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Abstract

The lakes o f  central M exico  have great cultural, econom ic, and biological value, but they are being degraded at 
an accelerating rate. W e em ployed  h istorical data on fish com m unities from  19 o f these lakes and case studies o f 
com m unity responses to environm ental degradation from  four o f the best-studied, X ochim ilco, C uitzeo, Chapala, 
and Pátzcuaro, to construc t a p re lim inary  index o f b io tic integrity  (IBI). This IBI was designed to be an easily 
applied m ethod for assessing  lake ecosystem  health  and evaluating restoration  efforts. The IB I had  10 metrics: 
num ber o f  total native species, num ber o f  com m on native species, num ber o f native G oodeidae species, num ber o f 
native Chirostoma  species, num ber o f  native sensitive species, percent o f b iom ass as to lerant species, percent o f 
biomass as exotic species, percent o f  biom ass as native carnivorous species, m axim um  standard length o f native 
species, and percent o f exotic invertebrate parasite species on o r in native fishes. Initial applications o f  the index 
showed prom ise, accurately  ranking the relative degradation o f the four case-study lakes. F urther tests o f  the index 
are w arranted, and m ore data  are needed  to standardize sam pling procedures, im prove species classifications, and 
refine m etric scoring criteria.

Introduction

Tropical h ighland lakes have p layed  a key role in  the 
developm ent o f the cu ltures and nation states o f  Latin 
America. N ow here is this better illustrated  than in 
central M exico, w here an extensive and diverse lake 
district occurs. The w aters and b io ta  o f  these lakes 
were instrum ental in the rise  o f  g reat pre-C olum bian 
civilizations such as the A ztecs (M éxica) and Taras- 
cans (P ’uréhpecha) (Tam ayo &  W est, 1964; Serra- 
Puche, 1980; A lcocer-D urand  & Escobar-B riones,

1991). A fter the Spanish conquest in the 16th century, 
the  lake district, stretching from  ju s t east o f  M exico 
C ity to w ell to the w est o f G uadalajara, was the po lit­
ical, econom ic, and cultural cen ter o f w hat eventually 
becam e the nation  o f M éxico. Today the lakes con­
tinue to play an im portant societal ro le  as sources of 
w ater, fisheries, and recreation, and they are highly 
valued by  the M exican people (C hacón-Torres, 1993; 
D e la L anza-E spino & G arcía-Calderón, 1995). They 
are also o f great interest to aquatic scientists, having 
unique lim nological and biotic characteristics and sup­
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porting num erous endem ic species (D eBuen, 1944; 
Barbour, 1973a; M ille r & Sm ith, 1986; Lyons et al., 
1998).

Hum an m odifications o f central M exican lakes 
began well before the Spanish  conquest (e.g., O ’Hara 
et al., 1993), but have been greatly am plified in 
the last 100 years (D e la L anza-E spino & G arcía- 
C alderón, 1995). S ince 1900, several lakes have been 
substantially reduced in size o r even elim inated by 
hydrologie m odifications and w ater extraction (Sm ith 
& M iller, 1980; A lcocer-D urand & Escobar-B riones, 
1991; Chacón-Torres & A lvarado-D iaz, 1995). O thers 
have suffered hyper-eu trophication  and dram atically 
increased turbidity  from  w atershed erosion and m uni­
cipal, industrial, and agricultural pollution (A lvarado 
et al., 1985; L im ón-M acias & Lind, 1990; Chacón- 
Torres, 1993). In nearly  all o f the lakes, overfishing 
and introduction o f exotic species have fundam ent­
ally altered b iological com m unities (Chacón-Torres & 
R osas-M onge, 1995; G uzm án-A rroyo, 1995; Lyons et 
al., 1998; Soto-G alera et al., 1999).

A w ide variety o f  restoration strategies have 
been proposed (e.g., C hacón-Torres, 1993; Ceballos- 
C orona et al., 1994; C hacón-Torres & Rosas-M onge, 
1995; G uzm án-A rroyo, 1995), and, in at least one 
case, im plem ented (S tephan-O tto , 1995) in response 
to declines in the ecosystem  quality  and fisheries 
o f M exican lakes. H ow ever, restoration efforts are 
ham pered by the lack o f a holistic fram ew ork for as­
sessing lake ecosystem  quality. A t presen t the degree 
o f lake degradation and the goals o f  restoration can 
be quantified and expressed  only in  term s o f single 
com ponents o f ecosystem  condition  such as hydro­
logy, w ater quality, o r fishery yields. T here is as yet 
no integrated ind icator o f  overall ecosystem  health 
available fo r M exican lakes.

B iological indices have show n great value as hol­
istic indicators o f  ecosystem  condition (Karr, 1987). 
The status and trends o f  b io logical com m unities re­
flect hum an effects on energy and nutrient inputs, 
hydrology, w ater quality, habitat quality, and b iolo­
gical processes o f aquatic ecosystem s, and integrate 
these effects across b road  spatial and tem poral scales 
(Karr, 1991). F ish  com m unities are particulary effect­
ive as b iological indicators (Karr, 1981; Fausch et al., 
1990). They are usually the best studied and under­
stood o f the aquatic fauna, and perform  a w ide variety 
o f  ecological functions w ithin the ecosystem . Equally 
im portant, fish have obvious d irect value to people, 
and their status is o f  g reat in terest to the public and 
their leaders. D ocum entation  o f declines in fish com ­

m unities can help m obilize efforts tow ard ecosystem  
pro tection  and rehabilitation.

A rguably the best, and certainly the m ost popular, 
fam ily o f b io logical indices based on fish com m unit­
ies is the index o f biotic integrity  o r IB I (Kan-, 1981; 
F ausch et al., 1990; S im on & Lyons, 1995). In ­
dices w ithin this fam ily vary greatly in their specific 
m ake-up, but share two general attributes: 1) m ultiple 
com ponents, usually term ed “m etrics” , that encom ­
pass com m unity  structure (diversity), com position, 
and functional organization; 2) specific quantitative 
expectations for each m etric that are largely em pir­
ically  derived, w ith adjustm ents fo r inherent natural 
differences in com m unities am ong ecosystem s. The 
IB I was orig inated  in stream s o f the central U nited  
States nearly  20 years ago (Karr, 1981), and has 
since been applied to m any different waters around 
the w orld (Hughes &  O berdorff, 1998). A  version has 
been developed and applied succesfully  to the stream s 
and rivers o f central M éxico, but it needs m odific­
ation for M exican lakes, w hich have different fish 
com m unities (Lyons et al., 1995). W orldw ide, the 
developm ent o f IBIs fo r lakes has lagged w ell be­
h ind  developm ent for stream s and rivers, and only  a 
few lake IB Is are extant, all designed  for lakes and 
reservoirs o f  the tem perate U nited States and C anada 
(H arig & Bain, 1998; Jennings et al., 1998).

In this paper, w e develop a prelim inary  IBI fo r the 
lakes o f central M éxico. We then apply  this IBI to 
four lakes w ith differing am ounts and types o f envir­
onm ental degradation. O ur purpose is to provide an 
easily applied index o f overall ecosystem  condition or 
“health” that can be used to docum ent the extent and 
degree o f lake degradation and to assess the relative 
success o f  restoration efforts.

