of CDRS on Isabela Island.
"This is intended to teach the necessity of preserving forests of Scalesia through work related to preservation
(such as expulsion of exotic plants and cleaning) of the forest of Scalesia remaining in one corner of the
farmtand a little east from the trunk road in the arca of Santo Thomas bought for this purpose and susrounded
with a fence. (Reler to 3-(2) for-delails.) Better effects might be achieved if the neighboerhood of the
protected forest were bought, recovery were promoted, and an educational exhibition facilitics combined
with the management facilities were established, but a rapid expansion of the project is not expecled for

financial reason.

[t was said thal camping was also performed by Mr. Jacinto Gordillo for the purpose of giving eavironmental
education, but cquipment was insufficient, so we gave the camping apparalus carricd by the research
group for the purpose.
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V. Consideration and proposal






1. Evaluation of the influenice of the fire on natural and social environment of
Isabela Island '

1) Evaluation of the influence on the vegetationfilora

Bach of the vegetation zones in Fig.2 consisted of species of native plants of the Galapagos Islands, but a

- remarkable number of naturatized plants bave now invaded the Islands as a result of past and preseat hurman
activities. In particular, forests of Scalesia beinig the original vegetation of the Scalesia zone have almost
been ceplaced with guavas {Psédium guajava), fruit trees brought by human beings.
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Fig.15 Competitive relationship between a forest of Scalesia and a forest of guava

'l;ig 15 sche mélicaily shows the rhémncr of rencwal of a forest of Scalesia and the mechanism of its transition
loa foresl of gua\a According to the st udy made 50 far, Scalcma isasun teee and it sprouls and seliles only
in bare ground vnth sufficient Inghl Gcncraily. in the mamland with high biological diversity shadc trecs

. replace sun trves in the course of succ»ssmn of the veget fation. In the cavironment of ocean istands with no
' shade ln.es, hov. ever, lhcn, an, cases where sun trees form chmau forests as |huy are. When Scalestas die of

' various causes such as cxlmncly dry condmons alot of rain related to El Nido, vermin damage, cle. all at
once and their top layer is openui, seedimga of Scalesia grow ail at once and its forest re generates, There
were probably cases where forests of Scalesia burned in a fire caused by a volcano eruption in the past,



it is thought that as long as there remained forests of Scalesia _cap_ablc of supplying sceds nearby, regencaation
was ¢asy, B .
Howgver, guavas have relatively high shade lo!eramc and it is easy for their natural young gromh to scuk
under the canopy of a forest of Scalesia. [n addition, al present domestic animals havmg hecomc wild
disperse a harge nuntber of sceds in various places and when barc ground such as a fire- m»ag-,d arca appears
over a wide area, guavas easily invade the area and occupy it. On the other hand, Scalesia has wind-dispersing
seeds, but ifs aftached 6rgan (or dispersion has atrophied and its dispersing potency is inferior to that of
guava. There now remain fow forests of Scalesia serving as a sced supplying source, and this tendency is
more and more strengihened. Bven if a forest of guava has its canopy burnt, it can maintain individuals by
active sprouting and renswal il their roots survive, Scalesia, however, handly shows such potency. Scalesia
prohably has a cerlain Jdegree of fire resistance, bul there is no doubt that guava is superior also in fire

resistance.

Psidlum guajava f.

Pierdiumn guajava

fire

eof shedding

rain{one woek)

Fig.16 The manner of burning of a forest of guava and the process of its recovery

Judging from the above, guava increases its prepotency cach time the forest is disturbed, and the firc this _
timic is thought to further increase the prcpotcncy of guava. Repeated disturhances by busning and accidental
fices at the tine of settleme nt inthe past probably formed 2 vasl forL st ofguav 1as is now seen. ILis osumated
that moru than 95% of the trecs composmg the canopy burm in the im, this llmc are Ou.uplui by gmvas
l ig.16 schematically shows the aspgct of bummg ol' a forest of guava in the {iré this umx, and the process of
regencration, Since guavas themselves survive almost without any damagc they soon bud when condmons
bocomes good after rain, In addluon bracken on the forest ﬂoor canalso du:.lop new fe. aves from undergmund
stcms It will take somc time for grass on lht‘ fon,st floor cxccpl brackm and bushes lo recov er, and Ongmal
fon st physmgnomy will probabl ybe fECO\El‘td in several to len }ears



2) Estimation of the Influence on the fauna
(1) Recoverability as an evaluation criterion and a method of its calculation

The influence of fire, more generalljr of natural disasters, arificial impacts, on the fauna can be evaluated
by whether populations of various species and habilats supporting them can recover as they were before
 being affected and how long it will take them to recover, that is, by recoverability.

' This recoverability depends on how the population of each animat specics shows its recovery poleacy in

_ given conditions. The recovery potency includes propagauon potency peculiar to the population of each
species (concrele!y speakl ng, the difference between lhe fecundlly and the number of deaths because of
predation, etc.), migration and dlspc_arsxon potency enabling immigration from other populauons, adaplability
to the environmental change, etc., which are shown depending on the population size left as a source, the
size of the population existing around as a soutce supplying individuals and the degree of isolation showing
the distance froni it, the rate of restoration of the environment (habitat), etc. In this case a habitat offering

~ animals food, a place for propagation and rest, a refuge, ete. is mainly based on a plant community or
vc:gelation,'and it is possible (o replace the rate of restoration or recoverability of a habitat with that of
vegetation. ' '

Animnal communities in the afflictcd area ace to be recovered with constituent clements interacting with
cach other, but at the present time we have a poor knowledge of interspecific relations, and we cannot help
making an independent evaluation for each species. But when interspecific relations are clear in the aspect
of food chain and compel:llon, it will be necessary to eva!uate the influence exeited on the relations.

. Al the present time it is difficult to handle these elements quantitatively and calculate the time necessary
for recovery o the original state, and we cannot help handling them qualitatively and relatively as shown
in Table 6. Anyway, presenting recoverability as a model in the form of a table will have some efiect in

- expecting and moniloring the process of recdvery and taking conservation measures.

Table6 shows the following tentative five ranks of recoverability with the time scale taken info account.

