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Summary: Dry forests are under much higher pressure from deforestation than humid forests, yet less attention has been
paid to these forests. To develop better management strategies, it is necessary to analyse the dynamics of these forests at
different scales and to assess their potential to recover from natural or human disturbances. This study combines broad
and fine scales to investigate temporal changes: at broad scale we use aerial photos (from 1949, 1962, and 1999) and GIS
to document land-cover change during a long-term period of 50 years; at fine scale we use spatial gradient analyses to
document changes in species composition during a short-term period of four years. Re-sampling of the same clevational
gradient (100-460 m a.s.l.) provides both a spatial and temporal gradient. Plausible causal links between human impact and
documented changes are evaluated by means of ordination and Monte Carlo permutation tests. Density and diversity of
seedlings, juveniles, shrubs, and trees were investigated in permanent plots from 2003 to 2007 along an elevational gradi-
ent. Approximately 17% of the forest has been lost during the last 50 years; giving an annual forest decline of 0.33%. The
forest degradation during the 50 years in northern Peru was mainly due to agricultural expansion. During 1949-1962 forest
declined by only 1.7%, while a greater forest decline took place during 1962-1999 (15% decline). Reasons for the greater
forest loss during 1962-1999 are discussed. A new agrarian land reform from 1969 and population increases are likely rea-
sons. The gradient analyses show a clear increase in species richness and spatial turnover in species composition along the
elevational gradient. The ordination analysis reveals a significant change in species composition from 2001 to 2005, and we
hypothesise that this may relate to browsing and logging activities. Although the number of faeces and signs of logging did
not have a significant correlation with the ordination axes, the Monte Carlo permutation test in redundancy analysis (RDA)
reveals a significant effect of browsing on species composition. The changes in species richness and species composition
with elevation may be due to climatic differences between the lowland and upland mountain study area, rather than different
intensity of human land use. Browsing and logging activities take place quite evenly over the entire study area, rather than
being restricted to a certain area. Re-sampling of the permanent plots reveals that the lowland species Prosopis pallida was
the only species able to survive from seedling stage to juvenile stage during the four-year investigation period. About 30%
of the Prosopis pallida seedlings developed into juveniles, which indicates that this species may be better adapted to drought
than other species in this environment.

Zusammenfassung: Obwohl tropische Trockenwilder in stirkerem Ausmal} von dem globalen Trend der Entwaldung
betroffen sind als tropische Feuchtwilder, wurde ihnen bisher vergleichsweise wenig Aufmerksamkeit zuteil. Um bessere
Managementstrategien zu entwickeln, ist es notwendig, die Dynamik dieser Wilder und ihr Regenerationspotential auf
unterschiedlichen Skalen zu untersuchen. In der vorliegenden Studie werden grof3riumige und kleinrdumige Untersuchungs-
ansitze kombiniert um zeitliche Verinderungen am Beispiel eines Untersuchungsgebiets im Norden von Peru aufzuzei-
gen. Die groBriumige Analyse stitzt sich auf Luftbilder aus den Jahren 1949, 1962 und 1999; der kleinrdumige Ansatz
beleuchtet im Zuge einer riumlichen Gradientenanalyse, die Verdnderungen der Artenzusammensetzung innerhalb eines
Betrachtungszeitraums von vier Jahren. Als Folge des Landnutzungswandels bzw. der Ausweitung und Intensivierung der
agrarischen Nutzung, ist eine Abnahme der Waldfliche von ca. 17% zu verzeichnen. Eine Gradientenanalyse zeigt die
deutliche Zunahme der Artenvielfalt und des Artenwechsels entlang des betrachteten Héhengradienten (100 — 460 m NN).
Statistische Analysen zeigen zudem, dass sich die Artenzusammensetzung zwischen 2001 und 2005 signifikant verdndert hat.
Die Zusammenhinge mit verinderter Beweidungs- und Holznutzung, aber auch klimatischen Einflissen werden diskutiert.
Exemplarisch wird anhand einiger Arten aufgezeigt, dass unter den gegebenen Umweltbedingungen und -verinderungen
nur wenige Individuen einzelner Arten (z.B. Prosopis pallida) das Keimlingsstadium tiberleben und somit die Bestandsverjiin-
gung gewihrleisten konnen; innerhalb des vierjahrigen Betrachtungszeitraums aber von anderen Arten nicht eine einzige
Jungpflanze das Jugendstadium tiberlebt hat. Insgesamt verdeutlicht die Studie die extremen Umweltbedingungen, das fragi-
le Gleichgewicht in diesen Lebensrdumen und die besondere Tragweite sich dndernder anthropogener Einfliisse.
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1 Introduction

Neatly half of the tropical and subtropical for-
ests worldwide are dry forests (MurPHY and LuGo
1986). Dry forests and savannas occupy a fifth of
the Earth’s land surface and support a large propor-
tion of the world’s human population and most of
its rangeland, livestock, and wild herbivore biomass
(Scrores and ARCHER 1997). While there has been
a strong global focus on the threats to evergreen
rain forests due to their overwhelming biodiversity,
tropical dry forests and savannas are also diminish-
ing (JANZEN 1988; MiLEs et al. 20006), and this may be
an even bigger problem since millions of people are
dependent on these ecosystems for their livelihood
(BEHNKE et al. 1993; SANKRAN et al. 2005; FURLEY et
al. 2000). Consequently, dry forests are under high-
er pressure from deforestation than humid forests
and their size has been considerably reduced (FAO
2001). Although tropical dry forest is now consid-
ered to be the most endangered ecosystem in the
lowland tropics (JANZEN 1988; GILLESPIE et al. 2000;
LiNARES-PALOMINO and PONCE ALvarez 2005), very
few studies have analysed deforestation and forest
fragmentation in these ecosystems (GILLESPIE et al.
2000; PENNINGTON et al. 2006). Peru has the second
largest area of tropical forest in Latin America (FAO
2005). There are 3230 million hectares of dry forest
in northern Peru (Tumbes, Piura, and Lambayeque),
with 67% in Piura (CABREJOS VASQUEZ et al. 2000).
The dry forests of Piura Province have a high density
and richness of tree species (LINARES-PALOMINO and
Ponce Arvarez 2005), but it is also claimed that this
area is being rapidly destroyed by deforestation and
fragmentation (e.g. COTLER and Maass 1999).

