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Abstract 
The Southern Rockies Ecoregion coiltuiizs 0 rich dil1ersih of' native ylants, nnii?zals, and rzatliral 
comm~inities. The ecoregiorz, horve~le~; has not escaped human-caused biologic~rl degradation. 
Several species i?ati\~e to tlze So~ltherrl Rockies have been extirpated and hundreds more are 
considered to be of corzserl~arion concern, incl~iding at least 20 species listed as Threatened and 
Endangered under the Endangered Species Act (ESA).  To assess the relationship beh-eer~  the 
ecoregion's land prutectioll stut~is l e . ~ . ,  national parks) and its inajor ecosystern hpes ,  we used a 
Geographic Inforinatioil System ( G I s )  and employed rnetlrods sirniltrr to tlzose rl.red hy the U.S. 
GAP Analysis Prograrn. This analysis deterlnined the relative level of ecosysrein type protection. 
We then examined the ecosystein h p e  content of the ecoregion's relnaining unprotected roadless 
lands, to determine what consen,ation \,slues these areas might Izold. We also e.~amirzed slope. 
elevation, and known locations of rare and itnperiled species occurrences in Dot11 anal?ses. The 
results demonstrate that a generul disparity in protection levels exists in the Sozirhern Rockies 
between biologically-rich, lo~c'er-e1e~'atiorz ecosystein h p e s  and less species-rich, higher-ele1.a- 
tion ecosystems. Only 31 L?c of the collecti~le protected land area is belobi, 10,000feet in elei~ation, 
and only 3 of 13 nlajor ecosystein h p e s  natil'e to the Southern Rockies I.ta\$e more than 10% of 
their total area ~ ~ i t h i n  protected lands. In addition, the vast majorin: of rare and inzperiled 
species occurrences lie \vitlzin less-protected land ownerslzip hpes ,  szlch us  multiple-use guhlic* 
lands and private lands. In contrast to protected lands, unprotected roadless areas coiztain a 
significantlj~ higher proportion (62%) of collectii'e land area below 10,000jeet in ele~,ation. B? 
permanently protecting these roadless areas, 1 I of 13 native major ecosystem types corrld be 
represented in protected areas above a 10% level, 5 of 13 could be protected above i7 25% le~jel, 
and hundreds of addiliorzul rare and imperiled species locations nlould be irzcluded. Wzile 
additional analysis is required, roadless area pmtection may also fulfill additional resenle 
selection and design criteria that conzplement representatiorz objectiiles, including protecting 
special biological elements (e.g., b i o d i ~ ~ e r s i h  hotspots), meeting the needs of focal species (e.g., 
wide-ranging carrzi~~ores), and establishirzg habitat corznectivih. These results also denzonstrate 
the importance of the Clinton admin i s tmt io i~ '~  recent proposal to pro~ide. for~nal  protection for 
the nation's renzaining unprotected national.forest roadless lands. Tlze findings presented in this 
report are also included in the State of the Southern Rockies Ecoregion. 

Introduction Rockies Ecoregion (SRE), a large ex- nonlic settings. species diversity, ter- 
The State of the Southern Rockies panse of land (63,654 square miles) restrial and aquatic ecosystem condi- 
Ecoregion report, to be released in early stretching from southern Wyoming tions. and the status of protected lands 
2000 by the Southern Rockies Ecosys- through Colorado to northern New and roadless areas. and encourages a 
tern Project, provides a first-ever eco- Mexico (Figure 1). The report exam- large landscape-scale framework to 
logical assessment of the Southern ines land use history, social and eco- promote further consemation planning 
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Figure 1. Location of the Southern Rockies Ecoregion in the coterminous United States. 

and biodiversity protection efforts. It 
also reveals the general disparity in pro- 
tection levels between biologically- 
rich, lower-elevation ecosystem types 
and less species-rich, higher-elevation 
ecosystems. In this article, we high- 
light this disparity and examine one op- 
portunity to rectify this inequity in eco- 
system type representation: preserva- 
tion of the ecoregion's remaining un- 
protected public lands roadless areas. 

Obtaining adequate ecosystem 
type representation in protected areas 
complements other reserve selection 
methods, including protection of spe- 
cial elements (e.g., old-growth forests, 
rare and imperiled species habitat) and 
securing habitat needs for focal species 
(e.g., wide-ranging, human sensitive 
species), whose protection will benefit 
numerous other species (Noss et al. 
1999). As conservation priorities are 
identified via these three methods, bio- 
logically crucial landscape elements 
can be integrated into a carefully de- 
signed reserve system that will protect 
biodiversity and maintain ecosystem 
health more effectively than the 
ecoregion's current, largely ad hoc sys- 
tem of protected lands. Reserve design 
considerations include factors such as 
reserve size, spatial configuration, 
and habitat connectivity between re- 
serves, as well as appropriate man- 
agement of surrounding multiple-use 

lands (Noss et al. 1999). Thus, this 
article also represents a first step in 
designing a more effective reserve 
system for the Southern Rockies. 

Species diversity and conserva- 
tion status in the Southern 
Rockies 
The Southern Rockies' rugged and di- 
verse topography is matched by its di- 
versity of ecosystems, including alpine 
tundra, coniferous and deciduous for- 
ests, shrublands, grasslands, wetlands, 
lakes, and streams, which offer habitat 
for charismatic wildlife species such as 
bighorn sheep (Ovis canudensis), elk 
(Cervus elaphus), mule deer 
(Odocoileus hemionus), black bear 
(Ursus americanus), mountain lion 
(Felis concolor), cutthroat trout 
(Oncorhynchus clarki), bald eagle 
(Haliaeetus leucocephalus), and per- 
egrine falcon (Falco peregrinus 
anatum). Lesser known species also 
call the Southern Rockies home, such 
as the western small-footed myotis 
(Myotis ciliolabrum), Woodhouse's 
toad (Bufo woodhousii), and the tun- 
dra draba (Draba ventosa). Based on 
expert review and Natural Heritage 
Program data, we have identified 328 
extant native vertebrate species and 
subspecies that are tightly associated 
with the ecoregion's foothill, mountain, 
and valley habitats, including 203 birds, 
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Table 1. The number of vertebrate species (excluding 
fish) that are found or potentially found within each 
major natural ecosystem type in Colorado (some spe- 
cies are not associated with the Southern Rockies). 
The sum of these numbers do not represent a total 
number of vertebrate species for Colorado, as any one 
species may occur in more than one ecosystem type. 
(Data Source: Colorado Division of Wildlife Latilong 
Database 1999). 

Ecosystem Number Species 

WetlandtRiparian 459 

Pition-Juniper Woodland 181 

Lowland Grassland 167 

Mountain Shrubland 161 

Semi-OesertlSagebrush Shrublands 157 

Ponderosa Pine Forest 129 

Mountain Grassland/Meadow 98 

Spruce-Fir Forest 89 

Lodgepole Pine Forest 83 

Douglas Fir Forest 81 

Aspen Forest 73 

Limber PineIBristlecone P~ne Forests 63 

Alpine Tundra 51 

90 mammals, 18 fish, 10 reptiles, and 
7 amphibian species. When "periph- 
eral" species are added to this list. the 
total grows to well over 500. The re- 
gion also has a rich diversity of plants. 
plant communities, and invertebrates. 
For instance, with over 270 species of 
butterflies and an estimated 5.200 spe- 
cies of moths, the SRE is the second 
leading hotspot in North America for 
species richness in the insect order 
Lepidoptera (Paul Opler, pers. comm. ). 

Two vertebrate animal subspecies 
native to the Southern Rockies are 
known to be extinct, the yellowfin cut- 
throat trout (Ortcorhynch~rs clarki 
macdonaldi) and New Mexico sharp- 
tailed grouse (T\.rnparzuctzris 
phusianellz~s hzqi).  At least seven spe- 

cies have either 
been extirpated 
from the wild in the 
ecoregion or lim- 
ited evidence of re- 
maining individuals 
indicate there are 
likely too few to 
support viable 
populations. These 
include the bison 
(Bison bison), griz- 
zly bear (Urszrs 
urctos). gray wolf 
(Canis  lz!pus), 
black-footed ferret 
(Mustela rzigripes). 
wolverine (Gulo 
gulo). lynx (Felis 

and river otter 
(Lutm canadensis) 
(Fitzgerald et al. 
1994). The state of 
Colorado is cur- 
rently attempting to 
restore the lynx. and 
the river otter has 
been successfully 
reintroduced to por- 
tions of its former 
range in the 
ecoregion. At least - 

ten vertebrates, two invertebrates, and 
eight plant species native to the 
ecoregion are listed as federally Threat- 
ened or Endangered under the US En- 
dangered Species Act, such as the re- 
cently listed Preble's meadow jumping 
mouse (Zupzts hudsonius preblei). 

In addition to Threatened, Endan- 
gered and extirpated species, hundreds 
of other native species in the Southern 
Rockies are considered to be of con- 
senration concern according to the stan- 
dardized. species-imperilment ranlung 
system developed by The Nature Con- 
fervancy and the Natural Heritage Pro- 
grams (Master 1991). For instance, by 
using Colorado Natural Heritage Pro- 
gram (CNHP) state conservation ranks 
as indicators of a species' status in the 

ecoregion (except in the case of one 
New Mexico endemic), of the 328 ver- 
tebrate species tightly associated with 
Southern Roclues ecosystems. a signifi- 
cant portion are listed as vulnerable, im- 
periled, or critically imperiled by 
CNHP and are likely at risk in the 
ecoregion including: more than 112 of 
all amphibian species: nearly 112 of 
all fish species; more than 113 of all 
bird species; and 115 of all mammal 
species. 

Based on Natural Heritage Pro- 
gram ranks, roughly 5% of all South- 
ern Rockies vertebrate species are 
also considered globally vulnerable 
or imperiled. For these species, such 
as the boreal toad (Bufo boreas) and 
Gunnison sage grouse (Centrocercus 
~~rophasianlis subspp. ). extinction is 
a serious threat. Although it is un- 
certain how many plants native to the 
Southern Rockies are at risk. roughly 
one-sixth of all vascular plant species 
native to Colorado are ranked as rare, 
vulnerable, or imperiled at the glo- 
bal level, based on comparing Natu- 
ral Heritage Program ranks to a total 
number of species from a catalog of 
Colorado flora (Weber and Wittman 
1992). Numerous invertebrates are 
also at risk, but because invertebrate 
species are not as well studied in the 
ecoregion, percentages are uncertain. 
Finally. almost one-third of the 
known natural communities occur- 
ring in the Southern Rockies are 
considered rare, vulnerable, or im- 
periled at the global level under 
Natural Heritage Program ranks. 

Species distribution 
Some species in the Southern Rockies 
require very specific habitat types to 
meet their life history needs, such as 
the Abert's squirrel (Sciurus nberti) 
which requires relatively dense and 
mature ponderosa pine forests (Allred 
and Gaud 1994). Other Southern 
Rockies species, such as elk, are habi- 
tat "generalists" and can be found in 
every major ecosystem type in the 
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Southern Rockies (Fitzgerald et al. 
1994). Significantly, however, species 
richness is not evenly distributed 
among Southern Rockies ecosystems. 
Species richness is generally much 
higher in wetlandlriparian and lower el- 
evation ecosystems, such as grasslands, 
shrublands, and lower elevation forests, 
than in upper elevation ecosystems, 
such as alpine tundra and spruce-fir 
forests (Table 1). 