Approach

We developed our IBI from  a com bination o f h is­
torical data, w hich we used to characterize lake fish 
com m unities before they suffered dram atic hum an 
im pacts, and m ore recent data, w hich w e used to 
docum ent the pattern o f fish com m unity  change in re­
sponse to environm ental degradation. H istorical fish 
com m unity  characteristics were estim ated  from  liter­
ature citations and m useum  collections. We surveyed 
over 30 natural history m useum s for relevant speci­
m ens, but obtained m ost o f our in form ation from  the 
M useum  o f Zoology, University o f M ichigan, Ann 
Arbor, and the C oleción N acional de Peces Dulcea-
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cuicolas M exicanos, Escuela N acional de C iencias 
B iológicas, Instituto Politécnico N acional, M éxico, 
D.F. F ish  com m unities w ere reconstructed  as fa r back 
in tim e as possible, but lakes w ere only included if 
there was sufficient data from  before m ajor m odern 
hum an im pacts had occurred. F or lakes near large 
cities such as M exico City or G uadalajara, we only 
included those w ith data from  before 1900, but for 
m ore d istant lakes w ith lesser im pacts, w e considered 
data from  as recently  as the 1950s as represen tative o f 
historical conditions.

We also estim ated the historical surface area o f 
all lakes, based on literature values and exam ina­
tion o f m aps. M any lakes in central M éxico fluc­
tuated greatly  in size depending on clim ate condi­
tions (Serra-Puche, 1990; A locer-D urand & Escobar- 
Briones, 1991; B ernal-Brooks, 1998), and for these 
we approxim ated a m edian value.

For characterization o f historical fish com m unit­
ies, fish species were categorized into discrete origin 
and abundance classes. T he m axim um  standard  length 
of each species in central M éxico was also determ ­
ined. Species origin was determ ined to be  native or 
exotic (introduced from  outside central M exico) based 
on M iller & Sm ith (1986). R elative abundance o f 
each native species was categorized as high, m edium , 
or low. H igh-abundance species w ere those listed as 
“com m on” o r “ abundant” by early authors, the target 
of a long-term  subsistence o r com m ercial fishery, or 
regularly cap tured  at a rate o f m ore than 50 individuals 
per day in scientific surveys. Low abundance species 
were listed as “rare” or “uncom m on” in  early  literat­
ure, rarely or never taken by fisheries, o r caught at a 
rate o f less than five individuals per day in scientific 
surveys. M oderate abundance species w ere in term edi­
ate betw een these extrem es. Specim ens that w ere o f 
questionable identity or locality  w ere excluded  from  
analyses.

Fish species were classified into feeding and to l­
erance groups for IBI m etric developm ent follow ing 
procedures outlined in Lyons et al. (1995). For feed­
ing, we used our own unpublished stom ach content 
and gut m orphology data plus available literature to 
categorize species as carnivores (live anim al m aterial 
usually > 7 5 %  o f diet by volum e), herbivores (live 
plant m aterial > 7 5 %  o f diet), o r om nivores (> 2 5 %  
animal and > 2 5 %  plant m aterial, or > 5 0 %  detritus). 
Carnivores could  usually be identified w ith  reasonable 
certainty, but the distinction betw een om nivory and 
herbivory was often unclear, and several species were 
classified as “herb/om nivore” . F or to lerance, species

w ere considered sensitive if  they only  occurred in 
areas w ith good habitat and w ater quality  and rapidly 
declined as the environm ent becam e degraded. Tol­
erant species w ere com m on across a w ide range of 
conditions, including sites w ith low dissolved oxygen, 
heavy organic pollu tion, h igh  levels o f  sedim entation 
and turbidity, o r severely m odified habitat. Tolerant 
species typically  rem ained  com m on as lakes becam e 
increasingly degraded. M oderate species w ere inter­
m ediate in tolerance, and w ere not restric ted  to the best 
quality conditions but w ere absent from  the worst.

We considered a variety o f potential IB I m etrics, 
including m any from  existing lake IB Is (Sim on & 
Lyons, 1995; H arig &  B ain, 1998; Jennings et. ah, 
1998; M cD onough & H ickm an, 1998; T hom a, 1998; 
W hittier, 1998) and others suggested by the unique 
fish fauna o f central M exican lakes. We selected pre­
lim inary m etrics based on their broad applicability 
and stability  across the study lakes and their consist­
ent relation to environm ental degradation. To assess 
responses to hum an im pacts and develop scoring cri­
teria fo r each m etric, w e exam ined the change in 
the fish com m unity  o f  four lakes from  the historical 
period to the present. T hese four lakes, X ochim ilco, 
C uitzeo, C hapala, and Pátzcuaro, have the m ost data 
and encom pass the range o f degradation that affects 
central M exican lakes. On a relative scale, degrada­
tion o f X ochim ilco and Cuitzeo was extrem e, C hapala 
severe, and Pátzcuaro m oderate. N ote that all o f  the 
lakes for w hich we could  find data had experienced at 
least m oderate degradation in hydrology, w ater qual­
ity, habitat quality, o r biotic com m unities over the last 
100 years.

Historical fish communities

We obtained sufficient data to characterize the histor­
ical fish com m unities o f 19 lakes (Table 1; F igure 1). 
These lakes d iffered greatly in environm ental charac­
teristics, ranging in surface area from  300 to 125,000 
ha. Som e, such as Z irahuén, w ere oligotrophic and 
relatively deep (m axim um  depth > 4 3  m ) w ith a 
sm all littoral zone (B ernal-B rooks, 1995; G utiérrez- 
H ernández et ah, in press), w hereas others, such as 
C hapala, w ere eutrophic and shallow  (m axim um  depth 
7 m) w ith an extensive littoral zone (G uzm án-A rroyo, 
1995).

A total o f  49 native species w ere docum ented  from  
the 19 lakes (Table 2). Two exotic species, Carrasius 
auratus and Cyprinus carpio , w ere com m on in  lakes
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Figure 1. M ap o f  central M éxico , show ing the 19 study lakes. Lakes are num bered as in T able 1.

near M exico City before 1900 (M eek, 1904), and since 
1900 at least another 10 exotics have been  in troduced 
in to  the study lakes. The num ber o f native species per 
lake ranged from  3 to 26 (Table 3), and was sign i­
ficantly positiviely correlated  w ith lake surface area 
(P earson ’s r — 0 .91, P  <  0 .0001; F igure 2a). The 
strength  o f this correlation w as d isproportionately  af­
fected  by the two largest lakes, C hapala and C uitzeo, 
and w hen these two w ere excluded  the correlation, 
w h ile  still significant, was substantially  w eakened (r 
=  0 .56, P = 0.0207; F igure 2b). T he num ber o f  species 
w ith  high abundance (“com m on” ) ranged from  3 to 9 
and was also positively correlated  w ith  surface area (r 
=  0 .85, P < 0 .0001). This correlation  was relatively 
little  affected by exclusion o f  C hapala and C uitzeo (r 
= 0 .73, P  = 0 .0008).