Studies that aim to analyse land-cover chang-
es and to understand the dynamics of dry forests
are often conducted over a few years, i.c. less than
three years (Hamanx 1985; Soro 1985; DiLLON
and RUNDEL 1990; ArRMESTO et al. 1993; FERREYRA
1993; GuTiErrEZ et al. 1993; 2000). More recently,
long-term investigations have been carried out by
applying one scale and one method (e.g. CONDIT et
al. 1996; Brock and RicHTeER 2000; HAaMaNN 2001,
RicHTER 2005; RicHTER and Isk 2005). However, if
one aims to understand the dynamics of dry tropi-
cal forests, multi-scale analyses are needed (NILSSON
and GRELSSON 1995). This is because the spatial and
temporal variations in precipitation are very high
when the annual precipitation is low (Noy-MEIR
1973), and water is the dominant controlling factor
for biological processes in general and dry ecosys-
tems in particular (O’Brien 20006; VETAAs 2000).

This is further complicated by the climatic El Nifio
Southern Oscillation (ENSO) phenomenon that
causes severe amounts of precipitation at uneven
intervals in north-western South America (BENDIX
et al. 2011). Therefore comparable long-term studies
at different scales are essential to test fundamental
questions about ecosystem stability in climate ex-
tremes (HOLMGREN et al. 2006a, 2000b; ZEMMRICH
2007). Ecosystems that appear unstable at fine spa-
tial scales may be stable when viewed at broader
spatial scales (VETAAS 1993; ZEMMRICH 2007). Also,
relationships which are obvious at broad scales, for
example between climate and vegetation, may disap-
pear at finer scales, overridden by the effects of com-
petition and other biological factors (WiExs 1989).
Studies conducted on several scales will give a better
resolution of domains, of patterns and their determi-
nants, and of the interrelationships between scales
(WiENs 1989; FArINA 2000). This type of multi-scale
approach is necessary to understand the dynamics of
these forests, including how dry forests respond to
irregular precipitation patterns (WELTZIN and TISSUE
2003; ScHuLz et al. 2011), and the potential to re-
cover from natural or human disturbances or stress
(WIEGAND and JerrscH 2000; WeLTZIN and Tissuk
2003; CHESSON et al. 2004; SCHWINNING et al. 2004).
This is also a prerequisite if one wishes to develop
better management strategies for dry forests in Peru
that are, at present, very little studied (LINARES-
ParomiNo and PoNck Arvarez 2005).

This study investigates changes in semi-arid
forests using three approaches at two levels of in-
vestigation: at a broad scale we investigate land-
cover changes using aerial photos and GIS, and at
fine scales we investigate (a) species composition
along an clevational gradient from a small forested
mountain that was sampled twice (2001 and 2005),
and (b) change in individual perennials and regen-
eration of seedlings by monitoring permanent plots
on the same small forested mountain from 2003
to 2007. The broad-scale study covers a period of
50 years, while the fine-scale studies cover a four-
year period. Since human use of dry forests may
also contribute to disturbance in these areas, the
influence of humans is included and discussed. We
developed four objectives for this study:

1. To document land-cover changes at a broad scale
during a period of 50 years, based on the interpreta-
tion of aerial photos.

2. To test if there are fine-scale changes in woody
species composition in a four-year period based on
repeated spatial gradient analyses (2001 and 2005).
3. To monitor regeneration of important shrubs and
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trees on a fine-scale using permanent plots (2003 2  Study area

to 2007).

4. To discuss plausible causal links between human Field work was carried out in Piura Province in
impact and land-cover changes found at a broad northern Peru (05°08°S, 80°09"W, Fig. 1). The study
scale and species composition and regeneration on  area consists of a flat lowland area with forest and

finer scales.

agriculture intermixed, and a small forested moun-
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Fig. 1: Map of the study site
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tain ranging from 110 to 469 m a.s.l. (Fig. 1). Soil
horizons are characterised as AC with soil types of
Arenosols and Regosols, and the texture is sandy to
clay with medium-sized particles of gravel INRENA
1998).

Average annual precipitation, excluding ENSO
years, is 266 mm" in Chulucanas and the area is clas-
sified as semi-arid forest (Nov-MEIR 1973; SHMIDA
1985). The precipitation period in northern Peru is
usually from November/December to April/May,
with a dry period from April/May to November/
December. During ENSO years the increase in
precipitation may be severe: precipitation during
the ENSO years of 1983 and 1998 was 15.5 and 13
times higher, respectively, than annual average pre-
cipitation in the semi-arid environment. During the
ENSO event of 1982/83, rainfall in Chulucanas often
approached or exceeded 100 mm per day (GOLDBERG
et al. 1987). Also, years with no precipitation oc-
cur in northern Peru, which is 2 common feature in
dry environments (Noy-MEIR 1973; VETAAS 1993).
Temperatures in lowland Piura are stable through-
out the year, and the average temperature ranges be-
tween 29.5 °C (July) and 33.4 °C (February).

