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A multitcmporal post-classification study with data from the Landsat Multispectral Scanner IMSSI and Thematic
Mapper (TM) was made to detect changes in the landscape oftho Majahual coastal system, along the Mexican Pacific.
Six land-use classes were used as direct indicators of the landscape condition. Mangrove, lagoon, saltrnarsh, dry forest.
secondary succession, and agriculture were the categories selected to evaluate the changes by comparing four thematic
maps (from 1973 to 19971. The accuracy of the classification (only in the 1997 scene) was calculated from an error
matrix, using the overall accuracy assessment 170'1r) and the Kappa coefficient (0.611. Both values indicate that the
agreement in the classification was moderate, but better than one obtained by chance. The analytical comparison of
data sets 1197:3 vs. 1986, 1986 VR. 1990, and 1990 vs. 19971 was done by using a change detection matrix and the
Kappa coefficient. Agreement between data sets varied from 61'!' to 68'1r, all moderate but enough to determine the
general trends of change in the system. These are mainly typified as loss of natural COver (especially dry forest) and
the fragmentation of the landscape, with agricultural activities and their subsequent effects (secondary succession,
modification of drainage patterns) the main transforming agents.

ADDITIONAL INDEX WORDS: Multispectral imauc»; remote sensin!J, supervised classification, Extruction and Clas
sificol iim ofHomogcneou» Object aluorithm (RCHOJ.

INTRODUCTION

Data from airborne or space sensors are now an important
source of information for monitoring coastal processes, The
spectral, spatial, and temporal properties of the information
provided by satellites, such as Landsat and SPOT, have been
used successfully to help design and update bathymetric
charts for clear waters, monitoring of water quality (sus
pended sediment concentration, chlorophyll concentration,
Secchi-disk depth), evaluation of coastline erosion, validation
of coastal hydrodynamic numerical models, and identification
of How features in shallow waters (PATTIAIV\TCHI, 1992; PA'I'
TIAHATCIII ct al., 1994),

Management strategies for the coastal zone (CZ), which is
defined as the dynamic ecosystem at the interface between
land and sea where marine and terrestrial processes interact,
should be based on the analysis of the environmental pro
cesses that define and regulate this zone (O'RI<;uAN, 1996).
However, because of the dynamics of the CZ, monitoring
changes is not always easy. The changes occur over several
time and space scales, sometimes of great amplitude, and are
complicated to follow if only traditional assessment tech-
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niques in situ are used, Remote sensing techniques provide
a synoptic vision of the Earth that is not possible to obtain
other than by exhaustive and expensive field evaluations,
Data from remote sensors allow analysis of a region with the
sufficient accuracy in an efficient, rapid and low-cost way (D 1

MYATI et aI., 1996; GI{EEN et al., 1996; 1998a),
For the coastal zone, where the existence of highly produc

tive and sensitive ecosystems, such as estuaries and lagoons,
depend on special environmental circumstances, monitoring
conditions by means of remote sensing is essential for their
future maintenance (KLEMM";, 1993; GREEN et al., 1998bl.
The special characteristics of these coastal systems rely on
factors developed on a landscape scale, such as land uses and
coverage patterns (PEARSON, 1994), that have a relevant role
on their hydrology, with strong influence on water storage,
drainage rates, and biodiversity maintenance. There is also
the effect that coverage patterns have on connectivity and
mobility of the ecological processes inside the landscape
(PEAI{SON et al., 1995).

Because of the importance that land uses and coverage pat
terns have in the maintenance of estuaries and lagoons
(PEARSON, 1994), they can be used as direct indicators of
landscape condition (POl)IJEVICNI<; and ALAlm, 1997). Also,
remote sensing provides a regular and constant inventory of
images to interpret such patterns, The aim of this study 1'0-
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cussed on the de tection of landscape cha nges in the Maj ahu aJ
syste m , a n es t ua ri ne comple x in northwest Mexico, using a
multitempor al im age ry a na lys is to characte ri ze it s present
condi t ions .

