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Declines of amphibian populations around 
the planet in recent years have been document-
ed sufficiently to establish that the phenomenon 
is real (Lips 1998, 1999, Alford and Richards 
1999, Houlahan et al. 2000) and that “natural” 
fluctuations in the size of local populations 
(e.g., Pechmann et al. 1991) are not gen-
erally causing temporary, apparent declines. 
In Mesoamerica and elsewhere, most of the 
documented declines have been associated 
with upland (> 600 m elevation) populations 
of frogs that are associated with streams (e.g., 
Pounds et al. 1997, Lips 1998, 1999). Beyond 
simple habitat destruction, many causal agents 
(e.g., introduction of alien species, global cli-
mate change) have been suspected and inves-
tigated at a wide variety of sites (see Collins 
and Storfer 2003, for review). Despite the real 
negative influence of some of these causal 
agents (e.g., alien species, Kats and Ferrer 
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2003) the clearest link to amphibian declines 
(especially in protected regions) is with the 
fungal disease amphibian chytridiomycosis–
–perhaps in association with other pathogens 
(Berger et al. 1998, Daszak et al. 2003). This 
disease is caused by the amphibian-specific 
aquatic fungus, Batrachochytrium dendroba-
tidis, which was only recently discovered and 
described (Longcore et al. 1999). The patho-
gen has been clearly implicated in amphibian 
declines at disjunct sites around the world, and 
is considered to be an emerging infectious dis-
ease (see Daszak et al. 2003, for review). The 
recent documentation of this pathogen around 
the world (Daszak et al. 2003) suggests a 
recent rapid invasion, which is corroborated by 
low levels of genetic variation among samples 
collected worldwide (Morehouse et al. 2003); 
further work on this critical front is warranted. 
The origin of this fungus and the epidemic 
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is unknown, as is its method of dispersal 
(Morehouse et al. 2003); simply put, the biol-
ogy of this fungus is virtually unknown.

In Mesoamerica, direct evidence of chy-
trid-associated declines in amphibians has been 
documented in Panama (Berger et al. 1998), 
Costa Rica (Lips et al. 2003), and Mexico 
(Lips et al. 2004). Indirect evidence of the dis-
ease (missing and/or misshapen mouthparts in 
tadpoles, Fellers et al. 2001) has been reported 
from Guatemala (Campbell and Smith 1992) 
and Honduras (McCranie and Wilson 2002). 

In this paper we report our observations of a 
severe die-off of tadpoles from a cloudforest site 
in the Sierra de las Minas of Guatemala, provide 
the first documented report of chytridiomycosis 
from that country, and report our long-term 
observations of declines of frogs from a mon-
tane wetland in the same region. We also briefly 
report on the establishment of commercial leath-
erleaf fern plantations in the region, and their 
potential effects on the local environment.

MATERIALS AND METHODS

Diurnal and nocturnal visual surveys for 
frogs and tadpoles were conducted at Río 
Cafetal, Baja Verapaz, Guatemala (located in 
the Sierra de las Minas; see description below). 
Surveys were conducted on 22–23 December 
2002 (JHM, MEA), 24 January 2003 (JRM, 
EDB, NJS, JAC), and 15–16 March 2003 (JHM, 
MEA). We compared the approximate rela-
tive abundance of species of stream-associated 
frogs with historical observations from the site 
and general region (Campbell 2001). Additional 
anecdotal observations are reported from a prox-
imate wetland site near the village of Purulhá, 
Baja Verapaz, Guatemala. Pathological exami-
nation was conducted for chytrid fungi on a 
single tadpole of Ptychohyla hypomykter. Water 
samples from Río Cafetal were collected on 25 
January 2003 and analyzed for evidence of pes-
ticides, herbicides, and semivolatile compounds; 
these analyses were performed by Chemtech-
Ford Analytical Laboratories (Salt Lake City, 
Utah, USA) in accordance with National 

Environmental Laboratory Accreditation 
Program, section 5.13. 