These distribution patterns are an 
important consideration as we assess 
both the relative human impacts to 
lower versus higher elevation ecosys- 
tems and the level of protection for 
these ecosystems. For instance, Figure 
2 shows that higher concentrations of 
known at-risk species occur mainly in 
major watersheds along the western 
slope of the ecoregion and near the foot- 
hilljprairie ecotone on the eastern slope 
of the Southern Rockies. Although this 
distribution of known rare and imper- 
iled species occurrences likely re- 
flects more intensive biological sur- 
vey efforts in these areas, it also likely 
reflects greater human impacts, such 
as urban development and agriculture 
on these generally species-rich, 
lower-elevation ecosystems. 

Protected lands 
Based on our mapping analysis, almost 
11 % of the ecoregion is currently 
within National Parks and Wilderness 
Areas. While this proportion is higher 
than most other regions in the U.S. 
(Noss and Cooperrider 1994), histori- 
cally, most protected lands in the South- 
ern Rockies were not selected to repre- 
sent the diversity of ecosystems and 
species. Rather, these areas were typi- 
cally chosen for scenic and recreational 
values or to protect charismatic wild- 
life such as elk, and were also often 
selected because they had little eco- 
nomic value (Foreman and Wolke 
1992; Pressey 1994). The result is that 
today many of the Southern Rockies' 
ecosystems and species are not well- 
represented in the existing system of 

publicly owned nature reserves. Be- relationship between stream orders and 
cause the Southern Rockies' protected land stewardship classes (this analysis 
areas mainly capture scenic, high- was performed for Colorado and Wyo- 
mountain landscapes, ecosystems such ming portions of the ecoregion only, as 
as subalpine forests and alpine tundra stream order classifications were not 
are relatively well-protected. In con- available for New Mexico). 
trast, less glamorous but biologically To accomplish this, we first fol- 
richer landscapes, such as low eleva- lowed established vegetation classi- 
tion riparian areas and shrublands, fication schemes (e.g., Benedict 
are not well-represented in the cur- 1991) and reclassified detailed veg- 
rent system of strictly protected na- etationhand cover maps produced by 
ture reserves. the Colorado, Wyoming, and New 

Mexico GAP Analysis projects into 
Analysis 13 major Southern Rockies native 
Thus, to more accurately assess the ecosystem types (see Table 1). We 
relative protection status of the South- then categorized the Southern 
em Rockies' ecosystems, we employed Rockies into land stewardship cat- 
a technique developed by 
the U.S. National Gap 
Analysis Program (Scott et 
al. 1993) to analyze each 
major ecosystem type in re- 
lation to current levels of 
land stewardship. Specifi- 
cally, we used geographic 
information system (GIs) 
technology to measure the 
percentage and area of each 
major ecosystem type 
within various classes of 
land protection (steward- 
ship). We also assessed the 
relationship between these 
land stewardship levels and 
elevation and slope, to de- 
termine if steep, high el- 
evation areas in the 
ecoregion have been fa- 
vored for protection over 
more topographically ac- 
cessible, low-elevation ar- 
eas, as many conservation- 
ists have maintained (Fore- 
man and Wolke 1992). Fi- 
nally, as a coarse measure 
of stream and riparian habi- 
tat protection, we also 
looked at whether or not 
higher elevation streams 
have been better protected 
than lower elevation 
streams, by examining the 

Figure 2. Number of rare and imperiled species by 
fourth order watersheds based on recent (within 
the last 15 years) species occurrence data col- 
lected andlor mapped by the state Natural Heri- 
tage Programs. (Data Sources: Colorado Natural 
Heritage Program, New Mexico Natural Heritage 
Program, and Wyoming Natural Diversity Data- 
base, 1999). 
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Table 2. The major ecosystem types in the Southern Rockies Ecoregion, listed by: total area, arealpercent in unpro- 
tected roadless lands, arealpercent in status 1 and 2 protected lands (e.g., National Parks and Wilderness Areas), and 
percent of each ecosystem type in both unprotected roadless and protected lands. 10 of the 13 major ecosystem types 
in the Southern Rockies would achieve a 1O0/0 or greater level of representation in status 1 lands if unprotected roadless 
areas were permanently protected (e.g., as Wilderness Areas). Generallmixed conifer forests were examined as a natu- 
ral cover type in this report, but not analyzed as an ecosystem type, due to vague classification criteria used in GAP 
Analysis mapping efforts. Results for wetlandlriparian ecosystems are suspect, because the coarse-level mapping by 
the GAP Analysis projects was not adequate to delineate the numerous fine-scale aquatic ecosystems. 

egories based on relative levels of le- 
gally mandated protection of native 
species, natural communities, and 
ecosystem processes. Using GIs, we 
integrated existing GAP Analysis 
land stewardship maps for New 
Mexico and Wyoming with a Bureau 
of Land Management "Surface Man- 
agement Status Map" for Colorado 
(the Colorado GAP Analysis land 

Ecosystem Type Total Area 
of 

Ecosystem 

Aspen Forest 3,211,359 

Douglas-Fir Forest 956,899 

Limber PineIBristlecone Pine Forests 177,616 

Lodgepole Pine Forest 2,736,615 

Lowland Grassland 2,004,174 

GenerallMixed Conifer Forest 2,217,422 

Mountain GrasslandlMeadow 1 ;851,787 

Mountain Shrubland 2,306,905 

Pition-Juniper Woodland 5,176,970 

Ponderosa Pine forest 4,523,020 

Semi-DeserVSagebrush Shrublands 6,208,661 

Engelmann Spruce-Subalpine Fir Forest 4,881,660 

Alpine Tundra 1,892,642 

WetlandlRiparian 136,668 

TOTALS 38,282,398 

stewardship mapping had not been 
completed at the time of this analy- 
sis).  By closely following GAP 
Analysis land stewardship mapping 
procedures. we reclassified these 
maps to develop a single. comprehen- 
sive land stewardship layer for the en- 
tire ecoregion. 

Four land stewardshp classifica- 
tions were developed and include (in 

order of protection level, high to low): 
stutus 1 lands-national parks. feder- 
ally designated wilderness areas, and 
U.S. Forest Service research natural ar- 
eas; status 2 lands-state wildlife ar- 
eas and U.S. national wildlife ref- 
uges; status 3 lands-multiple-use 
public lands such as U.S. Forest Ser- 
vice, Bureau of Land Management. 
and remaining state lands; and starzls 
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% of 
Ecosystem 

Type in 
Protected 

Lands 
and 

Unprotected 
Roadless 

Lands 

38.6 

25.3 

12.7 

37.5 

3.6 

36.6 

9.4 

10.8 

13.4 

13.1 

10.9 

58.2 

85.8 

16.9 

26.9 

Ecosystem Ecosystem 
Area within Unprotected Area within Status 

Roadless Lands 

Acres % of 
Total 

968,778 30.2 

208,366 21.8 

8,821 5.0 

649,476 23.7 

18,252 0.9 

426,754 19.2 

97,831 5.3 

188,523 8.2 

51 2,309 9.9 

384,234 8.5 

378,918 6.1 

1,350,007 27.7 

558,944 29.5 

10,639 7.8 

5,761,852 15.1 

1 & 2 Protected Lands 

Acres O/O of 
Total 

269,334 8.4 

33,518 3.5 

13.741 7.7 

376,751 13.8 

53,189 2.7 

385,322 17.4 

75,511 4.1 

59,803 2.6 

178,795 3.5 

208,200 4.6 

295,982 4.8 

1,486,941 30.5 

1,066,244 56.3 

12,382 9.1 

4,515,712 11.8 



4 lands-mainly private lands. This 
classification scheme offers a repre- 
sentation of protection status at a 
coarse-scale, and may not accurately 
reflect the status of some individual 
parcels, such as private lands within 
conservation easements. 

Based on these land stewardship 
categories, 47.5% (19,329,406 acres) 
of the Southern Rockies consist of 
status 3 lands. Status 4 lands consti- 
tute 41.3% (16,806,013 acres) of the 
Southern Rockies, and status 1 and 2 
make up 10.3% (4,194,479 acres) and 
1.0% (391,216 acres) of the South- 
em Rockies, respectively. Most of 
the protected areas (status 1 and 2 
lands) are small- to medium-sized 
parcels (for instance, 69% of National 
Parks and Wilderness Areas fall un- 
der 100,000 acres). Sixteen large 
(greater than 100,000 acres) pro- 
tected areas, however, collectively 
constitute a significant land area, at 
roughly 3.1 million acres total. 

Results 
High-elevation ecosystems in the 
Southern Rockies have a much higher 
proportion of their total area protected 
in status 1 and 2 lands than lower el- 
evation ecosystems. For instance, 
56.3% of alpine tundra is within pro- 
tected lands, compared to just 3.5% and 
3.7% for pifion-juniper woodlands and 
low-elevation grasslands, respectively 
(Table 2). Status 1 and 2 protected ar- 
eas also tend to be much higher in el- 
evation and have steeper average 
slopes, when compared to less-pro- 
tected areas. Sixty-nine percent of sta- 
tus 1 lands lie above 10,000 feet eleva- 
tion, while only 22% and 4% of status 
3 and 4 lands, respectively, are over 
10,000 feet. Moreover, more than 63% 
of status 1 and 2 protected lands have a 
greater than 10 degree slope, compared 
to just over 3 1 % for status 3 lands and 
11% for status 4 lands. Thus, protected 
areas are often too high, cold, and steep 
(and likely have generally less produc- 
tive soils) to offer much in the way of 

profitable resource extraction. of mammals, and 14% of bird spe- 
A similar pattern emerges when we cies require greater levels of protec- 

consider protection of riparian and tion (Merril et al. 1996). Although we 
stream ecosystems. Using stream or- were not able to examine potential 
der as a surrogate for these two eco- habitat for species for the ecoregion 
system types, we discover that 4,437 (due to the unavailability of Colorado 
miles of the highest elevation streams Gap Analysis species range maps), and 
(11% of 1" and 2nd order streams) in the Wyoming results are not directly 
the Colorado and Wyoming portion of transferable to the Southern Rockies, 
the ecoregion are within status 1 and 2 the under-representation of ecosystems 
areas, and only 51 miles of the larger, in protected areas discovered in our 
lower-elevation streams (4% of 5"-7" analysis indicates that a similar defi- 
order streams) fall into these two high- ciency in species protection also occurs. 
est protection categories. As a further In fact, by overlaying the stewardship 
indication of the lack of adequate map layer with a map of rare and im- 
stream protection, only 200 miles, or periled species occurrences, we discov- 
0.6%, of perennial rivers in the South- ered that 85% of the recent occurrences 
ern Rockies are protected under the (within the last 15 years) of rare and 
Wild and Scenic Rivers Act (USDI Na- imperiled species tracked by the state 
tional Park Service 1999). Thus, bio- Natural Heritage Programs fall onto 
logically diverse, lower eleva- 
tion riparian and stream eco- 
systems are not well repre- 
sented in protected areas. 

A conservation need 
These results demonstrate, at 
least on a coarse scale, that nu- 
merous species' habitats are 
not well represented in the ex- 
isting protected areas (Tables 
1 & 2). Individual species as- 
sociated with lower elevation 
ecosystems, such as the feder- 
ally Threatened Mexican spot- 
ted owl (Stnx occidentulis lu- 
c id~) ,  have very little habitat 
representation in protected ar- 
eas. In fact, at the state level, 
the New Mexico and Wyo- 
ming Gap Analysis projects 
have demonstrated that many 
biological hotspots and indi- 
vidual species' habitats are not 
well protected by the exist- 
ing system of protected 
lands. For instance, by map- 
ping potential habitat for ver- Figure 3. All remaining roadless lands (pro- 

tected and unprotected) in the Southern 
tebrate species' the Wyoming Rockies, based on roadless area inventories 
G a ~ A n a l ~ s i s  project discow by the U.S. Forest Service (USFS), Bureau of 
ered that 50% of all amphib- Land Management (BLM), National Park Ser- 
ians, 3 1 % of all reptiles, 22% vice (NPS), and conservationists. 
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status 3 and 4 lands. Some of the most 
at-risk species' habitats largely fall onto 
private lands, which are rapidly being 
converted to human-dominated land- 
scapes due to dramatic population and 
housing growth in the region. 