‘Rank .~ Recovery to the ongmal state is posmble in very short time (wﬂhm 2 to 3 years).
‘ " (Slight)
Rank 11: Recovery to the original state is possible in relatively shoit time (in about 10 years).
(Minor) : . o oo
Rank L Recovery to the original slate is p0331ble butin conmderably long time (in docades of

‘ years) (Medmm)
" Rank v Recmery to the orlgmal slate is lmpossuble if left unlouched if possnb]e in ellrcmc]y
_ ‘ long time {more than 100 years). (Major)
Rank V: Ther_e is no poss;bﬂﬂy of recovery. (Terrible)

~55—



(2) Evaluation from the vicwpoint of nature conservation

valvation of the influgnce of the fire made uniformly fromv the viewpaoint of recoverability for the
populations of all the species must be based on the assumption that all of them are equivalent, but in
consideration of the purpose of this r research we cannot excludc lhc viewpoint of the consenauon of
nature of the Galapagos fslands. '

Nature of the Ga!apagos Islands is charactumd by poor diversity, a large number of endemic spu::cs

and pressurc on them by exotic species. Pmm the standpoint of conservation of nature of the Galapagos
Islands bascd on the idea (hal itis ncccssary to Lonscrw existing original nature as far as possible and
' restore it to a more natural state, exouc species are existences to bé actively excluded. With this viewpoint
" taken into account, endeatic spxcws and ¢xotic oncs have adverse ev aluauon of recov cr.ab:i:ty '

{(3) Comprehensive evaluation

Our woicy aboul the mﬂuancc of the fire on Galapagos gianl tortoises having mggered this research

: proved groundless, because the afflictéd area was a long way I'rom the isolated habitats. This is true of
tand iguanas, Animals direetly affected by the fire were endemic ones such as bats, birds, snakes, motlusks,
arthropods, ete. which scemed to be widely distributed in the Island, probably uniformly distributed in
forests of guava in the fogpy zone and donestic ones having become wild,

As is shown in the evaluation of rccm’erabil'ily in Table 6, animals with po'or migralion potcacy are
strongly affected, but it was judged that endemic animals could recover to their original state in a certain
time. On the other hand, it scems thal some exotic animals, taking advantagé of this fire, expanded their
inftucnce. It was judged that the fire had generally been more convenient to exotic species also in fauna,
as was seen in'vegetation. When estimated from the viewpoint of rature conservation, the fire has put
more pressure on endemic specics than on exolic oncs, which will stimulate the expansion of inhabitation
of exotic species and may affect populations of giant tortoises and land iguanas in the fulure which were
saved from direct influence of this fire.

In addition, if such a fire is repeated ina n.latudy short time, the fauna will be more and more simptified.
Fires caused by man shall be prevented as far as possible from the viewpoint n[ natur«. conservation.

3) Evaluation of the influence on regionat communities

The fire having occurred this (ime was a long way fi rom commuinitics and areas where agricuhhre and stock
raising are admitled, thanks to which there was no dirccl influence on them and lhéfc_was almost no indirect
influcrce found on the natural environment either. N o '
However, in the period from eccurrence to cxlmgunshnmnl of Lhc fire a lol nf puople dame to Isabda Island
to hight the fire, and it is obvious that il stimulated the economy of communities. This is a lcmporary
intluence, but there are also various Kinds of unsven influeace which are continuousty and considerably
exeited on commuaitics wilh enhanced interest such as increase in number of eco-tourists, acceleration of
the construction of an airpori to improve poor access having disturbed fire fighting this time.

Naturally, this has something (o do with nature of Isabkla Island, which shall be remembered.
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Table 7 Table of comparative estimation of the infiuence of the fire based on recoverability

|'(=l) by b} el {d} ECRXC] g jG) K] ]
Pocaation f Size of Propagation VS [Compelition Wigraton |VS |Degree  {Size of Adaplability L0 [Evaluahion of the
opua@ - Femaining | potency <} prasswra, | Jpotency.  |'(e} [of surounding [the . infiuance of tha tire
speces population ] ridation i s sion  |isotation Ipoputation  fenvircnment  ased on
’ ’ presswre Jpotency ) ’ ecoverability
Bals 510 Madim > [Weak  [Great > |Medum Medum |Medium 1 (Minow)
Domestic anima’s 5 Medum | > [Weak - faeat | » [tow  harge High | (B
fraving becoms witd i :
tand bids '
* 2 fedi H P i i
herbivonus 210 Medivm : > [Weak Great » Jiow Large High ‘ 1 {Mincs}
ardbids, 9
N N » /10 Medium ior o Jweax Great » Jlow L arge Wedium 1§ {Minor)
A NHIGUS . ; ' . . .
H . T Status quoigradually
Giant lorloises 111 Medium ;o< 1Str . H Snali Madium ;
i i : g Smal) « [Hiph ! decisasing
3ant ooises 1 1/40 Medgium . < 3Shong Small « [High [Smail Medium o (Territle)
. . - : : . . . [States quagradualily
: [Land iguanas i Médiurs i« §Strong Smali “ = o Mediom Joorsasing
W znd iquanas "2 110 Meédiom i< [swong Small w |= o Medivm [V (Tembie)
Galapagds snakes  [2/9 Madium 15 Ordinary Smaly | » [Medium  [Medium Medium Il" (Medium)
Flying insecls |25 Great | w [Crdinary Medium > flow lLaga High*3 II! (Mirvor}
Eprgean insecls 1/5 Great o [Ordinary [Smat z Jlow Large High III (Medium)
Egigean nsects 15 Great Cw joidieary  [sman z fLow T T
Seatesia Bs Low 1 < {Swond Smalt ‘s [High Sma |- IV (Major)
Kivava - i@-’s " oreat e tWeak C lsman | > [0 harge . |- [1 ttincey

a) Temgorarily determined on the pecsumplion Lhat 4¢3 of the ground of the afficted ares was bernt with the sunival rate based on migration potency Lin the
case of plants, those having escaped the fire) 1aken into sccount; numbers mean the percentage to the populaticon having existed in the afflicted arca.

(b Judged 1o be “Medium” for vertebraies and "Great” for invertobrates; refatively detcemined For competitive spocivs of dhe plant.

