
the constructed curve at each of the ob- 
served spawner abundances. Finally, we 
oerformed the likelihood ratio test for de- 
pensation described above and repeated 
the procedure 100 titnes to estimate the 
statistical power. 

Statistical power was greater than 0.95 
for 26 stocks for 6 = 2 (Fig. 3).  In each of 
these, large declines in abundance have 
occurred, providing data at reduced 
spawner abundances. If depensatory re- 
cruitment is a general phenomenon in fish 
populations through this observed range of 
decrease, we would have expected more 
than 3 of the 128 stocks examined to show 
significant depensation in the observed 
data. These results are robust to gamma- 
instead of log-normally distributed residu- 
als, reasonab'ie estimaiion error of spawn- 
ers, and serial correlation in recruitment 
(10). It is possible that tnore complex 
behavior might be masked by shortcotn- 
ings in our approach. 

Theoretical analyses and previous non- 
statistical descriptions of depensatory re- 
cruitment for fish stocks (1 1 ) are not sub- . , 

stantiated by our comparative analysis of 
the available data. None of the extant 
stocks of cod, plaice, hakes, or other com- 
mercially valuable species, many of which 
have been very heavily exploited, dis- 
played depensatory dynatnics in reproduc- 
tion. The great majority of the populations 
show evidence of increased survival at 
lower population levels (1 2). This analysis 
indicates that models with strongly re- 
duced per capita reproductive success at 
the spawner abundance typical of current- 
ly surviving fish stocks are not generally 
applicable to fish population dynamics. 
The fish population collapses so far ob- 
served cannot be attributed to depensatory 
dynamics. The implication is that reduc- 
tions in fishing mortality rates implement- 
ed by resource tnanagers should enable 
currently retnaining stocks to rebuild, un- 
less environmental or ecosystem-level 
changes occur that alter the underlying 
dynatnics of the stock. We conclude that 
the effects of overfishing are, at this point, 
still generally reversible. 
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Impaired Energy Homeostasis 
in C/EBPcx Knockout Mice 

Nai-dy Wang, Milton J. Finegold, Allan Bradley, Ching N. Ou, 
Sandy V. Abdelsayed, Margaret D. Wilde, L. Ranee Taylor, 

Deborah R. Wilson, Gretchen J. Darlington* 

Mice homozygous for the targeted deletion of the clebpa gene, which expresses the 
CCAATIenhancer-binding protein a (CIEBPa), did not store hepatic glycogen and died 
from hypoglycemia within 8 hours after birth. In these mutant mice, the amounts of 
glycogen synthase messenger RNA were 50 to 70 percent of normal and the transcrip- 
tional induction of the genes for two gluconeogenic enzymes, phosphoenolpyruvate 
carboxykinase and glucose-6-phosphatase, was delayed. The hepatocytes and adipo- 
cytes of the mutant mice failed to accumulate lipid and the expression of the gene for 
uncoupling protein, the defining marker of brown adipose tissue, was reduced. This study 
demonstrates that CIEBPa is critical for the establishment and maintenance of energy 
homeostasis in neonates. 

CIEBP~, a basic leucine zipper (bZIP) tran- 
scription factor (1) detectable in the brain, 
lung, and gut, is most abundant in liver and 
adipose tissue (2).  C/EBPa transactivates the 
promoters of energy-related genes such as 
lipid-binding protein (422/aP2) ( 3 ) ,  insulin- 
responsive glucose transporter (GLUT4) (4), 
and phosphoenolpyruvate carboxykinase 
(PEPCK) (5) and has been proposed to be a 

regulator of genes involved in energy metab- 
olistn (6). C/EBPa is expressed late in ges- 
tation (2 )  coincidentally with increased gly- 
cogen synthase (GS) activity and the accu- 
mulation of hepatic glycogen (7). Mobiliza- 
tion of this glycogen provides glucose to the 
neonate during the first hours after birth, 
before suckling. Because prenatal gluconeo- 
genesis is negligible (a) ,  the fetus depends 
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of life-sustaining metabolic fuel levels in the glycogenolysis has become substantial, the quantities of glycogen (Fig. 2D). Thus, the 
neonate. livers of the control fetuses also exhibited absence of C/EBPa interferes with both 

We used a gene targeting vector con- glycogen (Fig. 2C), whereas those of the prenatal and postnatal hepatic glycogen 
taining positive-negative selection markers C/EBPa-deficient fetuses had reduced synthesis. 
(9) to generate murine 129Sv embryonic 
stem (ES) cells deficient for one copy of 
clebpa (Fig. 1). The clebpa deletion allele is Fig. 1. Replacement of 
termed c/ebpaml. Targeted recombinant the debpa gene by ho- 
clones constituted 22.1% of the geneticin mologous recombina- 
(G418)- and 1,2-deoxyfluoro-P-D-arabino- tion. A 14-kb sequence 
furanosyl (F1AU)-resistant colonies. Two Spanning debpa was 
clones were used to produce chimeric males from a 