Using a modest proposal that at 
least 10% of any ecosystem type in a 
given region be represented in pro- 
tected areas to ensure an adequate 
coarse-filter approach to biodiversity 
conservation (Scott 1999), 10 of the 13 
major ecosystem types in the Southern 
Rockies deserve greater levels of pro- 
tection (Table 2). Only alpine tundra, 
spruce-fir forest, and lodgepole pine 
forest ecosystems could be considered 
adequately protected. With a more con- 
servative requirement of at least 25% 
ecosystem type representation in sta- 
tus 1 and 2 lands, only alpine tundra 
and spruce-fir forest ecosystems can be 
considered adequately protected. and 
only alpine tundra is adequately pro- 
tected with a 5 0 8  requirement. Some 
have suggested that as much as 25-757~ 
of a region's natusal habitat may require 
protection in reserves to ensure ad- 
equate biodiversity protection (Noss 
and Coopemder 1994). 

A conservation opportunity: 
Roadless lands 
Yet, there is still a tremendous oppor- 
tunity to further the conservation goal 
of ecosystem type representation for 
almost all of the Southern Rockies' 
major ecosystem types, and in doing 
so, protect significant habitat for many 
rare and imperiled species. We exam- 
ined the vegetation composition and 
elevation of the region's roughly 5.8 
million acres of remaining unpro- 
tected public lands roadless areas 
(Figure 3). These roadless lands have 
been identified by federal land man- 
agement agencies and local conser- 
vation organizations. 

These unprotected roadless lands 
are lower in elevation on average than 
existing protected lands, with 62% of 
the area below 10,000 feet compared 

to on11 3 1 8  for status 1 lands. These 
roadless land5 also contain significant 
amounts of under-represented ecosys- 
tem types, including species-rich, low- 
and middle-elevation ecosystems 
(Table 2) .  For instance, while only 
about 30.000 acres of Douglas-fir for- 
ests are currently protected in status 1 
areas, over 200,000 acres, or 2 2 8 ,  of 
Douglas-fir forests fall onto unpro- 
tected roadless lands. Also. nearly 
350.000 acres of ponderosa pine for- 
ests. over 500,000 acres of pifion-juni- 
per woodlands, and nearly 1.000,000 
acres of aspen forests are contained 
within the ecoregion's unprotected 
roadless areas. Significantly, if these 
roadless areas were to receive penna- 
nent protection (e.g., as federally des- 
ignated Wilderness Areas). 10 of the 
Southern Rockies' 13 major ecosystem 
types would attain a 10% or greater 
level of protection under status 1 and 2 
lands. and 5 of 13 could be protected 
above a 35% level. These unprotected 
roadless areas may also contain valu- 
able habitat for specific rare and im- 
periled species. For instance, based on 
our analysis of Natural Heritage Pro- 
gram data, over 650 recent occurrences 
of rare and imperiled species and sub- 
species are known to exist in these ar- 
eas. over 200 of which represent spe- 
cies considered globally vulnerable or 
imperiled, as well as more than 80 oc- 
currences of federally listed Threatened 
and Endangered species. 

Discussion 
While some native species in the South- 
ern Rockies are capable of adapting to 
1,arious levels of human dominated 
landscapes and may not require strict 
habitat protection. sensitive species and 
natural communities that are signifi- 
cantly under-represented in the 
ecoregion's current system of protected 
areas will require further levels of pro- 
tection. Equally important, just because 
certain ecosystem types are relatively 
well-represented in protected areas 
doesn't necessarily mean all species as- 

sociated with these ecosystems are suf- 
ficiently protected. For instance, de- 
spite millions of acres of protected 
high-elevation forest and alpine tundra 
in the ecoregion, many of these pro- 
tected forest and alpine areas may be 
too small and isolated on the landscape 
to meet the habitat needs of wide-rang- 
ing, human sensitive, or interior-depen- 
dent species, such as the wolverine 
(Seidel et al. 1998). In addition. areas 
with high rates of endernism, imper- 
iled species, or other special biological 
elements may not be captured by a re- 
serve system developed solely on a 
coarse-filter, representation approach. 
Thus, using fine-filter approaches to 
identifying special elements and re- 
searching focal species habitat needs 
complement a representation approach 
(Noss et al. 1994). 

The Southern Rockies' roadless 
areas may provide the "building 
blocks" for a more complex and ef- 
fective future reserve system, by not 
only helping to meet representation 
objectives. but also by potentially 
fulfilling reserve design goals and 
providing other biological benefits. 
For instance, if these lands were pro- 
tected as federally designated Wilder- 
ness Areas, when combined with the 
roughly four million acres of exist- 
ing protected lands. nearly one-quar- 
ter of the ecoregion could have pro- 
tected status, including several large 
roadless areas (e.g., the 700,000t 
acre Weminuche Wilderness Area/ 
roadless complex). These areas could 
potentially perpetuate important 
natural disturbance regimes, such as 
fire or flooding. which are critical 
natural processes to incorporate in re- 
serve design (Baker 1992). These 
large wilderness complexes may also 
potentially support viable popula- 
tions of a full suite of native species, 
including human-sensitive species 
that require remote habitat and wide- 
ranging predator species. as was de- 
termined in recent restoration re- 
search for the extirpated wolverine 
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(Seidel 1998) and gray wolf (Bennet 
1995) in the Colorado Portion of the 
Southern Rockies. Many of these 
roadless areas also provide linkages 
between existing protected areas, and 
connectivity between protected habi- 
tat is essential to facilitating species 
movement for dispersal and resource 
needs, and providing opportunities 
for gene flow (Dobson et al. 1999). 
In addition, unlike more heavily uti- 
lized, roaded landscapes, roadless 
areas often contain relatively "pris- 
tine" ecosystems, such as old-growth 
forests, areas where fire suppression 
efforts have been minimal, less pol- 
luted aquatic ecosystems, and areas 
relatively free from exotic species 
(Noss et al. 1999). Finally, protected 
roadless lands also provide excellent 
"baselines" or "living laboratories" 
by which to judge the ecological im- 
pacts of land management on ecosys- 
tems open to more intense multiple 
uses (Leopold 194 1). Additional re- 
search is required to identify roadless 
lands, and non-roadless lands, that 
fulfill the above objectives. 

Conclusion 
Public roadless land protection is not 
a panacea for biodiversity conserva- 
tion. Further conservation planning 
objectives, such as ecosystem resto- 
ration, sensitive management of mul- 
tiple-use public lands, and conserva- 
tion efforts on private lands will also 
need to be addressed in any serious 
effort to protect biodiversity in the 
Southern Rockies. However, 
roadless areas offer significant spe- 
cies conservation values and may 
serve as "building blocks" for a more 
effective reserve system in the South- 
em Rockies based on: relative abun- 
dance of lower and middle elevation 
ecosystem types, lightly used and 
relatively healthy habitats; ability to 
support and maintain natural pro- 
cesses; potential for containing rare 
and imperiled species habitats; poten- 
tial for supporting wide-raging and 

sensitive species; and ability to main- 
tain connectivity between other pro- 
tected habitats. Roadless areas may 
also provide less expensive, low- 
maintenance opportunities for many 
native species' conservation, espe- 
cially when compared to the often 
intensive and costly human interven- 
tion required for protection of spe- 
cies at risk of extinction on heavily 
used landscapes. 

The U.S. Forest Service has re- 
cently been directed by President 
Clinton to formulate a rule to address 
the need for protection of the nation's 
40-60 million acres of roadless na- 
tional forest lands (See President 
Clinton's "Memorandum for the Sec- 
retary of Agriculture: Protection of 
Forest "Roadless" Areas, October 13, 
1999). We've identified roughly 4.9 
million acres of these roadless areas 
on USFS lands in the Southern 
Rockies. Yet, the details of this plan 
are in progress, and it is not certain 
what level of protection will be pro- 
vided to these lands (if any). More- 
over, roadless lands on national for- 
ests with recently completed revised 
management plans, "unofficial" 
roadless lands (i.e., those not identi- 
fied by the USFS), and roadless ar- 
eas under 5,000 acres may be ex- 
empted from any future rule and re- 
main at risk to development, such as 
logging and off-road vehicle use. Our 
analysis, which included both "unof- 
ficial" and sub-5,000 acre roadless ar- 
eas, indicate that these unprotected 
roadless areas may hold conservation 
values disproportionate to their total 
acreage, and further justifies protec- 
tion for these areas. 
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Abstract 
The Cape Sable seaside sparro+ll (Ammodramus maritimus mirabilis) lzas been listed as 
federally endangered since 1967. Its small pop~llation size and linique ecologj /lalle per- 
petuated conservation concern. The ultimate factor in this strb-species' decline is t l ~ e  
alteratio~l of the e~lerglades ecosystrnl. Rn~lge-wide sun,e?'s conducted since 1992 have 
documented 90 percent declines b\~ithiil .some sub-populations leu~v'ng the sub-species \~.rlner- 
able to extinctiorz ill the tzear,f~~trrre. Altho~igtr the life Izistory of the sporr01.t' is typical of 
grassland birds, its demograplzic characteristics lea~le it highlj ~,ulnerable to eLterr short- 
term alterations of,fire and,flood regirnes. A multi-billion dollar restoration plan has bee11 
launched irz an effort to returir el~erglades' h!>drology to a inore narllral .stare. Ellen ~r'ith this 
plan, lzowevel; the Cape Sable seaside sparroMS is in danger of estinction. As  s l~own,for the 
plight of the Dztskj seaside sparroll* (Ammodramus maritimus nigrescens). a close and  no^^ 

extinct relative of tlze Cape Sable seaside sparroll', nlanagelnerzt actions ~ a u s f  be slt'iff to 
avert the estincfiorz of shori-lived, llcrbitar .specialists s~ ich  as this s l~ar . ro~:  

Introduction 
Cape Sable seaside sparrow 
(Amnzodrarn~is nzaritirnus ~nirabilis) 
population numbers have declined 
nearly 50 percent between 1992 and 
1996 (Curnutt et al. 1998). This fed- 
erally listed subspecies currently ex- 
ists within the protected lands of Ev- 
erglades National Park (ENP) and ad- 
jacent Big Cypress National Preserve. 
These two biological preserves (to- 
gether nearly 8,500 km2 in area) form 
one of the largest protected areas in 
North America, yet fail to function as 
a preserve for this and many other in- 
habitants (Mayer and Pimm 1998). 
Because large-scale hydrologic 
changes reflect patterns of population 
decline in the Cape Sable seaside 
sparrow, this bird is perceived to be 
an indicator of the health of the 
everglades ecosystem. At present. the 
20-year plan to restore original 
everglades hydrology promises re- 
covery of the ecosystem. For short- 

lived species such as the sparrow. 
however, special attention must be 
paid to interim protection. 

Historical perspective 
Historically, the everglades were a 
I ' ri\ er of grass' encompassing an esti- 
mated 28,205 km! of unbroken, fresh- 
water prairie (Mayer and Pimm 
1998) .  Extending from Lake 
Okeechobee in the north to Florida 
and Biscayne Bays in the south. wa- 
ter drained across the flat terrain as a 
'sheet,' its peak averaging 64 km wide 
and 0.5 m in depth (Mayer and Pimm 
1998). The heaviest flows (up to six 
kndhri occurred during the wet-sea- 
son (June to January). 