Additional samples were analyzed for nutri-
ent chemistry. Samples were filtered (Whatman 
GF/F 0.7 μm) and acidified to pH-2 in the field. 
These were analyzed for nitrate-nitrogen (NO3-
N) and phosphate-phosphorus (PO4-P) using 
ion chromatography (Hedin et al. 1995, APHA 
1998), total dissolved nitrogen (TDN) and 
total dissolved phosphorus (TDP) by persulfate 
oxidation followed by spectroscopic analysis 
(Valerrama 1981, APHA 1998), and dissolved 
organic carbon (DOC) by wet persulfate oxida-
tion (Menzel and Vaccaro 1964) by the Aquatic 
Biogeochemistry Lab at Utah State University. 

Study Sites: The Sierra de las Minas is 
a massive east–west trending range on the 
Atlantic Versant of Guatemala that separates the 
humid Polochic Valley from the arid Motagua 
Valley. Campbell (2001) provided a thorough 
description of this mountain range, and the 
specific area in which our study took place. 
Our surveys took place along the Río Cafetal 
(Guatemala: Baja Verapaz: 3.0 km N of La 
Unión Barrios, 1680 m elevation). The section 
of the Río Cafetal in which our surveys took 
place is located in primary cloudforest adjacent 
to the eastern perimeter of the Biotopo “Mario 
Dary” preserve. Our surveys took place along 
a 300 m reach of the stream on the eastern side 
of highway CA-14, beginning at the highway 
itself. While our surveys were conducted along 
a section of stream running through primary 
cloud forest, the section just upstream (on the 
other side of the highway) lies adjacent to a 
massive, recently (since the mid-1980’s) estab-
lished leatherleaf fern (Rumohra adiantifor-
mis) plantation. Except for a small gallery of 
remnant vegetation directly along the stream, 
there is no remaining forest vegetation along 
that section of the stream (Fig. 1). Additional 
surveys were also conducted at two unnamed 
streams located within a few km of the Río 
Cafetal: Stream 1) located 6.1 rd km N of La 
Unión Barrios on Hwy CA 14 (15°12’42.1”N; 
90° 12’ 23.9”W); Stream 2) located 2–3 air km 
NNE of La Unión Barrios (15°11’29.3”N; 90° 
11’ 43.8”W). Both of these streams run through 
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secondary vegetation in cloudforest at similar 
elevations to the Río Cafetal study site. 

The frog fauna of this region was docu-
mented by JAC in the 1970s (Campbell 2001) 
and has been sampled by JAC and associates 
periodically since that time. Río Cafetal is a 
primary breeding site for an assemblage of for-
est-dwelling frogs including four hylid species 
(Plectrohyla hartwegi, P. pokomchi, P. quec-
chi, Ptychohyla hypomykter) and one ranid 
species (Rana maculata); the centrolenid spe-
cies Hyalinobatrachium fleischmanni has been 
seen there sporadically. These species typically 
deposit eggs in pools (e.g., splash pools below 
small waterfalls or between riffle zones) in 
streams during the dry season (January–May). 
In part because of the cool water temperatures, 
metamorphosis of tadpoles may take more than 
one year. Thus, at any time of the year, different 
stages of tadpoles of all species may be found 
in the streams in this area. Additional frogs, 
most notably several species in the leptodac-
tylid genus Eleutherodactylus, are associated 
with streams in this area but do not use them to 
reproduce. The hylid species Hyla bromeliacea 
and H. minera are also known from the area, 

but these species deposit eggs in bromeliads 
and tree cavities. 

The wetland extending north from the town 
of Purulhá (Fig. 2) is an open, mostly tree-less 
marsh dominated by reeds (Fig. 2). In the 1970s 
the hillsides around the marsh were covered in 
primary cloudforest, and enormous populations 
of the bufonid Bufo ibarrai, the hylid Hyla 
bocourti, and the microhylid Hypopachus bar-
beri bred there (Campbell 2001).

