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ABS TRAC T 

Changes occur red between 1946 and 1975 i n the vegetat ion cove r of no rth
weste rn Falc6n St ate , Venezuela we r e ident ifi ed and ana l yzed using med ium 
sca l e aer ial panch romat i c photographs . 

A key was constructed wi th 25 catego ri es based on ho ri zonta l d i st ri but ion 
of vegetat ion and pe rcen t age plant cove r. 

Photo inte rpretat ion of the 1946 mi ss ion resu lted in 87 un it s , which were 
mapped at a sca l e of 1: 250 000 . The same p rocedure was followed with the 
1975 mi ss ion . The ground check was done i n 1977. 

Each un i t i s descr i bed and changes occurred are identified. The twelve 
most frequent event s a re po inted out and ten hypotheses are fo rmulated to 
expla i n the causes of dese r t ifi cat ion . 

INT RODUCT ION 

Desert i f icat ion is the decrease or destruct ion of the b iolog ical potent i~ 
of the land wh ich in the long run can l ead to dese rt-] ike cond iti ons . It i s 
a phenomenon i nvo l v i ng c li mate , an ima l and plant communiti es , so i ls a nd ma n. 
Even though dese rti f i cat ion can develop from natural causes alone,expe ri ence 
has shown that more often than not i t or i ginates under excess ive pressu r e of 
human use or changes in l and use act in g on an inhe rent l y fragil dry l and eco 
system . It i s a self -acce lerat ing process and degradat ion of vegetat ion , so il 
and wate r can eas i ly turn irreve r s i bl e . Even if the productivity of natural 
resources i s only part i a l ly lost, qu i te often th i s product i v i ty i s tota ll y 
lost to human use systems . Thus the necess i ty to d iagnose desertification at 
an early stage and mo ni to r a range of processes in volved in i ts occurrence . 

Changes in pe renni a l pl ant cove ( dur in g the dry season i s an impo rt ant 
ind icator of dese r t i f icat ion. Losses of natura l vegetat ion occu r when pas 
to ra l i sts i ncrease the ir he r ds or farmers enc roach on range l ands o r p l ough 
land unsuitable fo r ag ri culture . This p ressu re on the l and i s a conseq uence 
of soc ia l and econom ical exogenous factors wh i ch ar ri se f rom the need to in
crease p roduct ion and desert i f i cat ion can be stopped o r s l owed down on l y by 
e li minat in g the causes of these facto r s . Howeve r, an ear l y detect ion of 
degradat ion th rough the mon i to ri ng of vegetat ion changes may call the attent 
ion to fundamenta l env ironmental problems . -

A know l edge of the evo l ut ion of the vegetat ion and of the history of 
management of the a rea may help not only i n d iagnos in g and arrest in g the 
soc i al and econom i c p rocesses that lead to it, but a l so in pol icy- mak in g and 
p l ann i ng land use under conse r vat i ve st rateg ies . 

The trends in vegetat ion changes over long periods can be obse rved by 
compa ri ng enclos ures with the su rround in g areas . Howeve r, i n most reg ions , 
pa rti cula rl y in underdeveloped count ri es, use a nd mi suse of land has s t a rted 
long before enc los ures we re cons i dered . On t he ot he r hand , the ut ilizat ion 
of aer ial photographs by spec ia li sts such as ag ronom ists , geog raphe r s , geo l
og ists , has trad i t iona ll y been li mited most l y to ex is tin g l and att ributes 
mapp in g . In t he p resent pape r, ae ri a l photointerpretat ion i s used to compa re 
the vegetat ion cove r at two per iods 29 years apa rt and draw hypo theses abo ut 
the causes of desertification to be tested by fu rth e r resea r ch . 

Backg rou nd 

There are va ri ous methods to compa re obse rvat ions at two different times 
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by photo in terpretat ion and these can be grouped i n two approaches : those 
wh i ch compa re sample points and those which anal i ze the whole area covered 
by the aer ial photo mi ss ion . 