South Florida was sparsely popu- 
lated before the turn of the century 
(Tebeau 1968). High variation in 
water flow made south Florida an 
unpredictable place for most eco- 
nomic ventures, especially commer- 
cial farming (Mayer and Pimm 1998: 

Snyder and Davidson 1993). In 1850 
the U.S. Congress passed the Swamp 
Lands Act which encouraged devel- 
opment in south Florida by 'reclaim- 
ing' flooded lands for agriculture 
(Light and Dineen 1994). This act, 
and another passed in 1948 (the Cen- 
tral and South Florida Project), set in 
motion a series of hydrology changes 
culminating in the construction of 
2,200 km of canals and levees and 
over 40 pumps and spillways (Mayer 
and Pimm 1998). Lake Okeechobee 
was impounded in the 1930s. perma- 
nently altering the hydrologic link 
between the lake and the freshwater 
prairies to the south (Light and 
Dineen 1994). 

These changes enabled south 
Florida to become one of the largest 
producers of winter vegetables and 
domestic sugarcane in North America 
(Snyder and Davidson 1994). 
Coupled with flood control, eco- 
nomic growth enabled the human 

-- -- - 
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population to reach four million by 
1990 (Light and Dineen 1994). As 
early as the 1940s, officials recog- 
nized that this growth created addi- 
tional demands on available water. To 
meet this need, three Water Conser- 
vation Areas (WCAs) were included 
in flood control measures and estab- 
lished just north of ENP (Figure 1). 
These areas receive most of the run- 
off from Lake Okeechobee and the 
Everglades Agricultural Areas. They 
provide freshwater sources for agri- 
culture, residential areas, and recre- 
ation. They also function as a 'filter' 
by removing agricultural run-off (e.g., 
phosphorous) from water entering 
natural areas such as ENP (Light and 
Dineen 1994). 

Between the WCAs and federal 

biological preserves, 67 percent of the 
original everglades ecosystem is pro- 
tected from urban development. Al- 
though nearly half of that area is man- 
aged largely for biological resources, 
there is a limit to preservation efforts 
as only the lands, not the historic 
water flows, were protected. Since 
the re-plumbing of south Florida, 
water flows from the WCAs into the 
principle tributary of the lower 
everglades (Shark River Slough) via 
six spillways (Figure 1). Levees split 
the slough into eastern and western 
halves (Light and Dineen 1994). 
Western Shark River Slough receives 
most of the water, while the eastern 
slough (and other eastern tributaries 
such as Taylor Slough) receives little. 
The result is that prairies fringing 

- ParkPmsexw bo~udmies  
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Figure 1. Map of the present Everglades watershed, including major canals, 
sloughs and political boundaries of parks and preserves (reproduced with per- 
mission from Mayer 1999). 
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western Shark River Slough are un- 
naturally wet for longer periods each 
year and the eastern prairies have des- 
iccated (Nott et al. 1998). These prai- 
ries are home to the only six subpopu- 
lations of the Cape Sable seaside spar- 
rows known (A-E, Figure 2). 

The Cape Sable seaside sparrow, 
a small, drably colored bird, has never 
been common (Curnutt et al. 1998). 
First described in 1919 by Arthur 
Howell, this subspecies was thought 
to exist only within the freshwater 
marshes that grew on Cape Sable 
early this century (Werner and 
Woolfenden 1983). A hurricane that 
made landfall over Cape Sable on 
September 2, 1935, forever changed 
the Cape's vegetation and landscape 
(Mayer and Pimm 1998; Curnutt et 
al. 1998). The sparrow was not found 
on Cape Sable after that event. In fact 
the species was believed extinct until 
L.A. Stimson's 195 1 documentation 
of inland populations in freshwater 
prairies (Stimson 1956). Because 
most seaside sparrows live within 
tidal marshes, this discovery made the 
subspecies an ecological oddity (Post 
and Greenlaw 1994). As a likely con- 
sequence of the sparrow's phoenix- 
like identity and its unusual ecology, 
the U.S. Congress placed the Cape 
Sable seaside sparrow on the first en- 
dangered species list enacted in 1967 
(Curnutt et al. 1998). 

Current status 
In 198 1, ENP researchers conducted 
range-wide point counts of the Cape 
Sable seaside sparrow breeding popu- 
lation. Points were located one km 
apart and accessed via helicopter 
(Kushlan and Bass 1983). This sur- 
vey yielded sparrow population esti- 
mates of over 6,000 individuals, with 
more than 2,000 located in each of 
two 'core' subpopulations (A and B) 
(Kushlan and Bass 1983). Similar 
estimates resulted from the next sur- 
vey in 1992. In 1993, however, esti- 
mates dropped 90 percent from 2,500 
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Figure 2. Location of Cape Sable seaside sparrow sub-populations within Ev- 
erglades National Park and Big Cypress National Preserve. 

to 400 individuals within subpopula- 
tion A (Curnutt et al. 1998). Sub- 
populations C, D, and F each declined 
from over 400 individuals to fewer 
than 80 in the ensuing years (Curnutt 
et al. 1998). Annual surveys since 
1993 have shown no reverse in these 
declines (Pimm and Bass 1999). 
Only the central rubpopulations (B 
and E)  contain relatively stable num- 
bers from year to year. 

To understand these declines. we 
have monitored nests and color- 
banded individuals from nine study 
plots (each 0.50 km') within subpopu- 
lations A, B and E (Lockwood et al. 
1999a.b). From six years of study, 
we know the following aspects of the 
sparrow's demography. The breed- 
ing season can last from late March 
to August depending on the onset of 
summer rains (Lockwood et al. 1997, 
Werner 1975). A pair can fledge at 
least three broods per breeding sea- 
son. In early nesting attempts less 
than 50 percent of the eggs laid will 
result in fledged young and, in later 

attempts, less than a quarter of eggs 
laid will result in fledglings 
( Lockwood et al. 1999a). Sparrows 
prefer to nest in one meter-tall sparse 
sawgrass (Cladium janzaiceilse) 
stands mixed with bunchgrasses typi- 
cal of seasonally dry areas 
(Lockwood et al. 1999b). Nests are 
built approximately 16 cm from the 
soil surface with a standard variation 
in height off the ground between two 
and 30 cm (Lockwood et al. 1999a; 
Werner 1975 ). Adults feed nestlings 
grasshoppers. spiders, dragonflies, 
and butterfly larvae, all locally abun- 
dant food sources (Lockwood et al. 
1997). The principle threat to nests 
is predation. probably by water 
snakes or rats (Lockwood et al. 1997 1. 

Adults are site fidelic, often re- 
turning to the same 200 m territory 
every year to breed (Lockwood et al. 
1999a). When sparrows are not 
breeding they do not travel far. Us- 
ing radio telemetry, Dean and 
Morrison ( 1998) recorded sporadic 
long distance movement over five 

km, but most tagged individuals 
stayed within one km of their nesting 
grounds. We have never re-sighted 
an individual banded in one subpopu- 
lation within another (Lockwood et 
al. 1999a). Half of all adults in any 
given year will die and four year old 
birds are rare (Lockwood et al. 
1999a). Hatch-year individuals ex- 
hibit low survival their first year out 
of the nest but they are more likely to 
move over longer distances (up to one 
k n ~ )  (Lockwood et al. 1999a). 

Although these demographic at- 
tributes are typical of most grassland 
birds, they become a unique liability 
in the context of current alterations 
in Everglades water flow. In the west- 
ern prairies of ENP, satellite images 
and ground-based hydrologic moni- 
toring stations show several high 
water events between 1993 and 1996. 
In some years. water levels reached 
50 cm above ground level (Nott et al. 
1998). This exceeds the average 
nest height off ground by 34 cm and 
the highest nest ever recorded by 
20 cm. These large water flows did 
not result from rainfall per se, but 
were due to released WCA water 
(Nott et al. 1998). 

In the eastern psairies. altered 
hydrology has changed temporal fire 
patterns that, in turn, have impacted 
sparrow breeding habitat. Although 
periodic fires maintain freshwater 
prairies by preventing the encroach- 
ment of shrubs and hardwood trees 
(Kushlan and Bass 1983). compari- 
sons between fire records and spar- 
row surveys demonstrate the follow- 
ing: I ) sparrows regularly occupy 
sights that have burned one year 
prior, and 2)  historically occupied 
areas that burn every one or two 
years rarely hold sparrows today 
(Curnutt et al. 1998). 

Since sparrows are short-lived. 
temporary disruption of reproduction 
(such as fire or flood) can signifi- 
cantly effect population numbers 
(Lockwood et al. 1999a). In areas 
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where adult sparrows cannot breed 
for two or three consecutive years, 
most adults die without replacing 
themselves in the population. This 
situation is exacerbated by the 
sparrow's limited clutch size. A pair 
of adult sparrows averages two young 
per nesting attempt. Theoretically, if 
all adults in an area successfully 
fledge one brood, population numbers 
will simply remain stable. (In prac- 
tice, population numbers still de- 
crease due to the low survivorship 
of juveniles.) Population increases 
are only possible when individuals 
successfully fledge two to four 
broods per breeding season 
(Lockwood et al. 1999a). 

Recovery is further hampered by 
the sparrow's limited dispersal over 
long distances. Immigration rarely 
occurs across subpopulations. Thus, 
there is little chance for the 'rescue 
effect' whereby individuals from a 
stable subpopulation immigrate into 
a declining one. 

A final concern is that high wa- 
ter and frequent fires are causing 
long-term changes in habitat structure 
(Nott et al. 1998; Lockwood et al. 
1999a). Known to be a habitat spe- 
cialist, this subspecies will not breed 
in prairies lacking specific structural 
cues (Lockwood et al. 1999b). 

Restoration and future 
management 
Restoring water flows that mimic his- 
torical hydrology was a goal of a bill 
passed by the U.S. Congress in 1992 
(USACE and SFWMD1999). The 
restoration plan aims to rectify envi- 
ronmental damage done by the 1948 
Central and South Florida Project 
while maintaining adequate flood 
control and freshwater supplies for 
the local populous (Governor's Com- 
mission on a Sustainable South 
Florida 1995). Though the plan is 
promising, the task is monumental. 
Current estimates place the comple- 
tion of the restoration at 20 years. The 

existent configuration of canals and 
levees simply provides no physical 
route to quickly redirect water flow 
from the over-flooded west to over- 
dry east (Pimm and Bass 1999). 

Given the observed steep de- 
clines in Cape Sable seaside sparrow 
numbers between 1992 and 1995, 
there is no guarantee the sparrow can 
survive the 20 required to restore its 
breeding habitat. Consider the dam- 
age its close relative, the Dusky sea- 
side sparrow (Ammodramus 
maritimus nigrescens), sustained be- 
tween 1960 and 1980. The Dusky 
seaside sparrow was once found 
around Titusville, Florida. Like the 
Cape Sable seaside sparrow, the 
Dusky inhabited seasonally flooded 
marshes and existed in distinct geo- 
graphic populations. Also like the 
Cape Sable seaside sparrow, the 
Dusky declined when hydrological 
changes left breeding grounds 
flooded or fire prone. 

From an estimated 2,000 pairs on 
Merritt Island in the 1950s, DDT had 
already reduced populations 70 per- 
cent by 1957 (600 pairs) (Sykes 1980; 
Trost 1968). A bad situation was 
made worse when mosquito control 
impoundments flooded breeding 
habitat. The Dusky declined another 
90 percent to 70 pairs by 1963 
(Sykes 1980; Trost 1968). The 
threat was understood and the 
Dusky's habitat requirements docu- 
mented (Trost 1968). Piecemeal 
studies to determine whether the 
birds would respond favorably to 
restoration of 'natural' hydrologic 
patterns satisfied endangered spe- 
cies legislation (Walters 1992) but 
left only one individual on Merritt 
Island by 1977 (Sykes 1980; Baker 
1973; Sharp 1969). 