T he  com position o f the fish fauna varied greatly  
am ong the lakes, but several consistencies w ere evid­
ent. T he m ost species-rich  and w idely  d istributed 
fam ilies in the lakes w ere G oodeidae (17 species; 19 
lakes) and A therinidae (17 C hirostom a  species; 18 
lakes), although C yprinidae (10 native species; 14 
lakes) and Poeciliidae (3 native species; 14 lakes)

w ere also w idely represented. T he three rem aining 
fam ilies had lim ited distributions: Petrom yzontidae (1 
species; 2 lakes), C atostom idae (1 species; 1 lake), 
and Ic taluridae (1 native species; 2 lakes). The num ­
ber o f goodeids per lake ranged from  1 to 9 species 
(Table 3) and was postively correlated w ith lake area 
when C hapala and C uitzeo w ere included ( r  = 0.65, 
P -  0 .0028) but not w hen they w ere excluded ( r  =
0.22, P  =  0.3929). T he  num ber o f Chirostom a  species 
varied from  0 to 9 and was positively correlated w ith 
lake area (r  = 0 .90 ,P  =  0.0001), but the correlation 
was w eakened when C hapala and C uitzeo were not 
included (r  = 0.59, P  = 0 .0125).

All 19 lakes had species in at least two o f the three 
feeding groups and 18 had all th ree to lerance groups. 
Om nivores were present in all lakes and dom inated 
num bers and biom ass in many, b u t carnivores also 
occurred in all lakes and w ere com m on in 14. The 
num ber o f sensitive species per lake ranged from  1 to 
11 species (Table 3), and was strongly correlated w ith 
lake area w hen C hapala and C uitzeo w ere included (r 
=  0.91, P  <  0.0001) but less so w hen they were not 
( r  =  0.67, P  = 0.0034). Tolerant species were com -
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Table I. Lakes included in this study (num bers refer to F igure 1). Surface area is estim ated fo r the 
m id 1800s; i f  there has been a m ajo r perm anent decline in size, the current a rea  is also given in 
parentheses. For sources o f data the codes refer to  the R eferences section, excep t for U l ,  w hich 
refers to our unpublished data, and U2, fo r specim ens at the U niversity  o f M ichigan M useum  of 
Z oology, A nn A rbor

Lake State Surface A rea  (ha) Sources o f Data

1. A totonilco Jalisco 3120 B Í, M 3, U2

2. C ajititlan Jalisco 1950 B Í, P I ,  U2

3. C haleo M éxico 6600 (dry) A 4, M 3, U l

4. C hapala Jalisco/

M ichoacán

125000 (90000) B Í, B2, C5, D3, G 3, L3, L4, M3, 

M 5, P I , S4, T l ,  U l ,  U2

5. C olorado N ayarit 350 B Í, F I ,  U2

6. C uitzeo M ichoacán 42000 A3, B 1 ,B 2 ,B 3 ,B 6 ,C 1 ,C 3 ,D 1 ,  
H l ,  L3, M 3, M 5, S6, T l ,  U l ,  U2

7. Pátzcuaro M ichoacán 9000 A 3, B Í ,  B2, B4, B 6, C2, C4, D2, 

D 4, J l ,  M l ,  M 3, M 5, 0 1 ,  S I ,  U l

8. San Juanico M ichoacán 300 A2, B 1 ,M 5

9. San M arcos Jalisco 4060 B Í, F I , U2

10. San Pedro N ayarit 400 B 1 ,U 2

11. S ta  M agdalena Jalisco 14340 (100) F 1 ,G 1 ,S 2 ,T 1

12. S an ta  M aria N ayarit 260 B Í , F I ,  U2

13. X ochim ilco M éxico 4600  (canals) A Í ,  A4, B Í , B2, L Í ,  M3, 

M 6, S7, T l ,  U l

14. Yuriria G uanajuato 5580 B I , B2, H I , M 3, U2

15. Z acapu M ichoacán 1500 (50) M 2, T l ,  U l ,  U2

16. Z acoalco Jalisco 1000 B Í, B 2 ,F 1 ,U 2

17. Z apotlán Jalisco 940 F I ,  H I , R I , U2

18. Z irahuén M ichoacán 1050 A3, B Í , B5, B6, D 1 ,D 4 , 

G2, H I , M 5, U l ,  U2

19. Z um pango M éxico 1360 A4, B Í ,  H I , M3

m on in all lakes, but rarely dom inated total biom ass. 
Every lake had a fishery, and the prim ary target spe­
cies invariably included  a relatively large-sized species 
(>  150 m m  standard  length), although in som e lakes 
sm aller-sized Chirostom a  species w ere also im portant 
(e.g., Lyons et al., 1998). O bvious disease appeared 
to be uncom m on, and parasite  burdens w ere typically 
low, with only native parasite species present (Salgado 
& O sorio-Sarabia, 1987).

Patterns of degradation in four lakes

M any o f the study lakes have experienced m ajor 
changes in their fish faunas over the last 100 years. 
Case h istories o f four w ell-docum ented  faunas illus­
trate the im pacts o f  environm ental degradation.

X ochim ilco, located  near M exico City, is am ong 
the best-know n but m ost degraded  o f  all M exican

lakes (S tephan-O tto, 1995). It was a m ajor source o f 
fish, w ildlife, and agricultural products for the great 
pre-C olum bian  civilizations o f the Valley o f M éxico, 
including  the A ztecs (Serra-Puche, 1990). T he  lake 
was shallow, and its surface area fluctuated dram at­
ically in response to clim atic variations. L ong before 
the Spanish arrived, indigenous cultures had m odified 
the hydro logy  o f the lake to m inim ize flooding and to 
p ro tect their highly developed “ch inam pa” o r “float­
ing garden” m ethod o f agriculture from  incursions o f 
saline w ater from  nearby Lago de Texcoco (A locer- 
D urand & Escobar-B riones, 1991). However, despite 
these m odifications the fish com m unity was relatively 
d iverse and supported an im portant fishery (A lvarez & 
N avarro, 1957; Serra-Puche, 1990).

A fter the Spanish conquest, hydro logie m odi­
fications w ere increased, and by the early  1900s 
X ochim ilco  lake had been largely drained (Tamayo & 
W est, 1964; A locer-D uran & Escobar-B riones, 1991).



Table 2. Fish species found in study lakes, w ith origin, feeding, and tolerance classifications, m axim um  know n standard 
length (SL) from  central M exico, and sources o f  inform ation (codes refer to R eferences section except U l,  w hich refers to  our 
unpublished data). Taxonom y follow s M ayden et al. (1992), except fo r G oodeidae, w hich follow s W ebb (1998)

Species O rigin Feeding Tolerance

M axim um  

SL  (m m ) Source

Petrom yzontidae

Lam petra spadicea  Bean Native C arnivore

(Parasite)

Sensitive 308 L3, L6, U l

C yprinidae

A lgansea lacustris  S teindachner Native Carnivore? M oderate? 270 B2, D2

A lgansea  popoche  (Jordan & Snyder) Native H erb/O m nivore Sensitive 285 B2, L4, M 3

