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Chapter 9 1
Characterizing Contemporary Land Use/Cover .
Change on Isabela Island, Gal!pagos 3
Amy L. McCleary 4
Introduction 5

Areas within and adjacent to human settlements in the Gal"pagos Islandsehave
undergone signi®cant changes in the last three decades. Humid upland areas on
inhabited islands have been transformed by introduced and invasive plants ared ani-
mals (Walsh et ak008 Henderson and Daws@009 Watson et al2009 Gu#zou 9
et al.2010. Coastal communities have become more urbanized with the expansion
and densi®cation of buildings and the development of transportation infrastructure
to support growinglocal and tourist populations (Walsh e2@lQ Gardener and 12
Grenier2011; Cl#der and Grenigt010). 13
Timely and accurate information about land use/coliange is invaluable for guid-14
ing land management and conservation decisionsdmeund protected areas like thes
Gal"pagos National Park (GNP). For example, undedihg current patterns and prots
cesses of land use/cover change is key for théafeuent of site-speci®c management
plans (Brandt and Townse&806 and conservation strategies (Alo and Por#il3g. 1s
However, such assessments are often dif®cult thucoim remote areas of developinge
countries because of limited data, ®nancial cantstyaand issues of accessibilitgo
(Brandt and TownserieD0§. Such is the case in the Gal"pagos Islands whimena- 21
tion about current land use/cover and past trenldsking in spite of the rapid change=s
taking place in the archipelago (Gonzalez €tG03. 23
Land use and land cover information for Gal"pagos is often incomplete andzaut-
dated. The ®rst archipelago-wide maps of land use in Gal"pagos were producsd by
the National Institute of Gal"pagos in 1987 as part of an effort to inventory featesres
of the natural environment (INGALA, PRONAREG, ORSTAMS87. However, 27
land use maps were not produced for two of the four inhabited islands, Isabelzsand
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156 A.L. McCleary

Floreana. More recently, The Nature Conservancy, with cooperation from several
Ecuadorian government agencies, produced a series of land use/cover maps of the
Gal"pagos using data collected in 2000 (TNC and CLIRSENG. The lack of

data for some islands and the coarse nature of existing maps have hampered efforts
to quantify changes in vegetation (Villa and Seg&@a0Q and human-mediated
degradation (Watson et &009 on inhabited islands.

Remote sensing and image interpretation have become standard approaches for
mapping land use/cover. Remotely sensed imagery can not only cover large spatial
extents but can also capture information for features of small grains and extents,
particularly with the increased availability of high spatial resolution data products.
Image interpretation and GlScience methodologies include automated approaches
for mapping that are ef®cient and easily repeatable, which can reduce the costs
associated with in situ data collection. Further, remote sensing can provide informa-
tion on areas that are dif®cult to access because of their isolation, dif®cult terrain,
or other constraints (e.g., private land restrictions).

The goal of this chapter is to provide an improuederstanding of contempo-
rary land use/cover dynamics in the Gal"pagos tdamy drawing on a case study
of southern Isabela Island. The study area, whitfompasses the rural commu-
nity of Santo Tom"s and an area within the adjacgalt'pagos National Park, is
an important site for exploring landscape changthéarchipelago. The humid
upland areas are important places where agriclilaativities and some of the
®rst human settlements in Gal"'pagos coincide wiiths sof high biodiversity
(MacFarland and Cifuenté®96. The objective is to ®rst explore the dynamics of
land use/cover using a combination of remote sgndata and methods, and ®eld
observations. An object-based classi®er is appidndigh spatial resolution satel-
lite images from 2004 (QuickBird) and 2010 (WorldWi-2) to generate land use/
cover maps of the region. The dominant cover ckagsequanti®ed in each period,
and fromzto change matrices are calculated to nkterthe degree of change and
major transitions between 2004 and 2010. In addiitbogeneral classes represent-
ing the most common land use/cover types identieidg ®eldwork in 2008 and
2009 (barren, built-up, dry pasture/grass, cropsdlpa/grass, lava, soil, and forest/
shrub), the distributions of two invasive plants atso mappedbcommon guava
(Psidium guajavd..) and rose appleSf/zygium jambok). Second, descriptive
statistics derived from secondary data sets thatidie two population censuses
(2001 and 2010), an agricultural census (2000) anving standards survey
(2009), as well as information from interviews witital residents (conducted in
2008) are leveraged to contextualize the land osefcresults.

Study Area: Santo Tom!s , Isabela Island

This study is centered on the rural community afitSalom"s (52 krf) and an
adjacent area within the Gal"pagos National Paik K8¥). This site is located
along the southeastern slope of Sierra Negra Volaamlsabela Island, between
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Fig. 9.1 The study area encompasses Santo Tom"s and an adjacent area in the Gal"pagos National
Park in southern Isabela Island

0$47¢0%$53S and 91$0690$5%NV (Fig. 9.1). The climate is semi-arid andro
subtropical with two distinct seasonsba rainy, waperiod from December to71
June and a dry, cool episode from July to Noveni@elins and Busi2011). The 72
relief of the study area is gently sloping, witblaed hills formed by parasitic7s
cones. Elevation ranges from 80 to 1,040 m andeséoles range from 0 to 42%74
Vegetation in the site is divided into two commonégognized zones that progzs
ress upward in elevation: (1) the transition zoomposed primarily of evergreerve
plants and (2) the humid zone where introduced t&iga dominates areas oncer
occupied by endemic Scalesia and ferntsedge comiesi(Wiggins and Porter7s
1971, Froyd et al2010). 79
Santo Tom"s (of®cially, Tom"s de Berlanga) is a community of less than €00
persons that has been continuously inhabited since the late 1890s. It is characterized
by smallholder agriculture, agroforestry, and small-scale livestock productions2An
increasing amount of land within the community is no longer actively managest or
given any particular use, which has led to the spread of plants introduced for gulti-
vation (Walsh et aR008. The national park, in contrast, strictly controls accessto
protected areas and limits activities within its boundaries in order to protect nagive
and endemic “ora and fauna. 87
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158 A.L. McCleary