The population of Dusky seaside 
sparrows located in the marshes along 
the St. John's river was estimated at 
984 males in 1968 (Sharp 1970). 
Although it took two years to pur- 
chase U.S. National Wildlife refuge 

land here for the endangered bird, it 
took only one to gain a permit to build 
a highway through one densely popu- 
lated colony (Walters 1992). High- 
ways and development outside the 
refuge reduced the largest colony 
from 100 to 12 birds (Baker 1978). 
Inside the refuge, an open ditch 
drained Dusky habitat while six fires 
from neighboring farms burned over 
4,000 acres. By 1977 fewer than a 
dozen birds of the 143 counted in 
1970 were left on the refuge (Baker 
1978). Despite urgent requests for 
fire lines as early as 1975, they were 
not completed (nor was the ditch 
plugged) until 1979. By that time, 
only nine males were left (Walters 
1992). The last wild Dusky seaside 
sparrows were taken into captivity in 
1980. The last individual, referred to 
as Orange for the legband he wore, 
died in captivity in 1987. 

Conclusion 
In many ways the current recovery 
prospects of the Cape Sable seaside 
sparrow mirror those of the Dusky in 
the early 1960s. Recovery seems fea- 
sible. The sparrow's demography and 
habitat requirements are known; the 
hydrologic changes that impact that 
habitat are understood. Unlike the 
Dusky, the Cape Sable seaside spar- 
row enjoys advantages such as higher 
population numbers, a range entirely 
within federally protected lands, and 
consensus on the need to restore the 
ecosystem on which it depends. 

Nevertheless, these advantages 
do not guarantee success. With such 
obvious parallels between the man- 
agement needs of the Dusky and 
those of the Cape Sable seaside spar- 
row it is incumbent upon managers 
to avoid the known pitfalls that lead 
to extinction. More than anything 
else, the story of the Dusky illustrates 
how critical the timing of manage- 
ment decisions are in dealing with 
short-lived habitat specialists. Each 
delay in decisions to purchase refuge 
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land, construct fire lines, and season- 
ally drain impoundments, carried the 
cost of a few more Dusky seaside 
sparrows. Though the restoration of 
the everglades ecosystem is a com- 
mendable and significant undertak- 
ing, it in no way alleviates the need 
for short-term, and often difficult. 
management actions. Without such 
actions, the Cape Sable seaside spar- 
row may become a martyr for the 
threatened ecosystem about which it 
once raised awareness. 

Acknowledgements 
We wish to thank the numerous 
people who helped collect the demo- 
graphic data described above. Fund- 
ing for this project was provided to 
S. L. Pimm by the U.S. Fish and Wild- 
life Service, National Park Service. 
U.S. Army Corps of Engineers, and 
the South Florida Water Management 
District. We are especially indebted 
to Sonny Bass, Audrey Mayer, John 
Curnutt, and Phil Nott for continued 
assistance and advice. 

Literature cited 
Baker. J.L. 1978. Status of the Dusky sea- 

side sparrow. Georgia Department of Natu- 
ral Resources Technical Bulletin Pages 93- 
99. 

Baker, J.L. 1973. Preliminary studies of the 
Dusky seaside sparrow on the St. John's 
National Wildlife Refuge. Proceedings of 
Annual Conference Southeastern Associa- 
tion of Fame and Fish Commissioners. 
27207-314. 

Curnutt. J.L., A.L. Mayer. T.M. Brooks. L. 
Manne. O.L. Bass Jr.. D.M. Fleming. M.P. 
Nott, and S.L. Pimm. 1998. Population 
dynamics of the endangered Cape Sable 
seaside sparrow. Animal Conservation 
l(1):l l-21 

Dean. T.F. and J.L. Morrison. 1998. Non- 
breeding ecology of the Cape Sable sea- 
side sparrow (Ainwiodrnrnu.\ inar.iriniir.c 
inirabilis). 1997-1998 field season final 
report. C.S. Fish and Wildlife Service. 
South Florida Ecosystem Office. Vero 
Beach. FL. 

Go\~ernor's Commission for a Sustainable 
South Florida. 1995. A conceptual plan 
for the C&SF restudy. Report submitted 
to Governor Lawton Chiles. Coral Gables. 
FI. Retrieved on 24 November. 1999: http:/ 
/dlis.dos.state.fl.us/fgilslagenciesls~~st/ 
tocs.htm 

Kushlan. J.A. and O.L. Bass jr. 1983. Habi- 
tat use and the distribution of the Cape 
Sable seaside sparrow. Pages 139-146 in 
T. Quay. J. Funderburg Jr. D. Lee. E. Pot- 
ter. and C. Robbins, eds. The seaside spar- 
row. Its biology and management. Occas. 
Papers of the North Carolina Biological 
Survey. 1983-5. Raleigh. North Carolina. 

Light. S.S. and J.W.Dineen. 1994. Water 
control in the everglades: A historical per- 
rpective. Pages 37-84 in S.M. Davis and 
J.C. Ogden. eds. Everglades: The ecosys- 
tem and its restoration. St. Lucie Press. 
Delray Beach. FI. 

Lockwood. J.L. K.H. Fenn. J.L. Curnutt. D.  
Rosenthal. K.L. Balent and A.L. Mayer. 
1997. Life history of the endangered Cape 
Sable seaside sparrow. Wilson Bulletin 
109(4): 720-73 1. 

Lock~vood. J.L.. K.H. Fenn. J.M. Caudill. D. 
Okines. and J.R. Duncan. 1999a. Demog- 
raphy of the Cape Sable seaside sparrow 
(Amrr~otirarnz~s inaritimu.~ n~irabilisl. Re- 
covered on 24 November 1999: http:// 
\veb.utk.edu/-grusseIllcssshtml/~~~~.html. 

Lockwood. J.L.. K.H. Fenn. T.L. Warren. R. 
Hirsch-Jacobson. A .  VanHolt, and A .  
Fargue. 1999b. Defining nest site micro- 
habitat and preferences to aid in the recov- 
ery of the Cape Sable seaside sparrow. 
Recovered on 24 November 1999: http:// 
\veb.utk.edu/-grusselllcssshtmllcsss.htm1 

Mayer'. A.L.. and S.L. Pimm. 1998. Integrat- 
ing endangered species protection and eco- 
system management: the Cape Sable sea- 
side sparrow as a case study. Pages 53-68 
in G.M. Mace. .A. Balmford. and J.R. 
Ginsberg eds. Consemation in a changing 
~ ~ o r l d .  Cambridge University Press. Cam- 
bridge. UK. 

Nott. h1.P.. O.L. Bass Jr., D.M. Fleming. S.E. 
Killeffer. S.  Frahley. L .  Manne, J.L. 
Curnutt, T.M. Brooks. R. Powell, and S.L. 
Pimm. 1998. Water levels. rapid vegeta- 
tion changes, and the endangered Cape 
Sable seaside sparrow. Animal Conserva- 
tion. 1( 1 ): 23-37 

Pimm. S.L. and O.L. Bass Jr. 1999. Risks in 
large populations: the Cape Sable sparrou 
as a case history. Recovered on 24 Novem- 
ber 1999: http://web.utk.edu/-grusselll 
cssshtml/csss.html 

Post. W. and J.S. Greenla&. 1994. Seaside 
sparrow tAnli?lodrtli~ius r~iaritinlus). Pages 
1-28 in A. Poole. and F. Gill eds. The birds 
of North America. No. 127. Philadelphia: 
The Academy of Natural Sciences. Wash- 
ington. D.C.: The American Ornithologists 
LTnion. 

Sharp. B.E. Kumbers. distribution and man- 
agement of the Dusky Seaside Sparrow. 
%laster's thesis. Universit! of Wisconsin. 
1968 

Sharp. B.E. 1969. Conser\.ation of the Dusky 
Seaside Sparrow on Menitt Island. Florida. 
Biological Conservation 1: 175-6. 

Sharp. B.E. 1970. A Population estimate of 
the Dusky seaside sparrow. The Wilson 
Bulletin 82: 158-66 

Snyder. G.H. and J.M. Dax idson. 1994. Ev- 
erglades agriculture: past, present and fu- 
ture. Pages 85-1 16 in S.M. Davis and J.C. 
Ogden ed. Everglades. The ecosystem and 
its restoration. St. Lucie Press. Delray 
Beach. FL. 

Stimson. L.A. 1956. The Cape Sable seaside 
sparrow: its former and present distribu- 
tion. Auk 73:489-502. 

Sykes. P.W. Jr.. 1980. Decline and Disap- 
pearance of the Dusky Seaside sparrow 
from Merritt Island. Florida. American 
Birds 34(September 1980):728-737. 

Tebeau. C.W. 1968. Man in the everglades: 
2000 years of human history in the Ever- 
glades National park. University of Mi- 
ami Press. Miami. FL. 

Trost. C.H. 1968. Dusk) seaside sparrow. 
Pages 849-859 in O.L. Austin. Jr. ed. Life 
Histories of North American Cardinals. 
Grosbeaks. Buntings. Towhees. Finches. 
Sparrows. and Allies b! .4.C. Bent. US 
Natural History Museum Bulletin 137. 

United States Army Corps of Engineers and 
South Florida Water Management District. 
1999. Central and Southern Florida Project 
Comprehensive R e ~ i e w  Study: Final inte- 
grated feasibilit!' report and programmatic 
environmental impact statement. Jackson- 
idle. FL. 

Walters, M.J. 1992. A shadorv and a song. 
Chelsea Green Publishing Co.. Post Mills. 
VT. 

Werner. H.W. and G.E. Woolfenden. 1983. 
The Cape Sable sparrow: its habitat, hab- 
its, and history. Pages 55-75 in T. Quay. J. 
Funderburg Jr. D. Lee. E. Potter. and C. 
Robbins. eds. The seaside sparrow. Its bi- 
cllogy and management. Occas. Papers of 
the North Carolina Biological Surveq. 
1983-5. Raleigh. North Carolina. 

14 Endangered Species UPDATE Vol. 17 No. 1 2000 



Marine Matters 
Atlantic Salmon on the Brink 
John M. Anderson 
Atlantic Salmon Federation, Box 5200, St. Andrews, New Brunswick E5B 3S8, Canada; 
atlsalQ nbnet.nb.ca 

Frederick G. Whoriskey 
Atlantic Salmon Federation, Box 5200, St. Andrews, New Brunswick E5B 3S8, Canada; 
asfresQ nbnet.nb.ca 

Andrew Goode 
Atlantic Salmon Federation, Fort Andross, Suite 308, 14 Maine Street, Brunswick, Maine 04011, 
USA; goodeasf Qirne.net 

Abstract 
Over the past 30 years Atlantic salmon in their natural range in Eastern North America have under- 
gone a steep decline in numbers. In spite of many steps taken to regulate the harvest, in particular a 
virtually complete ban of the commercialfishery, the decline has continued. In the US, the Depart- 
ment of Interior proposed on November 17,1999 that the salmon populations in eight rivers in Maine 
be classijied as endangered under the Endangered Species Act (ESA). The State of Maine has 
opposed this action. The Atlantic Salmon Federation and Trout Unlimited have jointly filed a lawsuit 
in Washington, DC, to force an emergency listing under the ESA that would shorten the time for 
corrective action to be taken. In Canada, the Department of Fisheries and Ocean has submitted a 
request to the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) that the 
salmon in the 33 rivers comprising the so-called Inner Bay of Fundy Rivers be listed as endangered. 
Unlike ESA, COSEWIC has no regulatory power to require corrective action to be taken following its 
listing decisions. This gap is to be addressed by proposed legislation in the Canadian Parliament of a 
Species at Risk Act, with regulatory powers. 

i7ie continued decline in salmon numbers appears to be caused by increased mortality in the sea Possible 
anthropogenic-based qhnutions are depletion of the salmon's normal food source by commercial fisheries 
for forage fish, such as capelin, and exposure ofjuvenile salmon during theirfieshwater phase to the "endo- 
crine disrupter?' nonylphenol, which leads to mortality later in the marine phase. Interactions between wild 
and escaped farm-raised salmon can also be added to the suspect list. As for natural processes at work, there 
are several possibilities. Trzese include predation by seals, disease, and large-scale oceamgraphicperturba- 
tions, in particular those involving temperahre. Recent advances in acoustic telemetry, which for theJirst time 
allows the tracking ofpostsmolts many miles in the open ocean, holdpmzise forjnding out where and when 
the as-yet unaphirted increased marine mortality occurs. 

