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The brown ueewake, Boiga irregularis, was [[ansponed 
to Guam following World War II. A nocturnal, arboreal, 
and cryptic species, it initially escaped detection, Within 
a few decades, however, it reproduced, spread, and devas
tated the terrestrial vertebrate fauna of the island, causing 
economic damage and cultural disruption. The species is 
an excellent disperser; brown treesnakes originating from 
Guam have since been found as near as the island of Rata 
and as far away as Spain and Diego Garcia atoll. Research 
on concrol and inrerdicrion merhods has been extensive 

and productive, but eradication remains improbable, and 
the risk of further dispersal continues. 

GUAM; GEOGRAPHIC AND HIS RICAL 

SETTING 

Guam is a long way from everywhete. All islands within 
1,500 km in every direction ate even smaller than Guam's 
550 km2

, and even these are few and far between. Despite 
this, humans first reached the island some 4,000 years 
ago. Although some nonnative species possibly arrived in 
pre-European times, many of those that have exacerbared 
the brown treesnake problem arrived wirh rhe Spanish 
colonialisrs, starting in the mid-1600s. Even more arrived 
with the Americans, who took possession of Guam after 
the Spanish-American War of the lare 1800s. Invasive 
rodentS, shrews, deer, feral hogs, Eurasian sparrows, and 
skinks eirher provide food for the snake (Fig. r) or com
pound its negative impacts on the ecosystem, causing 
invasional meltdown. 

THE BROWN TREESNAKE ARRIVES: GUAM, 

1950-1980 

In the wake ofWWlI, Guam served as a regional milirary 
base for the U.S. military. Movement of salvaged equip
mem resulted in the arrival of rhe snake around 1950. 
Details of rhis period are sketchy, and mosr of whar lirde 
we know about spread of the snake on Guam emerged 
from rhe work of Julie Savidge, who reconsrructed rhe 
process from interviews held in the early 1980s. As is 
rhe case with many invaders, the period between arrival 

FIGURE 1 A brown treesnake containing three introduced E"rasian spar

rows (Passer montanus), Common introduced species thought to be 

bemgn. such as the sp.:lrrow and the curious skink (Cam" "ilanp"fa'; 

formerly referred to as C. fusca). Can SUbSidize snake populations and 

enhance the;r impact On native speCies, (Photograph courtesy of G, 

Perry) 

and irruption ("lag period") was characterized by a slow 
buildup in brown treesnake numbers and effects. With 
abundam food, few predators, and no known diseases or 
parasites on Guam, snakes grew up to 3 m long. Early 
reporrs arcached little importance to rhe snake's arrival, 
predicting that it would be beneficial by reducing rat 
populations. 

Lack ofspecies on Guam that feed on or parasicize rhe 
snake, as well as abundance of naive prey, helped brown 
rreesnake popularions to explode. By the 1970S, brown 
ueesnake numbers were high, their disrribution included 
most of rhe island, and native birds were in clear decline. 
Initial thoughTS on the cause of the bird decline, based 
on avian diseases in Hawai'i, turned our to be wrong; 
no explanation except chat of the brown treesnake was 
supported. Nonecheless, Savidge faced considerable skep
ticism when she identified the brown treesnake as the 
culprit, since there was no previous example of a snake 
causing such ecosystem-wide impact. 

BROWN TREESNAKE IMPACTS~ 1980 0 WARD 

Considerable work has focused on documenting brown 
rreesnake impacrs on Guam. Human impacrs have taken 
rhree forms. Venomous snake bires ro humans, and espe
cially to infants, have not resulred in fatalities bur have 
produced some cases of respiratory arrest. Economically, 
power outage caused by the brown treesnake is at the tOp 
of the list. Snakes climb inro the transmission system, 
seeking food or simply moving along. Whenever they 
short rhe system, damage chat ranges from purely local to 

islandwide can ensue, causing damaging power ourages 
and requiring cosdy repairs, Losr tourist revenues result
ing from bad publicity are also a concern. Culturally, rhe 
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impact has been loss or massive decline of native species 
rhar were parr of folkrales and uaditionallifesryles, such as 
the Mariana fruir bar (Pteropus rnmiannus, locally known 