Dill (1959) d i scusses two methods to study land-use changes . At a med i um 
scale (1 : 20 000) contact cop ies can be used to measure areal changes in small 
areas . The study of changes in l arge areas can be done by compar i ng photo 
mosaics or photoindices at 1: 60 000 sca l e . The author suggests that the 
er ror of measurement in uncontrolled mosa ics i s smaller than that of extra 
polat ing sample data . 

In a study of road and h i ghway construct ion impact on the env ironment 
Wagner 096~ compared aer ial photographs taken some years apart . Hi s methods 
could be used to assess urban and industr i al deve lopment as we l l as natu ral 
resource changes in an area . 

Zeimetz and her group, work i ng for the U. S. Econom i c Research Serv i ce, 
have developed a method to study the changes occurred i n agricultural lands 
(Ze imetz et al, 1976). The method was applied in 53 States . They used photo 
graphs at var ious scales. Twelve land-use categor i es were established and
the sample sites were stat i stically selected . The results of the photo inter 
pretat ion were checked up on the data from the 1960 and 1970 censuses and on 
field surveys . A s i mil ar methodology had been used to assess the trends in 
l and use of the Mississippi Valley (Frey and Dill, 1971). 

Recently, new techn iques have been developed to compare aer i al photo 
graphs , such as the densitometric analys i s of Brother and Fish (1978) . 

The Agency for International Development (A ID ) has started a desert mon i
toring project using Landsat, in the western Sahel (Pau l, 1978). The AID has 
been work ing in several countr ies of Amer i ca, As i a and Africa in cooperat ion 
wi th loca l techn i c i ans and eng i neers to study trends in landscape evolut ion . 
The major question i s what the relation wil l be between self reliance and 
performance in the underdeveloped countr ies (e . g. Sm i th et al, 1978) . 

Most of the venezuelan territory (80%) i s covered by standard topographic 
maps at a scale of 1: 25 000, wi th reduced vers ions 1:1 00 000 and 1 :250 000. 
The base maps have been compiled from wh i te and black imagery . However, few 
stud ies on l and use and land cover have been publ i shed yet using remote sens 
in g techn iques (COP LANARH, 1975; Guevara et al, 1977). 

The Study Area 

The present study covers an area of approximately 3 920 km2 in the north
western corner of Falcon State, Venezuela . It encompasses part of the coast 
al desert of north South Amer ica and the southern Car i bbean (Lahey, 1975). -

Several authors have described the vegetat ion and env ironment of Falcon 
State (Hueck, 1960; Tamayo, 1964; Ewell & Madriz, 1968; Smith et a l, 1973). 
The methods and class i f i cat ion systems used in each study differ . However, 
they all agree with respect to the general pattern of vegetat ion d i str ibu 
tion. The coasta l fringe i s character ized by contracted d i str i but ion , in 
wh i ch xerophytic and halophytic spec ies form patches i n a matr ix of bare 
ground . Plant distribution becomes even and it s percentage cover increases 
to the south . Vegetat ion he ight also in c reases in this direction and closed 
forests are encountered next to the sout he rn boundary . 

The cl imate i s cha racter i zed by remarkable thermal un iform ity, wi th an 
ave rage yea rl y temperature of 27-28°C. The only two meteorolog i cal stat ions 
record average yea rl y prec ipitation of 486 mm in the east and 529 mm i n the 
center , wi th rainy seasons in May and August -November . It has been est imated 
that the potent ial evapotransp irat ion more than doubles the average yearly 
prec ip ita tion (P l a et al , 1978) . 

The area st retches a l ong two Geomorph ic Prov in ces : The Coastal Pl a i ns 
and The Coastal P iedmont (Matteucc i et al, 1979 a) . The Coasta l Plains a re 
character iz ed by a un iform topography to the east and the west and an irreg~ 
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l a r one in t he cent ra l po r t ion . In the f i rst case , the aluv ia l p l a i ns have 
been f o rmed by the depos i t ion of mate ri a l s carr ied by the ri ve r s end in g in 
the Go l fo de Venezuela and a re l oca ll y gu l 1 ied by recent eros ion . In the 
cent ra l port ion the p l a in has been up li fted and t il ted and then d issected by 
d i ffe rent ial e ros ion . The a l t i tude var ies f rom sea l evel to 80 m and the 
slope from 0 to 6% . The alt i tude i ncreases up to 400 m and the slopes stee~ 
en to 25% to the south , i n the Piedmont . 