A lgansea  tincella  (V alenciennes) N ative Om nivore M oderate 175 B2, D4, L6

A ztecula  sallei (Günther) Native H erbivore? M oderate 83 A4, D 4 .L 1

C arassius auratus  (L innaeus) Exotic O m nivore T olerant 212 G 3 ,L 2

C tenopharyngodon idella  (V alenciennes) Exotic H erbivore M oderate 1000? L2

C yprinus carpio  L innaeus Exotic Om nivore Tolerant 1000 G3, L6, U l

E varra bustam antei N avarro Native Carnivore? Sensitive 67 A4, M3

E varra e igenm anni W oolm an Native Carnivore? Sensitive 80 A4, M3

E varra tlahuacensis  M eek Native Carnivore? Sensitive 59 A4, M3

H ybopsis calientis  (Jordan &  Snyder) N ative C arnivore M oderate 75 L6, M 2, U l

Yuriria a lta  (Jordan) N ative Om nivore Tolerant 177 D4, M 2, S4, U l

Yuriria chapalae  (Jordan &  Snyder) Native Carnivore Sensitive? 250 M3

Catostom idae

Scartom yzon austrinus  (Bean) Native C arnivore Sensitive 350 M 3 ,L 5 ,L 6 , U l

Ictaluridae

Icta lurus dugesi  (Bean) Native C arnivore M oderate 1050 D3, G3, L6

Icta lurus puncta tus  (R afinesque) Exotic C arnivore M oderate 600 L2, U l

Salm onidae

Oncorhynchus m ykiss  (W albaum ) Exotic C arnivore Sensitive 350 L2, U l

Atherinidae

Chirostoma acu lea tum  B arbour Native C arnivore M oderate? 140 B 1 .D 4

Chirostom a arge  (Jordan &  Snyder) Native C arnivore M oderate 65 B 1 .D 4 , M 2

Chirostom a a ttenuatum  M eek Native Carnivore M oderate? 98 B 1 ,D 2 , L 4
Chirostom a chapalae  Jo rdan  & Snyder Native Carnivore Tolerant? 87 B Í, E l ,  L4, U l

Chirostom a charari (de B uen) Native C arnivore Sensitive 65 B Í, A3, S6
Chirostoma com pressum  de  Buen Native Carnivore Sensitive 101 B Í, A 3, S6

Chirostom a consocium  Jo rdan  8c H ubbs Native Carnivore Tolerant 125 B Í , L 4 , U l

Chirostoma esto r  Jordan Native Carnivore M oderate? 335 B 1, C4, D 2, SI

Chirostom a grandocule  (Steindachner) Native Carnivore M oderate? 170 B Í, D 2, L4

Chirostom a hum bold tianum  (V alenciennes) Native Carnivore Sensitive? 233 B 1 ,D 4 , L4, M 2

Chirostom a jo rd a n i  W oolm an Native C arnivore T olerant 91 B 1, D 4, N 1

Chirostoma labarcae  M eek Native Carnivore M oderate? 85 B 1, D4, M 2

Chirostoma lucius  B oulenger Native C arnivore Sensitive? 300 B 1, L 4

Chirostom a m elanoccus  A lvarez Native Carnivore Sensitive? 63 A 2, B l

Chirostoma pa tzcuaro  M eek Native Carnivore M oderate? 170 B l ,  D 2, L 4

Chirostoma prom elas  Jo rdan  &  Snyder Native Carnivore Sensitive 165 B 1 .L 6
Chirostom a sphyraena  B oulenger N ative Carnivore Sensitive? 203 B 1 .L 4

Continued on p. 63
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Table  2. Continued

Species Origin Feeding Tolerance

M axim um  

SL  (m m ) Source

Poeciliidae

Poecilia butleri Jordan Native Herbivore? Tolerant 80 L 5, L 6 , W 2

Poecilia reticulata  (Bloch & Schneider) Exotic O m nivore Tolerant 50 L6, W1

P oeciliopsis infans (W oolm an) Native H erb/O m nivore Tolerant 50 L6, M 2, W 2

P oeciliopsis viriosa  M iller Native H erb/O m nivore M oderate? 35 M 9

G oodeidae

A lloophorus robustus (Bean) Native C arnivore M oderate 200 H l ,  L6, S3

A llo toca  d iazi (M eek) Native Carnivore M oderate 120 L 4, M 3, S6, W 2

A llo toca  dugesi (Bean) Native Carnivore Sensitive 63 L4, S5, S6, U l
A llo toca  m aculata  Sm ith &  M iller Native C arnivore? M oderate? 36 S2
A llo to ca  m eeki (A lvarez) Native C arnivore? M oderate? 90 S4, W l,  W 2

C hapalichthys encaustus (Jordan &  Snyder) Native H erb/O m nivore Tolerant? 80 D 4, H I ,  W l ,  W 2

G irardinichthys viviparus (B ustam ante) Native Carnivore Sensitive 67 A 4, M 3

G oodea a trip inn is  Jordan Native O m nivore Tolerant 185 A 2, A 3, L6, W l

H ubbsina  turneri de  Buen Native C arnivore Sensitive 65 B 3, U l
Skiffia bilineata  (Bean) Native H erb/O m nivore Sensitive 50 L 4, S4, S6, W l

Skiffia lerm ae  M eek Native H erb/O m nivore Sensitive 55 L4, D2, S4, W l

Skiffia  m ultipunctata  (Pellegrin) Native H erb/O m nivore Sensitive 60 L6, W 2
X enotichthys eiseni (Rutter) Native H erb/O m nivore M oderate 85 F I ,  U l ,  W l

X enotich thys m elanosom a  (Fitzsim ons) Native C arnivore Sensitive? 75 F I ,  U l ,  W l

X enotoca  variata  (Bean) Native Om nivore Tolerant 83 F 1, D 4, M 2, S4

Z o o g o n e tic u s  quitzeoensis (Bean) Native Om nivore M oderate? 50 L6, M 2, U l

C entrarchidae

Lepom is m acrochirus  R afinesque Exotic C arnivore M oderate 175 L2, L 6 , U l

M icropterus salm oides  L acèpede Exotic C arnivore M oderate 500 L2, U l

C ichlidae

O reochrom is aureus  (Steindachner) Exotic Om nivore T olerant 350 G 3 ,L 5 ,L 6 ,  U l

O reochrom is m ossam bicus  (Peters) Exotic Om nivore T olerant 300 D4, U l

Oreochrom is n iloticus  (L inneaus) Exotic Om nivore Tolerant 300 M 2, U l

Tilapia rendalli (Boulenger) Exotic Om nivore M oderate 250 B4, L5, L6, U l

Tilapia z illi (Gervais) Exotic Om nivore M oderate 250 L5, L 6 , M 5, U l

W hat rem ained  was a system  o f  canals w ith  occasional 
w ider pools. L arge volum es o f  raw  sew age and indus­
trial w astes began to be discharged into these canals. 
Exotic species becam e established and achieved nu is­
ance levels. D espite this, the lake rem ained  an im ­
portan t recreational destination fo r boating am ong the 
canals, and the surviving chinam pas continued to 
produce crops.

H ow ever, by  the 1980s, X ochim ilco  had reached 
a crisis po int (S tephan-O tto, 1995). R ecreational use 
was declin ing because o f the pollu tion. C hinam pa

agriculture had nearly  d isappeared because o f increas­
ingly saline w ater and encroaching  urban develop­
ment. In response, the M exican governm ent began a 
m ajor restoration  o f the lake. Sew age and industrial 
discharges w ere diverted or treated, and the canals 
and associated chinam pas w ere rehabilitated. Regular 
m onitoring o f  lake conditions began. Consequently, 
w ater and habitat quality have im proved, but they still 
are m uch w orse than before 1900.

