
colonization between censuses) was 0.45% 
for dry prairies, 0.77% for mesic prairies, and 
1.03% for wet prairies. These values imply 
that half the plant species present in a rem- 
nant wet prairie would disappear in less than 
a half-century, whereas, in the best case, half 
the botanical diversitv of a remnant drv 
prairie would disappear in slightly more than 
a centurv. Much of this loss involves short 
plants; species <0.5 m tall account for 52, 
42, and 41% of the absolute loss in drv. 
mesic, and wet prairies, respectively. N-fix- 
ers account for 11% of the absolute loss and 
have 45% less recruitment than non-fixers. 
Losses among-regionally rare species were 
especially severe; the 13 state-listed endan- 
gered or state-listed threatened species in 
our remnants lost 28 of 38 total occurrences. 
an absolute loss of 74%, more than twice the 
average of 34% for all species. 

The implications of our findings for con- 
servation are clear. First, it is essential to 
burn existing prairie remnants to help offset 
loss of ignition sources due to disruption of 
landscape context and human cultural prac- 
tices. Prescribed burns should be conducted 
over a small portion of each remnant in any 
single year so that "fire-sensitive organisms 
ifor examule. certain insects and lizards) are . , 

not extirpated. Second, conservation efforts 
should focus on suecies that are short, small- 
seeded, N-fixing, regionally rare, or possess a 
combination of these traits, esueciallv on , A 

mesic to wet sites. Third, local plant e x k c -  
tions are proceeding at such a high rate (0.5 
to 1.0% per annum) that several taxa are in 
danger of being lost from the landscape. Of 
266 species originally found across 54 sites in 
the 1940s and 1950s, only 228 persisted until 
the late 1980s, which represents an absolute 
loss of 14.3% of all native plant species. 
Although such species are not restricted to 
prairie remnants, often they are most com- 
mon there, which suggests that the observed 
losses reflect a broad regional process. 

The interruotion of the landscaue-scale 
process of wildfire may be eroding biodiver- 
sitv in manv habitats worldwide. The com- 
position, stiucture, dynamics, and produc- 
tivity of several ecosystems-taiga, temper- 
ate forests and grasslands, Mediterranean 
scrub, savannas, and even some wet trooical 
forests-are strongly affected by fire; many 
of their species require fire to persist or 
reproduce (1, 13-15, 28). The mechanism 
underlying local plant extinction we pro- 
pose for prairies may operate in many other 
fragmented communities and thus have 
broad ramifications for conservation and 
ecosystem management. 
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Effects of Disturbance on River Food Webs 
J. Timothy Wootton, Michael S. Parker, Mary E. Power 

A multitrophic model integrating the effects of flooding disturbance and food web 
interactions in rivers predicted that removing floods would cause increases of predator- 
resistant grazing insects, which would divert energy away from the food chain leading 
to predatory fish. Experimental manipulations of predator-resistant grazers and top 
predators, and large-scale comparisons of regulated and unregulated rivers, verified the 
model predictions. Thus, multitrophic models can successfully synthesize a variety of 
ecological processes, and conservation programs may benefit by taking a food web 
perspective instead of concentrating on a single species. 

Although conservation programs typically understand and predict the consequences of 
concentrate on the direct impacts of envi- impacts on the environment, ecologists 
ronmental change on a single species, eco- must shift from an autecological perspective 
logical experiments and theory demonstrate to consideration of the interaction of mul- 
that species are affected in complex ways by tiple causal factors. For example, changes in 
other species, ecosystem productivity, and climate, land use, and water regulation or 
disturbance regimes (1-4). Therefore, to diversion all may alter the flooding regime 
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of rivers. How do changes in flooding dis- 
turbance affect s~ecies in river food webs? 
Successfully predicting the answer to this 
question requires a framework that can syn- 
thesize the direct effect of disturbance-in- 
duced mortalitv, as well as the indirect com- 
pensatory or rkinforcing effects of interac- 
tions among various species in an ecological 
community. 