MATER IALS AND METHODS 

The f i rst step cons i sted in the development of a descr ipt i ve key in orde r 
to i nterpret the catego ri es i n the 1946 photographs . The key should perm i t 
compa ri sons of aer ial photog raphs taken 29 years apa r t . A prev ious study 
of the vegetat ion of Fa l con State was used as a bas i s for the key construc 
t ion . Dur ing th is study cons i derable background exper ience and genera l know 
l edge of the reg ion was acqu i red, wh i ch pe rmi ted a fa i r recogn i t ion of the
vegetat ion elements and other features of the photographs . Howeve r, the veg 
etat ion had been c l ass ifi ed accord i ng to structure, component spec ies period 
icity and spec ial mo rphological character i stics (Matteucc i et al , 1979 b). -
These attr ibutes wou l d not be recogn i zed i n the photographs . S ince f ie l d 
reco r ds for 1946 do not ex i st , the results had to re l y ent ire l y on photo 
inte rpretat ion . Thus , the categor i es were transfo rmed tak i ng into cons ider 
at ion c ri ter ia eas il y recogn ized i n the photographs , such as type and percen 
tage p l ant cover , predom inant l i fe form and he ight. Accord i ngly, the results
o f the 1975 photo i nte rp retat ion were mod i f ied to respond to the new key . 
The class i f i cat ion categor ies and symbols are shown i n table I. 

Table I: Class i f icat ion categor ies 

Cover Type Symbol 

Bare ground 
Sandy a reas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DA 
Fl ooded areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dl 

Contracted vegetat ion 
2 Low scrub o r herbaceous vegetat ion, patches around 100 m CH 

Low woody vegetat ion (scrub, less than 5 m tall) 
Along water courses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CAA 
Patches up to 3 000 m2 . . . . . . . . . . . . . . . . . . . . . . . . . . . CAM 

Homogeneous vegetat ion (plants evenly d i str ibuted) 
Low shrub or herbaceous vegetat ion . .. ..... . .... . . . .. . ... ... HH 
Low woody vegetat ion (sc r ub, l ess than 5 m tall) 

Less than 50% coverage ............. . ............. HAR 
Mo re than 50% coverage ... . ... . ................... HAD 

Tal l woody vegetat ion (wood l ands or forests, ta l ler than 5 m) 
Less than 50% coverage .. .. .. . .. .. .. .. .. .. .. . .. .. . HTR 
Mo re than 50% coverage 

Open canopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HTD 
Closed canopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HB 

Edaph ic fo rmat ions 
Mangrove fo rests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M 
Galer ia fo rests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G 

Agricultu ra l and pasto ral la nds ........ .. ..................... C 
Ur ban 1 ands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U 

Ae ri a l photo miss ions 4- 4A of 1946 at a scale of 1: 40 000 and 020 11 06 of 
1975 at a scale of 1: 50 000 were used . Both miss ions used panchromat i c f i lm 
and we re f l own in the dry season . 
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Only the cent ra l portion, withi n the effect ive a rea boundary , of the al 
ternate photog raphs was interpreted and transferred to the base maps at a 
scale of 1:1 00 000 by mea ns of a re fl ect ing proj ecto r (Ka il, mode l K56). The 
base maps a re comp il ed by photog rammetr ic techn iques, ed i ted and rep rod uced 
by Ca rtog raf la Nac iona l. The min ima l a rea cons i de red was 25 ha . By means 
of the same proj ecto r the maps were reduced t o a sca l e of 1: 250 000 . Impo rt
ant deta i ls wh i ch wou ld be lost at th i s sca l e were reproduced apa rt at a 
l a rge r sca l e . 