Methods

Satellite Image Data and Preprocessing

A QuickBird satellite image acquired on 22 Octob@d4 and a WorldView-2 image
acquired on 23 October 2010 were used in this aisalhe images coincide with the
period of peak agricultural production from JuhXtecember and were selected based
on the availability of nearly cloud-free satellitata. The QuickBird sensor collects
data in four visible/near-infrared bands and omepeomatic band. The multispectral
bands (ranging from 450 to 900 nm) have spatialudens of 2.4 m, while the pan-
chromatic band (450£890 nm) has a 0.6 m pixel uésol The WorldView-2 sensor
collects multispectral data in eight visible an@miafrared channels ranging from
450 to 1,040 nm (2.0 m pixel spatial resolutiorg ane panchromatic channel (450t
800 nm; 0.5 m spatial resolution). In addition to the blu@£881 nm), green (510+
580 nm), red (630+690 nm), and near-infrared (798+8m) bands found in
QuickBird, four new bands were added to aid in tesgEn, soil, and water
discriminationbcoastal blue (400450 nm), yellovb86+625 nm), red-edge
(705+745 nm), and a second near-infrared (860816¥ channel.

The QuickBird multispectral data were orthorecti®ed using ground control points
(GCPs) obtained in the ®eld. Root mean square (RMS) error for the 2004 image was
0.32 m using 13 ®eld GCPs. The WorldView-2 data were co-registered to the cor-
rected QuickBird image. RMS error of the WorldView-2 image was less than 1 pixel
(0.91 m) with 48 GCPs. Following the same methodology, the QuickBird and
WorldView-2 panchromatic bands were also co-registered to the recti®ed multi-
spectral bands using 27 GCPs, with RMS errors of less than one-half pixel.

To make the images compatible for change detection, the WorldView-2 multi-
spectral data were resampled to a 2.4 m % 2.4 m pixel size using cubic convolution
resampling. The image data were not corrected for atmospheric or radiometric
errors due to the lack of available atmospheric parameters at the time of image
acquisition over the study area. Clouds and cloud shadows were masked prior to
image classi®cation to minimize spectral confusion.

The addition of band ratios, indices, and texture measures has been shown to
improve land use/cover classi®cation results (Huang 20@8. The simple ratio
vegetation index (NIR band/red band) was calculated from the multispectral data,
and mean texture was derived from the panchronieticd using a gray-level
co-occurrence matrix (GLCM) for each image. An image layer stack consisting of
the multispectral bands, vegetation index, and texture measure was created for each
image and used as the classi®cation input.

Field Data and Classi®cation Scheme

In situ land use/cover data were collected in thdysarea from July to August 2008
and July to August 2009 to provide training anddatlon data for the classi®cations.
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Table 9.1 Characteristics of land cover classes identi®ed in the highlands of southern Isabela

Land use/cover Description t1.2
Barren Non-vegetated areas such as exposed soil and1.3
lava rock outcrops t1.4
Built-up Man-made features including buildings, roads,t1.5
and structures for animals t1.6
Crops/pasture/grass Agricultural areas for crop cultivation, managed
pastures, and natural grassland t1.8
Dry pasture/grass Dry or senescent vegetation including managed
pastures and natural grassland t1.10
Forest/shrub Areas covered with dense growth of mostly t1.11
evergreen trees or taller shrubs, including t1.12
native and introduced species 11.13
Guava Sites dominated by guavBgidium guajava t1.14
an invasive woody shrub t1.15
Rose apple Areas dominated by dense growth of rose applaé
(Syzygium jambgsan invasive tree 1.17

Sampling areasE 263) were strati®ed by land cover type and pafody selected 127
to capture features of interest, such as patchegasive species, crops, and buildingszs
At each location, the land cover type was notegiteadescription was recorded, ancbo
digital photographs were taken. The observationse weo-located with differen-130
tially corrected (post-processing) Global PositigniSystem (GPS) coordinatesis1
One-third of the sample points<£86) were used to train the classi®cations, winde 132
remaining two-thirdsi(=177) were reserved for validation. 133

Seven classes representing the most common larsl arsk covers in theiss
study area were identi®ed during ®eld visits alet s for image classi®cation1ss
barren, built-up, crops/pasture/grass, dry pasjuass, forest/shrub, guava, antke
rose apple (Tabl8.1). Guava Psidium guajava..) and rose appleSfzygium 137
jambosL.) are considered among the worst invaders inGa&'pagos Islands 138
because of their ability to signi®cantly transfornrestrial ecosystems (Tyess
et al.2002. 140

Object-Based Classi®cation 141

Supervised classi®cation of the 2004 and 2010 images was performed witlazthe
object-based image analysis approach (OBIA). OBIA is a knowledge-based
classi®cation method that attempts to mimic the way humans interpret remoteisens-
ing images (Hay and CastilkD08. Homogenous groups of pixels, or objects, ate
the basic unit of analysis and thus avoid the 2salt-and-pepper® effect in pixel-based
classi®cations of high spatial resolution data (Blaschke Z0@(0). Further, OBIA 147
can exploit the textural, spatial, and topological characteristics of image objegts
(Lang2009 to improve the value and accuracy of classi®cations (Ben280d). 149
Walsh et al. 2008 successfully mapped guava cover in Isabela's highlands usiog
an OBIA classi®er with high spatial resolution satellite data. 151
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160 A.L. McCleary