Multitrophic dynamic models of species 
interactions provide a potentially useful 
synthetic theoretical framework to simulta- 
neously examine a variety of ecological pro- 
cesses (1 ,  2).  Within this framework, spe- 
cies interaqtions are modeled explicitly, and 
the dynamics of limiting resources can be 
treated as s~ecies at the bottom of the food 
web. Disturbance can be incorporated by 
adding density-independent mortality terms 
to the dynamics of each species. In previous 
studies of rivers in northern California, we 
have shown that such a framework can 
predict the consequences of removing top 
predators from a food web and of varying 
productivity at the base of the food web (1 ,  
3). Here, we consider whether the effects of 
disturbance can also be incorporated into 
such a theoretical framework. 

Our observations of free-flowing rivers 
in northern California during the droughts 
of 1990-1992 and 1994, when scouring 
floods tv~ical  of the winter rainv season , L 

were absent or reduced, indicated that flood 
disturbance can have im~ortant  effects on 
river food webs. In the abHence of floods, we 
observed a marked increase in a predator- 
resistant caddisfly, Dicosmoecus giluipes (5). 
The combined effect of large size and robust - 
protective cases effectively eliminates pre- 
dation on this s~ecies bv most fish and 
invertebrate predators, but'these same traits 
can make it susceptible to flood mortality 
(6). Its heavy protective case restricts Di- 
cosmoecus to the river bottom, and its large 
size renders most interstitial maces ineffec- 
tive as refuges from mortality. As a result, 
Dicosmoecus has difficulty avoiding rolling 
rocks during scouring floods. Moreover, at- 
taining large size requires longer aquatic 
larval periods than those of smaller grazers 
such as midges (Chironomidae) or mayflies 
(Ephemeroptera), which increases the time 
during which Dicosmoecus is at risk of flood- - 
induced mortality. Two important observa- 
tions further support this inference of a 
tradeoff between resistance to flood distur- 
bance and resistance to predation: Dicosmo- 
ecus densities in April i992 showed a 77% 

J. T. Wootton, Department of Ecology and Evolution, 
Unversity of Chcago, 1101 East 57 Street, Chicago, L 
60637, USA. 
M. S Parker, Department of B~oogy, Southern Oregon 
State College, Ashland, OR 97520, USA. 
M E Power, Department of lntegrat~ve Bology, Unver- 
s~ty of California, Berkeley, CA 94720, USA, 

reduction [from 82.3 i- 65.4 (SD) to 18.8 i- 
23.6 individuals per square meter] after a 
brief spate, and no consumption of Dicos- 
moecus occurred in feeding trials using a 
range of predators (7). 

These observations indicated that a rea- 
sonable multitrophic model of this river 
system might consist of two linked food 
chains, one going from algae to predator- 
susceptible grazers to predatory fish and in- 
sects and the other going from algae to 
predator-resistant grazers. Such a situation 
can be modeled as 

where A. H. D, and P are the abundances of , , ,  

algae, predator-susceptible herbivores, pred- 
ators, and predator-resistant grazers (Dicos- 
moecus), respectively; L is the amount of 
incident light available for algae to convert 
into new offspring by photosynthesis ( 1 ) ;  b, 
(where x is a, h, d, or p) is the conversion 
efficiencv of consumed resource into indi- 
viduals of species x; c, is the per capita 
consumption rate of resources by species x; e 
is the base of the natural logarithm; and m, 
is the density-independent mortality (due 
to disturbance or other causes) experienced 
by species x. 

Solved at steady state, this multitrophic 
model makes predictions about the average 
consequences of reducing disturbance (de- 
creasing m,), given that disturbance in- 
creases the mortality of predator-resistant 
grazers more than that of predator-suscepti- 
ble grazers. In short, disturbance reduction 
is predicted to diminish energy flow in the 
food chain leading to predatory fish, divert- 
lng most of the ecosystem energy to preda- 
tor-resistant grazers. First, reduction of 
flooding disturbance should increase preda- 
tor-resistant grazers because of a direct re- - 
duction in mortality. Second, removal of 
disturbance should indirectly decrease algal 
abundance because of increases in grazing 
pressure. Third, reduced flooding should in- 
directly decrease predator abundance be- 
cause less energy becomes available to the 
longer food chain. Finally, predator-suscep- 
tible grazers should neither increase nor 
decrease, despite the change in the abun- 
dance of their competitors, because decreas- 
es in population growth rate arising from 
lower algal crops are ultimately offset by 
lower predator populations. This last pre- 
diction has interesting implications for re- 
cent experimental investigation~ focusing 
on whether pairs of species compete (a) ,  
because it indicates that the existence of 
competition may be underestimated when 

interactions among the larger community 
are ignored. 