RESULTS

On 21 December 2003, tadpoles 
of Ptychohyla hypomykter (n = 12) and 
Plectrohyla quecchi (n = 5) were collected 
from Stream 1. No malformed mouthparts 
were observed in subsequent examination of 
these specimens. A nocturnal survey that night 
found adults of Plectrohyla quecchi (n = 5) and 
Eleutherodacylus cf. doddi (n = 2); males of P. 
quecchi were vocalizing. 

On 22 December 2002, we surveyed a 
300 m stretch of Río Cafetal and observed 
an estimated several thousand tadpoles in the 

Fig. 1. A recently constructed leatherleaf fern plantation, 
adjacent to our study site at Río Cafetal, Sierra de las 
Minas, Baja Verapaz, Guatemala. Note that all native veg-
etation has been removed and a monoculture of leatherleaf 
ferns is covered by  shade screens. There are many such 
plantations now replacing native cloud forest habitat in 
the general vicinity of the towns of La Unión Barrios and 
Purulhá, and the Biotopo “Mario Dary” in Baja Verapaz, 
Guatemala. Photograph taken on 25 January 2003.

Fig. 2. A marsh-wetland near the village of Purulhá, Baja 
Verapaz, Guatemala. In the 1970s this site historically sup-
ported large populations of three frog species and a garter 
snake that fed on them (see text). These frogs have not been 
seen there since the 1980s and the snake has not been seen 
since the 1990s. Note the recent human settlements on the 
periphery of the marsh, the deforestation on the surround-
ing hillsides, and the woodcutters traversing the marsh in 
the foreground. Photograph taken on 25 January 2003. 
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stream. Approximately 60-70% (a conservative 
estimate) of these tadpoles were either dead or 
in the process of dying. The dying tadpoles had 
white-colored tail tips, and the entire body was 
whitish in those that were dead. Dying tadpoles 
were observed to swim differently than did the 
apparently unaffected tadpoles. The discolored 
portion of the tail did not move when the rest 
of the tail musculature contracted, causing 
the tadpole to move irregularly. A random 
subsample of these tadpoles were all identi-
fied as Ptychohyla hypomyketer; it is possible 
that some individuals of Plectrohyla spp. were 
also present. No tadpoles of other species 
were observed. During a nocturnal survey con-
ducted that night, apparently healthy adults of 
Plectrohyla hartwegi (n = 3), Ptychohyla hypo-
mykter (n = 9), and Rana maculata (n = 2) were 
observed. Also observed were unusually long 
algal mats extending from submerged rocks 
and streaming in the water current. 

On 23 December 2003, tadpoles of 
Plectrohyla hartwegi (n = 2), Plectrohyla quec-
chi (n = 3), and Ptychohyla hypomykter (n = 
11) were collected at Stream 2. Mouthparts 
of tadpoles of all Plectrohyla appeared nor-
mal, but 30 % of the Ptychohyla tadpoles had 
both missing denticle teeth and malformed 
jaw sheaths. Adults seen at this time included 
Plectrohyla quecchi (n = 4; males calling spo-
radically),  Ptychyohyla hypomykter (n = 1), 
and Rana maculata (n = 3). 

On 25 January 2003, a diurnal survey 
of approximately six person-hours on the 
same 300 m section of the Río Cafetal found 
only four tadpoles of Ptychohyla hypomykter. 
Three of these four tadpoles had obviously 
malformed keratinous jaw sheaths and were 
missing sections of their keratinous denticle 
rows. Subsequent pathological analysis of 
one tadpole provided direct confirmation of 
infection by the pathogenic fungus B. dendro-
batidis; fungi were found in the oral tissues of 
this tadpole.

A follow-up visit to the Río Cafetal site 
on 15–16 March 2003 observed approximately 
500–1000 tadpoles of Ptychohyla hypomykter; 
no tadpoles of any other species were observed. 