Table 9.2 Segmentation parameters for OBIA classi®cation

Compactness/

Input layers Scale Color/shape smoothness

QuickBird image (2004)

Level 1 Multispectral bands (4) 18 0.6/0.4 0.2/0.8
Simple ratio
GLCM texture

Level 2 Multispectral bands (4) 40 0.7/0.3 0.2/0.8
GLCM texture

WorldView-2 image (2010)

Level 1 Multispectral bands (8) 18 0.6/0.4 0.2/0.8
Simple ratio
GLCM texture

Level 2 Multispectral bands (8) 40 0.7/0.3 0.2/0.8

GLCM texture

The WorldView-2 data were ®rst segmented into objects with the multiresolution
segmentation algorithm in De®niens Professional 5 (De®niens AG, M&nchen,
Germany). Multiresolution segmentation is a bottom-up, region-merging procedure
(Benz et al2004) that creates objects corresponding to features of interest in the
image without extensive processing times. The goal is to minimize the heterogene-
ity of extracted image objects while maximizing contrast to neighboring objects. In
this study, image objects were generated at two levels through a bottom-up approach.
Small objects were created to represent buildings, roads, and other small features
(level 1), and a set of larger objects (level 2) were produced to represent vegetation
patches, including forests and open ®elds (Tak)eAll layers in the image stack
were weighted equally, and user-de®ned criteria describing the threshold for object
heterogeneitybscale, color/shape, and smoothness/compactnessbwere selected
iteratively through a visual assessment of object ®t (Meinel and Nedbéyt

The image objects were then classi®ed using dagled classi®cation approach.

In De®niens Professional, each land use/coverargtéy the classi®cation scheme
contains a set of expressions, or rules, that ibestire class. Knowledge-based rules
can draw on spectral data contained in the imagéshand/or contextual information
such as the textural, spatial, and topologicalatttaristics of image objects. Objects
corresponding to points in the training data seevisolated, and their spectral, tex-
tural, and contextual attributes were used to &stathe rules for each class.

The classi®cation algorithm then evaluated the membership value of each image
object to the list of classes, and the class with the highest membership value (rang-
ing from 0 to 1) was assigned to the image object. The objects were ®rst separated
into @vegetation® and 2non-vegetation® classes based on mean simple ratio (SR)
vegetation index values. Objects with SR values between 4.5 and 18 were assigned
membership in dvegetation,® and objects with low membership to the class were
categorized as #non-vegetation.® 2Non-vegetation® objects were further re®ned into
several subclasses (i.e., buildings, lava, dry pasture/grass, and soil) at level 1, while
ayegetation® subclasses were de®ned at level 2 (BaBleThe classi®cations at
levels 1 and 2 were then merged to create a single thematic land use/cover map.
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Table 9.3 QuickBird image (2004): OBIA classi®cation rules including features and membenstip

thresholds
Functiort and
Final class Subclasses Feature threshold
Barren Lava Brightness <260
Mean GLCM texture 1.35*9
NDVI <0.3
Soil Mean simple ratio 1\15
Brightness 240 > 400
NDVI 0.1*0.5
Built-up Building Area <306 nt
Length <36 nt
Max difference (to neighbors) 0*1.25
Mean red band 190 /-\ 2,250
Road Classi®ed as lava or soil 3+21
Length/width
Crops/pasture/grass Grassbbright Brightness 275 > 400
Mean red band 89 > 200
NDVI 0.42+0.67
Grassbdark Brightness 345 > 460
Mean green band 229 > 300
Mean red band 70> 110
NDVI 0.42+0.67
Crops/pasture Brightness 425 > 460
Mean green band 240 /-\ 330
Mean red band 80> 110
NDVI 0.5+£0.766
Dry pasture/grass Brightness 289 > 370
NDVI 0.1+0.8
Forest/shrub Treesbgreen Mean green band 260 /-\ 360
NDVI 0.7£0.78
Treesbyellow Brightness 270 > 380
Mean green band 255 > 375
NDVI 0.5+£0.7
Distance to right image border 2,5004£4,700 m
Distance to bottom image border 1,750+3,650 m
Guava Brightness 250 * 360
Mean green band 230 * 300
Mean NIR band 480 * 825
NDVI 0.53+0.72
Rose apple Brightness 250 > 340
Mean green band 225* 310
NDVI 0.6+£0.74

Distance to right image border

3,850+6,900 m

3.2

3.3
t3.4

t3.5

3.6

t3.7

3.8

3.9

t3.10
t3.11
t3.12
t3.13
t3.14
t3.15
t3.16
t3.17
t3.18
t3.19
t3.20
t3.21
t3.22
t3.23
t3.24
t3.25
t3.26
t3.27
t3.28
t3.29
t3.30
t3.31
t3.32
t3.33
t3.34
t3.35
t3.36
t3.37
t3.38
t3.39
t3.40
t3.41
t3.42
t3.43
t3.44

Distance to bottom image border 1,500+5,500 m t3.45

aFuzzy membership functions: *=lower than (nonlinear), >=greater than (nonlinear), \ = lowes.4san
(linear), / = greater than (linear), /-\=approximate range

t3.47
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182 The same object-based segmentation and classi®cation approach was applied to
183 the QuickBird image by adjusting the input parameters and threshold values. Image
184 objects at levels 1 and 2 were derived from the image data according to the
185 segmentation parameters in Tabl2 Training data corresponding areas of invariant

186 land cover (e.g., stable guava patches, established roads) were used to de®ne the
187 membership rules for each class. Objects with SR values between 1.5 and 8.1 were
188  classi®ed as 2vegetation,® while all other objegtye assigned to the 2non-

189  vegetation® category. The objects were further classi®ed at levels 1 and 2 based on
190 the classi®cation scheme rules (TabBld) and merged into a single output

191 classi®cation, as with the WorldView-2 image.