STUDY AREA

Th e Majahual estuarin e sy s te m lies in th e muni cipali ty of
Escui na pa , sou th of Sinaloa , be t ween 22"2:r and 22°53 ' N a nd
105°30 ' a nd 106°1O'W . Thi s syst em is cha rac te r ize d as type
III-C (LANKi"OIW, 197 6 1, correspond ing to st rand pl ain de
p ressions , wit h mul tipl e sa nd ba r rie rs , sa lin ity highl y va ri 
a ble , and m a y becom e seasona lly dry. Th e climate is warm
subh um id wi th a verage temperature of 26"C a nd ra infall
from 800 to 150 0 mrn yea r I IIN EG1, 199fi l. This coa sta l sys 
te m in cludes th e la goon s Lagun a Ce r ri tos, Laguna Gra nde,
Las Ca na s , and Agua Gra nde , a nd th e estua ries Agu a
Grande , Maiz, a nd Tea capan (Figu re 1 I.

J ointly wit h th e Agua Br a va sys te m a t Naya r it, to which it
is connected t h rough th e Pu crta del Rio estua ry a nd a se ries of
channe ls, th e Majahual sys te m con sti tutes th e most ex te ns ive
mangrove forest of th e Mex ican Pacific. Th e main mangrove
species is Laguncularia ra('('IIIOS(t, which form s a ssocia tion s wit h
Rliieophora mangle a nd Aiiiccn:« gcrmillons (F LOIU':S-VI-:I{I)U(:O
et al.. 1990 1. Conocarpu» erecta, th e fourth mang rove species re
corded in Mexico, is a ssociated with spec ies of xerophit ic shrubs
a nd hal oph yti c vege ta t ion. In sid e th e study area, t he re a re re
du ced pa tches of tropical dry forest tB lm LAN(:A, 1999 l. This VPg
eta l association ex h ibits radi cal ph enological cha nges. It com 
pletely loses its foliage du rin g th e dry season tNo vembc r-vlun c),
a ppeari ng dead, cha ngi ng' later to a n exubera nt a ppea rance
once the ra iny season st a rts .

Th e main econom ic acti viti es in thi s muni cip ality a re
s m a ll-sca le fishing, with a n average production a ro u nd 120 0
t pe r year, wit h s h ri m p th e mo st im porta nt item , a nd se a 
sonal agr icu lt u re wit h a lmos t 60'1! of th e munici pali ty s u r face
devot ed to thi s activ ity tI N EGI , 199 5 1. Shrimp a quac ult ure
is a gro wing industry th at s tarte d in t he middl e 1980s . It is
curre nt ly com posed of 18 farm s wit h 2300 ha of pond s ur face
Il{UIZ a nd Hlm NANlll-;z , /999 1 a nd a n a n n ua l production of
a bout 68 0 t IBJ>: I{LANl: A, 1999 l. There a re 1:30 comm u nities
an d urb an areas in t he muni cipali ty (s ix in side t he s t udy
a rea ) wit h a popul a tion of a bou t 50 000 in 1995 a nd a n a n
nual growth rate arou nd I.fi'l! (INEG I, 1999 1.

MATERIALS AND METHODS

To make th e mul titemporal a na lys is for the st udy a rea,
four im ages from t he satellite Landsat 1pa th -ro w; 3 1-44 ) of
1973 ,1986 ,1990, a n d 1997 we re used. All we re ac q uire d be
tween Februa ry a nd May durin g the dry season, th e firs t t wo
with th e MultiSpectral Sca nner se ns or (MSS) a nd th e la s t
t wo with t he Th em a ti c Ma pp er se ns or IT M I. Previou s to th is
study , t he MSS im ages we re ge ometr ica lly cor rected to (jO m
per pi xel a nd ge ogra ph ica lly rectifi ed , u sin g th e U nivers a l
Tra nsversa l Merca tor proj ect ion (UT M zone 1:3 Nor t h 1ba sed
on the ell ips oid of Clu rkc 186 6 . To ob ta in a n ade quate s pa t ia l
regi strati on among th e MSS a nd T M scenes, t he 1990 a nd
1997 'I'M im ages we re adj us te d to obtai n s pa t ia l cha rac te r
istics si m ilar to t he MS S images , with 60m pixel s , 924 col-

umn s , a nd 8 13 lin es , fit tin g to th e La t .-Long. coord inates
22°25 '26" a nd 22°51 '42 " N, a nd 177':30'26" and ]78 "02-51" W.
All the bands were rectified to th e UT M syste m us ing t wel ve
g rou nd con t rol points, a lin ear m apping fun ction . a nd th e
n ea r est-n ei ghbour al gorithm for resa m pling I E ASTl\l,\ N.
1995 ; CA!\1 I' III<:LI., 1996 ).