as fanihi, and an importam food source) and rhe Mariana 

fruir dove (Ptilinopus roseieapilla, ronot). Ecologically, 
rhe impacts have been some of rhe mosr extreme seen 
in any invasion, primarily as a resulr of direct predation. 
Native species had nO( evolved wirh a snake predaror, and 

they had fe:w defenses. Snake populations at the height 
.", of rhe irruprion were higher than those for comparable 

snakes measured elsewhere, compounding the problem. 

Of the [hree na[ive bat species, cwo are exrinct and the 

rhird is barely holding on, despire considerable conser
varion effort. Practically all native forest birds-nine our 
of eleven, some of [hem species or subspecies unique [Q 

Guam-have become locally or globally extinct. Native 
reptiles have b.red lirrle berter, wirh most species eirher 

gone or in decline. Wirh most bird and mammal prey 
gone, large snakes are no longer common on Guam, and 
mosr adulrs are abnut 1.5 m in length. 

Some of the extirpated species, such as the famail 
(Rhipidura rufifrom, chichirika) were insec[ivorous, and 

rheir loss has resulred in changes in invertebrare popu

lations. Other, perhaps more extensive if still unfolding, 

cascading effects resulted from [he snake-caused exrinc

tion of important pol!inarors and seed dispersers such as 

the Mariana fruit dove and the Micronesian honeyearer 
(Myzomela rubrata, egigi). In an example of how invasive 

species can have synergisric effects, reduced pollination 
and seed dispetsal are exacerbated by the invasive fetal 
pig (Sus sera/a) and Philippine deer (Cervus mariannus) 

gtazing on young planes. As a tesul[, old-growth fores[ is 

nor regenerating after natural or anthropogenic loss. 

BROW TREESNAKE DISPERSAL ROl'il GUAM 

The b.re of Guam is an alarming demonsuation of rhe 
extensive damage rhat an invasive species can cause when 
condirions are righr. Unfortunately, rhe same basic condi

tions exist on many Pacific islands, making them highly 
suscepLible ro invasion from a brown rreesnake-like spe

cies. Even more unfortunately, high snake numbers. com
bined with the position of Guam as a civilian and military 

transportation hub, have allowed repeated human-aided 

dispersal of snakes to a remarkable diversiry of locarions 

(Fig. 2). Although some are relatively close (Fig. 2A), per
haps within the capaciry of eventual narural dispersal for 
rhe brown rreesnake, many are considerably further away 
(Fig. 2B), and a large number (Fig. 2C) would be consid

eted long-distance dispersal by any srandard. 

BR N rRE SNAI< CONT~OL E . ORTS ON 
AND OFF GUA 

More than anything else, ir is the risk of furrher invasion 

rhat has prompted policymakers to fund brown rreesnake 

interdiction efforts on Guam. These have focused on two 

primary goals. The first is [Q eliminare snakes from the 

uansporrarion network. The second, discussed below, 

centers on undersranding the biology of the snake on 
Guam, and on devising methods to conrrol popularions 
there. Guam's geographical isolarion is an advantage 
in rhar snakes can leave rhe island only on aircrafr or 
sea vessels. Indeed, brown ueesnakes originating from 

FIGURE 2 Documented brown treesnake dispersal from Guam. (A) Into the Commonwealth of the Northern Mariana Islands (CNMI; scale tens of 

kilometers). (6) Within the region (hundreds of kilometers). (C) Globally (thousands of kilometers). Island locations and sizes are approximate. 

Some s,tes, such as the CNM I and Hawaii. received mUltiple snakes ave, the years. but most reported only one docu mented arrival. 
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Guam have been found on, Or associated wim, borh. 