192 Accuracy of the 2010 (WorldView-2) classi®cation was assessed with ®eld refer-
193 ence pointsr(=177) not used as training data during image classi®cation. Standard
194 error matrices were calculated to determine the overall accuracy, producer's and
195  user's accuracies, and overall kappa statistic on a per-pixel basis. Field data to test
196 the accuracy of the 2004 (QuickBird) classi®cation were not available. Post-
197  classi®cation LULC change analysis was performed by overlaying the classi®ed
198 images from 2004 and 2010 and calculating &from+to® change at the pixel level.
199  Change statistics were also generated for the two management zones, Santo Tom"s
200 and the Gal"pagos National Park.

200 Sociodemographic Data and Analysis

202 Data from publicly available secondary data sets and information from interviews
203 with local residents were leveraged to contextualize land use/cover change in
204 Isabela's highlands. The socioeconomic, demographic, and agricultural production
205 factors that likely in"uence household land use decisions were considered. The sec-
206 ondary data used in this studybPopulation and Housing Census (2001 and 2010),
207 National Agricultural Census Il (2000), and the Gal"pagos Living Standards Survey
208 (2009)bare publicly available data sets collected and published by the Ecuadorian
209 census agency (INEC).

210 Demographic changes in Santo Tom"s were drawn fiteenpopulation and

211 housing censuses conducted in 2001 and 2010. p#gerstatistics on the size and

212 age distribution of the population, number and sizdouseholds, and primary

213 occupations were calculated in SPSS Statistics B3 SPSS Statistics,

214 Chicago, II.) from individual- and household-ledeaita spatially located at the com-

215 munity level. Information on agricultural productiavas taken from the agricultural

216 census conducted in 2000 and the 2009 living stadsdsurvey. The number and

217 proportion of absentee landowners, products cuéitvand quantities harvested,

218 number and types of livestock produced, and thelrauraf farms with hired labor

219 were described from basic statistics generated tomsehold-level data for the

220  entire community of Santo Tom'"s .

221 The secondary demographic and agricultural data were supplemented by house-
222 hold interviews conducted with Santo Tom"s landholders during July and August
223 2008. A questionnaire with structured and open-ended questions was administered
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Table 9.4 WorldView-2 image (2010): OBIA classi®cation ruleduding features and membership4.1

thresholds 4.2
Functiofand 4.3
Final class Subclasses Feature threshold t4.4
Barren Lava Brightness <280 4.5
Mean GLCM texture 1.35*9 4.6
Mean red-edge band 124 * 375 4.7
Soil Brightness 290 > 445 t4.8
NDVI 0.2*0.6 4.9
Built-up Building Area <306 nt t4.10
Length <36 m t4.11
Max difference (to neighbors) 0*1.75 t4.12
Mean red band 100/-\ 2,000 t4.13
Road Classi®ed as lava or soil t4.14
Length/width 3+21 t4.15
Crops/pasture/  Grassbbright Brightness 310 > 420 14.16
grass Mean red band 65> 180 t4.17
NDVI 0.5+0.7 t4.18
Grassbdark Brightness 355 > 460 t4.19
Mean green band 229 > 300 4.20
Mean red band 70> 110 t4.21
NDVI 0.7+0.76 t4.22
Crops/pasture Brightness 425 > 460 t4.23
Mean green band 240 /-\ 330 t4.24
Mean red band 80 > 110 t4.25
NDVI 0.5+0.766 14.26
Dry pasture/ Brightness 335> 405 t4.27
grass Mean red-edge band ?473 4.28
NDVI 0.26/0.6 t4.29
Forest/shrub Treesbgreen Mean green band 233 /-\ 300 t4.30
NDVI 0.766+0.84 t4.31
Treesbyellow Brightness 275 > 455 4.32
Mean green band 230 > 300 14.33
NDVI 0.54+0.735 t4.34
Distance to right image border 2,500£4,700 m t4.35
Distance to bottom image border ~ 1,750+£3,650 m t4.36
Guava Brightness 270 * 425 t4.37
Mean green band 195 * 260 4.38
Mean NIR-2 band 540 * 1,045 t4.39
NDVI 0.61+0.8 t4.40
Rose apple Brightness 200 > 427 t4.41
Mean green band 200 * 240 t4.42
NDVI 0.7+£0.8 14.43
Distance to right image border 3,850+6,900 m t4.44

Distance to bottom image border ~ 1,200+5,500 m t4.45

aFuzzy membership functions: *=lower than (nonlinear), >=greater than (nonlinear), \ = lowe4.dsan
(linear), / = greater than (linear), /-\=approximate range t4.47
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to the heads of 45 households and/or their spouses (representing approximately
23X of landholders in Santo Tom"s ) using a purposeful sampling sch&ime.
interviews included questions about household demographics, land use patterns,
invasive plants, and changes in the community over the last decade. Patterns in the
data were analyzed with particular attention to changes in agricultural land use and
invasive plant cover.