The cartog raph ic units result ing in the 1946 map were numbe red an d a ful l 
desc ri ption was g iven for each . Th ese uni ts were compa red one at a t ime wi th 
the results obta ined from the 1975 photo in te rpretat ion . The d i fferences 
encountered wi th respect to percentage cove r, shape and area we re po inted 
out and seve ra l hypotheses were presented to account for each one of the 
changes noted . It i s expected that fu rthe r resea rch will exp l a i n the ma j o r 
causes of vegetat ion evolut ion in the reg ion and perm i t the deve l opment of 
conse rvat ive management pract ices on the bas i s of the past h i story . 

RESULTS 

The photo interpretat ion of the 1946 miss ion resu l ted in 87 un i ts which 
show relat i ve homogeneity attend i ng to texture, tone and pattern . Th e com
plete 1 ist in g of un i ts and the i r cover type in 1946 and 1975 are g iven in 
table I I. Th e ir d istr i but ion in both years i s shown i n f igures 1 and 2 . 

TABLE I I : Cove r 

U Cover 
1946 

1 D I 
2 CH 
3 CH 
4 HH 
5 HH 
6 CAA 
7 CAA 
8 CAA 
9 HAR 

10 HAR 
11 HAD 
12 CAM 
14 HAD 
15 G 
16 CAA-CAM 
17 HAR - HAD-HTD 
18 HTD 
19 HAD 
20 HAD 
21 HAR - HAD -HTD 
22 HAR-HAD-HTD 
23 HAR-HAD-HTR 
24 G 
25 HAR - HAD - HTD 
26 HAD 
27 M 
28 HAR 
29 HTD 
30 HTR 

type of 

Type 

each un i t i n 1946 and 1975 

1975 

DI- CH 
CH 

CAM 
HH-CAM 
HH-CAM 
CAA 
CAA 
CAA 
HAR 

HAR- DA 
HAR 
CAM 
HAD 

G 
CAA- CAM 
HAR- HAD - HTD 

HTD 
HAR 
HAD-HAR 

HAR-HAD-HTD 
HAR-HAD-HTD 
HAR-HAD-HTR 

G- C 
HAR-HAD-HTD 

HAR 
M 

HAR- C 
HTR- HAR 

HAR- HTR- C 

U Cove r Type 
1946 1975 

31 G 
32 HAR 
33 HAR 
34 HAR 
35 CAA 
36 HTD 
37 HTD 
38 HTD 
39 DA 
40 HB 
41 HB 
42 HB 
43 HB 
44 HTD 
45 HTD -H B 
46 G 
47 HB 
48 HB 
49 HB 
50 CAM 
51 HTR 
52 HB 
53 HAR 
54 CAR 
55 HAD 
56 HTD 
57 G 
58 HAR 
59 HB 

G 
HAR 
HAR 
HAR 
CAA 
HTR 
HTR 

HTR- C 
C- DA 

HTD- C- HB 
HTD - C 

c 
HTD 
HTD 

HTD-C-HAR 
G 

HTR- C 
HTR 

c 
CAM 
HTR 
HTR 
HAR 
CAR 
HAR 
HTD 

G 
HAR-HAD 

C- HB 
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u Cover Type 
1946 1975 

60 HAD 
61 HAD 
62 HAD 
63 HAD 
64 G 
65 G 
66 HAD 
67 HAD 
68 CAM 
69 HAR 
70 HAR 
71 HAR 
72 HTD-H B 
73 Dl 
74 HB 
75 HAD 
76 HTD 
77 HAR 
78 HAD 
79 HTD 
80 HH 
81 HTD 
82 HAD 
83 DA 
84 HTD 
85 HTD 
86 HAD 
87 HH 
88 HAD 

HAD 
HAD 
HAD 
HAD 

G 
G 

HAD 
CAA - CAM 

CAM 
HAR 
HAR 
HAR 

HAD-HTR-HTD 
CAM 

HTD- C 
HAR-HTR 
HAR-HTD 

HAR 
HAD 
HAD 
CAM 

HTD-HTR 
HTR 

DA 
HAD 
CAM 
HAD 
CAM 
HAR 



The findings from both a irphoto in te rp retat i on a nd field study indi cate 
that the ma j or cha nges occu rrin g i n the landscape in the inte r ven in g pe ri od 
a re : 

- Dec rease in pe rcentage plant cove r in most of the forests (e .g. Un it s 29 
40, 47 and 48). In some units the t ree spec ies have almost disappeared, 
while in other the ir numbers have decreased (F igu re 3) . 