(¢) “Weak (=fow)” for endemic vertebrates without exctic predators o competitors, “Strong (=highy” foc those with exotic predators aad competitors,
“Ordinary (=medium)” whea it is not certain w hether they have predators or competitors, and for invectcbrates.

(d) With the migration patency of individuals and the dispersioa potency of seeds integrated.

{e) "Low” when animals inhabit a wide area in a rebatively larpe ourmber, “Mediom™ when they inhabit @ wide area, bt 2t remuely fow or unknom n

" density, “High™ whea there edist a ploral pumber of isalated populations in (he Tskands. “o0” when there are no other populaions (Hor MCasures K 06088
the s22), and 0" when they inhabit a wide area at high denasity.

() The size of the closest population: generally “Large™ fod inverlebrates, “Medivm™ for animals of an unkncwe groug.

(g} Irem especinlly intended for aninagk groups; “High™ whea animals can irhabil at considerably earlicr stage than the time when the eavironment
(=vegstation) is restorad ta the state at the time'of alfliction. “Medium™ when they cannot inhabit ualess it beeomes simitar 10 that at the G of

i afflicton, “Low” whenthey cannot inhabit except in the former slate of vegetation,

*1 Oncondition that habitats are included in the aftlic cted area.

*2 The same as above,
*3 The possitility of peculiar adaptation to eademic plant spocics is nok considered.



2. Suggestions for coping with a future outbreak of fire

1) Forecasl for the risk of outbreak of fire

We collected factors in a fire and issues of fire prevention as shown in Fig. 17, First of all, we can mention
 that there are some direct factors and indivect factors in a fire. As direct factors, voleanic activity (cruption,

extravasation of fava) and an accidental fire caused by mancan be mentioned. Judging lrom circumstances,
there is nol much doubt that disasters both in 1985 and this time were caused by accidental fires. 1t is hard

to prevent voleanic factors, however, an accidental fire could be prevenited in some degree with inhabitants®
~ everyday educational movemend, inteasive patrols, and so forth.

As inditect fadors, wi can meation long-teray arid conditions. Fundamcatally speaking, cloud forest does
not catch fire casily and we can assume that il decs not burn casily unless unusually arid weather fasts.
Bothin 1985 and this time, the main reason for the oulbreak of those fires  was that thete was not much
rainfall and thus the drought continued long. Also, according 10 a research "inta forest fires in Japan, the
very day after a long drought, which is especially hot, arid, and windy, is poimed out as a day when a fire
would be most likely to | happen. As we can'obtain such data by continuously making meteorological
" obscrvations, il is ncccsséry to organize a ﬁqlwqu of such mctcorological observations, Whenevér any
condition of combustibility is indicated, we can prevent a fire by issuing a w_arﬁing 1o inhabitants,
" strengthening patrols, and so forth. '

Another indirect factor is accumulation of organic matier which could be fuel for a fire. ltis indicated that
the damage from the fire in 1985 became serious due 10 increase of organic matter. Much rain caused by EL
Nifo had greatly stimulated vegetation and produced such fuel, It is also possible for us to monitor such
accumulation of organic matter. If we equip tixed plots at certain points and keep micasuring the amount of
organic matter, we will be able to forecast the scale (burnability) of fire and put it to good use for prevention.

In case of fire, carly detection and early fire-extin guishing are important. Tor lhét, inhabitanis’ coopcralion
in reporting and emergency fire fighting are indispcnsaimle. Howcver, 'whcﬁ_ afire is unfortupately s'préad,
fire fighting should be undertaken rapidly and  for that, we must not neglect advance preparations. As ono
of these preparations, we can merition practical fire fighting matlers, such as fire-extinguishing cquipment,
camping goods, storing of foodstulfs and water, rapid transpoitation and arrangemenl of heavy machings
and personnel, cooperative system ameong the authoritics concerned in Feuador {coordination of command
system, unification of information), requests for international cooperation, organizing the cmergeﬁéy refuge
system for wild animals. Also, another preparation, we must previousiy clarify what we should protect
first. We should protect residential arcas, farmland and pasturetand, habitats of clephant tortoise and land
iguana, and s on from the spread of fire. Also, at the same time, as the lirst priority, we must protect the
arca where the Galdpagos’s  native ccosyslems remain. In order (o da so, we have to clearly grasp in
advance where those areas are located. If those preparations would be completed, we can make an effective
plan for establishing a firebreak and also conduct rapid fire-Tighting, '

As for the fire-fighting of this time, the establishment of the fischreak worked effectually for the control of
the fire, however, we can point out fallowing problems also, First, at the time of establishing the fircbreak, |
speeies 10 be cut down were not decided, and in some case, indigenous species which should have been
conserved suchas Scalesia were cut over along with other woods, In addition, such wide open space promoted
tuxuriant growth of guajava and that probably made feral tivestock penetrate into backwoods casily. There
is a report that the firebreak which was established in 1985 and bas been Jeft alone since then reproduced



guajava and now it is hard (o tell the border with sumounding woods of guajava. Furthermore, the firebreak
became a pass which makes il possible for people to access this arca often, and this may cause some bad

effect on nature.

The present palicy is that we leave such firebreaks as is and let nature restore and still utilize the part of the
firebreak for the future prevention of fires. But, consideriog the above issues, we have to review the clearance
of such firebreaks. According to circumstances, we may also consider planting secds of Scalesia for protection
and expansion of the Scalesia forest.