The problem 
Thirty years ago, about one and a half 
million small and large Atlantic 
salmon (Salmo salarj returned each 
year to spawn in their natal rivers in 
eastern North America (Marshal et al. 
1998). Today, only about 350,000 do 
so. That's a reduction of more than 
75 percent. 

Population structure has 
changed too. In the 1970s, the pro- 
portion of small salmon called 
grilse (salmon which have spent 

one year at sea [lSW]) was about 
45 percent. This has risen in the 
past few years to about 75 
percent.. . the wrong direction for 
conservation purposes since it is the 
large salmon, which are mostly fe- 
male and 2SW or older, which pos- 
sess the bulk of the eggs for the next 
generation. While the number of 
salmon of North American origin 
has fluctuated, the stark reality is 
an unmistakable downward trend 
(Figure 1). 

The picture would look even 
more alarming if we had reliable his- 
torical data to start the time series 
earlier, say at the end of the eighteenth 
century. Despite limited commercial 
salmon fishing off Newfoundland and 
Labrador by early settlers and Euro- 
peans, adult salmon of North Ameri- 
can origin were likely at a population 
equilibrium, numbering well over the 
one and a half million estimated for 
1969. Then came industrial progress, 
and the beginning of the decline. The 

--- - - 
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Figure 1. Numbers of Atlantic Salmon returning to North American Rivers. 
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early leading cause, particularly in 
New England, was dams that de- 
stroyed habitat. and denied access to 
much of whatever suitable habitat 
was left. A notable example was the 
first mainstem dam in 1794 at 
Hadley Falls, MA, on the salmon- 
prolific Connecticut River. Further 
depredation of the freshwater habi- 
tat followed from pollution from 
many sources, including industrial 
and municipal effluents, agriculture 
run-offs, forestry practices. and 
acid rain. The last salmon taken in 
Lake Ontario was in 1900. Com- 
mercial fishing by Americans and 
Canadians started taking its toll else- 
where in the twentieth century. 

T X A L  WPUlATlON 
(small end large salmon) - - 

I , o o o , r n - - - - - -  
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Species protection efforts 
American states were forced to im- 
pose tough regulatory measures ear- 
lier than Canada. The last Kew En- 
gland State to ban commercial salmon 
harvests was Maine in 1948. Regu- 
lations banning commercial salmon 
fishing in New Brunswick and the 
Gasp6 region appeared in 1972. Vir- 
tually all commercial salmon nets had 
been lifted from the water by 1998. 
These regulations retired more than 
10,000 licenses at a cost to federal and 
provincial treasuries of more than $70 
million (Cdn). Furthermore, the west 

1970 1975 1980 1985 1990 1995 

Greenland fishery, a once serious 
threat to salmon stocks, has been re- 
duced to a small subsistence harvest 
through international treaty negotia- 
tions. 

Tough regulations were applied 
to the recreational fishery as well. By 
the mid 198Os, conservation-oriented 
restrictions were imposed in Maine. 
the only state in New England where 
salmon angling was permitted, and all 
jurisdictions in Canada. These regu- 
lations included combinations of 
daily and seasonal bag limits, man- 
datory release of large salmon, and 
tagging retained fish to permit iden- 
tification of poached salmon. By the 
mid 1990s, catch-and-release policies 
applied to all salmon caught in many 
areas. and a complete ban on salmon 
angling was imposed in other areas. 

Listing 
The presence of stringent conserva- 
tion policies throughout the salmon's 
remaining range attests to the serious- 
ness of the salmon's situation. Cur- 
rently, populations in two areas are 
candidates for endangered species 
listing: the Down East region of Maine 
and the Bay of Fundy in Canada. 

Maine 
In New England, anadromous runs to 

once prolific salmon rivers such as the 
Connecticut,  Pawcatuck, and 
Merrimack were extirpated in the 
1800s. Current runs result from re- 
stocking with hatchery fish and thus 
are not eligible for listing, although 
they are low. Despite hatchery stock- 
ings of rivers, it is possible that some 
remaining salmon rivers and their 
tributaries still contain evolutionarily 
unique strains of salmon. Several 
lower tributaries of the Kennebec and 
Penobscot Rivers are suspected to 
contain unique salmon strains. Even 
the main stem of the Penobscot, de- 
spite the hatchery stocking of nonna- 
tive salmon, may also contain salmon 
with historical genetic lineage intact. 
More testing, however. is required to 
confirm this suspicion. 

There are. however. eight rivers 
in Maine from the lower Kennebec 
River to the Canadian border. whose 
salmon have been determined to be 
wild and genetically distinct enough 
to qualify for listing (Figure 2). They 
are the Dennys,  East Machias, 
Machias. Narraguagus, Pleasant, 
Cove Brook ( a  tributary of the 
Penobscot ). Ducktrap, and Sheepscot. 

A relatively new environmental 
group, Restore the North Woods, and 
two other groups petitioned the U.S. 
Fish and Wildlife Service (FWS) and 
the National Marine Fisheries Service 
(NMFS) to list Atlantic salmon as 
endangered under the 1973 Endan- 
gered Species Act (ESA). In 1995 
the FWS and NMFS jointly con- 
ducted a review that concluded that 
Distinct Population Segments (DPS) 
of the species, as defined in the ESA. 
were in danger of extinction. A sub- 
sequent listing under ESA would 
place stringent controls on the sev- 
eral industries, including angling. 
whose activities could negatively 
impact the salmon's health. 

The State of Maine countered by 
developing a recovery plan through 
an Atlantic Salmon Task Force. The 
Task Force consisted of representa- 

16 Endangered Species UPDATE Vol. 17 No. 1 2000 



tives from agriculture, aquaculture, 
forestry, recreational fishing, the Uni- 
versity of Maine, and the Penobscot 
First Nation. The plan was ambitious. 
It called for stream management and 
habitat improvement in both tidal and 
uplands sections of the rivers. Aquac- 
ulture, agriculture and forest manage- 
ment were charged with ensuring ad- 
herence to management practices de- 
signed to have minimum ecological 
impact upon Atlantic salmon. The 
plan was sufficiently impressive to 
persuade the FWS and NMFS to ac- 
cept the state's management plan in 
lieu of proposed protection under the 
ESA as a threatened DPS for Maine 
salmon in seven rivers, with the 
eighth added later. 

Early in 1999 a public hearing 
was held to consider progress over the 
past two years on the state's conser- 
vation plan. This formed the basis 
for a required progress report to the 
FWS and NMFS. Critics, including 
the Atlantic Salmon Federation, 
which was represented on the Task 
Force, concluded that while the con- 
servation plan was a good blueprint 
for recovery, it was not meeting its 
objectives. Criticism focussed on 
inadequate funding by the state, and 
unsatisfactory implementation of sev- 
eral key elements of the plan, in par- 
ticular measures to minimize poten- 
tial adverse affect from the blueberry 
and aquaculture industries. ASF and 
Trout Unlimited (TU) decided to take 
drastic action. In August 1999, both 
jointly filed a lawsuit in Washington, 
D.C., to force the federal government 
immediately to protect Maine's Atlan- 
tic salmon under the ESA. 

In October 1999, the FWS and 
NMFS issued an exhaustive 225-page 
biological status review report that 
agreed the recovery plan was flawed 
(FWS 1999 [a]). Like ASF and TU, 
it expressed serious concern that po- 
tential negative impacts of commer- 
cial aquaculture were not being ad- 
equately addressed. The report con- 

cluded by reiterating the Services' 
1995 observation that the Atlantic 
salmon in the rivers eligible for list- 
ing were in danger of extinction. Ac- 
tually, the salmon themselves told the 
story. In 1995 as many as 500 salmon 
were estimated to have returned to the 
eight rivers in question. By 1999, this 
had plummeted to less than 50. 

On November 17, 1999, the De- 
partment of Interior formally an- 
nounced in the Federal Register its 
intention to list salmon in the eight 
rivers as endangered, an upgrade 
from its earlier proposal for a threat- 
ened classification (FWS 1999 [b]). 
Governor King of Maine expressed 
strong opposition to the proposal. 
The FWS and NMFS are required to 
hold public hearings on the issue 
(scheduled for January, 2000), and 
subject the an- 
nouncement to a 90- 
day comment period 
before a final deci- 
sion can be made. If 
the Services decide 
to list the DPS 
salmon as endan- 
gered as expected, 
however, the ESA 
requires the Services 
to develop a recov- 
ery plan with all 
stakeholders in- 
volved. This listing 
process could take 
another 12 to 18 
months to complete. 
This lengthy 
timeline was unac- 
ceptable to ASF and 
TU. The jointly- 
filed lawsuit to force 
an emergency list- 
ing, which would re- 
quire a much shorter 

the Bay of Fundy, like their counter- 
parts in the contiguous marine eco- 
system of the Gulf of Maine, are also 
showing signs of extreme ecological 
stress (Arniro 1999). Within the Bay 
of Fundy there are two distinct groups 
of Atlantic salmon. The first group 
are from rivers ranging from the Saint 
John River westward to the Saint 
Croix River, the international border 
between Maine and New Brunswick. 
This area is known as the Outer Bay 
of Fundy rivers which contain a mix 
of 1SW and 2SW salmon which mi- 
grate to the North Atlantic Ocean, as 
far north as west Greenland for 2SW 
salmon. The salmon populations in 
these rivers are not in good health. 

It is the second group of salmon 
in the Inner Bay of Fundy (IBOF) riv- 
ers-the 33 rivers extending clock- 

process, is still in 
progress. Figure 2. New England Atlantic salmon rivers high- 

lighting eight in Maine (bold print and caps) whose 

I Arooaook 
2 St CrolX 
3 DENNYS 
4 EASTMACHLAS 
5 MACBMS 
6 PLEASANT 
7 NARRAGLAGUS 
8 Union 
9a Penobscot 
9b COVEBROOK 
10 DUCKTRAP 
l l  SAEEPSCOT 
I2 Kennebec 
13 Andiorcaggm 

IS Cochezo 
16 Lamprey 
17 Memmack 
18 Pawcamk 
19 Connntlcut 

salmon runs are proposed foi ESA listingas Endan- 
Bay of Fundy gered (adapted from FWS 1999 [a]). 
Atlantic salmon in 
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Figure 3. Map showing the Inner Bay of Fundy Rivers whose salmon runs 
may be listed as endangered. 

wise from, but not including, the Saint 
John River in New Brunswick to the 
Annapolis River in Nova Scotia- 
that are being targeted for listing as 
endangered under Canada's Commit- 
tee on the Status of Endangered Wild- 
life in Canada (COSEWIC) (Figure 
3). The basis for concern is plain 
enough (Kenchington 1999). As re- 
cently as the mid 1 9 8 0 ~  salmon runs 
in the IOBF rivers were as high as 
40,000. The subsequent decline in 
salmon runs was so drastic that all 
fishing in IOBF rivers was banned 
after 1990. By 1999 only a few hun- 
dred salmon returned, a decline of 
more than 99 percent in fifteen 
years. As in the U.S., an essential fac- 
tor supporting listing is a unique ge- 
netic make up of the population. Re- 
sults from allozyme, microsatellite 
and mitochondria1 DNA testing show 
that IOBF salmon have a distinct evo- 
lutionary lineage making them sepa- 
rate from other North American popu- 
lations, including the Outer Bay of 

Fundp rivers. 
Similar to the situation in the 

G.S., interactions among wild salmon 
and escaped farmed salmon from the 
Canadian Bay of Fundy aquaculture 
industry were an issue. Here, how- 
ever. the magnitude of the interac- 
tions, and potential impacts, were 
clearer because of scientific research 
programs which had documented the 
number of wild fish, and escaped 
farmed fish, entering and spawning 
in rivers (Can et al. 1 997). 