The landscape of the study region is a mixture
of different types of dry ecosystems and cultivated
fields (INRENA 1998). The dominant forest type is
dry open forest and shrub-land in a tropical envi-
ronment (INRENA 1998). Drought-adapted species
like Prosopis pallida (algarrobo) dominate. Other tree
species such as Capparis angulata (sapote), Bursera gra-
veolens (palo santo), Loxopteriginm huasango (hualtaco),
Caesalpinea paipai (charan) and Capparis ovalifolia (vi-
chayo) are also present (CABREJOS VASQUEZ et al. 2000;
ExtveDpT 2011). Trees in the study area are scattered
and adapted to a dry climate, as is typical for semi-
arid forests in general (NOYy-MEIR 1973; INRENA
1998). The semi-arid land is used for agriculture as
well as for grazing and browsing activities. The area
is impacted by humans, as households are positioned
in and close to the study site, with some land areas
used for cultivation, while others are used as brows-
ing areas. The forested mountain site is used for
browsing, selective logging, and fuel wood collection
(Exrvepr 2011). Regulations on the use of natural

U Monthly precipitation and temperature data from
Chulucanas (05°067127, 80°09°577), 1942-2006; Proyecto
Especial Chira-Piura (PECHP); http://www.chirapiura.gob.
pe/principal.php and Servicio Nacional de Meteoroldgica e
Hidrolégica del Pert (SENHAMI); http://www.senamhi.gob.
pe. Contact persons: Ing. Hector Yauri Quispe, superior of
SENAMHI, Piura, Peru, and Ing. Grover Otero, former su-
perior of PECHP, Piura, Peru.

resources exist in the study area: It is illegal to har-
vest trunks of living trees without a written authori-
sation from Forest Engineers at Instituto Nacional
de Recursos Naturales (INRENA) (CONGRESO DE
LA REPUBLICA DEL PERU 2000, article 1 (docu-
ment lack page numbers)). Branches from living trees
and dead trees can be collected. Forest resources can
be harvested for household consumption, but not for
sale. Forest Engineers and the Forest Police (Policia
Forestal) control the harvest.

3 Methods
3.1 Aerial photo interpretation

Aerial photos and GIS were used for the broad-
scale analysis. Aerial photos from 1949 (1:20,000),
1962 (1:60,000), and 1999 (1:30,000) covering an area
of 25.3 km? were rectified and land cover as well as
land-use units were identified based on field stud-
ies and aerial photo-interpretation. The scales and
resolution of the aerial photos allowed us to identify
individual trees, making it feasible to distinguish be-
tween forested and non-forested areas. The semi-arid
forests in our study area are classified as ‘open forest’
by INRENA (1998). ‘Open forest’ is defined by FAO
(2000) as having a canopy cover of between 10% and
30% on a minimum land area of 0.05-1.0 hectares.
We defined forest as a minimum land area of 1.0 hec-
tare with tree crown cover of more than 20%. To dis-
tinguish the small mountain area from the lowland
area, contour lines were drawn on the aerial photos
from 100 m a.s.l. to 400 m a.s.l. Cultivated land was
seen on the aerial photos as clearly defined borders
with land areas used for cultivation of crops (maize,
rice, yucca, etc.). Plantation refers to fields with plant-
ed trees (lemon, mango, ctc.). They were recognised
on aerial photos as patches with trees in rows. River
denotes areas where moving water was present. Food
plain refers to areas with scarce vegetation cover
due to erosion. Roads represent routes for travel or
transportation. The roads had sandy soils, with the
exception of one main road which had permanent
pavement (not in 1949) and was used for motorised
traffic. The sandy roads were usually path sized and
suitable only for walking. Some, at ca. 2 metres wide,
were wide enough for donkeys pulling carts. No dis-
tinction has been made between narrow and wide
roads in the aerial photo classification. Land areas
have been identified as ‘fragmented’ if a ‘road’ is vis-
ible on the aerial photos and if it divides a formerly
continuous patch. [vid refers to areas which appear


http://www.chirapiura.gob.pe/principal.php
http://www.chirapiura.gob.pe/principal.php
http://www.senamhi.gob.pe
http://www.senamhi.gob.pe

2012

T. M. Ektvedt et al.: Land-cover changes during the past 50 years in the semi-arid tropical forest ... 61

as shadows, and such areas are only found on the
1949 photo.

3.2 Ordination analysis of elevational transect

Vegetation analyses were carried out in 2001
along an elevational gradient on a small forested
mountain (Fig. 1), and in 2005 we conducted sur-
veys in the same locations following the same sam-
pling protocol. The surveys were carried out from
29 September to 11 October 2001, and from 3 to 10
July, 2005. We sampled 53 quadrats (5 X 5 metres)
along the elevation gradient from 110 m a.s.l. to 460
m a.s.l. The size of quadrats is within the grain size”
suggested for capturing forests using multivariate
techniques based on the concept of minimal area
and species—area curves (HALVORSEN OKLAND 2002;
KeNT and Cokker 1992). We used stratified random
sampling along a fixed transect (Fig. 2). The transect
consists of 11 rectangles of 30 by 100 metres, where
each of the 11 rectangles were divided into 12 small-
er sub-rectangles. Five of the twelve sub-rectangles
were randomly selected and a 25 square metre quad-
rat was located in the middle of the sub-rectangle
(Fig. 2). We used measuring tapes and a compass to
map the quadrats. Each of the eleven rectangles was
marked to ensure accurate re-sampling. We identi-
fied all species and estimated species abundance for
all woody species in each quadrat following the ex-
tended version of Hult-Sernader’s abundance scale
(Trass and MALMER 1973; Tab. 1).