129Sv genomic library. A that transmitted c/ebpaml through the germ 10,5-kb HI frag- Eco RI ECO RI Eco RI 

line. The loss of function of clebpa is reces- was subcloned - .  
sive and heterozygous mice have no obvious 
abnormalities. Heterozvnous mice were in- ," 
tercrossed and 440 offspring were genotyped 
at birth; of these, 106 (24.1%) were wild 
type (+I+), 90 (20.5%) were homozygous 
clebpaml (-I-), and 244 (55.4%) were 
heterozygous (+I-). The fraction of wild- 
type mice was within Mendelian expecta- 
tions; the reduced proportion of -1- mice 
was significant (Pearson X2 test, P < 0.05), 
although most of the homozygous mutants 
survived to term. 

At birth, the -1- mice were indistin- 
guishable from their littermates; the gross 
morphology of major organs was normal, as 
were birth weights. However, the -1- ne- 
onates became lethargic several hours after 
birth and died by 8 hours postpartum. Blood 
glucose concentrations measured within 5 
min postpartum were normal, but at 1 to 2 
hours postpartum, the glucose concentra- 
tion (mean + SD) in the -1- mice (0.8 + 
1.6 mgldl, n = 7) was significantly lower 
than that in the +I+ and +I- mice (32.4 
+ 20.2 mgldl, n = 22) (Student t test, P < 
0.0001). By 5 to 8 hours postpartum, the 
glucose concentration was 37.9 2 16.5 mgl 
dl (n = 37) in the +I+ and +I- mice; the 
-1- mice remained hypoglycemic, with 
glucose concentrations of 0.6 + 1.3 mgldl 
(n = 10). In contrast to their siblings, all of 
the mutant neonates had little or no milk in 
their stomachs, presumably from lack of 
energy to compete for nourishment. Hypo- 
glycemic mice were rescued transiently for 
up to 40 hours with subcutaneous injections 
of 50 ~1 of 10% glucose at birth and every 
7 hours thereafter. However. survival did 
not extend beyond this point despite appro- 
priate suckling behavior and the vresence of 
normal volumes of milk in th; stomachs. 
Additionally, the -1- mice gained little 
weight (10). 

Liver sections of the control mice 
stained for glycogen at 1 hour postpartum 
(Fig. 2A) contained abundant glycogen, 
whereas those of the -1- mice (Fig. 2B) 
had virtually none. Similarly, at 32 hours 
postpartum, the glucose-injected controls 
had glycogen and the glucose-injected mu- 
tants did not. On the 18th day of gestation, 
when glycogen storage has begun but before 

into pGemini. The Barn HI Hinc II Sst II Eco RV Barn HI Hinc ll 
debpa gene and 2.4 kb Targeted sequence I 
of flanking sequences Hind I I co Rl 
were excised with Sst I I  
and Eco RV and re- 2.0 w - 
placed with PGKneo. 
MCl tk was placed at the 5' end of the cloned sequence. Linearized plasmid (25 pg/ml) was electropo- 
rated into AB2.1 ES cells (1.8 x 1 O6 cells per milliliter) (27). Recombination events were selected with the 
use of G418 (active ingredient, 0.1 8 mg/ml) and FlAU (0.2 pM). Of the first 11 3 colonies screened on 
Southern (DNA) blots, 25 yielded the expected homologous recombination event. Eight albino C57BI 
blastocysts, all microinjected with 15 to 20 targeted ES cells, were implanted into each of seven female 
CBffC57BI surrogates. Sixteen chimeric males were obtained and tested by breeding with albino C57BI 
females. Of the microinjected blastocysts, 12.5% produced founder males transmitting the Agouti 
phenotype at a frequency greater than 80%. 