To test the predictions of the model, we 
experimentally manipulated the abundance 
of Dicosmoecus in mesocosms placed in the 
South Fork Eel River on the Angelo Coast 
Range Preserve, Mendocino County, Cali- 
fornia ( 1 ,  3,  6). We constructed in-stream 
channels (1.56 m by 1.17 m by 0.78 m) of 
wooden frames, clear plastic sides, and ends 
and bottom of plastic screen (6-mm mesh). 
Twenty-four channels were placed in blocks 
of four in six similar reaches in the river, 
and river gravel was added to each channel 
to a depth of 5 cm. We also added eight 
ceramic tiles (7.5 by 7.5 cm) to the bottom 

" No ~icosrnoecus Dicosrnoecus 

No Dicosrnoecus Dicosrnoecus 

" No ~fcosrnoecus Dfcosrnoecus ::'I bz:,: 
E 
m a 300 - 
B 
S 

0  
No Dicosrnoecus D~cosrnoecus 

Fig. 1. Mean ( 2  1 SE) block-adjusted responses 
of (A) algal b~omass, (B) sessile predator-sus- 
ceptible grazers, (C) mobile predator-suscepti- 
ble grazers, and (D) small predators to the ma- 
n~pulat~on of the predator-resistant grazer Dicos- 
moecus gilvipes (D)  and the top predator On- 
corhynchus mykiss (steelhead; S) .  L~nes ~nd~cate 
treatments with steelhead present (-) and ab- 
sent (- - -). Probabilities were generated from 
one-sided t tests used to test the d~rectional 
predictions of the model. 
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of each channel to serve as uniform sam- 
pling substrates (1 ) .  On  24 June 1992, we 
introduced 120 Dicosmoecus into each of 
two randomly chosen channels in each 
block. Additionally, we crossed each treat- 
ment with an additional treatment, the 
presence or absence of three juvenile steel- 
head (Oncorhynchus myltiss, 40 to 80 mm 
standard length), to test several other mod- 
el predictions: The addition of steelhead 

"." 
Unregulated Regulated 

'1- Unregulated Regulated 

0.09 

0.06 

4 0.03 

P 

0.00 
Unregulated Regulated 

River type 

Fig. 2. Average (2 1 SE) occurrence (percentage 
of transect sites with a given trophic group) during 
the summer growing season of (A) visibly conspic- 
uous algae (filamentous diatoms, Oscillatoria, 
Rivularia, Nostoc, Cladophora, Oedogonium, and 
Zygnematales), (B) predator-susceptible grazers, 
(C) predator-resistant grazers, and (D) predators 
in unregulated (with flood disturbance) and regu- 
lated rivers (flood disturbance greatly reduced) in 
northern California. Probabilities were generated 
from one-sided t tests used to test the directional 
predictions of the model. 

(which increases mortality of small fish and 
predatory invertebrates) should reduce 
small predators, increase predator-suscepti- 
ble grazing insects, and reduce algal cover. 
We censused the channels on 24 July 1992, 
iust before Dicosmoecus dia~ause (9). , , 

As predicted, manipulating Dicosmoecus 
and steelhead caused significant changes in 
community structure [multivariate analysis 
of variance (MANOVA), P < 0.0002 for 
Dicosmoecus treatment, P < 0.00005 for 
steelhead treatment, P > 0.45 for interac- 
tion of Dicosmoecus and steelhead, and P > 
0.1 for location effect] (Fig. 1). Adding 
Dicosmoecus caused significant (P < 0.05) 
declines in algal biomass ( - 83%), predator 
abundance ( - 23%), and sessile grazer 
abundance (midges and the caddisfly Ti -  
nodes sp.; -56%), but not in mobile grazer 
abundance; whereas adding steelhead 
caused significant declines in predator 
abundance ( - 62%) and algal biomass 
(-54%), as well as significant increases in 
sessile grazer abundance (43%), but no 
change in mobile grazer abundance. The 
trophic level-specific predictions of the 
model were supported for all changes except 
the decline in sessile insect abundance in 
the presence of Dicosmoecus. 