If species identification was not possible in the
field, species samples were brought to botanists at
two universities in Piura city (Universidad Nacional
de Piura and Universidad de Piura) or the Museo de
Historia Natural in Lima, Peru. Due to annual fluc-
tuations in herbaceous plants and seasonality, only
perennial plants that were registered in both 2001
and 2005 were included in the ordination to investi-
gate change through time (Appendix 1). During the
survey we noticed that a few trees and shrubs that
were registered in the 2005 analysis, were absent in
the 2001 analysis. Due to the species’ size and the
short period between the surveys, we interpreted this
to be a small degree of inaccuracy in our surveying,
and those results were therefore removed from the
ordination analysis. Ross et al. (2010) demonstrate
that even though the original plot cannot be exactly

2 ‘Grain’ is the size of the individual units of observation,
the plot size or the sample units (WitNs 1989; WHITTAKER et
al. 2001).
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Fig. 2: The 53 quadrats of 25 m* (5 X 5 m) each were ran-
domly distributed across 11 large rectangles of 30 X 100 me-
tres covering the bottom (110 m a.s.L.) to the top (460 m a.s.1.)
of the mountain

relocated within the vegetation stand, it is possible to
detect reliable changes in species composition.

In each quadrat we measured elevation with an
altimeter. Settlements are found in the lowland study
area, and we assumed that if humans have influence
on land-cover composition, a larger influence would
probably take place in the lowlands compared to the
uplands of the study area. We counted the number
of faeces from sheep, goats, donkeys, and cows,
and noted whether cuttings of shrubs and/or trees
had taken place in the quadrat to indicate the de-
gree of browsing pressure and direct human impact,
respectively.

The strength and statistical significance of spe-
cies—environment relationships were analysed using
the program CANOCO 4.5 (Ter Braak 1987). Both
data sets (2001 and 2005) were preliminarily ana-
lysed by detrended correspondence analysis (default
settings) (DCA) (HiLL and Gauch 1980) to determine
the length of the gradient, to test the homogeneity of
the data, and to decide on which ordination analysis
to apply. The length of gradient determined by DCA
was > 2SD-units for the first axis, so we opted for
the unimodal ordination technique, correspondence
analysis (CA) with a biplot scaling (default settings),
to provide an optimal weighted average approxima-
tion for biplot interpretation of species—environ-
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Tab. 1: An extended version of Hult-Sernader’s abundance
scale (Trass and MALMER 1973) used in the study

Percentage cover Abundance scale
76—-100% cover
51-75% cover
26-50% cover
12.6 —25% cover
6.26-12.5% cover
< 6.25% cover

Single, young individual

[l NS TGN B S 4 o

ment relationships. The environmental factors were
coded as follows: time as 1 and 5 (2001 and 2005),
elevation as metres above sea level (m a.s.l.), human
impact as a dummy variable (1/0), and browsing as
log-transformed number of faeces in each quadrat.
In addition we included species richness as total
number of species (including herbs). The environ-
mental variables were correlated with the CA axes.
In addition, we performed a canonical correspond-
ence analysis (CCA) to investigate changes in spe-
cies related to time (2001 and 2005) and tested the
significance of elevation, human impact, and faeces us-
ing a Monte Carlo permutation test with 999 per-
mutations. CCA emphasises qualitative differences,
thus we also did a Monte Carlo permutation test in
redundancy analyses (RDA on a covariance matrix)
that emphasise differences in abundance. The dis-
tribution of quadrats or species in the CA diagram
indicates the degree of similarity between them:
quadrats or species that are positioned close to each
other in the diagram (see results section; Figs. 4 and
5) have a higher degree of similarity compared to
quadrats or species positioned further apart.

3.3 Regeneration of important shrubs and trees
using permanent plots along an elevational
gradient

Permanent plots were used to investigate
sprouting, growth, and survival of seedlings, juve-
niles, shrubs, and trees from 2003 to 2007. Six per-
manent plots of 25 m* each wete positioned along
a mountain slope to cover an elevational gradient
(Fig. 1). Plant abundance was estimated by the same
procedure as for the transects (Tab. 1). The shrub
and tree canopy circumference and the position of
the stump were drawn on a map, and all the species’
heights were noted. Seedlings were defined as small
plants with embryonic roots, embryonic shoots, and
cotyledons (seed leaves). Juveniles were defined as

perennial plants lower than 0.5 metres. Shrubs were
defined as perennial plants lower than 2 metres,
while trees were defined as perennial plants above
2 metres in height. We defined the division between
shrubs and trees at the height of 2 metres, because
this has been used in comparable studies in arid
and semi-arid environments where trees are gener-
ally low (MurpHY and LuGo 1986; INRENA 1998;
Extvepr 2003; HARPER et al. 2007). Vegetation
surveys and mappings at fine scale were carried out
four times during the period from 2003 to 2007.
The first two surveys were carried out by the third
author in February 2003 and November 2004, at
the beginning of and during the rainy season. The
two last surveys were carried out by the first author
at the end of the rainy season in April 2005 and
May 2007. The surveys were carried out in differ-
ent seasons to contribute to the understanding of
seasonal pulsation in the dry forest. The permanent
plots are few, but detailed canopy cover estimates
at a species level were done. Conclusions may not
be drawn on the basis on these permanent plots,
although trends may be implicated.

4 Results
4.1 Aerial photo interpretation

Interpretation of aerial photos from 1949, 1962,
and 1999 (Fig. 3) indicates four main changes: (1) The
total size of forest decteased by 16.6 % (359 ha) from
1949 to 1999, giving an annual decrease of 0.33%.
From 1949 to 1962 total forest size showed a small
decline, only 1.7% (37.2 ha), while forest size showed
a proportionally larger decline of 14.9% during 1962
to 1999 (321.5 ha) (expected decline for the period
given the previous rate of loss would have been
5.1%). (2) The total area of cultivated land increased
by 321 ha. (3) The number of patches increased dur-
ing the period of investigation: forest patches and cul-
tivated patches increased almost threefold during the
total period from 1949 to 1999. The largest increase
in number of patches was from 1949-1962 (Tab. 2).
Also plantation patches increased during the investiga-
tion period, with the largest increase in number of
patches from 1949 to 1962 (Tab. 2). (4) The coverage
of roads increased during the period, and both con-
tributed to a fragmentation of land areas and eased
access to them (Fig. 3).