Results

Land Use/Cover Classi®cation and Change Detection

Overall accuracy of the 2010 classi®cation wad038.\with a kappa statistic of 0.87
(Table9.5). Although overall accuracy exceeded the 85X tioés (Foody2002), for-
est/shrub cover was not as accurately classi®eéstFand shrub patches were con-
fused with guava in areas where taller trees ¢astavs on neighboring vegetation
and resulted in some forested objects being mis@lad as guava because of similar
spectral responses. The forest class also suffienederrors of commission, particu-
larly due to the misclassi®cation of agriculture gnassland as forest and shrub.
Spectral confusion between these classes may lbesthie of the spectral heterogene-
ity of pixels used to train the crops/pasture/gadass. Field data to test the accuracy
of the 2004 classi®cation were not available,limisame classi®cation approach was
applied to both images in an effort to producesifdsations with comparable accura-
cies. Visual assessment of the 2004 classi®cdtawesl that invariant features, such
as the Sierra Negra caldera, main roads, and surfames, were correctly classi®ed.
Comparison of the land cover classi®cations reveals signi®cant land use/cover
conversion between 2004 and 2010 (Tahk& Fig. 9.2). Across the study area,
guava remained the most dominant land cover, increasing from 35.5 to 39.7X of the
landscape. The largest expansion of guava occurred in the national park, where an
additional 273 ha of land were invaded between 2004 and 2010 @r@hl&anto
Tom"s experienced only a small net gain in guava (2.2X). However, guava is by far
the most dominant land cover in the community and covers nearly 47X of the agri-
cultural zone. The largest patches of stable guava, corresponding to ®elds and entire
farms in some cases, are located in western and northern Santo Tom"s . New areas
of invasion (since 2004) are smaller and occur adjacent to existing patches within
Santo Tom"s and to the north and south along the national park border.
Crops/pasture/grass occupied an extensive area in 2004 (28.8X) that declined to
just over 20X of the landscape in 2010 (TaBl€). Agriculture in Santo Tom"s

1A random sampling strategy was originally intended but had to be adapted after it was revealed
that cadastral maps used to locate properties were more than 30 years old and no longer accurate.
The small number of households still living in Santo Tom"s as well as landholders now residing

in Puerto Villamil were interviewed to approximate planned sampling levels.
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Table 9.5 Confusion matrix for 2010 WorldView-2 classi®cation 5.1
Reference class

Crops/ Dry
pasture/ pasture/ Forest/ Rose User's
Mapped class Barren Built-up grass grass shrub Guavaapple Totalaccuracy t5.2
Barren 31 0 0 1 0 0 0 32 969X 5.3
Built-up 1 33 0 0 0 0 0 34 971X 54
Crops/pasture/ 0 0 26 0 3 0 0 29 89.7X 55
grass 15.6
Dry pasture/grass 0 0 1 13 0 2 0 16 8l.2X t5.7
Forest/shrub 0 1 3 1 20 1 1 27 741X 58
Guava 0 0 3 0 2 23 0 28 82.1X 5.9
Rose apple 0 0 0 0 0 0 11 11 100.0X t5.10
Total 32 34 33 15 25 26 12 177 + t5.11
Producer's 96.9X 97.1X 78.8X 86.7X 80.0X 88.5X 91.7X * + 15.12
accuracy 15.13
Overall =88.70X t5.14
Kappa=0.87 t5.15

Table 9.6 Land use/cover area and change (net area, percent relative to 2004), 2004+2010, isabela

highlands 16.2

Percent of 6.3

Total area (ha) landscape (X) Change: 2004+2010 16.4

Land use class 2004 2010 2004 2010 Absolute (ha) Relative (X 6.5

Barren 208.10 467.75 2.8 6.2 259.65 124.8 6.6

Built-up 23.65 26.11 0.3 0.3 2.45 10.4 16.7

Crops/pasture/ 2,167.76  1,569.64 28.8 20.8 Y598.12 Y27.6 16.8

grass 6.9
Dry pasture/ 418.53 278.63 5.6 3.7 Y139.91 Y33.4 16.10
grass 16.11
Forest/shrub 1,992.51  2,119.34 26.4 28.1 126.83 6.4 16.12
Guava 2,673.34  2,992.09 35.5 39.7 318.75 11.9 16.13
Rose apple 49.71 80.06 0.7 11 30.35 61.1 16.14
Total 7,533.61 7,533.61 100.0 100.0 + + 16.15
aNet change between periods was calculated as (Area2010 Y Area2004) 16.16

bPercent change relative to 2004 was calculated as 100 % (Area2010 Y Area2004)/Area20046.17

declined by 28.8X (relative to 2004) (Taldler). A few, small patches of land weress
brought into agricultural production between 2004 and 2010 (totaling 389 ha) 2sri-
marily in northern and eastern Santo Tom"s . However, more than 800 ha of lazd in
crops/pasture/grass were converted to other land covers like guava, dry pasture
(a less intensive agricultural use), and forest. In the national park, where agricultaral
land use is prohibited, grasslands were transformed to guava along the calderesand
to forest/shrub in the transition zone to the east k). 264
Although forest cover experienced a net increasesathe study site, from 26.4X ofes
the landscape in 2004 to 28.1X in 2010, opposiaeads were observed in the nationabe
park and Santo Tom"s (Tal#e6). Forest/shrub cover in the national park remainsst
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- Barren - Crops/pasture/grass . Forest/shrub - Rose apple

- Built-up D Dry pasture - Guava C] Cloud

-
L___' Santo Tomas

Fig. 9.2 Land use/cover in the study area in 208¢4and 20101f)
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Table 9.7 Net change in land cover from 2004 to 2010 as a proportion of each management

zone t7.2
Area of Percent of t7.3
management management 7.4
zone (ha) zone (X) Change: 2004+2010 7.5
Land use class 2004 2010 2004 2010 Absolute (ha) Relative (Xy 7.6
Santo Tom!s 7.7
Barren 48.49 87.75 11 19 39.26 81.0 7.8
Built-up 21.00 2391 05 0.5 291 13.9 t7.9
Crops/pasture/grass 1,449.45 1,032.70 32.2 229 Y416.75 Y28.8 t7.10
Dry pasture/grass 82.35 216.43 1.8 4.8 134.08 162.8 t7.11
Forest/shrub 798.01 963.62 17.7 21.4 165.61 20.8 t7.12
Guava 2,058.99 2,104.27 457 46.7 45.28 22 713
Rose apple 49.70 79.29 1.1 1.8 29.59 59.5 t7.14
Total 4,507.97 4,507.97 11 19 * * t7.15
Gal'pagos National Park 17.16
Barren 159.62 380.00 53 126 220.38 138.1 t7.17
Built-up 2.65 2.20 0.1 0.1 Y0.45 Y17.2 17.18
Crops/pasture/grass 718.31 536.94 23.7 17.7 Y181.37 Y25.2 t7.19
Dry pasture/grass 336.19 62.19 11.1 2.1 Y274.00 Y815 t7.20
Forest/shrub 1,19451 1,155.72 395 38.2 Y38.79 Y3.2 t7.21
Guava 614.35 887.82 20.3 29.3 273.47 44.5 t7.22
Rose apple 0.01 0.78 0.0 0.0 0.77 9,514.3 t7.23
Total 3,025.64 3,025.64 53 126 + + t7.24
aNet change between periods was calculated as (Area2010Y Area2004) 17.25