The unanticipated response of sessile In- 
sects to Dicosmoecus appeared to arise from 
two factors. First, Dicosmoecus appeared to 
prey on sessile insect larvae, and Dicosmo- 
ecus feeding activity destroyed protective 
tubes and prevented establishment of sessile 
insects on the substrate. Second, the in- 
crease in algae in the absence of Dicosmo- 
ecus provided a physical substrate in which 
insects could hide (10). Although adding 
Dicosmoecus predation on midges into the 
model does not result in the decline of 
other grazers, destroying protective tubes 
and reducing algal cover modifies the inter- 
action between predators and their prey 
(1 1 ), which increases predation intensity 
on grazers. A model that includes this type 
of indirect interaction ~redicts all of the 
patterns arising in the experimental results. 

To determine whether the oredictions of 
the model could be generalized beyond our 
ex~erimental channels, we com~ared sur- 
veys of the biota of unregulated (regularly 
flooding) and regulated (flooding prevent- 
ed) rivers in northern California (12). As 
~redicted bv the model and experimental 
iesults, the iegulated rivers we surveyed ex- 
hibited a significantly higher occurrence of 
predator-resistant grazers (369%), a signifi- 
cantly lower occurrence of algae (-58%) 
and predators (-87%), and a slightly, but 
not significantly, lower occurrence of pred- 
ator-susceptible grazers (-41%), relative to 
the rivers with natural flows we surveyed 
(Fie. 2) .  

L . ,  

Our results have several implications f o ~  

both basic and applied issues. From a basic 
perspective, our results demonstrate that 
multitrophic models can provide a useful 
framework to synthesize multispecies inter- 
actions and disturbance regimes, and thus 
inay provide one approach for understand- 
ing the role of disturbance in complex nat- 
ural ecosystems. From an applied perspec- 
tive, our results emphasize the need to shift 
from a single-population perspective to a 
community or food web perspective when 
developing strategies for resource manage- 
ment or conservation. For example, there 
has been an alarming decline in salmonid 
populations along the Pacific coast of North 
America, and the regulation of rivers 
through damming has been strongly impli- 
cated as one major cause (1 3, 14). Manag- 
ers trying to remedy this situation have 
concentrated on the possible direct effects 
of dams on salmonids, for example, in pre- 
venting spawning migrations or grinding up 
juveniles in turbines, and have consequently 
recommended autecological solutions. By 
taking a food-web approach, our results dem- 
onstrate that such strategies may be insuffi- 
cient because, in the absence of scouring 
floods, the food web beneath the fish col- 
lapses. Therefore, although mitigation of di- 
rect effects of dams on fish may be impor- 
tant, alternative approaches such as pulsed 
water releases to create riverbed scouring 
may be required to restore food web integri- 
ty, as well as to address other impacts related 
to river geomorphology (1 4 ,  15). 
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~ppetite-Suppressing Effects of Urocortin, has reopened the question, suggesting a PO- 

a CRF-Related Neuropeptide 
tential physiological role for endogenous 
UCN in activating central CRF receptors. . . - 

The inajor cellular sites of expression of 
Mariarosa Spina, Emilio Merlo-Pith," Raymond K. W. Chan, UCN in the rat brain were detected in the 
Ana Maria Basso, Jean Rivier, Wylie vale, George F. Koobi. Edinger-Westphal nucleus, the lateral supe- 

rior olive, the lateral hypothalamus, and the 
The neuropeptide corticotropin-releasing factor (CRF) is well known to act on the central supraoptic nucleus, all regions that do not 
nervous system in ways'that mimic stress and result in decreases in exploration, in- contain CRF lnRNA (8). Binding studies 
creases in sympathetic activity, decreases in parasympathetic outflow, and decreases have shown that UCN binds with very high 
in appetitive behavior. Urocortin, a neuropeptide related to CRF, binds with high affinity affinity to both the identified CRF receptors, 
to the CRF, receptor, is more potent than CRF in suppressing appetite, but is less potent CRF, (9) and CRF2 ( lo ) ,  but has a inuch 
than CRF in produting anxiety-like effects and activation. Doses as low as 10 nanograms higher affinity for the CRF2 receptor than 
injected intracerebroventricularly were effective in decreasing food intake in food-de- CRF, and the distribution of UCN fibers 
prived and free-feeding rats. These results suggest that urocortin may be an endogenous correlates well with the distribution of the 
CRF-like factor in the brain responsible for the effects of stress on appetite. CRF, receptor but not the CRFl receptor 