To understand whether fragmentation has tak-
en place, we investigated the number of kilometres
of edges of forest patches from 1949 to 1999. In
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Fig. 3: Interpretation of land coverage in the study area
in 1949, 1962, and 1999. Aerial photos from Servicio Aero-
fotografico Nacional (SAN), and Instituto Geografico Na-
cional (IGN), Lima, Peru

1949 the total perimeter of all forest patches was
121 km, while in 1962 the number had increased
to 209 km. In 1999 the total perimeter of all for-
est patches was 242 km. The forest edges doubled
during the 50-year period. Figure 3 shows the frag-
mentation of land cover areas, the decline of forest
areas, and the increase in cultivated areas. At the
bottom of the right-hand corner of the aerial photo
from 1949 we see a larger patch classified as culti-
vated land. In 1962 the same patch is classified as
Jorest (Fig. 3). This classification was made because
we distinguished tiny stripes in a regular pattern
in the patch from 1949, which could be interpreted
as access paths for cultivation. In addition, no tree
crowns were seen in this patch in the 1949 photo.
However, tree crowns were clearly observed in an
irregular pattern on the 1962 photo, and we inter-
preted this to be a forest pattern. In the photo from
1999 we see that the same patch developed into a
mixture of both cultivated land and forest (Fig. 3).

4.2 Otrdination results

The ordination analyses revealed both a spa-
tial elevational gradient and a temporal gradient.
Change in species composition along the spatial ele-
vational gradient (lowland—upland) is represented by
the first CA-axis (Fig. 4 and Fig. 5). Species richness in-
creases with increasing elevation (Fig. 6) and shows
a significant correlation (0.30) to the first CA-axis
(Fig. 5). The second axis represents the zemporal gra-
dient (2001-2005). The CA analysis shows that the
floristic composition of some quadrats changed only
slightly from 2001 to 2005, whereas other quadrats
experienced larger changes in species composition
(Fig. 4). This spatio-temporal configuration is con-
firmed by correlations, where both elevation has a
significant correlation with the first axis (0.59) and
time has a weak correlation with the second axis
(0.18) and a stronger correlation with the third axis
(0.32) (Tab. 3). A Monte Carlo permutation test (999
permutations) in canonical correspondence analysis
(CCA) revealed that temporal changes (Zime) as well
as the spatial component elevation (7 a.s.l) were
significant. The same test showed that logging (bu-
man impact) and browsing (represented by number
of faeces) were not significantly correlated to any of
the CCA-axes (Tab. 4). However, redundancy anal-
ysis (RDA), which emphasises changes in species
abundance more than qualitative changes of species
composition, indicated that browsing (faeces) was a
significant factor (Tab. 4).
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Tab. 2: Total hectare (ha), number (nr) of patches for the categories lowland forest, hill forest, cultivated, plantation, river, flood plain

and void in the years 1949, 1962 and 1999

1949 1962 1999

No. of No. of No. of

Totalha patches Totalha patches Totalha patches
Forest 2164.4 37 127.2 107 1805.7 113
Cultivated 2271 61 206.1 132 547.9 177
Plantation 115.7 24 192.5 51 92.3 34
River 23.9 1 26.3 3 35.7 1
Flood plain 10.1 16,8 31 98,6 40
Void 22.5 2 0 0 0 0
TOTAL 2563.7 133 2568.9 324 2580.2 364

Figure 5 depicts the position of species with
respect to the temporal gradient and spatial eleva-
tional gradient. Species with a high score on axis
two have increased in number and/or abundance
from 2001 to 2005, whereas a negative score on
axis two indicates a decrease in number and/or
abundance from 2001 to 2005. Jacqguemontia promin-
ens (Jacq pro), Abutilon reflexum (Abut ref), Capparis
scabrida tree (Capp sct), Cordia lutea tree (Cord
lut), Prosopis pallida tree (Pros pat), Loxopteryoginm
huasango shrub (Loxo hus), Acacia macracantha
tree (Acac mat) and Caesalpinia paipai tree (Caes
pat) all have a higher degree of presence in 2001
than in 2005. Species that had a higher presence
in 2005 compared to 2001 are Cordia lutea shrub
(Cord lus), Ruellia floribunda (Ruel flo), Bursera gra-
veolens tree (Burs grt), Lantana scabiosaeflora (Lant
sca) and Prosopis pallida shrub (Pros pas). Two
species, Ophryosporus peruvianus (Ophr per) and

Loxopterygium huasango (tree) (Laxo hut), seem to
be outliers. They both had low frequency and
the interpretation of their changes is not certain.

Prosopis pallida dominates in the lowlands (Fig. 5).

4.3 Results of regeneration in permanent plots
analyses

The canopy cover of shrubs and trees de-
creased in the period 2003—-2007 at low eleva-
tions (110 m a.s.l)) (plots 1 and 2; Fig. 7). The
number of shrubs and trees decreased, while ju-
veniles increased from 2003-2007. No seedlings
were found in 2003 and 2004, but seedlings were
registered in 2005: thirty-five in plot 1 and thir-
teen in plot 2. Of these, 26.5% (plot 1) and 30%
(plot 2) had developed to juveniles by 2007 (Fig.
7). All seedlings developed outside the canopy

2005

©

o

<

S

20014—
-1.0 1.0
Upland Lowland

Fig. 4: Correspondence analysis showing the distribution of quadrats analysed in 2001 (circles) and 2005 (squares). The first
axis is an elevation gradient (lowland—upland), while the second axis represents the time gradient (2001-2005). Environmen-
tal variables such as human impact (hum-imp), elevation (masl), number of species (spp-no), faeces, and time are shown
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Fig. 5: Correspondence analysis of the species composition
in relation to environmental variables such as human impact
(hum-imp), elevation (masl), number of species (spp-no),
faeces, and time are shown. The first axis is an elevation
gradient (lowland—upland), while the second axis represents
time (2001-2005)

coverage of other shrubs and trees. All species
found at low elevations were P. pallida (except for
one single Acacia macracantha).