In October 1999, the Department 
of Fisheries Oceans submitted a rec- 
ommendation to COSEWIC that At- 
lantic salmon in the IBOF rivers be 
listed as endangered. Federally. 
Canada, however. has no formal en- 
dangered species statute legislation at 
this time. COWESIC, while funded 
in part by government, has no man- 
date, much less regulatory ability, to 
force corrective action to be taken. In 
contrast, some provinces do. New 
Brunswick has had an Endangered 

Species Act since 1974 (revised in 
1996). Nova Scotia enacted its first 
endangered species legislation in 
1998. Rarely in Canada. however. 
have the powers in provincial statutes 
been invoked to rescue endangered 
species. This may change soon. 

Since 1996, Canada's Wildlife 
Ministers have been considering the 
establishment of federal endangered 
species legislation. Previous attempts 
to enact legislation died in Parlia- 
ment. A new accord was finally 
reached in 1999 for the establishment 
of a Species at Risk Act (SARA). It 
is expected to be brought before Par- 
liament early in February. 2000. It is 
assumed that it will contain regula- 
tory powers that will place it in the 
same league as ESA in the U.S. ASF 
has urged the Minister of Canada's 
Environment Department to place the 
IBOF Atlantic salmon stocks on the 
national strategic priority list for en- 
dangered species under SARA at its 
first reading. 

Meanwhile, a special measure to 
save the IBOF salmon runs is under- 
way. Wild parr from three-year 
classes-1 996, 1997. and 1998- 
were collected from the Big Salmon 
River in New Brunswick and the 
Stewiake River in Nova Scotia. for 
hatchery rearing. They will be cul- 
tured to the adult stage as broodstock. 
with the first batch of eggs expected 
in 2000. The purpose of this live 
gene-bank program is to preserve the 
genome of the IBOF rivers. Only two 
of the 33 IBOF rivers are involved in 
the program. but it is a start. These 
fish are so valuable that they likely 
will be cultured throughout their de- 
velopment stages i n  a freshwater 
hatchery to prevent contagion from 
marine-borne diseases so difficult to 
protect against in a sea-cage setting, 
even with use of vaccines. 

Understanding the problem 
Commercial Jshing 
It was widely accepted in Canada that 

18 Endangered Species UPDATE Vol. 17 No. 1 2000 



wild Atlantic salmon stocks would 
recover naturally. This assumption 
drove the often unpopular, conserva- 
tion-oriented fishery regulations im- 
posed by government. An important 
source of support for the lifting of the 
commercial nets was ASF's advocacy 
efforts. Additionally, the Canadian 
salmon aquaculture industry provided 
fresh salmon year-round, keeping the 
price of wild salmon from escalating 
in times of scarcity. The industry's 
success made it financially feasible 
for the provincial and federal govern- 
ments in Canada to buy out commer- 
cial fishermen at a cost of more than 
$70 million (Cdn). A significant re- 
bound was predicted to occur after the 
closure of the entire insular New- 
foundland fishery in 1992. Not only 
did this not happen (Figure I), but the 
downward spiral continued, although 
probably not as drastically as would 
have been the case if the regulatory 
measures had not been introduced. 
The question is why? 

There is some evidence that the 
principal problems are not in the 
freshwater development stage 
(Hawkins 1999). Smolt production 
as a function of spawning escapement 
has remained reasonably constant 
where this has been measured. This 
does not mean that improvements in 
the quality of the freshwater habitat 
are impossible or unnecessary; it sim- 
ply means that barring further evi- 
dence the cause for the observed in- 
crease in mortality lies, by default, in 
the marine phase. 

Other anthropogenic causes 
Overfishing, particularly by the com- 
mercial fisheries, has been a major 
cause for the salmon's population de- 
cline over the last few decades. But 
regulations governing harvesting, and 
stock- and habitat-improvement pro- 
grams, have not covered all the pos- 
sible anthropogenic causes. 

First, industrial fisheries threaten 
salmon's food source. More than 90 

percent of the salmon's diet during its 
marine phase is fish, mostly pelagic, 
of which a large fraction is repre- 
sented by "forage fish," so called be- 
cause they are at the bottom of the 
food chain (Hislop and Shelton 
1993). Two species, capelin 
(Mallotus villosus) and sandeels 
(Ammodytidae), have come in for 
special attention. They form the ba- 
sis of "industrial fisheries" for the 
production of fishmeal, and oil, used 
for, among other things, fuel in power 
plants. It is possible these industrial 
fisheries adversely affect survival of 
salmon postsmolts by significantly 
reducing their food source, but hard 
evidence is lacking. Testing such a 
hypothesis is difficult because there 
are many potential prey species for 
the salmon in the ocean, and the hy- 
pothesis has to deal with biological 
logic. Salmon are opportunistic feed- 
ers, so that should the abundance of 
a prey species decrease, for whatever 
reason, salmon would naturally turn 
to another food source. Whether 
these alternate prey are abundant 
enough, and at the right place at the 
right time to meet the needs of the 
salmon, are open questions. 

Another possible anthropogenic, 
and unconventional, cause for 
salmon's increased marine mortality 
has recently been proposed (Fairchild 
1999). Nonylphenols are a class of 
chemicals that have estrogen-mim- 
icking effects on animals, hence the 
popular name "endocrine disrupter. " 
A second look at data from the 1970s 
and 1980s suggests that exposure of 
Atlantic salmon juveniles to minute 
quantities of nonylphenol, used in an 
insecticide sprayed to control a for- 
est pest in New Brunswick, resulted 
in poor marine survival of postsmolts 
from the Mirarnichi River. Because 
of its suspected effect on salmon, the 
formulation of the insecticide has 
since been changed to remove the 
nonylphenol. Nevertheless, this 
chemical is a popular surfactant 

added to detergents to lower surface 
tension and, therefore, must be in 
most waterways receiving domestic 
and industrial effluents. Thus, this 
unexpected insecticide story may 
have opened a whole new line of in- 
vestigation. 

Natural causes 
Fluctuations in abundance of all liv- 
ing things are, of course, a natural 
norm. It is plausible that natural 
forces account for what has been hap- 
pening to Atlantic salmon during its 
marine phase. A popular hypothesis 
centers on seal predation. In the 
Northwest Atlantic there are six spe- 
cies of seals, of which the Harp seal 
(Phoca groenlandica) is by far the 
most numerous. 

The Harp seal, as are all seals, is 
a prodigious and opportunistic eater 
of fish. The likelihood of a seal en- 
countering salmon in the sea, as op- 
posed to other species, notably cod, 
is statistically remote. Therefore, 
seals are unlikely to pose a serious 
threat to salmon populations in the 
ocean. Analyses of thousands of seal 
stomachs confirms this assertion: 
salmon are found in the stomach with 
a frequency less than 1 in 10,000 
(Beck and Hamrnill1993). Seals may 
still affect salmon population, how- 
ever, by eating large numbers of the 
salmon's food source, in particular 
capelin. 

Disease is another possible natu- 
ral cause of a decrease in marine sur- 
vival. In the late 1960s, a disease 
decimated salmon populations in Ire- 
land. Columnaris, a myxobacterium 
species carried up rivers by returning 
adult salmon, was involved but the 
etiology was never fully understood 
(Brown 1966). The disease gradu- 
ally disappeared, and has not returned 
since. Recently a virus causing in- 
fectious salmon anemia (ISA), which 
has been a scourge to Atlantic salmon 
aquaculture operations on both sides 
of the North Atlantic, was found in 
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wild salmon in Canada and Scotland. chips of opportunity, can sample only among years. Such variability could 
The  Davis Strait  area off west a small fraction of the ocean, and even affect such things as migration routes. 
Greenland is a common feeding then over relatively long time peri- and the distribution of food resources 
ground for 2SW Atlantic salmon from ods. Satellites, however, can cover and/or predators. Farming can be 
North America and much of Europe. huge areas, providing data to re- used as an analogy. As the number 
At the time of writing planning is searchers continuously. They provide of cows that can be raised in a field is 
underway to include tissue samples some hope for unraveling the Gordian a function of the size of the fenced-in 
for ISA testing in an international pro- knot as to what is happening to field used for grazing. so in nature the 
gram monitoring salmon caught in the salmon in the sea. number of salmon that can be grown 
Greenland subsistence fishery. Seldom does the environment it- in the ocean depends on the size of 

Another possible explanation in- self directly kill organisms capable of the "grazing grounds" as determined 
vokes a major climatic event affect- movement, but variations in climato- by thermal boundaries. 
ing the marine environment. Two en- logical factors, such as temperature, These large-scale variations in 
vironmental factors. temperature and could nonetheless indirectly affect the temperature are thought to be driven 
salinity, are prime candidates as pro- ability of an animal to survive. About by the so-called North Atlantic Os- 
vocative agents in oceanographic per- SO percent of Atlantic salmon in the cillation (NAO), caused by atmo- 
turbations affecting the life history of sea occur within temperature bounds spheric pressure differences between 
Atlantic salmon.. .as well. undoubt- of 4"- 1 1 "C (Reddin and Friedland a low near Iceland, produced by west- 
edly. as other species. The problem 1993 ). The location and size of areas erly winds moving counter-clock- 
for investigators has been trying to with the "preferred" marine tempera- wise. and a high near the Azores, pro- 
obtain enough data over such a vast ture for salmon has been shown by duced by westerly winds moving 
expanse as the North Atlantic. and on sea-surface temperature satellite data clockwise. Physical oceanographers 
a timely basis. Research vessels. and to vary among seasons annually. and are att .racted by the idea that one of 

their icons. NAO, may be 
playing an important role in 
the life of Atlantic salmon. 
Biologists are interested in sat- 
ellite data because it allows 
them to test the hypothesis that 
the size and location of pre- 
ferred habitat in the North At- 
lantic for Atlantic salmon are 
key determinants  in the 
salmon's marine survival. 

Information gaps 
The analogy has often been 
used that there are black holes 
in the ocean into which salmon 
disappear. It would help enor- 
mously in our understanding 
of the salmon's marine life if 
we had some idea where these 
black holes are (i.e, where and 
when the unexplained mortal- 
ity is occurring). Recent ad- 
vances in tracking technology 
hold promise for identifying 
the black holes. Miniature 
electronic sonic transmitters 
with unique codes, surgically - 

Figure 4. Atlantic salmon (Salmo salar), courtesy of Atlantic Salmon Federation. implanted in the peritoneal 
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cavity of salmon smolts, have re- 
cently undergone a major improve- 
ment in performance. Previously 
these transmitters allowed the track- 
ing of seaward migrating smolts in 
rivers, but never far past the estuary 
into the open ocean. New transmit- 
ters have been developed with a life 
span of two or more months. 