(8). These observations led to the hypothesis 
that central inf~~sion of UCN lnay produce 
behavioral effects that only partially overlap 

Corticotropin-releasing factor, a neuropep- of the activation of ACTH and corticoids with those produced by CRF. To test this 
tide isolated from the inainmalian brain (1 ), ( 7 ) ,  suggesting a direct action on brain CRF hypothesis, we analyzed the effects of a wide 
has been implicated in the mediation of the receptors implicated in behavioral respons- range of concentrations of UCN, urotensin 
integrated physiological response to stress es to stressors. Until recently, only one I, and r-h CRF (0.01 to 10.0 kg per animal) 
(2,  3). When released from the inedian endogenous CRF had been isolated from after they were infi~sed into the cerebral 
eminence into the hypophysial portal sys- the inaminalian brain, suggesting that only ventricle (ICV) of rats previously implanted 
tein, CRF exerts powerfill effects to stiinu- CRF itself was directly involved in stress- with intracerebroventricular cannulas. 
late the release of adrenocorticotropic hor- induced behavioral changes, including an- Rats were food-deprived for 24 hours 
mone (ACTH) froin the pituitary; thus, as a orexia. However, the identification in the and food consumption was tested for 2 
hypothalamic-releasing factor, CRF regu- inaininalian brain of another neuropeptide hours after ICV injection of vehicle or dif- 
lates glucocorticoid responses to stress (2). of the CRF family, urocortin (UCN) (a) ,  ferent doses of the peptide. UCN consis- 
When infused within the central nervous 
system, CRF inimics inost of the behavioral 
responses to stress ( 3 ) .  Central adininistra- Table 1. Effect of central and peripheral administration of urocortin on mean blood pressure. Data are 
tion of CRF increases arousal, as ineasured represented as mean -+ SEM (n = 5). Changes in mean arterial blood pressure (AMAP) were calculated 
by changes ill cardiovaScLllar paralneters (4) as the difference between the basal values taken before urocortin administration. Mild hypertensive 

and locomotor activity (51, and, like stress, effects were obtained after central injection, whereas peripheral administration exerted prolonged 
hypotensive effects. No significant change in myocardial contractility was recorded after central admin- 

produces "anxiogenic-like" and istration (22). Data were analyzed by using analysis of variance (ANOVA) followed by Tukey's test. ICV, 
effects in a variety of b&avioral paradigins intracerebrovent[icular; SC, subcutaneous. 
(3,  6) .  These effects are largely independent 

M. Splna, E. Merlo-Pich, A. M. Basso, G. F. Koob, De- Urocortin Time course of AMAP (mm Hg) 
partment of Neuropharmacology, The Scripps Research dose 
Institute, 10666 North Torrey Pines Road, La Jolla, CA (l.9) 30 min 60 min 90 min 
92037, USA. 
R. K. W. Chan, Laboratory of Neuronal Structure and Central (ICV) administration 
Funct~on, The Salk Institute, La Jolla, CA 92037, USA. 0 0 . 9  -C 0.04 1.5 t 0.02 0.8 t 0.1 1 
J. River and W. Vale, Clayton Foundation Laboratories 1.0 6.9 -C 2.50 0.8 +- 0.12 0.2 i- 0.05 
for Peptlde Blology, The Salk Institute, La Jolla, CA 10.0 12.2 t- 1.32* 6.3 ? 0.15 1.8 ? 0.14 
92037, USA. Peripheral (SC) administration 
*Present address: Geneva.Biomedica1 Research Inst~tute, 0 1.5 t 0.04 1.2 -C 0.02 0 . 8  ? 0.15 
Glaxo-Welcome R&D, 14, Chemln des Aulx, 1228 Plan- 10.0 1 7  8 +- 1.44*-1. -26.7 t 2.31*.1- -32.7 +- 2.61*.1- 
les-Ouates, Case Postale 674, Geneva, Swtzerand. 
tTo whom correspondence should be addressed. ' P  < 0.01 versus vehicle; t P  i 0.01 versus central admlnlstration, at the same urocortn dose. 
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