* Lastly, after extinguishing, we should cstimate the cffect of the fire on nature scicntifically and in order to

examing more effective countermeasures ﬂgainéi future fires, we need Lo condiict monitoring rescarch on

. the restoration process of flora and faunain the burnt atca. It is desirable that we establish fixed plots at the

site and periodicatly observe and measure them, Also, acrial photos taken every 5 or 10 yoars would be very

uscful for research on the restoration process in a wide area. In  addition, to look at changes on the whole,

~ the use of satellite photos will be also effective. According to future considerations, it is possible to aclively
~ promote the project to protect and inceease Scalesia forest by wtilizing burnt sites.
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Fig. 17 Factors of fire and prevention of disasters
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2) Determination of priority of tire-prevention and fire-fighting and a ptan for conservation
. by areas R : : o . :

This ime, with research on higher plants, birds and reptiles, it is assumed that when compared to Scalesin
forest, Guajava forest is scicatifically fess worthy. For the future, it is néccssa'ry to conduct résearch on
lower plants, insects, land shellfish, soil creatures, ele. o study scieatific de!'ails' of Guajava forést more
minutely, and also'necessary to evaluate Guajava forest among the  nature of the whole Galdpagos. Taking
ali of these into account, we should review how to cope with fire. Even though we postpone fire-fighting
~ against Guajava forest, we should concentrate equipment and personnel on important plac'cs 1o be bro:f.‘clcd

in the case that scientific stalus of Guajava forest is evaluated lower,

~ Although sonictimes it depends on a shift of wind, a fite generally tends to crawl isp a $lanting surface. It is
aséumcd that the fire this time also broke out at the lower part of Scalesia zone and crawled up a stanting
surface, then spread all over. At the tower part of the Scalesia zone there are a se thi-arid zone and an arid
zone, where il is always dry and catches fire easily. At an arca where lava - is exposed, theré are some
openings between individual plants, and this structure prevents the casy spread of a fire, however, many
other places are thickly grown with shrubs and the possibility of spread is potentially high. The arid zone
is adjac'enl to a residential arca on the coast, thercfore, this area, for Iﬁe future, should be protected against
firc as well as the Scalesia zone. '
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Fig.18 Conceplual chart of the dislribution of relic Scalesia forest



Fortunately, the fire this time damaged mainly the Guajava forest, which is a introduced species, and did

not reach the habitat of the elephant tortoise. Also, the time was not a brecding season for birds. Therefore,
~we can assume that the effect on native creatures in the Galépégos was rot $0 sefious, Howe\"ér, in the

afflicted area, relics including'Sc'alesia and some other native species lie sporadically. Fig. 18 shows the

tclation between Guajava forest and relic Scalesia forest at the burat area typically. Relic Scalesia forest

which lies scattered in Guajava forest becomes a refuge for native specics and has an important meaning as
* a base for advancing again into surroundings. In that case, the larger relics hold more kinds of plants and
animals and can exhibit desirable attributes. - '

We may say that the firc this time will reduce further the size of relics. If we let it alone, such retics will also
disappear someday, therefore, we have to make the geographic disteibution of relics in this area clear and
prepare for future fires. To know the distribution of relics, reading acrial photos should be effective. We
have 1o arrange firebreaks in order to conscrve such relics and also be careful not (o cut over these relics (o
establishing firebreaks in any way. '

"Lastly, we would like to emphasize that the most valuable matier for protecting nature in the Galdpagos,
‘which we should protect with first priorily, is the Galdpagos Islands’ native ecosystem (Fig. 19). Indeed, 10
conserve rare spocies such as the elephant torteise and the Scalesia cordata, which are on the way to extinction,
should be appreciated as only a symbol of conservation. The most important matter is to protect the whole
environment where the elephant tortoise or the Scalesia cordata can survive along with other coexisting
animals and plants. In the native ccosystem, various creatures  are connected each other with a unique
parinership which in the world can be seen only in the Galdpagos. Itis important to protect the whole
ecosystem without ruining this refationship, In this sense, the invasion of alien plants and animals must be
checked and the ones which have already invaded should be excluded as much as possible by our efforis,

If a map (the whole of the Galdpagos) which indicates where and how much the native ecosystem remains
today is available, it is useful to consider the future conservation of nature.

Kative ecosysten irreversible change Altered ecosysten
Scatesia cordata f. P Y Psidium guajava f.

seed dispersal u‘,’ﬂ polliration
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native pariresship betscen theu; differeni partoership from original one

T

restoration by man

Fig. 19 Native ecosystem in the Galdpagos and altered ecosystem



3) Propagalion and enlightenment on fire prevention

Wc moslly consider lhat the i" ire of this time was causui not by natural phe nomenon but by man l-unhermorc
Judgmg from the point where the fire bmke out, the fire was most hkcly an acc1dcnta1 ﬁrcv causcd by a
hunter who was hunting feral Iucslock

The coast wherte the residential area lies is and zong, and plants are sparsely gmwn Also, on the ground,
there is not an accomulation of fallen leaves or fernery leaves which become fuel. Therefore, even il a fire
breaks oul, the risk of spreading is almost zero and we cannot expect much of an effect even if we ask
people, who are within the sphere of the residential area, to cooperate in fire pro\enuon Peop1e whom we
should ask for cooperation may be farm workers whe live in seldement arcas and ha\e a greal polennat at
times to get mlo the park area.

. Conceming those farm workers, to propagate and enlighten them about fire prwentlon is necessary, as a
matter of caurse, but it would be more effective to positively involve them into the conservation system,

With regard to stamping out feral livestock which have spread within the park area, we should allow them
not only for hunting purposes, but also for other benefits. We have to enlighten them that the externiination
is profitable and that grazing cattle, on the o_ther hand, can cause dfétruc!i(}n of nature; then, we should
-appoint, for example, “Eliminators of feral livestock and fire guards™, and make the most of this system.
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3. Suggestlon about conservation of nature in Isabela Island -

1) Special characteristics when considering conservation of nature in Isabela tsland

\With out research ihis time, we could observe not only buint sites in the Isabela Istand but also other
environments of this istand and also partial circumstances of other islands. And we recognized that a firc is
an important facter but only one of the effects on the indigenous nature of the Galdpagos Istands and it is
necessary for us to consider fire preveniion from the standpoint of the whole of Isabela [s.’s conservation.

The nature of the Galdpagos is composed of several taxa of which ancestors had a chance to reach these
volcanic islands which appeared in the Pacific Ocean, 1,000 km away from South America and have
accomplished adaptive radiation afer a long period of several million years.

But, for these several hundred years, nature has been threatened by mian's intervention - the sfaughter of the
elephant tortoise, bringing in and spreading of caltte and other plants fanimals along with domiciliation.