bPercent change relative to 2004 was calculated as 100 % (Area2010 Y Area2004)/Area20047.26

largely unchanged, declining by only 3.2X. In Safbon"s , forest/shrub increased asas
result of conversion of agriculture and guava,rasipusly mentioned. 269

The increase in barren land since 2004 (124.8X)lted from new lava rock that27o
covered the caldera of Sierra Negra followingiitgoon in 2005, an area in the north71
that transitions between dry vegetation and baite @wd small clearings in Santw72
Tom"s . Built features did not change substantiaéyween 2004 and 2010, makingrs
up only 0.3X of the landscape (0.5X of Santo Torn(%able9.7). Rose apple, which 274
also made up a small percentage of the total lapgsic 2004, spread within centrad7s
Santo Tom"s . The area of invasion increased frém Aa in 2004 (1.1X) to 79.29 hae7e
in 2010 (1.8X). Although rose apple was restridie&anto Tom"s in 2004, by 2010277
it had expanded into the national park, coverif@ Ga of land. 278

Sociodemographic Trends 279

The census data reveal interesting population shifts in Santo Tom"s . Betweenz2901
and 2010, total population declined by 17.6X, at a rate of 2.2X per anream
(Table9.8). The number of households in Santo Tom"s also declined, while mean



Editor's Proof

283
284
285
286
287
288
289
290
291
292
293

168 A.L. McCleary

8.1  Table 9.8 Demographic indicators and agricultural production for Santo
t8.2  Tom"s, 2000+2009

8.3 2001 2010
8.4  Population (totaf) 199 164
t8.5  Number of households 66 54
t8.6  Household size (mean) 2.97 3.04
8.7  Age (median) 27 32
18.8 2000 2009
t8.9  Landholders living in Santo Tom"s (X) 40.7 22.3
t8.10 Farms cultivating annuals/perennials (X) 815 80.8
t8.11 Harvest sold (X) 61.7 211
t8.12 Cattle 1,972 888
t8.13 Hogs 236 105
t8.14 Farms with paid laborers (X) 37 25.4

t8.15 2ancludes “oating (tourist) population

90 4

m2001
80

2010
70 4
60
50 4

40

percent of workfoce

30 4

20

10 -

0 N  smay  mm..  mm -
Agriculture & Public Retail Teaching Dom estic Tounsm & Other
Fishing Administration Activities Services

Fig. 9.3 Proportion of Santo Tom"s workforce employed in various sectors in 2001 and 2010

household size was relatively unchanged. A total of 66 households resided in Santo
Tom"s with an average of 2.97 members in 2001. By 2010, only 54 households
remained. Median age for Santo Tom"s increased slightly, from 27 years in 2001 to
32 years in 2010. Agriculture and ®shing remained the largest employment sectors
in Santo Tom"s , despite signi®cant increases in other categorieS.grigVhile

83X of working age residents (15+64) reported agriculture or ®shing as their
primary occupation in 2001, only 68X participated in the sector by 2010.

The agricultural census and living standards survey provide additional details
about the state of agricultural production and farming households. Between 2000
and 2009, the proportion of landholders who still lived on the farms declined from
40.7X to just over 22X (Tabl®.8). Although the proportion of farms cultivating
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annual and/or perennial crops decreased only slightly, the majority of crops harvested
in 2009 were not sold. With respect to livestock production, there was a net redsic-
tion in the number of cattle and hogs raised in Santo Tom"s . Finally, in 2009, fewser
farms hired laborers (25.4X) to assist with agricultural activities like clearing asd
planting than in 2000 (37X). 298

Discussion 299

The rural community of Santo Tom"s and adjacemd lmanaged by the Gal"pagosoo
National Park experienced substantial land usefcolvanges from 2004 to 2010301
The change detection analysis revealed a subdtate@ine (nearly 29X) in 302
agricultural land use observed in 2010 comparéld 2004 (Tabl®.6). While some 303
new areas were brought into production between 268642010, a signi®cant amourzba
of land (800 ha) was converted to less productastypes (dry pasture) or transsos
formed to woody vegetation including guava anddgtshrub (Fig9.2). Production 306
data (Table.8) show that as agricultural land use has declipesjuction has also3o07
become less intense. The majority of annual anghméals grown in Santo Tom"s irgos
2009 were not sold, and fewer livestock were retirad in the earlier period. Furtherzos
off-farm employment opportunities have increased, fewer working age adults inz1o
Santo Tom"s participate in the agricultural se¢kg. 9.3). 311

These results seem to suggest that over the pestielemany households havei2
abandoned agriculture, choosing instead to paatieijm off-farm activities to supportsis
the household (Tab.8). During interviews, many heads of household natéatk 314
of diversity in what farms produce. Further, a neuflor their products does not existis
on Isabela or other islands, limiting the incomat ttan be derived from agriculturesis
Isabela's most recent strategic plan noted thatwalgrral production is not suf®cientiz
to reliably satisfy local demand throughout therysa fruits, vegetables, and dairgis
products have to be imported from continental Eoufdilema et al2003. In inter- 319
views, landholders also described a variety ofié@ito farming, including the lacks2o
of freshwater for household use and irrigation,ptesence of various pests, the lack:
of ®nancing (i.e., access to credit), and limiesthhical assistance. 322