Ch a nges in land use . cove rage patterns . a nd varia t ions in
water bod y s u rfaces we re eva lua t ed using a post -class ifica 
tion cha nge -de tection a nalysis th a t in volves a se pa ra te a nal 
ys is for each image (da te : a nd contr a sti ng of th e assessl'd
a rea for eac h of t he se lected class by date IS IN(:II, 1989 ; MAS
199 8 ; Rurz-Lurc x a nd BE llI.ANCA -Ro BU ;S, 1999 1. As th ese
k inds of method s do not require ra d iometric data norrn ali 
za t ion, because eac h im a ge is cla ssifi ed independen tl y , no a t
t empts to cross ca lib ra te th e im a gery using "w it h- in sce ne"
targets we re don e . The images were class ified us ing s u por
vise d methods ICI\:\l l' I\ELL, 19!J6 ; RICII /\IWS. 199:)1, se lcc tim;
training fie ld s for s ix cove rage classes: m an grove , lagoon lin
eludes estua r ine a reas ), sa lt rnarsh (a lso includes ex pose d a nd
sa lty soi ls) , d ry for est , sec onda ry s uccess ion , a nd agr icu lt u re .
TIll' 1997 im age wa s t h e fir s t to be cla ssi fied because it is th e
onl y on e wi th e noug h recent field in format ion to va lida te th o
accuracy of t he classificat ion .

Th e s pectra l properti es 1(1 1' each class were def ine d by di g 
iti zin g polygon s on th e im age , a nd creating s pectra l s ig na
t u res from th e im age va lues ex tracted from t he polygon s .
Polygon ex te nts a nd loca ti on s were ba sed on acri u I ph ot og
ra p hy (1:35 000 ) tak en in Oct obe r ] 995 by t he Na ti ona l In 
stit ute of Statis ti cs , Geogr a phy, a nd Informati cs IINEG I I, a
t opog ra ph ica l cha r t from the regio n 1F 1:3-1 5, 1:2fiOOO . Il\' EG I
1992 ), a nd field identifi ca ti on w it h t.he a id of a GPS IG lob:d
Posi t ion ing Syste m I, TRIMBLE En si gn XL. S pec ua l s igna
tures we re de veloped u sin g bands 2 10.fi2-0.60 rd . :1 1().6:1
0 .69 fL J, 4 10.76 - 0 .90 fL ), fi l 1.fi5- 1.7fi fL l, a nd 712.08 -2 .:1:) p.1
of th e 199 7 'I'M im age.

The su pe rv ise d classification was done u s in g th e Ex t rac
t ion a nd Cl a ssifi cation of Homogen eou s Object s a lgo r it hm
(ECH O ), a s pat ia l preprocessing method th at ass u mes t hnt
pi xel s a re spat ia lly cor rel ated IIA NI1CI{I-; m; a nd HII·:III..
199fi l. Thi s is de fined as a con tex t tec hn iq ue th a t class itios
th e im age based on the indi vidu al s pec t ra l p rop erties of each
pi xel , but t akes into accoun t the s pectra l prope-rt ies of' nei g'h 
bour pi xel s (RICIIAIWS , 19!):3,. ECHO di vides th e im age int o
s ma ll grou ps of s pectrally homogen eous pixel s cnl lor] cl' lls .
Afte r thi s , individual ce lls a re compa re d wit h adjacent li('ld s
a nd a nnexed if th ey are stat ist ica lly s im ila r. Finall y , th e ho
mogen eou s objects a re class ified using m a ximum lik ul ih uod
cr ite r ia IKET'I'H: a nd LANI1( ;HI-;m;, 1976 1.