C hanges in the fish com m unity  over the last 100 
years parallel the environm ental changes in the lake
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Table 3. E xpected values in the absence o f m ajor hum an degradation fo r selected  m etrics fo r each of 
the study lakes

Total C om m on Native Native Native M axim um
native native G oodeidae C hirostoma sensitive standard

Lake species species species species species length (m m )

A totonilco 6 5 3 1 1 185

Cajititlan 9 3 6 1 3 200

C haleo 7 4 1 2 4 233

C hapala 26 9 9 9 11 1050

C olorado 6 3 3 1 1 185

C uitzeo 15 5 9 2 6 308

Pátzcuaro 10 6 5 4 2 335

San Juanico 7 3 3 2 1 200

San M arcus 5 3 3 1 1 185

San Pedro 3 3 1 1 1 233

S ta  M agdalena 7 5 3 2 2 233

Santa  M aria 4 3 2 1 1 233

X ochim ilco 6 3 1 2 4 233

Yuriria 12 5 6 2 3 700

Zacapu 9 3 6 1 3 233

Z acoalco 6 3 3 1 1 185

Z apotlán 4 3 2 0 1 185

Zirahuén 7 3 5 2 2 275

Z um pango 4 3 1 1 1 175

(M eek, 1904; A lvarez & N avarro, 1957; S tephan- 
O tto, 1995). B efore 1900, X ochim ilco had 6 nat­
ive species, 4 o f  w hich w ere sensitive carnivores 
(Table 3). A n im portan t fishery existed. As the lake 
shrunk in size and becam e m ore polluted, 4  native 
species disappeared, 2 o f w hich, E varra bustam antei 
and E. e igenm anni, are now extinct (M iller et al., 
1989). O f the 2 surviving species, C hirostom a jo r d ­
ani, a sm all, to lerant carnivore, declined from  high 
to m oderate  abundance, and G irardnichthys viviparus, 
a  sm all, sensitive carnivore, w ent from  high to very 
low abundance. T he fishery becam e dom inated by a 
large, to lerant om nivorous exotic, Cyprinus carpio. 
H ow ever, soon this species was too contam inated  for 
safe hum an consum ption, and the fishery collapsed 
(S tephan-O tto , 1995). D espite recent restoration ef­
forts, the fish fauna o f X ochim ilco continues to be 
dom inated  by C. carpio.

C uitzeo, near the city  o f  M orelia, is a large, 
shallow  lake that, sim ilar to X ochim ilco, fluctuated 
greatly  in surface area in response to clim ate variation 
(B ernal-B rooks, 1998). L ike X ochim ilco, C uitzeo 
has also suffered extrem e environm ental degradation. 
M ajor hydro logical m odifications, including a large

drainage canal, began in C uitzeo in the late 1800s 
(Tamayo & W est, 1964). T hese m odifications m ainly 
served to reduce the m axim um  extent o f  the lake dur­
ing w et periods. However, a tem porary  diversion o f 
the lake’s m ajor tributary, the R io G rande de M o ­
relia, to  fill a new ly constructed  reservo ir during a 
particularly  dry period led  to the near com plete de­
siccation o f the lake during the w in ter o f 1941 (De 
Buen, 1943). In m ore recent years, continued tribu­
tary diversions and groundw ater pum ping along with 
m assive sedim enation from  the lak e’s w atershed ap ­
pear to have perm anently  reduced the m edian size o f 
the lake (C eballos-C orona et al., 1994; Chacón-Torres 
& A lvarado-D íaz, 1995), although this conclusion has 
been questioned (B ernal-B rooks, 1998).

W ithout question, however, w ater quality in 
C uitzeo has deteriorated dram atically  (A lvarado et al., 
1985;, C eballos-C orona e t al., 1994; Chacón-Torres 
&  A lvarado-D íaz, 1995). As the city  o f M orelia has 
grow n, increasing am ounts o f  untreated  m unicipal 
sew age and industrial pollutants have been discharged 
to the Rio Grande de M orelia and hence to the lake. 
C oupled w ith m ajor w atershed soil erosion, these d is­
charges have m ade the lake hypereutrophic, w ith ex-
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Figure 2. R elation betw een  historical lake surface area and num ber 
of native fish species, (a) A ll 19 lakes, (b) Two largest lakes, C hapala 
and Cuitzeo, excluded; num bers re fe r to lake nam es from Table 1.

trem e turbidity and phosphorus concentrations. Phyto­
plankton biom ass has dram atically  increased, and the 
com m unity is now dom inated  by Oscillatorci, a nuis­
ance form. M ajor diel d issolved oxygen sw ings occur, 
with night levels som etim es below  1 m g I- 1 .

The fish com m unity  o f C uitzeo has declined p re­
cipitously in response to w ater quality  problem s, par­
ticularly over the last 20 years (C hacón et al., 1995; 
Soto-G alera et al., 1999). H istorically , 15 native spe­
cies occurred in the lake, including 6 sensitive species 
and 6 carnivores (Table 3). T here was a m ajor fishery 
for m any o f these species. By about 1970, at least two 
sensitive species had d isappeared, Lam petra spadicea  
(Lyons et al., 1994) and an endem ic, Chirostom a com ­
pressum  (Barbour, 1973b), and  several o ther species 
had becom e uncom m on (C hacón-Torres & A lvarado- 
Díaz, 1995). D uring the 1970s and 1980s the declines 
accelerated, and by  the early  1990s only 4  native spe­
cies persisted, 3 o f w hich w ere to lerant (Soto-G alera 
et al., 1999). O ne sm all, sensitive herb/om nivore, 
Skiffia b ilinea ta , rem ained, but it had gone from  
high to very low abundance, and it survived only in
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refugia w here relatively high-quality  spring system s 
discharged to the lake. Sam ples from  the late 1990s 
suggest that this species m ay have now entirely dis­
appeared  from  the lake, although it persisted in one 
sm all tributary stream  (O m ar D om inguez-D om inguez, 
U niveridad M ichoacana de San N icolas de H idalgo, 
M orelia, unpublished data). Two exotic om nivores, 
Cyprinus carpio  and O reochrom is aureus  becam e es­
tablished in the 1970s, and by 1989 com prised  79%  
o f the biom ass o f the fishery (C eballos-C orona et al.,
1994). Exotic invertebrate parasites from  these two 
species infested the rem aining native fishes (Pineda- 
López, unpublished data). M ajor fish k ills o f both nat­
ive and extoic fishes becam e com m on during periods 
o f low dissolved oxygen concentrations.