The abandonment of agricultural activities appeake coupled with rural emigra-323
tion and abandonment of land in the highlands. Réipn decline in Santo Tom"s324
(Table9.8) and an increase in the proportion of the popuratesiding in the urbanszs
community (nearly 93X) likely re ect outmigratiomdm rural areas. Interview dates2e
suggest that most landholders live in Puerto Villathe urban community south ofs27
Santo Tom"s , and visit their farms only occasilyn@griculture on Isabela is notszs
mechanized, and rather than hiring additional lkatsorto maintain productivity 329
(Table9.8), many farms allow land to lie fallow inde®nitélifae availability of employ- 330
ment opportunities in tourism and the service itrgusatering to tourists (Fi.3) 331
may be another factor driving emigration (Kerrle804). Isabela is not unique in thissa2
respect, as urbanzrural migration and farm abandnhimave been observed elsess
where in Gal"pagos (Rodrigué®89 Kerr et al.2004 Borja and Pere2000. 334
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The highlands have experienced signi®cant increases in guava and forest/shrub
cover at the expense of agricultural land (T&b&. According to interviews, farm-
ers are no longer purposefully cultivating guava. Rather, it has become naturalized
and now grows unaided throughout the highlands. Guava and other introduced
plants, like rose apple, can spread rapidly in abandoned lands, directly contributing
to the expansion of invasive species into the national park (Borja andZRéiz
Walsh et al2008. Discussions with households demonstrate that farmers recognize
the important of clearing guava, but doing so is time consuming and expensive. Due
to the cost of manual removal and the need for control measures at regular intervals
(every 6 months), some owners have chosen to abandon lands that are seriously
invaded. The land cover analysis also demonstrated increasing forest/shrub cover in
the last decade. Encroachment of introduced and invasive trees into formerly treeless
vegetation zones in the highlands (Miconia and ferntsedge communities, sensu
Wiggins and Portei971) may alter local environmental conditions and lead to
declines in species diversity and native/endemic plant cover (JZge2@.

Conclusions

This chapter provides an enhanced understanding of contemporary land use/cover
in the highlands of southern Isabela Island and points to a few of the processes driv-
ing land cover conversionbland abandonment, declining agricultural production,
and the spread of invasive plants. The ®ndings presented here are consistent with
those reported by Villa and SegarP®{0 who found that agricultural land on San
Cristobal Island was abandoned between 1987 and 2000 due to low returns on pro-
duction and labor constraints. Future studies should attempt to quantify the socio-
economic and environmental factors that drive patterns of land use/cover change
and landscape dynamics on Isabela Island. Empirical data on the impacts of chang-
ing land use/cover on biodiversity and ecosystem functioning in the highlands is
limited and warrants attention.

In addition, this study offers a methodological approach to the assessment of
land use/cover change that could be applied elsewhere in the Gal"pagos. Remote
sensing provides an effective method for mapping spatial patterns of land use/cover
and for quantifying spatial patterns and rates of change. The description of land use
change and its driving forces can provide important information for land managers
and decision makers in the archipelago. Several applications in Gal"pagos have
been recognized, ranging from the generation of more complete information on spe-
cies distributions (Trueman et @010 and the development of weed risk assess-
ment systems (Tye et &002 to regional planning of natural resources (Villa and
Segarra2010 and identifying barriers to conservation and restoration projects
(Gardener et ak010.

Acknowledgments This work was funded in part by an NSF IGERT grant (DGE-0333193) to the
Carolina Population Center at the University of North Carolina at Chapel Hill. Support for this
research was provided by the Center for Gal"pagos Studies and the Department of Geography at



Editor's Proof

9 Characterizing Contemporary Land Use/Cover Change... 171

the University of North Carolina at Chapel Hill, the Gal"pagos National Park Service, andtbe
people of Isabela Island. The comments of an anonymous reviewer are also appreciated. 377

References 378

Alo CA, Pontius RG Jr (2008) Identifying systematic land-cover transitions using remote seagng
and GIS: the fate of forests inside and outside protected areas of Southwestern Ghana. Bagiron
Plann B 35:280+295 381

Benz UC, Hofmann P, Willhauck G, Lingenfelder I, Heynen M (2004) Multi-resolution, objess2
oriented fuzzy analysis of remote sensing data for GIS-ready information. ISPRS J Photogsasnm
58:239+258 384

Blaschke T, Lang S, Lorup E, Stobl J, [eil P (20@bject-oriented image processing in an integrateds
GIS/remote sensing environment and perspectivesnidronmental applications. In: Cremers A386
Greve K (eds) Environmental information for plamipolitics and the public. Verlag, Marburg 387

Borja RN, Perez J (2000) Parque nacional Gal"pagos. dinamicas migratorias y sus efectossen el
uso de la recursos naturales. Fundacion Natura and The Nature Conservancy, Quito 389

Brandt JJS, Townsend PA (2006) Land usebland cover conversion, regeneration and degraztation

in the high elevation Bolivian Andes. Landsc Ecol 21:607+623 391
Cl#der E, Grenier C (2010) Taxis in Santa Cruz: uncontrolled mobilization. Gal'pagos repert
2009+2010. CDF, GNP, CGG, Puerto Ayora, Gal"pagos 393
Collins A, Bush MB (2011) An analysis of modern pollen representation and climatic conditéons
on the Gal"pagos Islands. Holocene 21:237+250 395
Foody GM (2002) Status of land cover classi®cation accuracy assessment. Remote Sens Egsviron
80:185+201 397