Ahhough one might rhink rhat imerdicrion at rwo air
pOftS and [\'10 sea pow (one milirary and one civilian of 

each) would be easy, such has nm been rhe case. Opera
rional procedures, some local and orhers derermined by 

agencies far away, limir operational access ro sires and 
what mav be done while rhere. Shorr-rerm and narrow 
economi~ imeresrs also limir whar can be done. Finally, 
much of rhe cargo shipped from Guam is prepared off

site, in a shifring number of privately owned faciliries. 

Conrrol sraff have spent considerable efforr idemifying 
mese faciliries and gaining access co rheir operarional 

areas so that snake educarion and inspecrions can be 

provided, with variable success. 

Three primary operarional rools are used on Guam. 

Snake rraps are ins railed around rhe perimerers of pons 
and airporrs and rrap hundred~ of snakes annually as 

rhey approach the facility, bur rheir success rums our 
ro be surprisingly sensirive to derails such as rrap place
mem and rhe weight and material of rhe flap used ro 

allow snakes in bm prevem rheir exir. Both small and 
large snakes are telarively unlikely ro be caughr by such 
traps and requite alternarive merhods to interdict. Bat

riers, eimer permanent or remporary, block snakes from 
entering specific areas. AJrhough expensive in rhe sho[(

rerm, rhey offer a savings over rhe long-run because rhey 

require relatively lirtle maintenance. Derecror dogs pro

vide a lasr line of defense, inspecring bmh cargo rhar is 
ready co load and vessels. Research has focused on fine

runiug rhe efficacy ofeach of mese merhods ro derermine 
when rhey are most helpful and under what conditions 
rhey are ineffective. 

AJrhough brown rreesnake inrerdicrion operations on 

Guam have become increasingly more efEciem as a resulr 
of lessons learned and research conducred, no sysrem 

is perfect. Snakes are srill occasionally sighred ar ocher 

locarions, especially rhose rhat have regular transpona
tion links with Guam. Several locarions, most norably 
Hawai'i and rhe Commonwealm of me Northern Mari

ana lsland~, have esrablished rheir own sranding inrerdic
rion efforts, relying on one or more versions of the three 
tools described above. Because snake damage has nor yer 
occurred ar rhese locarions, policy impedimeors rend to 

be greatet rhan on Guam; budget levels fluctuare, and 
short-rerm economics are more likely ro interfere wirh 
snal<e inrerdicrion. In addirion, a rapid-response ream has 
been assembled, wirh rrained members and ar leasr some 
equipment available on mulriple islands, which responds 

to new sighrings and aetemprs to quickly caprure and 

remove any snakes seen off of Guam. 

ER ICAT! G TI-lE BROWN 

TREESN,tI,KE FROM GUAM 

The argumenr has been made rhar brown rreesnake dam

age on Guam is as bad as ir is likely co ger, and rhere
fore interdicrion should be the only concern. This view is 
shorr-sighred for [\'10 reasons. Firsr, so long as rhe snake 
remains on Guam, expensive inrerdicrion operarions will 
be required and occasional escapes will occur. Since estab

lishment of invasives is often ried with propagule pres
sure, rhe risk of eventual bwwn rreesnake esrablishment 
elsewhere is unacceprably high. Second, wirh increasing 
success of island eradicarions and resmrarion efforrs and 

rhe availabiliry of some exrirpared species in captive colo

nies, much can be done ro improve rhings on Guam itself. 

Almough Guam is larger man sites of most successful 

etadication effortS, rhe Oriemal fruit fly (Dams dorsalis) 

has been eradicared on Guam, showing rhar rhe process 
may be possible. 