C hapala is the largest natural lake in M éxico. It too 
is shallow  and subject to fluctuations in surface area 
w ith clim ate variation. It has been heavily  im pacted 
by hum an activities over the last 100 years, but not 
quite to  the sam e degree as C uitzeo and X ochim ilco. 
H ydrological m odifications in C hapala began in dra­
m atic fashion in 1905, w ith the com pletion o f  a dike 
and w ater diversion/pum ping system  that perm anently  
elim inated  35 000 ha o f  the m arshy east end o f the lake 
(G oldm an, 1951). Subsequent construction o f reser­
voirs and w ater diversions in the R io Lerm a, the m ajor 
tributary o f the lake, exacerbated shrinkages in lake 
size during  dry periods, to the extent that a drought 
in  1990 led  to a 21%  decline in surface area and 
69%  decline in  volum e com pared to m edian values 
(G uzm án-A rroyo, 1995). R educed w ater levels led to 
m ajor sedim ent resuspension, increased  turbidity, and 
changes in phytoplankton and Zooplankton com m unit­
ies (L im on-M acias & Lind, 1990). W ater quality in the 
lake was further com prom ised by increased pollutant 
inputs from  the Rio L erm a and nuisance-level ou t­
breaks o f  the exotic floating plant E ichornia crassipes 
(G uzm án-A rroyo, 1995; Lyons et al., 1998).

T he fish com m unity  o f C hapala has also changed 
over the last 100 years. H istorically, 26 species were 
know from  the lake, including 11 sensitive species 
and 15 carnivores (Table 3). The C hapala fishery was 
one o f  the largest and m ost im portant in the country 
(G uzm án-A rroyo, 1995). N o com prehensive survey 
o f  the fish fauna o f the entire lake has been done 
in recent years, but the  near elim ination  o f two spe­
cies, Lam petra  spadicea  and A lgansea  p opoche , is 
w ell docum ented (Lyons et al., 1994, 1998). Sam pling 
near the tow n o f C hapala indicates that the near-shore 
assem blage, w hich historically  yielded 12 o r m ore nat­
ive species, now typically produces 6 to lerant native
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species and 3 exotics. The fishery has overexploited  
4  h igh-value species, Icta lurus dugesi, Chirostom a lu ­
cius, C. prom elas, and C. sphyraena, and their abund­
ance and size-structure has declined sharply  (Lyons et 
al., 1998). The fishery form erly captured specim ens o f
I. dugesi that exceeded 1000 m m  standard length; now 
the m axim um  size rarely exceeds 500 m m  (G uzm án- 
A rroyo, 1995). The fishery still produces large yields, 
bu t they are dom inated by a sm all, to lerant, carnivor­
ous, native species, Chirostoma consocium , and two 
large, tolerant, om nivorous exotics, C. carpio  and Or­
eochrom is aureus (Lyons et al., 1998). W ith the exotic 
fishes cam e exotic invertebrate parasties that infected 
the native species (P ineda-López, unpublished data).

Pátzcuaro differs from  the o ther three lakes in b e­
ing m oderately  deep, w ith a historical m axim um  of 
at least 15 m, and having a stable surface area (De 
B uen, 1944). T he prim ary source o f environm ental 
degradation in this lake has been from  w atershed 
erosion and consequent increased turbidity, nutrient 
enrichm ent, and sedim entation (C hacón-T orres, 1993; 
O rbe-M endoza & A cevedo-G ., 1995). E rosion  and 
sedim entation problem s began m ore than 500 years 
ago (O ’H ara et al., 1993), but have reached  unpre­
ceden ted  levels in the last 50 years. S ince the 1940’s 
(D e Buen, 1944) the depth o f several subbasins w ithin 
the lake have decreased by m ore than 2 m , bays that 
w ere once open w ater are now full o f  dense growths 
o f roo ted  aquatic plants and are better characterized 
as m arsh , and several form er islands are now  part o f 
the shoreline (O rbe-M endoza & A cevedo-G ., 1995). 
T he lake, once considered oligo-m esoptrophic, is now 
m eso-eutrophic, w ith a  strong south to north g rad i­
en t o f  increasing  productivity (C hacón-Torres, 1993). 
Secchi d isk  readings have declined from  3 -4  m  to 
0 .2 -0 .5  m  (O rbe-M endoza &  A cevedo-G ., 1995).

W ith these environm ental stresses, the fish com ­
m unity  o f  Pátzcuaro has changed. H istorically , the 
lake supported  10 nativé species, including 2  sensitive 
species and 8 carnivores (Table 3). T h e  fishery was 
large and nationally  fam ous, focusing  on the “p es­
cado b lanco” (whitefish) C hirostom a estor  (M artin  del 
C am po, 1940; De Buen, 1944). S ince the 1930s, two 
sensitive species, the carnivore A llo toca  dugesi and the 
herb/om nivore Skiffia lerm ae, have gone from  m oder­
ate to low  abundance (B erlanga-R obles e t al., 1998; 
Shane W ebb, U niversidad N acional A utónom a de 
M éxico, M éxico, D.F., personal com m unication). The 
declines in these two species have been attributed to  an 
exotic predator, M icropterus salm oides, b u t evidence 
is circum stantial (De Buen, 1944; B erlanga-R obles

et ah, 1998). Pescado blanco have also declined in 
abundance and m axim um  size, from  overfishing and 
possibly predation from  M . salm oides, and the fish­
ery is threatened w ith collapse (Salgado & Osorio- 
Sarabia, 1987; C hacón-Torres & R osas-M onge, 1995; 
O rbe-M endoza et ah, 1995). T he rem aining native 
fishes rem ain com m on, but long-term  trends in abund­
ance are unclear (Jim énez-B adillo  & G racia-G ., 1995; 
B erlanga-R obles et ah, 1998). Two exotics, C. carpio  
and Oreochromis n ilo ticus, have becom e im portant in 
the fishery, but do  not dom inate. O ne exotic inver­
tebrate parasite has been reported from  native fishes 
(Salgado &  O sorio-Sarabia, 1987).

A preliminary index of biotic integrity

B ased on our analyses and review  o f previously de­
veloped IBIs, we chose 10 m etrics that w e felt best 
represented historical fish com m unity characteristics 
o f the 19 study lakes and the patterns o f decline in 
X ochim ilco, Cuitzeo, Chapala, and Pátzcuaro. Pre­
lim inary scoring criteria are given in Table 4 , and the 
m etrics are described  below.

(1) N um ber o f  Total N ative Species -  This m etric 
is used in nearly all versions o f the IBI, and reflects 
the general loss o f  species diversity w ith increasing 
environm ental degradation (Fausch et al., 1990; Si­
m on & Lyons, 1995). In our dataset species num ber 
was positively correlated  w ith area, but the relation­
ship was not particularly  tight fo r lakes less than 
15 000 ha, so lake-specific scoring criteria w ere es­
tablished. We developed these expectations (Table 3) 
from  a com bination o f scientific survey and fishery 
catch data.

(2) N um ber o f C om m on N ative Species -  This 
m etric is unique to our study, and reflects the d e­
crease in abundance o f m any com m on species at low 
to m oderate levels o f degradation. T he num ber of 
com m on species was a function o f lake size, and 
w e adopted lake-specific scoring criteria for this m et­
ric. We developed these expectations (Table 3) from  
a com bination o f scientific survey and fishery catch 
data.