Right after its designation as a national park, the Ecuadorian Government cstablished CDRS and SPNG as
its main operating organizations, and has conducted conservation and restoration of surviving nature mainly
through control of alien creatures and artificial breeding / increase endemic threatenad species . Exicrmination
of feral tivestock started from smaller islands and they have achieved dramatic success, howeved, io larger
istands where people have settled down, they get behind in realization. The reason for that is in those larger
islands, to carry out the exte rmination plan costs a lot of moncy and labor compared to the case of smaller
istands. Also, there is the problem that the livestock which inhabitants keep acts as a polential supply
SOUICE, and thal makes the effeci of such a extermination p]an trmai

Human activities including “eco tours™ are allowed undcr strict conlml hm\e\cr |I is very dafflcull to
realize conscrvation of nature w:thoul Ihc understandmg and coo;rerauon of the 1nha‘mtamq in |slands

) when, people ha\.c seltled.

(‘ons:dermg lhat lsabc!a lq!and is an aggregaie of some volcanic islands and ihey are ceotogically isolated

by coulecs, and people have settled down there, and its vegétation has been ruplaccd by alien plants over an

exlensive area and feral livestock extensively inhabit  only the southern past, we may consider that the issue
: of the conscrvation of nature in the main land can be concluded in the southern part.

In this area, it is difficull to apply the mcans used in smaller uninhabited islands, that is a sim plé mgcthod of
extermination of alien species, and we first have to récognize that itis necessary to adopt another approach.

2) Carrying outa countermeasure by s!eps in vlew of Iocal res;dents and coexistence of
alien creatures and pnmary nalure

(L) Consen'auon of primary natural environment and ecosystem

First of aII judgmg fmm the wewpomt that we ﬁhouid not reduce primary naturc any I unher, we nced to
sinctly cons-:nc pnmary natural ennronmem which ang becommg fragmcntary

In ordu to do 50, it is neces<ary toconduct rescarch from the air and the ground and thoroughty mark the
ex:slence ol' surviving nalural envnronmem and desxgnatc them as réserves. When man theeatens the
' objec( to be prohcled itis poss:hlc 1o comml the threal in some degree lhrough propagauon by designating

‘ rcscn €s and es{abhshm 2 51gns howm er,in cace creatures other lhan man threaten lhe Ob_]CCI a physical
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barricr is nocded o - prevend their invasion.

JAs a physical barrier, we can think of a combination of a fence and a firebreak and in case the size of a
reserve s several hindred hectards, il is not impossible to éstablish Sich a barricr. If the reseive is
surrounded by Guajava lorest, we should cul it over to function as a fire zone adjacent to a bou ndar_y and
schup a fence outside to prevent the invasion of catile or donkeys so lhét_ we may prevent the spread of
sceds of guajai"a caused by those cattie and accelerate ahc_ad»'ahcc of native species into this open space.

In case the ohject to be prevented is a small animal such as a pig, dog, or cal, according 1o ils size, we
have to change the size of the mesh of fences or the width of stockades. Also, in case of the elephant
tostoise which moves to lay its eggs, we ought not to block their reute with fences and so forth. . '

With regard to establishing resérves, without limiting them to Isabela Is., we also have to establish
typical reserves on cach island or in cach vegetation zone all over the islands and with coné‘emralion on
studics in respective fields we will be able (o irﬁprove the efficiency of these studies and fnicgralc the
resulis of respective lickds. . ' o

{2} ‘Promo!_e' ecological study for conservation

On the second stage, as a base for planning a policy " of conservation with a view po;nl of coe\usu nce with
aliencre alures we need to promou the ccologlcal sludy of thém, '

iR

Guajava took the p1ac» of Qca1csm forest covering a wide arca and it supplics I'ru:l as fccd among mhab:tmg
feral livestock such as cattle and donkcys. and these animals eliminate and spread seeds with sohd wasles.
In'this way, this biolic community built up the re latlonshnp that gives thein mutual benefit and the
communu) is given a posmon ofdommanl al ihu misly zone in the soulh of Isabela Island.

[

For ﬂns Guajava foress, “h:ch native p!ams and ammals that used to adapl lo the native Sca!esra forest
succeeded in s e adaphuon and which ones did not? Itis necessary by efforts to eventually hrmg up the

difference of bozh ccosystems slruclun, and funcuon commad 1o ﬂu ccosyslcm of Lhc nalm, Scaics:a
forps! ' ‘ '

.Consudmng the result, for cmmph of whether we will r-:s!on, itto lhe native uguauon or not Mu ther

we will leave it alone or not, whether we posiliv dy use it or not itis dcsnablc to ddermmc tns;c pollclcs '
on how to treal thosc aboxc SUbthlS : ‘ ' ' i

Also it is necessary to grasp thg size, the home rangu and the brmdmg ratio with r;gard to feral Im.slodc
pulauons, and ta pn pan for the uhhzauon or the cnforccmcnl cfcflectne conlrol

s w0 . i

Researchers in the Ga1apagos uscd lo tend to ha\e an intee st as a mamr ol' coum in thc w markable
native nature of these islands, however, from now on, we have to promotc sludus ofcenam fields where
weslill can  find an absense of basic information Such as’ invertebrate , and on the ather hand, we Should
promote 1pphcd ccological and conserved biological research more and more with the alm of conservanon
of natural environment, These lypvs of research and study need (o inv olw spcc‘lahsls from vanous blOIOgIC
groups and the project should not be a mere mixture but shovld be muunlly coopcralue '

C onccrmng research ac(mlscs of CDRS “hl(‘h of rC[ a scn nuﬁc base for conservanon oftht, Galépagos $
nalure, one of thes» actmlws is conducted by the i msu(utu., nse!f and anmhcr onc by pcnmltcd researc hers
from around lhe w orld At ll‘lu Gafﬁpagos Istands, whu.h are b1css;d mlh umquc and outslandmg nature
and interest to scienlists of the world, we appncnalc that the latter tesearch syslem is excellent in
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supplementing its research activities conducted by timited staff and budget and in bearing its ¢ducational
effect on domestic students.