One of the mosr commonly asked quesrions abour rhe 
brown treesnake is why the small Indian mongoose has 
nor been released on Guam ro comrol if. Unfortunately, 

rhis mongoose has caused more harm rhan good when 
inrmduced elsewhere, is nor adept at climbing trees, 
and seems unlikely ro be effective againsr an arboreal 

snake. Orher biological conrrol agents, such as diseases, 
currently also seem unlikely to be effecrive. However, 

research has idemified a numbet of possible coxicanrs rhar 
are effective againsr rhe brown treesnake and suggesrs rhat 

aggressive applicarion can drasrically reduce, and wirh 
tepeated coverage perhaps even etadicate, rhe snake from 
modesr areas. Applying exisring cools would be very dif
ficulr on Guam, mosr of which is privarely owned and 

much of which is copographically rugged-but perhaps 
nOt impossible. However, rhe likely cost-perhaps several 
hundred million dollars-is likely co remain prohibitive 

for rhe foreseeable future. 
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Globally, invasions ofbryophytes and tichens are srrongly 

under recorded; rhe besr data exist for temperare regions 

with a srrong tradirion of floris ric and taxonomic research. 

Compared ro orher raxonomic groups, numbers of alien 

bryophyres are rather low. In Europe, rhere are 45 bryo

phyre species thar are considered ro be alien in ar leasr 

some pans of Europe. On rhis basis, only r.8 percent ofall 

European species are cerrainly alien; ifcryptOgenic species 
(i.e., species rhar are assumed, but nor known with cer

rain ty, to he alien) are included, then the estimare rises to 

2.5 percenr. The cumularive number of alien bryophyres 

in Europe, and probably worldwide, has increased expo

nenrially in recenr decades. Countries and regions wirh 

humid dimares are mosr heavily invaded. In comparison 

with other taxouomic gTOups, rhe conrriburion of distant 

regions (especially from rhe opposire hemisphere) ro alien 

bryophyte Aoras is remarkable. The dominant parhway is 
uninrenrional inrroducrion wirh ornamental plants, Alien 

bryophyte species display a strong affinity for human

made habirats. 'Within lichens, only a very few alien spe

cies have been recorded, and rhese are mainly restricred 

ro human-made habirars in urban areas in rhe northern 

hemisphere. 

GLOBAL PA E NS 

Invasions ofbryophyres are srtOngly underrecorded, and 

rhe sparial disttiburion of data is very skewed roward 

remperare regions wirh a srrong tradition of floristic 

and raxonomic research, Hence, for most (sub)rropical 

tegions, even approximate numbers of alien bryopyhres 

are currently impossible to estimate. However, one glob

ally valid pattern is their low number of alien species. 

One explanarion for rhe pauciry of alien bryophyres is 

the lack of disrtibution data and hisrorical knowledge, 

so some alien bryophytes (especially inconspicuous 

species) might well have been overlooked and rhere

fore be wrongly considered ro be indigenous. Spores of 

bryophyres are very efficienr ar long-distance dispersal, 

which means rhar human activities playa much less 

prominenr role in overcoming geographic barriers rhan 

wirh vascular planrs. In fact, many bryophytes appear 

to have colonized borh hemisphetes by natural means. 

Of rhose species considered to be native ro rhe United 

Kingdom, 75 percenr are also known from North and 

Cenrral America, and 14 percent from Australia; 3 per
cent are even known from Antarctica. Alrhough rheir 

biogeographic histOry remains largely unknown, many 

appear ro be widespread and ecologically well inre

grared across rheir range, with little evidence ro suggest 

recenr arrival. Furrhermore, bryophytes are only rarely 

rransporred for economic purposes; hence, intentional 

inrroducrion-the prevailing pathway for vascular 

plams, for example-is of little imporrance. 

The partern of bryophyre invasions in rhe temperate 

regions of rhe norrhern hemisphere is best known for 

Europe due ro rhe DAJSIE project. Patterns emerging 

from this data ser are presenred below and supplemenred 

by case srudies from orher conrinenrs. For alien lichens, 
rhe dara siruarion is woefully incomplere, which limirs 

analyses of invasion panerns, Checklisrs are available 

for only a few counrries (e.g., Ausrria, Czech Republic, 

Unired Kingdom). However, rhis appears ro genuinely 

reAecr rhe rarity of alien lichens. 

SPECIES NUMBERS AND INVASION 1-I0TSPOTS 

Globally, numbers of alien bryophyres are rarher low, In 

Europe, there are 45 bryophyte species (excluding green

house species) rhar are considered to be alien ar least in 
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