(3) N um ber o f N ative G oodeidae Species -  
G oodeids w ere a ubiquitous and speciose com ponent 
o f the fish fauna in  our lakes. They tended to occupy 
near-shore areas, and w e believe that their species 
richness was an indicator o f the quality  o f  littoral- 
zone habitats. T he  num ber o f goodeid species was 
w eakly related to lake size, but w e nonetheless es­
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Table 4. Prelim inary m etrics and scoring  criteria  fo r an index o f b io tic  integrity fo r lakes of 
central M éxico. “E V ” is the lake-specific “E xpected  Value” for that m etric  in the absence of 
m ajor hum an degradation (see T able 3)

Scoring criteria

M etric P o o r (0 points) Fair (5 points) G ood (10 points)

1. N um ber o f total 

native species

<  50 To o f  EV 5 0 -7 4 %  o f  EV >  74%  o f  EV

2. N um ber o f com m on 

native species

<  66%  o f  EV 6 6 -7 9 %  o f  EV >  79%  o f  EV

3. N um ber o f  native 
G oodeidae species

<  60%  o f  EV 6 0 -8 4 %  o f EV >  84%  o f  EV

4. N um ber o f  native 

C hirostoma  species

<  60%  o f  EV 6 0 -8 4 %  o f  EV >  84%  o f  EV

5. N um ber o f  native 

sensitive species

<  40%  o f  EV 4 0 -8 4 %  o f  EV >  84%  o f  EV

6. Percent o f  biom ass 

as to lerant species

>  90% 9 0 -5 0 % <  50%

7. Percent o f  biom ass 

as exotic species
>  85% 8 5-50% <  50%

8. Percent o f  biom ass 

as native carnivores
<  5% 5-20% >  20%

9. M axim um  standard length 

o f  native species

<  50%  o f  EV 5 0 -7 4 %  o f  EV >  74%  o f  EV

10. Percent exotic parasite 

species in/on native fishes

>  60% 6 0-25% < 2 5 %

tablished lake-specific scoring criteria for this m etric. 
We developed  these expectations (Table 3) prim arily  
from  scientific survey data, as goodeids w ere usually  
a m in o r com ponen t o f the fishery in m ost lakes.

(4) N um ber o f N ative Chirostom a  Species -  
Chirostom a  species were also ubiquitous and speciose 
in our lakes. They w ere m ore likely to occupy offshore 
areas, and w e used their species richness as an  ind ic­
ator o f  conditions in the pelagic zone. T he num ber 
o f C hirostom a  species was also related  to lake area, 
and w e developed  lake-specific criteria for this m et­
ric. W e developed these expectations (Table 3) from  
a com bination  o f  scientific survey and fishery catch 
data.

(5) N um ber o f Sensitive Species -  This m etric is 
nearly  universal in existing IBIs (S im on &  Lyons, 
1995), and reflects the loss o f those species m ost 
in to leran t o f  hum an im pacts a t the early  stages o f en ­
v ironm ental degradation. In our study, the num ber o f 
sensitive species was positively correlated  w ith  lake 
area, so we developed lake-specific m etric scoring cri­
teria. W e developed these expectations (Table 3) from

a com bination o f scientific survey and fishery catch 
data.

(6) P ercent o f  B iom ass as Tolerant Species -  M ost 
IB Is use som e m easure o f  the relative dom inance o f 
to lerant species to assess m oderate to h igh  levels o f 
degradation (S im on & Lyons, 1995). P ercent by num ­
b er has been m ore com m only used than biom ass, but 
M inns et al. (1994) argued persuasively that biom ass 
was a better indicator w hen there w ere large differ­
ences in the relative size o f species, as was the case 
fo r our lakes. We established the sam e scoring criteria 
for all lakes fo r this m etric, and developed these c ri­
teria from  fishery data, w hich w ere alw ays reported 
by biom ass ra ther than num ber.

(7) P ercent o f B iom ass as Exotic Species -  E cosys­
tem s w ith inherently  low to m oderate species richness, 
such as our lakes, appear to be especially  vulnerable 
to im pacts from  exotics, and exotics tend to dom in­
ate these system s under highly degraded conditions 
(Karr, 1991; Sim on & Lyons, 1995; Lyons et al., 
1995). A gain, w e follow ed M inns et al. (1994) and 
used biom ass ra ther than number. W e established the



Table 5. Scores and values (in parentheses) fo r the  10 m etrics from  the four case-history 
lakes

M etric

Lake m etric score  and value

X ochim ilco C uitzeo C hapala Pátzcuaro

Native species 0  (33To) 0 (20% ) 5 (50% ?) 10 (100% )

C om m on native species 0  (0% ) 0  (60% ) 0 (56% ) 5 (67% )

N ative G oodeidae species 10(100% ) 0 (22% ) 0 (44% ) 10(100% )

N aitve Chirostoma  species 0  (50% ) 0 (50% ) 5 (67% ) 10(100% )

Native sensitive species 0  (25% ) 0  (0% ) 0 (36% ) 10(100% )
B iom ass as tolerant species 0 (99% ) 0  (99% ) 0 (95% ) 10(40% )

B iom ass as exotic species 0 (99% ) 5 (80% ) 5 (60% ) 10(45% )

B iom ass as native carnivores 5 (5% ) 5 (20% ) 10 (40% ) 10(50% )

M axim um  standard length 0  (40% ) 5 (50% ) 5 (50% ) 5 (72% )

Percent exotic parasites 0? (67% ?) 0  (67% ) 0  (67% ) 10(20% )

Total score 15 15 30 90

sam e scoring criteria fo r all lakes fo r this m etric, and 
developed these criteria from  fishery data.

(8) P ercent o f  B iom ass as N ative Carnivores -  A 
trophic group m etric that focuses on carnivores is a 
com m on com ponen t o f  m any IBIs (S im on & Lyons,
1995). In our study, carnivores declined at m oderate 
to severe levels o f  degradation. We established the 
sam e scoring criteria fo r all lakes for this m etric, and 
developed these criteria from  fishery data.

(9) M axim um  Standard  L ength o f N ative Species 
-  This m etric is unique to our study, but is sim ilar 
to a size and age distribution m etric suggested for 
lakes in the U nited  States (S im on and Lyons, 1995). It 
reflects the com bined  effects o f  overfishing and envir­
onm ental degradation on the longevity and m axim um  
size o f large-bodied species, and appears to be m ost 
responsive to low to m oderate levels o f hum an im pact. 
Because the largest species d iffered am ong lakes, we 
developed lake-specific scoring criteria (Table 3) from  
fishery data.

(10) P ercent o f E xotic Invertebrate Parasite Spe­
cies in o r on N ative F ish  Species -  M ost versions 
o f the IB I have a m etric that deals w ith disease, 
deform ities, o r parasitism  (S im on & Lyons, 1995). 
Fish parasites have been suggested as a particularly 
sensitive ind icator o f environm ental stress in aquatic 
system s (Landsberg  et al., 1998). Obvious disease 
and deform ities w ere apparently  rare even in our m ost 
degraded lakes, but internal and external inverteb­
rate parasites w ere com m on. In highly degraded lakes 
m ost o f  the parasite species encountered w ere exotics, 
w hereas native parasite  species dom inated in relatively

undegraded  lakes (Pineda-López, unpublished data). 
E xotic parasite incidence should be m ost sensitive to 
m oderate  levels o f  degradation. O ur m etric was the 
ra tio  o f the m ean num ber o f exotic parasite species per 
individual native fish to the m ean num ber o f all p ara­
site species (native p lus exotic) per individual native 
fish, and was based on a sam ple o f 15-30  parasitized 
individuals from  at least two different native fishes. 
W e established the sam e scoring criteria for all lakes 
for this m etric, based on scientific survey data.