However, this system forces a considerable economic burden upon permitted visiting researchers, therefore,
we may say that it is very difficult o induce respective rescarchers who hold their own research field
other than conservation biology or restoration  ecology to research activities in the field with an aim of

_conservation. In order to do so, we should make a plan . for comprehensive research to provide a scientific
bgse for a conservation policy. And, it is necessary to promote a research system that, on the condition
that if they intend 1o share a part, they will be given facililics and lightening of their economic bueden, we
should collect rescarchers who join a concerned project. o :

(3) Planning and operation of Isabeta Island’s own conservation and utilization preject

Asthe lhird step, we would rather ‘say it should be promoted aldng with the secbnd s(ep, towever, we
. develop planning and operatlon of Isabela Istand’s conservallon and utilization project which treats the
conservation of nalure as the mam subjecl

At present, people are Hving there and immigration is not regulated. In this sitvation, if it moves as it is in
Isabela Island, the permanent population is mounting steadily, agriculture-forestry-fishery development
and tourist development are advancing gradually, ard along wuh it, expalatlons and requests for
construction of infrastructure will increase antong residents.

Regulation of human activities in the Galipagos Islands is based on the fact that setileinent and production
 are limited to a certain area; however, as menuoned earlier, it is difficult to cffecnvely confine either man
of Creatiires only by an Ideal barriet such as zoning of area.

_ In Isabela Island Ehelncreasem the permaneal populauon in the residential area, if we leavelt will cause
the enfargement  of drainage and waste and produce burdens mainly on the coast and the huoral area.
And it will also threalen marine and coastal animals such as the sea lion, the sea turtle, and the sea lguana
and an increase in activities at the settlement will cause the spread of alien plants and the increase of feral
livestock. |
So far as we can anlicipaie such a situation, it would be prudent 1o take some action as soon as possible in

“order to prévent it. In this case, it is desirable to consider whether the residential areas should be

" maintained as an isolated closed s‘ys'lem:fr“om nature of the istand as far as possible, that is to say, we let
the supply of food basicélly depend on outside the island and the treatment of drainage and waste not
involve the cycle of nature, or as an open system where human life assimilate into the cycte of nature.
Environmental pollution arose from our life style where we obiain food, water, energy, eic. from a {ar

. distant place and drain discharge wastes within our surroundings.

Now, as this island depends on rainwaler in natural condition, it is quite difficult by the latter system to
afford water to only the present poputation and the establishment of a complete cyclic system needs
extraordinaty lechnique experimented with only in Biosphere projects on a small scale at present.

Therefore, it is more realistic (o reach a “hybrid” conclusion that we should rapidly grasp the eavironmental
capacity and sustainabilily and in order not o excced them, we socially and technically control output as
much as possible. I the limit of the burden to the environrment is prescribed, the populélion-carryi ng
ca;iacily will be determined as a matter of course and if we try to enlarge such capacity, we have to



reduce the burden.

Rational and scientific calculation of cnvironmentat capacity will be realized by comprehensive rescarch
and study. Atpresent, itis necessary to establish a provisional criterion, even if it holds some asbitrariness,
and inorder to achieve such acriterion tmiake a blueprint for the local community such as a local conservation
management project.

On the other hand, it is desirable that systematic research and study will advance in order to scientifically
calculate the environmental capacity, lo farm in misty zones and to establish a rational contrel policy, and
also the result of those will be fed back to the conservation management project.

(4) System (o carry out the project

The national park system, which acts in a leading role for the conservation of the Galdpagos Islands’
nature, lakes the measvre that excludes man’s residential area and fasming area from its formation, however,
in ordet to plan a local conservation and utilization project involving human  activities suggested in
clause (3) and then carry it out, we have to invelve the part which has been excluded also. To do so,
cooperation with administrative offices concerned {ex. INGALA: Iustitute of Galdpagos) in the part
related to inhabitants’ life.

{5) Necessity of creating incentives to realize the project

To realize all kinds of policies, as long as human life is involved with them, understanding and agreement
of all concerned are indispensable. In case of Isabela island, we have to show the effect obtained by the
conservation of nature, or incentive, along with prometing an understanding of the importance of this
island’s nature, that is,environmental educalion. In the case of the Galdpagos, they made a considerable
success in “eco-tourism” and also in Isabela Island, it might be difficult to find ap incentive other than
thal. In this case, it may be a good idea to endeavor to gain tourists” atfention to plants, especially Scalesia
species, which is ecologically, or evolutionarily, just as important as the elephant tortoise while they are
not 5o conspicuous neither atractive. ' '

We are deeply impressed by Isabela's conservation of Scalsia forest which is very small, and the practice
of activities on environmental education utilizing the forest. It must be largely effeclivc_;, that lhéy will
systematically exhibit Scalsia group which have evolved in various ways and also wilt combine the
development facitities and the explanation facilitics. ' '
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1. JICA’s scheme that Is app!lcabie to asslstance to conservatlon of the =
Galdpagos’ nature - I

In order to support developing countrics’ economic developmeant and welfare improvement, the Japanese
Government conducts Official Development Assistance (ODA) which is organized with 3 functions of (1)
donation between two nations, (2) lending between two nations, (3) investmént and contribution (0
international organizations. Japan International Cooperation Agency - (JICA}is in charge of investigation/
facitilation of the operation of technical cooperation and financing coopération by free gifts which holds the
most part of donations between two nations. 6 members of the research group of this time are dispatched
from the Dispatch Project Depariment of -JICA as short-term specialists.

In order to contribute (o the conservation of nature in the Galdpagos, IHICA will be able to utilize the
following scheine. '

1) Dispatch tong.ferm specialists:

A specialist who is dispatched for one year or more is called a long-term specialist (usually his term of
service is 2 or 3 years) and dispatched for the purpose of advising technical experts of the Government
authoritles {in case of Ecuador, INEFAN, SPNG, ete.) and transferring technique. If necessary, it is possible
to furnish cquipment (single equipment funmhmg) in the sum of about 50 milliont yen linking with the
dispatch.

2) Project type technical cooperation

‘This is also fechnical céoperélion given by long-tenn specialists as 1), A team formed by several specialists
is dispatched to the party and the amount of equipment to be furnished is quite extensive. According to
Record of Discussions(R/1} which states subjects of discussions about the purpese, transferred technigue,
items conducted by both Japan and the other party, this type of technical cooperation is carried on. Trai ning
in Japan is also given to technical staff of the parly’s govemment office concerned. Usually, for 5 ycars, 3-5
specialists, equipment worth 100-200 million yen, training in  Japan: about 5-6 persons.