- Advancement of secondary success ion on the formerly cu lti vated fields 
(con ucos : subs istence sem inomad ic ag ri cu l tural sett l ements) , espec ia ll y to 
the north of the ma in road , wh i ch was const ru cted afte r 1946 (e . g . Un i ts 18 , 
and 20) (F igures 4 and 5) . 

- Ev i dence of prev ious sett l ements in the occu rrence of nume rous abandoned 
ho uses . 

- Southward sh i ft in g of the boundary between cont racted and even l y d ist rib 
uted vegetat ion (e . g . Units 16 and 88) . 

-Loss of sma ll forest commun i t ies to the no rt h (e . g . Units 67 , 76 and 85) . 
-I nc rease in cu lti vated area from 30 000 to 200 000 ha . Thi s expans ion 

has been at the expense of unused natu ra l vegetat ion, ma inl y to the west of 
the study area , in the vec ini ty of Daba juro c ity (e .g. Units 41, 49 and 59) 
( Fi gures 3 and 5) . 

- Defo restat ion along the oil pipe] i ne built after 1946 . Th e defo rested 
un i t i s approx imate ly 100m wide and thus was not r ep resented on t he map at 
a scale of 1: 250 000 (F i gu re 6) . 

-Loss of some he rbaceous o r l ow sh ru b vegetat ion units (e . g . Un it s 4, 5 
and 80) . 

- Sett l ement of con ucos by a l most eve ry water course , on meande r sca r s an d 
at t he expense of the ga l e ri a forests (e . g . Un it s 15, 24 and 31) ( Fi gu re 7) . 

-In c rease in waste la nd area. Bare ground occu r s as sma ll patches wi th in 
units of high p l ant cove r a l ong the boundary between contracted and even l y 
d i st ri buted vege t at ion (e . g. Unit 10) (F i gure 8) . 

- Accumulat ions of sed iments deposited where st reams empty in to the Golfe 
te de Co ra (e . g . Un i ts 1 and 2). 

- Cont ra ry to what was beleived, the coastal sand dunes a r e not e ncroach-. 
in g on the neighbouring sh ru blands ' o r woodlands . Th i s may be occu rri ng at a 
ve ry slow rate and in suc h case i t would not be percept i ble in 29 yea r s at 
the scale of the p resent study . 

CONC LUS IONS 

From the changes obse rved through photo in terp retat ion and fi e l d wo rk, 
ten hypotheses a re formulated. In eac h case gui de ] ines a re g i ven for their 
test . 

-E cosystems degradation next to the boundary between contracted and even 
ly distributed vegetat ion has been caused by man 1 s act i v i ty in the last dec 
ades and their recove ry would be d i ff icult if not imposs i b l e . Th e test of 
th i s hypothes i s req uires the study of the soc ia l subsystem to estab li s h the 
trends in the l and use patte rn and ma nagement practices. Stud i es of plant 
s uccess ion in enc l osu res co uld g i ve a n est imate of the rate of recove ry . 

-The conve rs ion of ag ri cu l tu ra l o r pastora l l ands into waste l ands i s due 
to ecosystem mi smanagement . The study of the management h i sto r y in fo rme r 
cu l t i vated and graz ing l ands and an env ironmenta l impact assessment in natu
ral a reas of s i mi la r phys ica l characte ri st i cs would be req ui red in this case . 

-Pastu re establ i shment to the west of the study a rea has not af f ec t ed the 
ne i ghbou rin g forests a nd the ex ist in g ma nagement practices a re su itab l e fo r 
pas t ure l and conse rvat ion . Th e compa rat ive study of the pasturelands i n the 
a rea a nd the mon i to rin g of the neighbouring ecosystems a re r equ ired . 

-In the a lready exp l o ited f orests fur the r ha rvests cou ld be ca rried out 
wit hout their deplet ion . It would be necessary to cond uct a fo rest in ven
t o ry to est imate stand volume, conditi on and growth and to determ i ne the 
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trend in timber y ield during the last decades. This in format ion could he l p 
in planning correct i ve measures to ensure sustained product ion over the long 
term. 