Also, newly improved automated 
receivers suspended in the water col- 
umn from surface buoys can detect a 
tagged salmon within a half-mile 
range. Tagged smolt were released 
in 1999 from the Big Salmon River 
in New Brunswick and were success- 
fully tracked across the Bay of Fundy 
a distance of 26 miles (Lee 1999). 
This is the longest by far for small 
fish in the open ocean. 

Plans now call for a large-scale 
monitoring of post-smolt movement 
through the Bay of Fundy and per- 
haps out into the Gulf of Maine us- 
ing the receivers in strategically de- 
ployed detection barriers. Tracking 
itself will not likely reveal why mor- 
tality occurs, but it should indicate 
where and when it occurs. Knowing 
the "scene of the crime" should then 
allow different questions to be asked 
directed at the cause of mortality. 
This advanced telemetry will also al- 
low investigations on the effect on 
smolt in the sea of certain pre-smolt 
treatments, such as exposure to the 
endocrine disrupter, 4-Nonylphenol. 

Conclusions 
While the Atlantic salmon's current 
trouble appears to manifest itself dur- 
ing its marine phase-which does not 
preclude initiation of causal events in 

the freshwater phase-it is unlikely 
there is a single cause-and-effect vec- 
tor at play. Some investigators point 
out that since the late 19" century, 
when reasonably accurate fishery and 
physical oceanographic records be- 
gan to be kept, there is evidence that 
oscillations in abundance of Atlantic 
salmon were matched by oscillations 
in large-scale oceanographic data, in 
particular temperature (Dunbar 
1993). If naturally occurring oceano- 
graphic perturbations are in any way 
involved in the present condition of 
salmon, the bad news is that not much 
can be done about it. There is good 
news, however, in the thought that 
cyclical oscillations imply peaks and 
valleys, and perhaps an upturn in the 
ecosystem favoring salmon is next. 
But this time nature may not be able 
to do it on her own. Every effort 
needs to be taken to ensure that en- 
dangered populations of Atlantic 
salmon do not become extinct be- 
cause of a failure to take corrective 
action. 
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Book Review 
The Tanagers. Natural Histop, Distribution, and Ide~ztijkation. 
By Morton L. Isler and Phyllis R. Isler. 1999. Znd Edition, Smithsonian Institution Press. Washington. D.C.. 406 p. 

The Islers have have updated their landmark 1987 collection with a new paperback edition, The Tanagers. Natural 
Histon: Distributiorz, and Ident$curion. Due to the rapid growth of available Neotropical avian research and knowledge. 
the Islers must have faced a difficult choice with the re-publication of The Tanagers: publish it as is while focusing on their 
own research or rewrite large sections of the book to incorporate this new work. a task on par with writing the original text. 

They opted for the faster and simpler alternative with the addition of a summary of research published since 
1987. While continuing to accumulate information and providing these references is laudable, the failure to incor- 
porate new literature into species accounts for the new edition was disappointing. Nonetheless, this does add to 
what reviewers of the hardback version noted as a strength of the book. an extensive literature cited section espe- 
cially for natural history information (B. 1988; Valburg 1988; Wiedenfeld 1988). The book also maintains one 
weakness noted previously, illustrations often lack the vibrancy in color that these birds show in actual plumage. As 
Valburg (1988) noted, however. the plates do have an artistic flair that adds an aesthetic quality without sacrificing 
accuracy and detail important for identification. Also, printing problems noted in the first edition (Wiedenfield 
1988) seem to have been corrected in the new paperback edition. 

Of the areas that the Islers set out to cover-natural history, distribution, and identification-the latter is probably the 
weakest. The book relies on plates and plumage character descriptions to aid in identification but each species account 
lacks a section discussing how to distinguish potentially confusing similar species. Distribution information is thorough 
and range maps detailed though lacking place names (Wiedenfeld 1988). For northern nligratory species, however, the 
authors do not extend distribution or breeding range maps north of the Mexico border. This exclusion of information 
available in popular United States field guides is a common problem in neotropical field guides. This is only a minor 
problem for Tanagers because only a few breed or have ranges in northern North America. Nevertheless. it does 
diminish the completeness of this taxon specific book. While researchers from the north surely have additional 
references available at only a minor inconvenience, this may be a greater problem in areas with limited resources. 

Since Storer (1969) pointed out the taxonomic complications within Tanagers and called for more research and 
the reanalysis of this group, much has been done in the arena of natural history and behavior. That long sought after 
reanalysis, however, is not present in this book, despite a thorough synthesis of life history and distribution data 
based on the older taxonomy (Storer 1970). Perhaps it is too early to reorganize Tanager taxonomy, but the picture 
should be coming into focus. This book provides a comprehensive summary of the state of current research. 
unfortunately future research needs and conservation status are not laid out based on the authors' extensive experience. 

Despite ( I )  an eloquent plea by Parker for students of neotropical birds to broaden their interests to include 
conservation and (2) the stated objective to ultimately aid in the conservation of this group. the authors do not 
expressly address Tanager conservation. The distribution maps give an idea of range limitation and suggest the 
vulnerability of some species but more explicit mention, where possible, of population size. conservation status. 
and possible threats would have been an important first step toward achieving this objective. 

This book is another contribution in a growing series of taxon specific books (usually at the family level) that 
are a hybrid between field guide and monograph, and as such. should be a welconle and well-used addition to the 
bookshelf of any serious neotropical birder or ornithologist. 
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News from Zoos 
Puerto Rican Crested Toad Tadpoles Released Into the Wild 

Thousands of Puerto Rican crested toad tadpoles raised in U.S. zoos were recently released in Guanaco State 
Forest, Puerto Rico. The Buffalo, Sedgwick County, Toledo, and Toronto zoos successfully reproduced the toads 
with aid of an injected hormone (luteinizing hormone, or LH). The breedings were synchronized among the institu- 
tions so the tadpoles would all be approximately the same age. It was critical for the toads to be released while still 
tadpoles so that they could imprint on their "natal" pond and return to breed as adults. 

Once thought to be extinct in the wild, the Puerto Rican crested toad (Peltophvne lemur), was rediscovered in 
1967. Its decline is a result of human encroachment, commercial development, and introduction of exotic species 
such as marine toads and mongooses. No more than 300 animals have been located in the wild in recent years. 
Approximately 200 are now maintained in AZA-accredited zoos throughout North America. 

Two "Zoo Schools" Win National Awards 
In October, the Lincoln Public Schools' "Zoo School" at the Folsom Children's Zoo, Lincoln, Nebraska, gained 

national recognition when the school's team of four teachers was selected for USA Today's 1999 All-USA Academic 
Teacher Team. The Zoo School-officially known as the LPS Science Focus Program-is an alternative high 
school program located at the Folsom Children's Zoo and is attended by approximately 65 students from all four 
Lincoln public high schools. 

Also in October, the School of Environmental Studies (SES) at the Minnesota Zoo was selected as a New 
American High School by the U.S Department of Education and the National Association of Secondary School 
Principals. The New American High Schools initiative showcases schools that are on the leading edge of reform, 
combining high expectations and a commitment to rigorous academics with innovative instructional techniques, 
integrated technology, tailored professional development, community service and work-based learning experiences, 
and community-based partnerships to increase student achievement and performance. 

Bushmeat Crisis Task Force Hires Coordinator 
The Bushmeat Crisis Task Force (BCTF) hired Heather Eves as the BCTF coordinator. Ms. Eves studied the 

bushmeat issue in Africa for her doctoral work at Yale, and is one of the originators of the Sangha River Network- 
a professional research network for the Sangha River region of Central African Republic, Cameroon, and Republic 
of Congo. 

The BCTF was created after a meeting of 34 experts from 28 organizations and agencies was held in February at 
the American Zoo and Aquarium Association in Silver Spring, MD. The meeting participants represented zoological 
parks, major conservation organizations, animal protection groups, and the bio-medical research community. The 
bushmeat trade is described as the illegal commercial sale of threatened and endangered species for human con- 
sumption. Gorillas, chimpanzees and other species of primates, as well as elephants and antelopes, are among the 
animals killed and sold for their meat in the markets of equatorial Africa. 

Poll Finds That Public Underestimates Their Damage to Oceans 
A recent poll commissioned by the Ocean Project finds that the American public is largely unaware of their 

impact on the health of the oceans. The Ocean Project, a consortium of AZA aquariums and zoos, and natural history 
museums, commissioned the poll to measure the public's knowledge and attitudes about the ocean. While 92% of 
those surveyed considered the oceans essential to human survival, only 14% recognized that individuals, rather than 
industries, posed the biggest threat to ocean survival. The majority of ocean pollution is caused by contaminated 
runoff from yards, parking lots, and roads, and an estimated 15 times more oil than the Exxon Valdez spill finds its 
way into the sea annually from street runoff and individual dumping into municipal storm drains. 

Nearly 50 institutions participate in The Ocean Project, whose mission is to build public awareness of the impor- 
tance, value, and sensitivity of the oceans. As a first step, the project has launched a web site (www.theoceanproject.org) 
to connect people with a wide range of ocean information. Other plans are for development of programs and exhibits 
at aquariums, zoos, and museums, educational films and materials for teachers, and more. 

Information for News from Zoos is provided by the American Zoo and Aquarium Association. 
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News & Events 
Annual Meeting of the Society 
for Conservation Biology 
The annual meeting of the Society for 
Conservation Biology will be held 
June 9-12.2000, at the University of 
Montana (Missoula). The meeting's 
theme is "Large-Scale Conservation: 
Genes, Landscapes, and People." The 
keynote addresses will be given by 
Dan Simberloff and Michael Souli. 
In addition to activities on the cam- 
pus, f eld trips will be offered through 
the Montana Natural History Center. 
an educational nonprofit organization 
based at the university. For more in- 
formation, please contact Fred 
Allendorf (darwin @ selway.umt.edu) 
or Dan Pletscher (pletsch@ forestry. 
umt.edu), or visit the event's website 
at http://www.umt,edulscb20OO. 

Redwood Conservation Account 
Save-the-Redwood League's master 

plan for old-growth redwood conser- 
\ ation recently was supplemented by 
a new book released by Island Press. 
Reed Noss's The Redtt.ood Forest: 
His ton  Ecolog!; and the Consenu- 
tiorl of tlze Coast Rednloods bring's 
together a comprehensive account of 
the redwood ecosystem. Leading 
experts authored articles on topics 
from aquatic ecosystems to land- 
wpe-scale conservation planning. 
For more information, contact Robbie 
Kaplan (tel.: 2021232-7933. email: 
rkaplan@islandpress .org)  or  
www.islandpress.org. 

Baltimore Zoo Breeds Endan- 
gered Tortoise, Again 
This past summer, the Baltimore Zoo 
became the first zoo in the world to 
breed Egyptian tortoises (Testudo 
kleinmanni) more than once. Seven 
tortoises were hatched in 1999, bring- 
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ing the total number of tortoises 
hatched since 1994 to 35. For more 
information. please contact Andrea 
Keller at the Baltimore Zoo (tel.: 
3 10.39616620). 

Overview of lnvasive Species 
Phenomenon Published 
Often described as an ecological as- 
sault, numerous alien species threaten 
native fauna and flora. George Cox's 
Alien Species it7 North Alnerica and 
Hattuii represents the first assess- 
ment and synthesis of this phenom- 
enon in North American and Hawai- 
ian ecosystems. Issues of exotic spe- 
cies dispersal, invasion patterns. and 
public policy are discussed. For more 
information, contact Benjamin 
Churchill (tel.: 2021232-7933, email 
bchurchill@islandpress.org). 
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