3) Development investigation

To cooperate in making a public development plan, dispatch an investigation team formed mainly by
consultants and blueprint a development plan. :

4) Dispatch of members of Japan Overseas Cooperalion Yolunteers

Living and working together with local people, for the  purpose of making a contribution toward social and
economic development of the area along with putting individual techsaiques to practical use, members of
JOCYV are dispatched according to the volunteer spirit for 2 years. For example, belonging to an office of the
National Park, a member engages in managing and investigating plants and animals native to the Galdpagos.
This may be considered as an example.

All schemes such as those above will be carried on afier the Ministry of Foreign Affairs, JICA and other
authorities concerned discuss and determine the necessity and feasibility according to the request of the
Government.



2. Japan’s way to cooperate with the conservation of the Galdpagos Islands’
nature with the view of International cooperative relationship

International cooperation to the Galdpagos in checking the advance of nature destruction and to restore the
nature has been started with Dr’s study and its report and request to T'UCN according to the study. Then, the
fruit of their efforts has been produced with the establishment of the Charles Darwin Institute and now is our
day. It is not too much to say that the international network of scientists with the Institute as the central -
figure and system and result of research and study have given a determtination to us of decision making and
enforcement for the conservation and management of the nature of the. Galdpagos. -

Therefore, even though the Galdpages Islands belongs Lo the territory of Ecuador, conservation management
of its nature is under international cooperation and supervision. On the other hand, a few researchers from
Japan are involved only with study at the individual level and the management of CDRS, therefore; itis *
notable that our involvement with international cooperation system is behind.

When Japan is going to contribute to the conservation of the Gal&pagos nalure, the buildup and repletion t_ﬁf
research and study, we miust do so in the framework of an already-established international cooperation |
system which has a history and has obtained geeat results and performance.

Considering the limitation of the ODA scheme in Japan and the above circumstances, the most realistic way

is to position CDRS as a partner of the Japanese side and to accept CDRS's suggestions and requests, (o start
the JICA scheme cooperating with a counterpart on Ecuador's side, ' o ' :



3. The feasibility of future cooperation

With regard to concrete subjects on cooperative projects for conservation of the Galdpagos Islands’ nature,
“assuming that we treat CDRS as our partner, we will suggest the following. The contents of the following
part do not reflect the official view of JICA but merely that of the members of the Group of Expeits.

1) Conduct ecological research for conservation of the nature of isabela Istand.
1) Neces_sity

We can say that Isabela Island, the largest one in the whole istand grbup, is an istand which holds the most
serious issues in view of the conservation of nature because large-sized fires happened twice including the
one this time, which was obviously caused by man, and by artificial ef fects palmg up, an ecosystem that
introduced species dominate native species canbe s¢en over a wide area, and is still vigorously spreading.
The istand holds a tendency that the number of both inhabitants and visilors is increasing. In order to
solve those issues, as suggested earlier, a comprehensive ecological research and study with the purpose
of conservation is sought after, -

We can say that the SPNG/CDRS system, which can realize conservation management on the basis of
scientific research and study, is ideal in view of the management of a national park, however, neither the
budget nor the staff is sufficient, and at this present stage, we think it is not ready for seriously coping
with Isabela Island’s issues to be solved. ' ' ' '

In the field of research/ study, a balance of budget and staff is important and this tendency is remarkable
in the field of conservation of nature which holds field research, in particular, as a main subject. As
‘mentioned in our suggestion, considering a number of potential research staff from all over the world who
are interested in the Galdpagos, if the fund is ¢nough, it should be possible 1o organize a research /study
project team with the aim of conservation which CDRS itself holds up. However, as this project should be
realized by donation or contribution to CDRS, it is diflicult io say how things will turn out, and therefore,
a scheme of dispatching JICA specialists is considered appropriate as a more positive way.

(2) Formallon o[ a specialtsl team {o be dispaiched

Concermng the scheme of dlspalchmg JICA specialists, if shoit-term spcaal ists are combined, the same

project will be realized earlier by itself, In other words, | or 2 long-term specialists, who conduct planning

of the whole program of research and study taking into account the planning of conservation/utilization

progtam, and coordinale, manage and adjust the enforcement of  research based on the above planning,
" will be combined with a investigation team formed by short-term specialists.

. As a matter of course, the said operation should be conducted under close lie-up with SPNG/CDRS.

- The reason thal we put shott-term specialists into the core of the investigation team, their specialties are
various, and even if we try to get long-term $peci'alis!s'in respective fields from universitics or other
institutes, we might get only a few staff because most of them cannot respond to out request of along visit
because of limitation of their own s!udy or business schedule. On the other hand, if their term is as short as

- 2-3 months or a half year, we can expect a number of leading rescarchers 1o join the project and we witl
_+ - be able {0 form a sufficient feam (o reatize coﬁmprehensive research and study..



Long-term specialists take charge of making this project, coprdinating with the authorities conceined of
the other party to realize the project, managing and completing actval research and advancing to the next

step. In this case, it is desirable to make the combination, such as an administrative ofticial in the nature-

conservation {icld and a younger rescarcher who intends to learn conservation biology or a researcher of

the same rank at a private institute, If a cooperative refationship with counterpart of the other is established

enough and good communication can be made, it may be possible for short-term specialists to treal with

(his.

As for the specialtics of short-tefm spocialists, we can mention the following:

Plant ccology
Plant la\tonomy {vascular plant, mosses, lichea)
Ammal ecology (mammal, birds, reptiles, insccls)
_Ammal taxonomy (small mammal, repulcs insecs, mher arlhropod soil amma!s mo!lusk)
Ocean mology {fishes, cwslaccan)
‘Topography, Geology, P‘dology
“Climate, M elcorology 7
Envifonmental education, muscology
Appointment of these specialists can be appropnatcl) done lhrough the spec:ahsl network which the
Environmental Agency holds. ‘

(3} Equipment needed for investigation

Atinvestigation, we need transportation on the scene and a base, and equipment for investigation. To be
concrete, as ransportation, we can suggest 4-wheel vehicles which make it possible to ;_ra\"ei (extremely)
off-road (the ultimate way méy be by donkey, horse or féol), and as an investigation base, we mjght need
a h_ul'w_hcrc wecan éook simply, slay, and do sumé= easy work.