-Th e denudat ion of the s l opes i s due to mismanagement. I t would be 
requ ired to trace back the history of management of these wasteland areas 
and to determ in e wh ich would be the most suitable management practices or 
whether it would be better to protect the hillsides from use. 

- So il s li des from denuded s l opes will i nterfere with land use in the p i ed 
mont a reas . The evaluat ion of the rate of release of mater i a l s from the -
source o r storage s i tes would be required p~evious to plann ing land use in 
the lower areas . It i s pert inent to know whether the rate of removal of 
material i's likely to be affected by land use changes introduced here. 

-Extens i ve use of rangelands by goats leads to ecosystem deter iorat ion . 
In this region goats a re the main p rote in source for people ; however, alter
ations in the type of pastoral i sm pract i sed, increase i n herd s i ze , changes 
in trends of market demands, etc . may .enhance the pressure on the env iron 
ment. ·It wou ld be necessary to mon i to r desert i f i cat ion of rangelands and to 
invest igate into the opt i ma l carry in g capac ity of the graz in g l ands and the 
most su itab l e management pract i ces . 

- Sh if t i ng agr icultu re leads to denudation of the l and . It wou ld be 
necessary to study the evo lu t ion of agr i cu l tura l lands in each part i cular 
un i t , s ince changes towa rd waste l and may occur d irect l y as a result of human 
use, i nd irect l y o r for reasons not related to man 1 s use, depend in g on the 
phys i cal attr i butes of the l and, the microcl imat ic cond i t ions , the s ize of 
the cult i vated plot and the nature of the surround in g vegetat ion . 

-In some of the deforested units desert i f i cat ion has reached an irrevers 
i b le stage . The estab li shment of enclosures to protect the lower vegetat ion 
from trampling and browsing would perm it the assessment of the regeneration 
rate of vegetat ion and the study of the success ion of spec i es that in vade 
the enclosure . Th e failure to regenerate vegetat ion at a su i tab l e rate may 
be a cause of desert ifi cat ion . 

-The deter iorat ion of vegetat ion that has occurred in the study area has 
been s l ow because the introduct ion of advanced mechan ized technology has 
been checked by soc iocu ltural factors. The convers ion of marg in a l drylands 
from range use to agr i cu ltural use i s one of the pr in c ipal causes of desert
ifi cat ion . In a reas of marg in al rainfall, where there i s a p ressure for the 
expans ion of agr i cu lture , there i s a tendency to sh ift from hand cu l t i vat ion 
to mechanized cult i vat ion. An obv ious consequence of such changes i s the 
destruction or the degradation of perenn ial cove r and the decrease in veg 
etat ion regeneration rate. It would be useful for plann i ng of future land 
use to determ in e wh ic h i s the most adequate agr i cu l tural technology to be 
appl ied in this sem iar i d area, or whether i n the long run pastoral i sm wou ld 
be ecologically more conservat ive . 
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MAPA I 

COBERTURA VEGETAL EN 1946 
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Fi gure 1: Land cover i n 1946 
(Def i n i t i on of symbo l s in Tab l e I ) 

MAPA II 

COBERTURA VEGETAL EN 1975 
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Figure 2 : Land cove r i n 1975 
(Defini t ion of symbo l s in Tab l e I) 
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Figu re 3: dec reas e in percen t age t ree cove r 

1975 
Fi gu re 4: Seconda ry s uccess ion on cu l t i vated f i el s 

1946 1975 
Fi gure 5: Expans ion of ag ri c ultu ral la nds 
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1946 1975 
Figure 6: Def o restat ion a l ong the oi l p ipe line 

1946 1975 
Fi gure 7: Settlemen t o f conucos n ' xt to w t e r cou r s s 
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Figu re 8 : Deta i l of Un i t 10 at 
a sca l e of 1: 20 000 
The wh i te a reas rep resent 
t he present natural vegetat ion 
The black a reas rep resent po r t ions 
of l ost vegetat ion . 
Dots r ep resent a reas whe r e secondary 
s uccess ion advances on wasteland . 
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