Froyd C, Lee J, Anderson A, Haberle S, Gasson P, Willis K (2010) Historic fuel wood use iagthe
Gal"pagos Islands: identi®cation of charred remains. Veg Hist Archaeobot 19:207+217 399

Gardener MR, Grenier C (2011) Linking livelihoods and conservation: challenges facingiate
Gal"pagos Islands. In: Baldacchino G, Niles D (eds) Island futures: conservation and dewelop-

ment across the Asia-Paci®c region. Springer, New Jork 402
Gardener MR, Atkinson R, Renter*a JL (2010) Eradications and people: lessons from thesgdant
eradication program in Gal'pagos. Restor Ecol 18:20+29 404

Gonzalez JA, Montes C, Rodriguez J, Tapia W (26@8hinking the Gal"pagos Islands as a complews
social+ecological system: implications for consgoveand management. Ecol Soc 13(2):13 406
Gu#zou A, Trueman M, Buddenhagen CE, Chamorro &rr&o AM, Pozo P, Atkinson R (2010) An4o7
extensive alien plant inventory from the inhabieeias of Gal'pagos. PLoS One 5(4):e10276 408
Hay GJ, Castilla G (2008) Geographic object-based image analysis (GEOBIA): a new namador a
new discipline. In: Blaschke T, Lang S, Hay GJ (eds) Object-based image analysis: spatial
concepts for knowledge-driven remote sensing applications. Springer, Berlin 411
Henderson S, Dawson TP (2009) Alien invasions from space observations: detecting feradigoat
impacts on Isla Isabela. Gal"pagos Islands with the AVHRR. Int J Remote Sens 30:423+4833
Huang C, Davis LS, Townshend JRG (2002) An assessment of support vector machines fanand

cover classi®cation. Int J Remote Sens 23:725+749 415
JZger H, Kowarik I, Tye A (2009) Destruction without extinction: long-term impacts of an invasige
tree species on Gal"pagos highland vegetation. J Ecol 97:1252+1263 417

Kerr S, Cardenas S, Hendy J (2004) Migration and the environment in the Gal'pagos: an amaly/sis
of economic and policy incentives driving migration, potential impacts from migration contod,
and potential policies to reduce migration pressure. Motu Economic and Public Policy Reseaach,
Wellington 421

Lang S (2008) Object-based image analysis for remote sensing applications: modeling reatiy
dealing with complexity. In: Blaschke T, Lang S, Hay GJ (eds) Object-based image anaiysis:
spatial concepts for knowledge-driven remote sensing applications. Springer, Berlin 424



Editor's Proof

425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457

172 A.L. McCleary

MacFarland C, Cifuentes M (1996) Case study: Gal"pagos, Ecuador. In: Dompka V (ed) Human
population, biodiversity and protected areas: science and policy issues. Washington, DC,
American Association for the Advancement of Science

Meinel G, Neubert M (2004) A comparison of segmentation programs for high resolution remote
sensing data. Int Arch ISPRS 35:1097+1105

Ministerio de Agricultura y Ganaderia Programa Nacional de Regionalizacion Agraria
(PRONAREG), Institut Francais de Recherche Scienti®que Pour le Developpement en
Cooperation (ORSTOM), Instituto Nacional Gal"pagos (INGALA) (1987) Islas Gal"pagos:
Mapa de Formaciones Vegetales (1:100000)

Rodriguez J (1989) Una agricultura exigua en un espacio rural singular. Trama 49:13+15

The Nature Conservancy (TNC), Centro de Levantamientos Integrados de Recursos Naturales por
Sensores Remotos (CLIRSEN) (2006) Cartograf*a Gal"'pagos 2006: conservaci'n en otra
dimensi'n (1:50,000)

Trueman M, Hannah L, d'Ozouville N (2010) Terrestrial ecosystems in Gal'pagos: potential
responses to climate change. In: Ona IL, Di Carlo G (eds) Climate change vulnerability assess-
ment of the Gal"pagos Islands. Quito, World Wildlife Fund and Conservation International

Tye A, Soria M, Gardener M (2002) A strategy fol"Bagos weeds. In: Veitch CR, Clout MN (eds)
Turning the tide: the eradication of invasive spe¢proceedings of the International Conference of
Eradication of Island Invasives). Aukland, New [a@atl, IUCN Species Survival Commission

Vilema H, Carrion C, Gordillo P (2003) Plan Estrategico del Canton Isabela. Gobierno Municipal
de Isabela, Puerto Villamil

Villa A, Segarra P (2010) El cambio hist'rico del uso del suelo y cobertura vegetal en el "rea rural
de Santa Cruz y San Crist'bal. Gal"pagos report 2009+2010. CDF, GNP, CGG, Puerto Ayora,
Gal"pagos

Walsh SJ, McCleary AL, Mena CF, Shao ], Tuttle JP, Gonz"lez A, Atkinson R (2008) QuickBird
and Hyperion data analysis of an invasive plant species in the Gal"pagos Islands of Ecuador:
implications for control and land use management. Remote Sens Environ 112:1927+1941

Walsh SJ, McCleary AL, Heumann BW, Brewington L, Raczkowski EJ, Mena CF (2010)
Community expansion and infrastructure development: implications for human health and
environmental quality in the Gal"pagos Islands of Ecuador. J Lat Am Geogr 9:137+159

Watson J, Trueman M, Tufet M, Henderson S, Atkinson R (2009) Mapping terrestrial anthropo-
genic degradation on the inhabited islands of the Gal"pagos Archipelago. Oryx 44:79+82

Wiggins IL, Porter DM (1971) Flora of the Gal"pagsknds. Stanford University Press, Stanford, CA