The canopy cover of trees remained stable or
decreased slightly at mid elevations (220 m a.s.l.)
(plots 3 and 4; Figs. 7 and 8). None of the juveniles
grew up to become shrubs in the period 2003-2007.
An increasing number of species was seen at mid el-
evations: in addition to P. pallida, we also registered
Cordia lutea (overal), Caesalpinia paipai (charan), and
Bursera graveolens (palo santo). Seedlings were only
present in 2005 and 2007. In 2005 seedlings of B.
graveolens, P. pallida, and C. paipai were present, but
none survived until 2007. However, seedlings of C.
lutea appeared in 2007 (Figs. 7 and 8).

All trees and most shrubs at high elevations
(380 m a.s.l) (plots 5 and 6; Fig. 8) were stable over
the period of investigation. The only juvenile individ-
ual (plot 5in 2003 and 2004) did not survive in 2005.
A large number of seedlings of B. graveolens were reg-
istered in plot 5 (55 seedlings) and plot 6 (107 seed-
lings) in 2003, but all had died by November 2004.
In 2005 seedlings from several species (A. macracan-
tha, B. graveolens, C. paipai, and C. lutea) appeared, but
none survived until May 2007 (Fig. 8).

5 Discussion

The aerial photo interpretation revealed long-
term land-cover change and showed that the forest
decreased by ~17% over the last 50 years, giving an
annual decline of 0.33%. The decrease in forest was
probably caused by an increase in cultivated land. The
number of patches increased most in the categories of
Jorest and cultivation, indicating that these areas have de-
creased in plot size. The ordination analysis showed
a change in species composition during the four-year
investigation. The permanent plots were few but de-
tailed, and indicated that Prosopis pallida was the only
species that was able to survive from seedling to juve-
nile, whereas seedlings of all other species died during
the four years of investigation.

5.1 Long-term land-cover change

This study is one of few studies with regard to
land-cover change in dry tropical hardwood forest in
northern Peru covering 50 years. This research has
shown that dry forests in northern Peru are being
transformed to agricultural land and that the average
forest decline is 0.33% per year. Increased agricultural
activities have been found to be one of the primary
factors in deforestation and fragmentation in 96% of
152 tropical forests investigated, followed by wood
extraction and infrastructure expansion (GEIST and
LAMBIN 2002). Demographic, economic, technological,
cultural, policy, and institutional factors are also con-
sidered to be underpinning causes of deforestation (e.g.
Grist and LAMBIN 2002; LAMBIN et al. 2003; CHAZDON
2003; MENA et al. 2006; Kaimvowrtz and ANGELSEN
2008). Increase in agricultural activities is the most
likely reason for forest loss in northern Piura, since
forest loss (359 ha) nearly corresponds to the increase
in cultivated land (321 ha) during the 50-year period
investigated. Our results are in accordance with other
studies carried out in Peru which also demonstrate that
forests are being transformed to agriculture (e.g. FAO
2010). The total deforestation rate in Peru from 1990 to
2000 was estimated by FAO (2001) to be 0.4% per year.

It is challenging to compare deforestation rates
between studies because different classification sys-
tems, different frequencies, and assessment methods
are often used when monitoring forests. Different for-
est definitions are used for different purposes and this
makes global and continental forest estimates diverse
(e.g- ALLEN and BarNEs 1985). However, the FAO, in
collaboration with countries and key partner organisa-
tions is currently undertaking a remote-sensing survey
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Fig. 6: Total number of shrubs, total number of trees, and total number of all species (including hetbs) along the elevational
gradient of the small forested mountain in 2001 and 2005. Total number of species (including herbs) increased from 2001
to 2005, and total number of species increases with increasing elevation. There was a quite stable level of trees from the
lowland to the upland, while number of shrubs increased with elevation, but showed a decreasing trend from 2001 to 2005

of forests, sampling about 13,500 sites over a period of We found that during 1949-1962 forest loss was
15 years and this will provide more accurate data on  ‘only’ 1.7%, while during 1962—1999 forest loss was
global and regional rates of deforestation by the end of  nearly three times greater (15% in total). Several pos-
2011 (FAO 2010). sible factors can explain the increased forest loss seen
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Tab. 3: Inter-set correlations of environmental variables
with axes in the ordination analysis. Environmental varia-
bles are faeces, elevation (masl), human impact (hum-imp),
and time. Number of species in each plot (spp-no) is corre-
lated to see the spatial distribution of the richness gradient

Name AX1 AX2 AX3 AX4

Eigenvalues 0.3305 0.2824  0.2650 0.2527
faeces 0.10 0.07 0.08 0.09
masl -0.59 -0.04 -0.07 -0.33
hum-imp -0.02 0.09 -0.04 -0.15
time -0.10 0.18 0.32 0.14
spp-no -0.36 -0.06 0.12 -0.02

on the aerial photos after 1962. One possible expla-
nation is the agrarian land reform that took place in
1969. Before this reform, Peruvian land ownership
structure was uneven: a small group of landowners
(< 2%) owned more than 80% of the arable coastal
land (HupsoN 1992). The land reform restructured
this uneven division of land, and transferred ownet-
ship to the employees and workers (Hupson 1992).
This resulted in an increase in the number of land-
owners and more fragmented land.