On ce t he 1997 image was classified, t he a ccuracy was a s
sessed t hrough overall ac cu racy an d the Kappa cocfficion!
IK) , both indices ba sed on t he errol' m a tri x t so rnctirncs rv
ferrcd to a s t he confus ion ma tri x ). Th e e r ror mat ri x includes
a ll t he categori es in t he classificat ion in a n x n arra y , w hcrr 
n rep resents t he numbe r of ca tegories . Th e eel ] va lu es aI'''
th e number of sam pling units ass igne d to t.heso ca tl'g'or ies in
both th e cla ssif icati on a nd t he re fe re nce data . T Ill' refe-ren ce

data used to build the matri x we re rand oml y se lect ed , located
on t he g ro u nd , a nd th e land cover documented . The lagoon
class was exc lude d fr om th e acc u ra cy assessme n t, assu m ing
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Figure 1. S tudy area of Majahua : sys tern. northwes t Mexico.

that this class does not cause confusion with ot her clas ses .
The major di agon a l of thi s rectan gu lar array includes the pix 
els class ified correc tly, a nd the overa ll accuracy is es tima ted
as th e divi sion betw een the s um of the diagon al a nd the total
number of pixels in the array.

T he K coefficien t is a discrete multiva riate techniqu e th at
determ in es the level of agreement between two maps using
th e results of the er ror matrix. This coeffic ient takes values
from -1.0 to 1.0 and, wh en it is sign ifican tly close to 1.0 ,
impli es th at the classifica t ion process used is better th an a
random cla ss ification (ROSENFIELD a nd FITZPATRICK-LI NS,
1986; CONG AI.TON and GREEN, 1999). Bes ide s a genera l as-

sess me nt of the accuracy of the cla ssification th rough K or
the overa ll accu racy, the error matrix a llows a more detai led
estimation of the inaccuracy in th e cla ssification of individ ual
categories by means of th e assessment of errors of commi s
sion and omission. E rrors of commission are produced when
a pixel is assigned to a different category tha n it be longs to.
Convers ely, errors of omi ssion occur when pixe ls are exc luded
from a ca tegory to which they rea lly belong (CONGALTON and
GREEN, 1999). Because th e earlier scenes did not have aerial
photographs or coin cident field data to select the training
fields, they were se lected with criteria si milar to those for th e
1997 scene .

Journal of Coastal Research, Vol. 18, No.3, 2002
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Table 1. Oreral! accuracv; Kappa cocfiicient . and error assessment [or a
supervised classification 0/ ]997 Landsat TM image 0/ the Mtijah ual sys
tem, Sinaloa.

}{eferenced data

Second-
ary

Man- Salt- Dry succes- Agricul-
Classified data grove marsh forest sion t.ure Total

Mangrove 16 0 0 0 0 16
Saltmarsh 0 11 0 4 4 19
Dry Forest 2 0 12 1 0 15
Secondary succ. 1 1 [) 10 1 18
Agriculture 1 1 :3 [) 15 25

Total 20 1:3 20 20 20 9:3

Overall accuracy = 7(Yk; Kappa = 0.61; Kappa standard deviation O.OG

To reduce noise in the output maps, a 3 X 3 mode filter
was used. This procedure removes isolated pixels and is use
ful when there is interest in gross tonal variations rather
than details (GIBsoN and POWEI{, 2000), Subsequently, pix
els corresponding to the ocean and human settlements were
masked and excluded from the change detection analysis.
Once the classifications were achieved, change detection ma
trices with sets of two different dates (1973 vs. 1986, 1986
vs. 1990, and 1990 vs. 1997) were constructed to make the
multitemporal analysis (EASTMAN ct al.. 1995; JENSI':N et al.,
1998).

The change detection matrix allows the calculation of the
logical conjunction of all possible combination of categories
on two maps. When the maps correspond to different dates,
numbers in the major diagonal of the matrix represent the
pixels that are the same on both dates (no change). Those
away from the major diagonal represent changes from one
class to another between dates. Also, this matrix is useful in
evaluating other indicators of change, as the Kappa coeffi
cient, whose values range from -1 (total change) to 1 (total
agreement). When Kis not significantly different from 0, all
the changes are produced by chance (EASTMAN et al., 1995).
The image processing routines were completed with IDRISI
for Windows 2.0 by Clark Labs for Cartographic Technology
and Geographic Analysis of Clark University (EASTMAN,
1995), with the exception of the supervised classifications
that were done with the algorithm ECHO included in
MultiSpec 1.2, developed by the School of Electrical Engi
neering, Purdue University (LANDCREHE and BIEHL, 1995).