Sample collections of tadpoles of Ptychohyla 
hypomykter were made (n = 56, represent-
ing Gosner Stages 25–37) on 16 March 2003. 
Examination of the mouthparts of these tadpoles 
revealed that 46 % were missing denticle rows 
and/or had malformed jaw sheaths. A nocturnal 
survey on 16 March found adult Ptychohyla 
hypomykter (n = 6) and Plectrohyla hartwegi (n 
= 2), and juvenile Rana maculata (n = 2). 

Analysis of water samples collected on 
25 January 2003 found levels of PCBs, pes-
ticides, herbicides, and semi-volatiles to be 
below limits established by the United States 
Environmental Protection Agency for all chem-
icals tested (Appendix). Nitrogen levels were 
relatively high for tropical streams, but well 
below EPA limits for drinking water quality; 
TDN was 1.22 + 0.10 mgN/L and NO3-N was 
0.960 + 0.002 mgN/L. Phosphorus levels were 
below the detection limit (0.1 mgP/L for TDP 
and 0.002 mgP/L for PO4-P) for both analyses. 
DOC levels averaged 2.22 + 0.05 mgC/L.

We (JAC and associates) have opportu-
nistically surveyed the frogs of the marsh near 
Purulhá at various times between 1975–2003; 
these surveys clearly indicate that the three most 
common species (Bufo ibarrai, Hyla bocourti, 
and Hypopachus barberi) abruptly disappeared 
sometime in 1983–1984. On several visits in 
the 1990s, teams of herpetologists were also 
unable to find the historically abundant garter 
snake Thamnophis fulvus; this snake frequently 
preys on frogs and tadpoles. 

DISCUSSION

The Sierra de las Minas are certainly 
experiencing direct habitat alteration and con-
tamination associated with both slash-and-burn 
and commercial agriculture, and they must 
be prone to the broader scale environmental 
influences that affect cloudforests regionally 
(Foster 2001) and forest ecosystems worldwide 
(Nosengo 2003). Anurans in this area may 
well be affected in a synergistic fashion by 
both local and global effects of environmen-
tal and anthropogenic factors. Identifying and 
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demonstrating the cause and direct effects of 
such synergistic influences is not possible at 
this time (Collins and Storfer 2003).

While we have observed evident declines 
in amphibian populations in Guatemala for 
years (Campbell 1999) and can associate many 
of these events with rampant deforestation, 
slash-and-burn agriculture, and pesticides, this 
is the first confirmed report of amphibian 
chytridiomycosis in the country. Our results 
augment recent reports from Mexico (Lips 
et al. 2004) in providing a spatio-temporal 
link between documented epidemics in lower 
Central America and North America. But note 
that indirect evidence of chytrid infection 
(missing mouthparts in tadpoles; see Fellers 
et al. 2001) was first reported in Guatemala 
more than a decade ago by Campbell and Smith 
(1992); at that time it was unknown that miss-
ing mouthparts in tadpoles was indicative of 
the presence of lethal pathogens. 

Our anuran surveys at Río Cafetal dem-
onstrate much lower abundance of adults of 
three anuran species (Plectrohyla hartwegi, 
Ptychohyla hypomykter, Rana maculata) than 
was ever observed in the 1970’s, and the 
apparent absence of two species (Plectrohyla 
pokomchi, P. quecchi). Our surveys of tadpoles 
indicate that Ptychohyla hypomykter continues 
to reproduce there, but that Rana maculata 
and three species of Plectrohyla (P. hartwegi, 
P. pokomchi, P. quecchi) do not continue to 
reproduce there. We have demonstrated that 
the pathogenic fungus Batrachochytrium den-
drobatidis is present at the site, and that it is 
affecting tadpoles. Because B. dendrobatidis 
has been identified as a lethal pathogen of 
anurans (Longcore et al. 1999) and it has been 
directly associated with catastrophic declines 
of anurans in various regions of the neotropics 
(e.g., Berger et al. 1998, Lips et al. 2003, Ron 
et al. 2003), we posit this pathogen as a direct 
cause of mortality to anurans at this site. We 
cannot rule out the possibility that tadpoles 
may also have been affected by a sudden pulse 
of contaminants in the stream. Nor can we 
directly evaluate the potential direct or syner-
gistic effects of the increased nitrogenation of 