Another possible explanation for increased for-
est loss during 1962—1999 may be due to population
increase and thus a need to convert forest areas to
agricultural land. In 1940 Piura district was the sixth
most populated district in the country with 432,044
inhabitants (INEI 2003). In 1993 Piura had become
the second most populated district, next to Lima,
and in 2003 the total population size in Piura was
1,660,952 (INEI 2003).

A third possible explanation can be a change in
poverty levels for the locals (and therefore greater
dependence on forest resources for survival, or con-
verting forest areas to agricultural land). The degree
of poverty is measured by The Peruvian National
Statistical Institute (INEI, www.inei.gob.pe) using
two alternative measurements besides houschold
income: the Unsatisfied Basic Needs (UBN) index
and the caloric deficit (INEI 2005; JAPAN BANK
FOR INTERNATIONAL COOPERATION 2007).
Between May 2003 and April 2004, 62.6% of the
population in Piura were considered poot, with 22%
of these considered extremely poor (INEI 2005). In
2009 Piura department had decreased their level of
poverty to 39.6% (no information on extreme pov-
erty) (INEIY). A reduction in poverty level of 23% in

¥ Source: www.inel.gob.pe (accessed August 2011):
"Informacién Social’, "Perfil de la pobreza 2005-2009’, 2 —
Incidencia de la Pobreza en el 2009’ Pert: Incidencia de la

nine years seems dramatic. A plausible explanation
for this is that the methods used to measure poverty
have changed several times (THE WORLD BANK
2008) and this has resulted in questions about the
quality of the statistics and criticism of INEI for not
presenting transparent statistics (e.g. SALAZAR 2008;
Martuk 2011; LarreA 2011). However, if it is correct
that poverty has decreased in Piura in recent times, it
exemplifies that the land reform, and the subsequent
transformation of forest to agriculture land has had
a delayed but positive impact on human welfare in
the study area.

This change has also resulted in more fragmen-
tation during the last 50 years. The effect of frag-
mentation on forest dynamics is that species com-
position may be modified and single species may be
threatened, as found in other tropical forests where
human interaction took place (e.g. GUARIGUATA and
Duruy 1997; EcHEVERRIA et al. 2007), depending on
the size of the patch, its species composition, and its
degree of isolation. If the distances between similar
plots are small, spreading of plants from one plot to
the next can still take place (FARINA 20006). Prosopis
pallida was the dominant species in the lowland area,
and can easily spread even if a ‘road’ divides a forest
area, and may not suffer from fragmentation caused
by ‘roads’ as defined in this study. However, other
species may suffer from this kind of fragmentation,
but a negative relationship between species rich-
ness and fragmentation in tropical forests used by
humans is not always supported (FAUDE et al. 2010).

5.2 Short-term vegetation change

The ordination analysis indicates a clear spatial
elevational gradient in both species composition and
species richness (Fig. 5 and 6). The latter increases
with elevation, which has been demonstrated in
many studies, and it has been correlated to change in
climate along the elevational gradient (BaArucH 2005;
BuaTTARAL and VETAAS 2003). The average tem-
petature decteases by 6.49 °C/1000 m based on the
Environmental Lapse Rate (ELR) which is the inter-
national standard value set by the International Civil
Aviation Organization (ICAO) (ICAO, 2002). The
difference in elevation at our study site is 350 metres,
indicating a temperature difference of 2.3 °C be-
tween the lowland and upland of the forested moun-

pobreza, segin departamentos, 2008 y 2009, Piura = 39.6%
(2009). Statistic source: INEI — Encuesta Nacional de Hogares
(ENAHO), Anual 2008 y 2009.
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Fig. 7: Permanent plots at 110 m a.s.L. (plots 1 and 2) and 220 m a.s.l. (plot 3). Each species is marked with the first two letters
of the species name. Those without a symbol ate Prosopis pallida (due to abundance). Species height (in metres) is given
next to the root
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Fig. 8: Permanent plots at 220 m a.s.l. (plot 4) and 380 m a.s.l. (plots 5 and 6). Each species is marked with the first two

letters of the species name. Those without a symbol are Prosopis pallida (due to abundance). Species height (in metres) is
given next to the root
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Tab. 4: Unrestricted Monte Carlo Permutation Test with 999 permutations with the CCA and RDA analyses

CCA-analysis

RDA-analysis

F-value P-value F-value P-value
Time 8.0 0.001 15.0 0.001
Elevation 8.2 0.001 8.7 0.001
Faeces 0.5 0.9 (ns) 2.3 0.026
Human impact 1.0 0.42 (ns) 0.3 0.98 (ns)

tain. This may create a higher degree of moisture at
higher elevations compared to the lowland area due
to reduced evapotranspiration resulting in a higher
number of species than would be expected (O’BRIEN
20006). This has been documented for similar forests
in South America (BarucH 2005).

As mentioned in the method section, a small
inaccuracy in our surveying while sampling could
occasionally have occurred, since we registered
some perennial plants in 2005 that were absent in
the 2001 analysis. However, Ross et al. (2010) ad-
dressed whether relocation uncertainty can affect
the validity of the results by re-measuring a 50-year-
old study, where original geographical coordinates
were relocated to the nearest 100 m x 100 m and
plot size was 4 m*. The authors concluded that even
though the original plots cannot be exactly relo-
cated within the vegetation stand, reliable changes
in species composition are still possible to detect
(Ross et al. 2010). In several other studies consider-
ing revisiting plots, only some selected plots have
been re-measured (Ross et al. 2010). In this study
all the plots were re-measured, minimizing the risk
of random noise (Ross et al. 2010).