RESULTS

The spatial registration obtained between TM and MSS im
ages was highly precise, obtaining a total sum of the residual
mean error (RMS) around 35 m for the 1990 and 1997 scenes,
which represents less than 1 pixel error, adequate for com
parison analyses (SINCH, 1989). The final outputs for all
dates maintained ocean and human settlement areas as con
stant (covering 39(!r, of the total area), and were displayed as
background without value for the accuracy assessment. Val
idation for the 1997 image, the most recent date available,
was done using a total of 93 points that were confirmed by
ground verification (Table 1). From these, 64 were positioned

on the major diagonal of the error matrix. This represents an
agreement around 70'Yr (overall accuracy) between the ref
erence data (ground data) and the classification output.

Individually, the class most accurately defined was man
grove, classified without commission errors, and only four
test points of 20 were omitted (Table 1). The secondary suc
cession class displayed the lowest accuracy and the highest
number of commission errors (8 of 18) and omission errors
(10 of 20 ). Using the same data, we obtained a Kcoefficient
value of 0.61 with standard deviation variance of 0.06. Such
a result indicates that the hypothesis H(): K = 0 could be
rejected (Z = 7.91, P < 0.05), and consequently the classifi
cation results better than one caused by chance.

Under the assumption that the classifications were reason
ably accurate, results derived from the change detection anal
ysis by class indicates that mangrove and lagoon classes were
the most stable covers (Table 2, Figure 2a). The mangrove, a
significant class because of the functions and services it offers
to coastal ecosystems, represented around 10(!r of the terres
trial area evaluated. This proportion remained stable during
the period of study, maintaining an area around 17500 ha,
with a slight reduction close to 13(!r from 1973 to 1986, al
though to subsequent dates the area was similar to that as
sessed in 1973. Comparably, the lagoon class area decreased
around 50(';(, from 1973 to 1986, but recovered most of this
loss from 1990 to 1997.

In contrast, dry forest and secondary succession decreased
jointly around 35000 ha, whereas saltmarsh and agriculture
classes increased their areas at the end of the 24-year period
(Table 2, Figure 2bL

The most important changes are associated with reductions
of the dry forest coverage and increasing agricultural cover.
Dry forest had one of the most notable changes, losing grad
ually the original area assessed for the 1973 image. By 19Hf>
this reduction reached around 10(lr and by 1997 almost ()Of!r
of the original 45980 ha evaluated was lost. By contrast, ag
riculture increased more than 100(!r from 1973 to 1990 and
maintained an area near 45000 ha in 1997.

Similar to agriculture, saltmarsh increased considerably.
Considering the total area, this class had the highest relative
growth, increasing over 150(/r of the original assessed area in
1973 (20000 ha ). Finally, secondary succession did not follow
a regular trend, showing at the end of the period a reduction
of nearly 20fJr of the area assessed for 1973.

Following the pixel by pixel comparison, mangrove, lagoon,
and agriculture classes displayed less discrepancies among
dates (Table 2). The number of pixels assigned to the man
grove (around 36000) and lagoon classes around (30000) were
similar in all the scenes. However, there were variations in
the associated landscape (Figure 2a,bL The agriculture class
continuously increased, but most of the associated error was
assigned to the commission error.

From 1973 to 1997, nearly 20'1; of the mangrove area
changed to the secondary succession class. Also,mangroves
were displaced by saltmarsh and agriculture classes. In con
trast, mangrove class grew over lagoon and secondary suc
cession classes, mainly. Comparing results from 1990 to 1997,
mangroves mainly interchanged areas with saltmarsh, la
goons, and agriculture.
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Changes in the lagoon class were principally related to var
int ion-, in the surface of saltmarsh class. From 1973 to 1986,
an equivalent surface of' lagoon class was classified as salt
marsh. and 1:3'.;' to secondary succession, represented by hal
ophytes and herbaceous vegetation iSalicornia, Hcliot ropi 1/111,

Bati«. 1'''1'11/10('(/ I and shrubs i Conocarpu» erecta. Prosopiuju
Ii/I"ml that grow successfully in saltrnarsh-iike soils. Later,
during the 1990-1997 period, a reversal in this process oc
curred and a high proportion ofsaltrnarsh appeared as lagoon
cla,.;s.