the stream may have had on anuran mortality. 
Note that our surveys of streams in nearby 
areas did locate adults of Plectrohyla quecchi, 
and also tadpoles of Plectrohyla hartwegi. 

The timing of our visits coincided with the 
known breeding and general activities of larval, 
juvenile, and adult cohorts of all species at our 
site; such was the case during this same season 
in the 1970s. However, it should be noted that 
Plectrohyla quecchi is usually more abundant 
in smaller tributaries (e.g. Stream 1), often 
little more than trickles of water.  Ptychohyla 
hypomykter persists at the site, and some tad-
poles still occur in the stream. Our discovery 
of a tadpole of Ptychohyla hypomykter that was 
positively infected by B. dendrobatidis indi-
cates that this species does contract amphibian 
chytridiomycosis. Because Ptychohyla hypo-
mykter appears to persist (though in vacillating 
numbers) at our site, our observations also 
suggest that this species may be more tolerant 
of the pathogen than are other species (e.g. spe-
cies of Plectrohyla, whose declines at our site 
are presumably associated with chytrid infec-
tions). While there are no data regarding phylo-
genetic differences in the susceptibility of frogs 
to amphibian chytridiomycosis, we note that 
there is no evidence to suggest that Plectrohyla 
and Ptychohyla are each others closest relatives 
(Duellman and Campbell 1992, da Silva 1998). 
Species of Plectrohyla (and potentially their 
closest relatives) may be more susceptible to 
amphibian chytridiomycosis than are species 
of Ptychohyla. 

The large marsh near Purulhá once har-
bored abundant populations of anurans, and a 
species of frog-eating garter snake (Thamnophis 
fulvus) was common (JAC, pers. obs.). As the 
frogs disappeared in the 1980s, we did not 
have the opportunity to assess the direct causes 
of their declines. Channels have been dug 
throughout this marsh for drainage, and these 
have clearly modified the local environment. 
However, sufficient water remains in some 
areas to support anuran populations, so it is 
not clear why these anurans disappeared from 
this site. In any case, it appears that the disap-
pearance of an anuran prey-base has effected 
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a subsequent decline of a predatory snake (see 
also Matthews et al. 2002).

Vast tracts of cloudforest habitat in the 
vicinity of the Biotopo “Mario Dary” and the 
villages of La Unión Barrios and Purulhá, 
Baja Verapaz, have been recently (beginning 
in the mid-1980s) cleared and converted into 
artificially-shaded leatherleaf fern planta-
tions. Fronds of leatherleaf fern are common-
ly included as part of ornamental cut-flower 
arrangements; local people at our site indicated 
that fronds produced in this area are being 
exported to Europe. Leatherleaf ferns from this 
region are currently a 12-million dollar export 
crop (Galinsky 1996). Leatherleaf plantations 
are typically located on well-drained, fertile 
soils, with abundant water and mild tempera-
tures (Mo 2001); conditions such as these 
that occur at our study site (Campbell 2001). 
Cultivation of leatherleaf ferns in Costa Rica 
typically involves application high doses of a 
wide variety of fungicides, insecticides, and 
herbicides (Stamps and McColley 1997, see 
Mo 2001, for review); many of these chemicals 
are prohibited in Europe and the United States. 
One predominant fungicide used in cultivation 
is chlorothalonil (Stamps and McColley 1997, 
Mo 2001); chlorothalonil is highly toxic to a 
variety of aquatic animals (Mo 2001). Because 
leatherleaf is an ornamental plant, rather than 
an edible plant, importing countries enforce 
no maximum allowable limits for chemical 
residues. In addition, precisely because it is 
an ornamental plant, specimens with the least 
damage from insects or fungal pathogens have 
the greatest value, thus encouraging massive 
application of pesticides and herbicides (Mo 
2001). The primary nutrients required to culti-
vate leatherleaf ferns are nitrogen (in the form 
of urea, ammonium, or nitrate) and potassium 
(Stamps 1995). Stamps specifically emphasized 
the risks of local environmental contamination 
associated with leatherleaf fern production:

The high leaching potential of these soils 
places water resources in leatherleaf fern pro-
duction areas at risk of contamination unless 
appropriate management practices are fol-
lowed… This leachability is a cause for concern, 

since N[itrogen] can end up in drinking water 
supplies where it may become a health hazard 
(Stamps 1995: 2–3). 

We detected relatively high levels of nitro-
gen in the stream and we suspect that this 
reflects fertilizer use in the watershed. The long 
algal mats in the stream are also suggestive of 
unnaturally high levels of nitrogen in the water; 
such algal mats were not observed by J. A. 
Campbell in the 1970s. Information on NO3-
N and TDN levels in neotropical streams is 
limited in the literature. The concentrations we 
report here are considerably higher than data 
published for high-elevation tropical streams 
at the Luquillo Experimental Forest Long Term 
Ecological Research site in Puerto Rico, where 
values for NO3-N range from 0.054–0.066 
mg/L and TDN range from 0.190–0.223 mg/L 
(McDowell and Asbury 1994). A larger range 
for NO3-N (0–0.229 mg/L) was reported from 
montane tropical streams in the Cordillera 
Central and the Cordillera de Tilarán of Costa 
Rica (Pringle et al. 1993). The N levels we 
measured in the Río Cafetal are at least 4X 
higher than levels reported from similar sites in 
the neotropics. 

While a direct connection between 
increased nitogenation of stream systems and 
amphibian chytridiomycosis has not been dem-
onstrated, direct mortality of tadpoles by nitro-
gen-based fertilizer contamination has been 
well documented (see Blaustein et al. 2003, for 
review). The symptoms we observed among 
the dying tadpoles on 22 December 2002 were 
generally consistent with the effects of nitrogen 
poisoning documented by Marco et al. (1999). 

The water samples we collected and ana-
lyzed did not show evidence of contamination 
by the specific fungicide mentioned above, nor 
by a broad spectrum of pesticides, herbicides, 
or other volatile compounds. In light of the 
exhaustive study by Mo (2001) in Costa Rica, 
we are forced to conclude that the plantations 
in Guatemala surely follow similar protocols 
of heavy applications of a variety of highly 
toxic chemicals to their crops. We did not 
detect these chemicals in our analyses, perhaps 
because they were applied at some unknown 
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time prior to our sampling (i.e., there was a 
temporary pulse of contamination that pre-
ceded our collecting activities). We note that 
Mo (2001) was careful to collect water samples 
from plantation effluents. We did not have suf-
ficient information to organize our sampling 
in a similar manner. Owners and workers at 
fern plantations are not willing to discuss 
their agricultural practices, nor their applica-
tion regime for agricultural chemicals (pers. 
obs., Mo 2001). Pesticide exposure can induce 
immunosuppression in frogs (Gilbertson et al. 
2003), and conceivably could have affected 
the tadpoles at our site. We do not know what 
potential effects various agricultural fungicides 
could possibly have on populations of the 
pathogenic chytrids in the region. 