The long-term investigation (50 years) found
increased agricultural and decreased forest cover
that may have influenced species composition in
the area as demonstrated in other tropical forests
(e.g. ECHEVERRIA et al. 2007). The ordination analy-
sis indicates a weak, but significant change in spe-
cies composition with time. However, the ordina-
tion analysis did not reveal a significant relationship
between species composition and human impact or
faeces, but a Monte Carlo permutation test in RDA
(emphasis on difference in abundance) revealed a
significant effect of faeces on species composition.
Several studies have shown that human interac-
tion can change species diversity and abundance
in tropical dry forest environments (VETAAS 1993;
GiLLESPIE et al. 2000; RicHTER and Ise 2005; GWALI
et al. 2009). Human impact and browsing are
challenging to measure, especially on a small spe-
cies matrix. The method used in this investigation
may not be able to capture human impact satisfac-

torily, probably because consumption of forest re-
sources and browsing takes place quite evenly over
the entire study area, rather than being restricted
to a certain area. It is easier to demonstrate the ef-
fect of human impact when plots with easy human
access have less species diversity and abundance
than plots with difficult human access (GWALI et
al. 2009). Thus we hypothesise that browsing may
have an effect on species composition, but further
investigations are necessary to test this empirical-
ly. The investigation of permanent plots revealed
that seedlings emerged after precipitation events in
2003, 2005, and 2007. Only seedlings of Prosopis pal-
lida survived from seedling stage to juvenile stage
(survival rate of about 30%). The amount of pre-
cipitation from the beginning of the rainy period
to the survey each year did not exceed 120 mm
in Chulucanas (PROYECTO ESPECIAL CHIRA-
PIURAY), indicating that most of the species need
higher precipitation rates to survive from seedling
to juvenile stages, which has been demonstrated
along the coastal desert of northern Chile (ScHULZ
et al. 2011). Bursera graveolens, Acacia macracantha,
Caesakoannia paipai, and Cordia lutea had a high death
rate of seedlings during the survey period, which is
common in arid and semi-arid forests (HALL et al.
1964; GERHARDT 1996). A high death rate of Bursera
graveolens  (Hamman — 2001;  LINARES-PALOMINO
and PoNce Arvarez 2005) and Acacia macracantha
(RicHTER 2005) have previously been found in
similar environments. The permanent plots and the
gradient analyses revealed that recovery of plant
cover and spatio-temporal trends in species com-
position in dry lands is strongly controlled by water
availability (HOLMGREN 2008; CHESSON et al. 2004;
ZeMMRICH 2007; ScHULZ et al. 2011).

Y Monthly precipitation data from Chulucanas climate
station (05°067127, 80°09°57""), Proyecto Especial Chira-
Piura (PECHP); http://www.chirapiura.gob.pe/principal.
php. From the beginning of the rainy period until vegetation
registration that year, it rained: October 2002—February 2003
= 99.1 mm. From September 2003—November 2004 = 6.1
mm. From September 2004—April 2005 = 117.0 mm. From
November 2006—May 2007 = 84.3 mm.


http://www.chirapiura.gob.pe/principal.php
http://www.chirapiura.gob.pe/principal.php
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6 Conclusions

This study is one of few studies on semi-arid
forests in northern Peru and has documented for-
est loss over the last 50 years. From 1949 to 1999,
the size of forest declined by ~17%, corresponding
to an average forest decline of 0.33% annually. The
forest degradation during the 50 years in northern
Peru was mainly due to agricultural expansion, as
also seen in many other studies. Forest declined
about 1.7% during 19491962, while a greater for-
est decline of 15% was seen during 1962—-1999. A
new agrarian land reform in 1969 and population
increases are likely reasons for the transformation of
forest to agriculture land and an increase in number
of patches in the period from 1962-1999, which may
be the underpinning reason for a reduced poverty
level in the area. On a finer scale of resolution we
found a significant difference in species composi-
tion between the two years (2001 and 2005) of
sampling, and we hypothesise that this may relate
to browsing, but the statistical tests were not equiv-
ocal. The change in species richness and species
composition with elevation may be due to climatic
differences between the lowland and upland moun-
tain study area, rather than the different intensity
of human land use. The seedling monitoring in the
permanent plots (2003 to 2007) revealed that about
30% of the Prosopis pallida seedlings developed into
juveniles, but all other seedlings died. This species
may be better adapted to drought than other species

in this environment, and other species may need
higher amounts of precipitation than that which fell
during 2003 to 2007. The knowledge gained from
this study may be important for future causal stud-
ies on the driving forces in dry forests found in a
matrix of agriculture land.
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Appendix 1: Species scores (biplot scaling) ranged after axis 1 scores

N Shortening

Scientific name

Axis 1 scores

1 Pros pas Prosopis pallida (shrub) 2,3447
2 Pros pat Prosopis pallida (trec) 1,5974
15 Lant sca Lantana scabiosaeflora HBKIK 0,0369
12 Abut ref Abutilon reflexum -0,0336
4 Cotd lus Cordia lutea (shrub) -0,0687
11 Ruel flo Ruellia floribunda -0,1027
5 Cord lut Cordia lutea (trec) -0,1648
10 Capp sct Capparis scabrida (tree) -0,2784
13 Jacq pro Jacquemontia prominens -0,3989
Loxo hus Loxopteryogium huasango (shrub) -0,4748
Loxo hut Loxopteryogium huasango (tree) -0,5778
Burs grt Bursera graveolens (tree) -0,5841

14 Ophr per Ophryosporus peruvianus -0,7039
9 Caes pat Caesalpinia paipai (tree) -0,7985

3 Acac mat

Acacia macracantha

-1,5032
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