Another natural cover, dry forest class, was reduced more
than GO';' from the coverage in 1973, mainly changing to sec
ondary succoxsion and a/.-'Ticulture classes. Dry forest class
gained around 10'/, of' its surface area from other classes, for
merly secondary succession and agriculture. Finally, the agri
culture class grew more than 100',;' from 1973 to 1997, mainly
hv conversion of' secondary succession and saltmarsh classes.

DISCUSSION

TIll' qua ntitut ivo analysis of' classification results indicated
Iha: t 11<' ()\'l'r,l! I uccu racy lor the 1997 classi fication reached

a value close to 70'/,. Considering procedures, similar values
are expected for the remaining outputs, The Kappa analysis
also reflected relatively low values, but it proved that the
classification obtained was better than would be expected if

a random assignment of the pixels were done. Besides that,
considering the proposal of' LANIlIS and KOCII (19771 that
classifies Kvalues in three groups as a measure of accuracy
or agreement (values greater than 0,80 represent strong ag
gregation; values between 0.4 and 0,8 moderate aggregation,
and values smaller than 0.4 represent little aggregation), the
results correspond to a moderate aggregation, which is ac
ceptable, Finally, covers catalogued as nonconAict areas (la

goon and human settlements) did not include test points for
the accuracy assessment.

The output classifications show that landscape in the study
area was dominated by agriculture (around 30'/, of the areal,

although dry forest dominated the landscape in 1973, Results
show it is being rapidly converted to secondary succession

and finally to agriculture. Bv 1997. the dry forest covered
only a small percentage 01' the landscape iarouud 10',; I and

was distributed in small patches, reducing the ability of nat-
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Figure 2a . Chan ge of land use-cover extension in the landsca pe of Majahual sys tem, from 1973 to 1997 .

ural popula tions to mo ve throu gh t he landscape. The fr ag
mentation a lso reduced the regen era ti ve ca paci ty of th e n at
ural communiti es a llowing t he inva sion a nd dev elopmen t of
se conda ry s uccession (BARBOUR et a l., 1987 ). The re pl a ce
ment modifi ed th e hydrologi c pattern s a nd the nutrien t cy
cles in th e watershed (P EARSON 1994) , a nd a lte red the land 
scape connecti vit y a nd therefore the seq ue nce of some ecolo g
ica l processes (PEARSON et al ., 1995) . Connectivity is con sid 
ered a s t ru ct u ra l com pone nt of th e landsc ape and its
reduction is associated with reduction of species d iversity a n d
energy flow (Go o s SENS et al., 1993 ; ESTRADA and COATES
ESTRADA 1994 ; T AYLOR, 1997 ).

Another natural cove r. man gro ve, d isplayed a deforestation
rate of 0.2, le ss th an the other syste ms in so u the rn Sin aloa .
Fo r ins ta nce, Marisma s Nacion al es, a la rge estua ri ne sys te m
to wh ich Majahu al is connec te d , h as a n a nn ua l defores tation
ra te of 2.4 % ( P AN T OJ A et al.. 1991 l. The Hui zacbe- Cai manero

syste m a n d Es te ro de Ur ias , north of th e s t udy a rea , hav e
ann ual rates of 1.9% a nd 0.60/,· (RAMiR EZ et Cl I., 1997; R UIZ
a nd B ERLAN'GA , 1998: RLl Z-L u NA a nd BSRLAJ"lGA-Ro BLES,
1999 l. The mos t extensi ve ma ng ro ve forest in Me xico, Lagu
na de Te rrn in os , in t he Gulf of Me xico, has an a nnua l defor
es ta t ion rate of 1.1(f( . (PEREZ a nd PEREZ, 1991l.

Com pa r ing varia tions ob ser ved in the lagoon cla ss, t he re
was an e vide n t reduction in the inte rmediate dates (1986
1990). This reduction probably ca n be a ssocia te d wi th na tural
vari ations of fr es h wa te r inp u ts , a common proce ss in coa s tal
aqua tic sys tems, especiaJly in la goon s wit h temporary o pen 
ings to t he sea . Three of the four sce nes were acquired durin g
El N irl o events, in 1972--1973, 1986-1987, and 1997-1998
(TO RRENCE and WEBSTER, 1999 ). This oceanic and a tmo 
s phe r ic ph en om en on ha s a grea t in flue nce on the i nte rannual
climatic varia bi lity , with changes in the rai n a nd flood pat
terns as some of the mos t a pp re ciab le e ffect s . I n th e s t udy
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Figu re 3a . Change of la nd use -cover exte nsion in the la ndsca pe of Majah ual system, from 1973 to 1997 .
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area , th ese changes would be re flected in th e images and
therefore in the res ults obta ined.