In any case, our results clearly indicate 
that yet another assemblage of upland frogs 
in Mesoamerica has been severely impacted. 
The pathogenic chtyrid fungus B. dendro-
batidis is present at the site, and is affecting 
tadpoles. As such it appears the declines we 
have documented have been caused, at least 
in part, by a local epidemic of amphibian 
chytridiomycosis. It is possible that local frog 
populations have also suffered negative effects 
(direct and/or indirect) from contamination 
of their natal stream—contamination in the 
form of increased nitrogenation, and possibly 
from agricultural chemicals. We cannot pre-
dict when, or if, populations at this site will 
recover from the recent, catastrophic declines. 
Of the species historically present at our site, 
Plectrohyla quecchi and Plectrohyla pokomchi 
have relatively restricted distributions in the 
highlands of eastern Guatemala; the remaining 
species have somewhat broader distributions 
in the uplands of nuclear Central America. We 
are confident that the recent construction of 
massive leatherleaf fern plantations in the area 
has fragmented native habitat and therefore 
may reduce the likelihood that this area can be 
recolonized by frogs from other drainages. We 
also suspect that the local leatherleaf planta-
tions are contaminating the watershed with 
nitrogen-based fertilizers; our data indirectly 

suggest that such contamination is related to 
the local amphibian population declines. 

At our study site we have documented hab-
itat destruction, apparent contamination from 
agricultural chemicals, presence of amphib-
ian chytridiomycosis, a massive amphibian 
population decline, and the apparently associ-
ated decline of a snake species. Amphibian 
population declines are complex phenomena 
(Kiesecker et al. 2001). The probable syner-
gistic links between the phenomenon we have 
documented in Guatemala—and indeed influ-
ences yet to be identified and considered—
remain unclear at our site and globally. 
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RESUMEN

Una comparación entre un inventario anterior y otro 
reciente de poblaciones de ranas de bosque nublado en la 
Sierra de Las Minas de Guatemala demostró disminuciones 
poblacionales y ausencia localizada de varias especies. El 
examen patológico de un renacuajo muerto indicó infección 
por un hongo quítrido propio de los anfibios. El hábitat local 
ha sido gravemente alterado por el establecimiento reciente 
de producción a gran escala de helechos ornamentales. El 
análisis químico del agua en el área de estudio señaló un 
aumento en nitrogenación asociado al cultivo de helechos.
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Palabras clave: declinación de anfibios, quitridiomico-
sis, Guatemala, Anura, Plectrohyla, Ptychohyla, helechos 
ornamentales.
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Potential Contaminant
Level Detected 

(µg/L)

Pesticides/PCB’s

Endrin < 0.022
Heptachlor < 0.05
Heptachlor Epoxide < 0.05
Methoxychlor < 0.22
Toxaphene < 1
PCB Arochlor 1221 < 0.5
PCB Arochlor 1232 < 0.5
PCB Arochlor1242/1016 < 0.5
PCB Arochlor 1248 < 0.5
PCB Arochlor 1254 < 0.5
PCB Arochlor 1260 < 0.5

Herbicides

2,4-D < 0.22
2,4,5-TP Silvex < 0.44
Dalapon < 2.2
Dicamba < 1
Dinoseb < 0.44
Pentachlorophenol < 0.088
Picloram < 0.22

Semi-Volatiles

Alachlor < 0.44
Aldrin < 2
Atrazine < 0.22
Benzo(a)pyrene < 0.044
Di (2-Ethylhexy) adipate < 1.3
Bis (2-Ethylhexy) phthalate < 1.3
Butachlor < 0.5
Chlorodane < 0.44
Dieldrin < 1
Hexachlorobenzene < 0.22
Hexachlorocyclopentadiene < 0.22
Lindane < 0.048
Metolachlor < 0.5
Metribuzin < 0.5
Propachlor < 0.5
Simazine < 0.15

APPENDIX

Results of analyses of water samples collected on 25 January 2003 from Río Cafetal, Baja Verapaz, Guatemala. All potential 
contaminants for which we surveyed were undetected in our samples. For reference, values in table represent maximum accept-
able standards accepted by the United States Environmental Protection Agency (EPA Protocols 508.1, 515.1, and 525.1). We 
present this information here to serve as baseline, comparative data to encourage future analyses.