In addition to these, if we are able to supply SPNG/CDRS an investigation Ship which fuactions as
slecping accommodations, ficld experiment facilities, after consideration of the difficulty of access o
Isabeta Istand and the necessity of visits to other islands for comparative iq\'esligaiion, rescarch and
study of the Galdpagos Islands and conse rvatibn_of nature will make rapid progress. As we saw distinctly
at the fice this time, a helicopter worked very well for investigation and teanspostation of pe_;rg'onn'ci,
equipment and also clephant tortoises. Bul, 10 POSSEss one on the scene will be difficult in mainiaining and
managing. Therefore, it should be appropriate (0 charter one when necessary.’

(4) The resuft expeeted
(a) Contribution to the basic study of the Galdpagos Istands’ nature’

By committing leading reseacchers to the field where so far ne good chance has been given to éérry out
an invesligation, we can expect the discovery of niany new facts and anticipate that they will Jargely
contribute to cxplicate the ecosystem of Isabeta Island on the level of a basic study,

(b) Basic data for planning conscsvation/utitization prograny

The result which comes from research and study conducted with keeping close tic-ups under a unified
aim (conscrvation - of Isabela Island's nature) will be expected to be ulitized as basic datz when we
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conduct planning of a conscrvation/utilization program which sufficiently reflects natural and social
conditions of Isabela Island.

(c) Feasibility of establishment of techniques for restoration of the native ccosystem

In this research and study, mechanisms of vegetation renewal and competitive inechanisms in the
process arc also its subject and there is some possibility to find a  technique whereby we can controt

 alicn vegetation and restore native vegelation through themy; il the technique is established, construction
of vegetation restoration facilities should be realized.

(J) Training the stalf of the party

At ihe on-site investigation, it is desirable to have a support of counterpart stafi. In this case, a technical
staff who are given certain cducation can master techniques (o investigate, make samples, supplemest,
exhibit, make reporis and so on in assistance of research and study.

{c) Conlribution to environmental education

'Y order to effectively realize the conservation of nature, the inhabitants’ understanding and cooperation
are indispensablc and il is recognized that envifonmental education is the most effective mcans o do
50, However, {acilities, cquipment, sofiware, etc. arc not sufficicnt in the Galdpagos, especially lsabela
Island. '

From the result of this research and study, much avaitable information and a number of exhibits are
dérived. Inview of the 'ni:ccssily of environmental cducation, by involving persons who are experienced
in environmenta! education or muscoloéy from an carly stage, we can expect to make a systematic and

" effective exhibition program. Also, we have to consider the arcangement of exhibition facnhllus which
hold ficld practicefexperiment facilitics a!ong with \.n,gclalmn restoration facilities (c.)

2) The future prospects
(1) lm ol\ emen! ‘and cooperatlon in conservation pohc) of wider range

ln the Galémgos Is!ands itis likely lhat their understanding that they have to conduct comprehensive
conscrvation including management of permanent residents’ activities as well as the management of the -

pational park is gcmng strongtr

[‘vun ifitis realized, the exlsung key note that conservation of Galdpagos's nature has priority will be
maintained firmly. If we seek to maintain residents’ standard of living by sticking to the policy, we must
care{ully consider the native cnvironment in the enforcement of every measure. In this case, we will be
stron gly demanded to transfer our advanced technique from environmental asscssment to construction of
infrastructure, If research and study for conservation of native environment is steadily conducted prior to
this, and if we, Japan play a leading role in the operation, we will be able to contribute a lot while making

the maximum use of our experience and result.
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(2) Contribution te the establishment of the Pacific network of istands ecology study organization

Islands in the ocean isolated far from a continent such as the Galépagos, Hawaii and the Ogasawara
Istands arc ali unique in the cvdlulionary aspect and their ecosystems are very fragile: Thecefore, careful
measuies for conservation should have been tzken, however, in the histery of past settlement, people did

" not pay altention ta it and pm:lous natore which we should call the heritage of human being vanished or

almost did.

The above 3 islands are sitdated in between the \.QU&[OI‘ and 27" North Latitude and hold a position
respectively in the cast, the center, and the west of the Pacific Ocedn, and all more or less experienced
destruction by man. At present, most or part of them are designated as pational parks under the systems
of cach country Lo be conserved. '

An “island” is an isolated ecosystem surrounded by sca and cach has a different characteristic, by size,
distance from land or other islands, time isolated, ctc., ‘and has become a very important subject in the
ficld of study. In these days, evenina méinland anisolated | ccosystel 'm caused by cavirenmental dey clopfnent
can be seen often {ceological istands), and island ccology is becoming significant in the ficld of the
conservation of nature.

Broadly spraking, Japan, in particular, itscifis an archipelago which is composed of thousands of isfands.
The importance of native scientific knowledge about istands is very large in every aspect besides
conservaﬁon of nature. However, though in the Galﬁpa_gos, Charles Darwin Institute, and in Hawaii,
Bishop Muscum, cach has been established as a investigation base of biology of the istand and attracls
rescarchers from all over the world, in - Ogasawara, we don’t bave such institute. Even though only 20
years have passed since retrocession by the U.S,, wo cannot deny our backwardness. Rg‘.alimlion of

cooperation for conservation of the Galdpagos Istand depends on the future measures to be taken. We can
' promote the development of personncl, internationalization of research/ study ficlds, arra_ﬁgcmcnl of
study bases and maybe geta geeat ch_énce to sweep out our backwardaess. .

With regard to internationalization, we can start by making the Ogasawara Islands onc of the training
places lor our practice of technical cooperation. Further development depends on whether facilities are
arranged of not. If training facilitics of JICA, the wild life center of the Envifonment A'g;cnc'y; rescarch
facilities affitiated with Tokyo Metropolitan Uhi\'crsily, or either ong of them is arranged, initial steps of
establishing the Pacific neiwotk of nslands consery ahon cco!ogy nscaruh orgamzatron will hc taken through
operation of JICA project. ' ‘ '

At this stage, it would be one line crossing the Pacific rather than a network, however, at _l'hc next siage,
the circum-pan-Pacific network will be formed including Okinawa, Iriomote, Micronesia, New Zealand,
cle.. ' ' : R
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