Hr:RLANG A (1999 ) analyzed the rainfa ll records [or th e
rai ny se aso n previou s to th e acquisition or- t he images a nd
the subsequen t dry season a nd found th a t , except for 1996
1997 whe n precipi tation inc rease d to 1942 mrn, precipitation
was around 1000 mm. This could increase th e availability of
fres hwate r, giv ing an increase in t he lagoon surface for the
1997 image

Vari a tions in th e lagoon class surface could also be relat ed
to deforest a tion ra tes . F rom 1973 to 1997, th e dry forest a rea
decreased more tha n half its original a rea , a loss of 2.4% per
yea r. Th is process occurred jointly wit h increasing huma n de
velopment. Conseq uently changes in land uses possibly al
tered water storage cap acity and drainage patterns redu cing
th e res idence tim e of wat er in t he inn er basins a nd acce ler
ati ng the loss ra tes by flood.

As a conse que nce of va riations in the lagoon class surface,
an d th e increase in deforestation patte rns , especia lly re la ted
to dry forest, th e sa lt rna rs h class varied inversely. This class
could be considered as the dry phase of coas ta l wetl a nds, be
cau se when th e water level of lagoons and estua ries decrea s
es, temporarily or perm an ently , there remain sa lty soils
where some kind s of vegeta tion (ha lophytes) are es tab lis hed.

With t he additio n of shrim p aq uac ult ure as pa rt of th e
su rroun d ing ac tiv it ies, th e sa lt marsh a nd lagoon covers
are bein g chan ged r apidl y to shr imp pond s (integra te d as
backgr ound in th e ou tp ut cla ssificatio n ), modifyin g th e hy
drologica l pa t terns . Specifica lly for t he Majah ual sys te m,
there are 18 farms , of which 30% to 40% are pa rt of sma ll
lagoons or a re located ins ide th em (RUIZ an d H E RNA NDE Z,

]999), Even during 199 0-1997, when th e lagoon a re a be
ga n recover (28% from flooding of sa lt rnars h) , th e sa lt 
marsh class did not decrea se, but ma inta ine d it s ex pa n-
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sian, growing 16(){ from secondary succession and similar
amount from agriculture.

In general, some of the observed changes could be ex
plained by the occurrence of natural processes, but specially
they were generated by man-induced practices, such as de
forestation, construction of hydraulic infrastructure, as well
as urban development and changes in land uses. Here, we
are considering that the accuracy levels obtained are not
enough to discriminate boundaries between classes with high
precision, but it is sufficient to characterize the landscape in
the study area and to determine trends of change followed by
the main land covers and land uses, especially if changes are
evaluated at a regional scale.

CONCLUSIONS

Multitemporal remote sensing analysis determined that
the landscape of the Majahual system is dominated by nat
ural land covers (sa ltrnarsh, lagoon, mangrove, and dry for
est), which amount to more than half of the study area. Al
though classification accuracy was moderate, general trends
suggested that the system is changing rapidly to a fragment
ed landscape, dominated by agriculture, secondary succes
sion, and other man-induced covers (human settlements,
shrimp aquaculture),

These are mainly typified as loss of natural cover (espe
cially dry forest) and the fragmentation of the landscape,
with agricultural activities and their subsequent effects (sec
ondary succession, modification of drainage patterns) being
the main transforming agents. Possible freshwater deficits
caused surface area reduction in lagoons and estuaries tem
porarily restricting communication to the sea. In contrast
with the dry forest cover, the mangrove coverage in Majahual
appears as one of the less deforested systems in Mexico, and
some actions should be planned to preserve it.

In conclusion, there is evidence to support the idea that
anthropogenic activities in the Majahual system are gener
ating a highly fragmented landscape that is contributing to
the degradation of the environment. To conserve ecological
processes and the productive potential of this coastal system,
this trend should be reversed and restoration mechanisms
should be implemented.
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