W ith the m etrics and criteria from  Table 4, it was 
possib le to calculate an IBI score fo r X ochim ilco, 
C uitzeo, C hapala, and Pátzcuaro. O ut o f 100 possible 
points, X ochim ilco and C uitzeo had 15 each, C hapala 
had 30, and Pátzcuaro had 90 (Table 5). This ranking 
corresponds exactly w ith our a priori ranking o f these 
lakes based on degree o f environm ental degradation.

Discussion

O ur prelim inary IB I for the lakes o f central M éxico is 
a benchm ark  against w hich to ju d g e  lake ecosystem  
condition. The IB I can be used to determ ine object­
ively the relative degree o f ecosystem  dam age a lake 
has suffered and to evaluate the success o f  restoration 
efforts. In developing the IBI, we have established 
both a succinct sum m ary o f how  the fish com m unit­
ies in these lakes should look in the absence o f m ajor 
hum an im pacts and a m odel o f how the com m unites 
w ill change w hen im pacts occur.
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The only other existing IBI for M éxico, developed 
for stream s and rivers in w est-central M éxico, has very 
different data collection  procedures, m etrics, and scor­
ing criteria from  the lake IB I presented here, reflecting 
the substantial differences betw een lentic and lotie fish 
com m unities in central M éxico (Lyons et ah , 1995). 
The two IB Is are not interchangeable. H ow ever, the fi­
nal IBI score and “ra ting” (i.e, good, fair, poor) o f each 
IBI have essential the sam e scale and are analagous 
measures o f ecosystem  condition. Scores from  the two 
IBIs can be com pared to assess relative levels o f  envir­
onm ental degradation betw een rivers and lakes and to 
prioritize restoration efforts across d ifferent types o f 
aquatic ecosystem s.

The initial application o f  the lake IB I was success­
ful. R ankings based on IBI scores fo r X ochim ilco, 
Cuitzeo, C hapala, and Pátzcuaro  m atched rankings 
based on the type and degree o f environm ental degrad­
ation. H owever, this was not a definitive test o f  the 
index, as the sam e data from  the four lakes w ere used 
in the developm ent and in the application o f the IBI. 
The next step in assessing the utility o f the new IB I 
m ust be an  independent test w ith data from  lakes not 
included in this study (Lyons et ah, 1995).

U ndoubtedly, our IBI can be im proved. T he as­
signm ent o f m any species to to lerance and feeding 
groups was based on very lim ited data. W ith m ore 
inform ation on the ecology and life h istory  o f  these 
species, their designations m ay change. A dditional 
diet inform ation m ight also allow for establishm ent 
of m ore precise feeding categories and m ore sensitive 
m etric criteria.

A t present, our version o f  the IB I can only be 
applied to  lakes that have sufficient h istorical data to 
characterize their fish com m unity before m ajor hum an 
impacts had taken place. This restric ts use o f the index 
to a lim ited num ber o f w ell-studied lakes, w hich are 
generally large and easily accessible. A  m ore broadly 
applicable IBI m ight be developed based on data from  
a series o f  representative “least-im pacted” reference 
lakes w ith relatively little environm ental degradation 
(Hughes, 1995). The larger lakes in this study, such 
as Chapala, C utizeo, o r Pátzcuaro, are unique in so 
many ways that no com parable reference lakes exist. 
However, am ong the m ore num erous sm aller lakes o f 
central M éxico, it m ight be possib le to find a sufficient 
num ber o f  least-im pacted reference w aters. D ata from  
these lakes could  be used to  generate m ore  generic 
metric expectations and scoring criteria. T he devel­
opm ent o f such expectations w ould have to take into 
account inherent differences am ong fish faunas owing

to such factors as lake size, w ater chem istry, habitat 
com plexity, and isolation  (Jennings et ah, 1998; W hit­
tier, 1998). A  classification system  that accounted for 
the m ajor sources o f  variation am ong the fish faunas of 
M exican lakes w ould be o f g reat benefit to continued 
IBI developm ent.

In som e sm all M exican lakes, the application o f a 
solely fish-based IB I w ill be im practical because o f the 
inherently low num bers o f  fish species present. M any 
isolated, h igh-altitude lakes in central M éxico are nat­
urally fishless o r have only one or two native species. 
For these lakes, use o f organism s other than fish is 
w arranted to  indicate lake ecosystem  condition. H ang 
& B ain (1998) developed and applied  successfully 
an IBI fo r sm all m ountain lakes in the northeastern 
U nited States that had  few  fish species. T heir index 
included m etrics based on fish, benthic invertebrates, 
Zooplankton, and phytoplankton.

The sam pling protocol used to generate the 
present-day fish com m unity  data for IBI application 
is another area w here additional w ork and refinem ent 
are needed. We used a com bination o f scientific sur­
vey and fishery assessm ent data, and tried to establish 
m etric scoring criteria that w ere relatively insensitive 
to the way in w hich the data were gathered. In all 
other existing lake IBI applications, fish com m unity 
data have been derived solely from  a scientific survey, 
but there has been no consensus as to how  the survey 
should be carried  out (Sim on & Lyons, 1995 ; Jennings 
et al, 1998; M cD onough & H ickm an, 1998; Thom a, 
1998; W hittier, 1998). R elying solely on scientific 
surveys is im practical in m any instances in M éxico, 
given staff, funding, and equipm ent lim itations (Lyons 
et al., 1998). For m ost M exican lakes, fishery surveys 
provide a m ore efficient w ay to characterize m any as­
pects o f  the fish com m unity. E ssentially  every lake in 
central M éxico has som e sort o f  subsistence o r com ­
m ercial fishery, and in our experience the fishermen 
are usually w illing to cooperate (e.g., Lyons, et ah, 
1994). In lakes w ith large fisheries, such as Chapala, 
C uitzeo, and Pátzcuaro, data are already being co llec­
ted by the M exican governm ent. Certainly, however, 
som e scientific sam pling is needed  to  supplem ent the 
fishery survey and to  docum ent the abundance o f small 
species that are not targeted by fisherm en. D evelop­
m ent o f a set o f  specific guidelines fo r how to conduct 
this sam pling in  a cost-effective and standardized m an­
ner w ould greatly im prove the application o f the IBI to 
M exican lakes.

Our IB I is probably best suited to assessing 
and m onitoring m ajor long-term  trends in ecosys-
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tem  health  ra ther than subtle or short-term  changes. 
In stream s and sm all lakes it is often possible to 
characterize the fish com m unity in no m ore than a 
few days, allow ing fo r the close tracking o f  biotic 
integrity. However, the large size and ecological com ­
plexity  o f  m any central M exican lakes m akes rapid 
assessm ent o f the fish com m unity unfeasible, and the 
quality  o f  the fishery data used in m etric calculation 
probably im proves w hen integrated over periods o f 
m onths o r years. O ur IBI is som ew hat analagous to 
an IBI recently  developed for central C alifornia, U SA , 
w hich uses com m unity  attributes collected over m u l­
tiple years and locations to assess the overall ecosys­
tem  quality  o f  an en tire w atershed (M oyle & R andall, 
1998).
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