Fig. 2. Histology and TEM of the liver. (A through D) Periodic acidSchiff (PAS) staining for glycogen 
(magenta) in livers from 1 -hour-old control mice (A) and -/- mice (B) and livers from day 18.5 control 
fetuses (C) and -/- fetuses (D) (original magnification, x400). (E and F) Oil red 0 staining for lipid droplets 
in livers from 32-hour-old control mice (E) and -/- mice (F) (original magnification, x100). (G and H) 
Hematoxylin and eosin staining of livers from 5-hour-old control mice (G) and -/- mice (H) (original 
magnification, X100). The hepatocytes of the -/- mice lack the clear, vacuolated cytoplasm of the 
control mice. Some enlarged intercellular spaces are indicated (arrows). (I and J) TEM of livers from 
5-hour-old control mice (I) and -/- mice (J). TEM has confirmed the enlarged spaces to be dilated biliary 
canaliculi on the basis of several indications: The canaliculi are bordered by tight junctions and desmo- 
somes; they possess protruding microvilli (arrowheads); and the absence of endothelial cells lining these 
regions precludes the possibility that they may be sinusoidal spaces. TEM also confirms the paucity of 
glycogen and lipid in the cells of mutant mice. Biliary canaliculi (c), glycogen granules (g), lipid droplets (I), 
and nuclei (n) are marked. Scale bar, 3.2 pm. 
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At 32 hours postpartum, all of the glu- 
cose-iniected neonates had suckled and in- 
gested milk. Hepatocytes from the +/+ and 
+/- mice contained the lipid droplets nor- 
mally present in 1-day-old mice (Fig. 2E); 
livers from the -1- mice (Fig. 2F) failed to 
store the appropriate amounts of lipid. His- 
topathologic examination of control livers 
(Fig. 2G) versus -1- livers (Fig. 2H) re- 
vealed the formation of hepatocyte rosettes 
with reduced cellular volumes and dilated 
biliary canaliculi in the mutant mice. 
Transmission electron microscopy (TEM) 
showed the microvilli in the canaliculi of 
the -1- mice (Fig. 2J) to be shorter and 
fewer in number than those of the control 
mice (Fig. 21). The reduced cytoplasmic 
volume of C/EBPa-deficient hepatocytes 
caused organelles such as mitochondria and - 
the endoplasmic reticulum to appear more 
densely packed. Because bile thrombi and 
cholestasis were not found in these livers. 
increased intrahepatic pressure seems an 
improbable explanation for the dilated 
canaliculi. A more likely explanation of the 
liver dysmorphology is that the paucity of 
glycogen and fat stores results in smaller 
hepatocyte volumes, which create the cor- 
respondingly larger canalicular spaces ( I  1 ). 

To examine the possible molecular 
mechanisms res~onsible for the absence of 
hepatic glycogen in the -1- mice, we an- 
alyzed the expression of several genes on 
Northern (RNA) blots. Mean densitometer 
readings of total RNA collected from mice 
at 2, 7, and 32 hours postpartum are shown 
in Table 1. C/EBPa mRNA was absent in 
the -1- mice, and quantitation indicated 
that C/EBPa mRNA amounts in heterozy- 
gous neonates were approximately half of 
those in the wild-type neonates. 

In accordance with the lack of glycogen 
in the livers of the C/EBPa-deficient mice, 
GS mRNA was reduced 50 to 70% in com- 
parison with the control mice; this finding 
suggests that insufficient GS leads directly 
to low glycogen stores (7). Although the 
promoter elements of the GS gene have not 
been elucidated and altered transcription 

resulting indirectly from the loss of C/EBPa 
is possible, this study suggests that C/EBPa 
regulates the liver-specific expression of this 
gene. 

At 2 hours postpartum, transcripts from 
the gene for cytosolic PEPCK were unde- 
tectable and the G6Pase gene was underex- 
pressed by 70% in the livers of the mutant 
mice relative to the control mice. At 7 and 
32 hours postpartum, PEPCK and G6Pase 
mRNA amounts matched those of the con- 
trol mice, which suggests that C/EBPa reg- 
ulates PEPCK and G6Pase transcription 
early in the perinatal period (1 2) and that 
additional factors control the subsequent 
gene activation observed by 7 hours post- 
partum. Other members of the C/EBP fam- 
ily of proteins such as C/EBPP or the D-site 

binding protein (DBP), which also affect 
PEPCK gene transcription (13), may re- 
place C/EBPa at the later time points to 
induce expression. Delayed transactivation 
of PEPCK and G6Pase likely contributes to 
the hypoglycemia in newborn -1- mice. 

The mRNA for albumin, a serum protein 
involved in fatty acid transport, was reduced 
50% in the mutant mice at 2 hours postpar- 
tum. However, unlike PEPCK and G6Pase, 
albumin mRNA amounts remained low at 7 
and 32 hours postpartum, which suggests 
that C/EBPa is required for the transcrip- 
tional induction of the albumin gene. This 
observation agrees with work that showed 
activation of albumin by C/EBPa in cultured 
hepatocytes (14). The expression of albumin 
in the -1- mice may be a result of regula- 

Fig. 3. Inguinal white adipose tissue. (A and B) Oil red 0 staining for lipid droplets in subcutaneous white 
adipose tissue from control mice (A) and -/- mice (B) at 15 min postpartum (original magnification, ~ 8 0 ) .  
(C and D) Hematoxylin and eosin staining of white adipose tissue from 32-hour-old glucose-injected 
control mice (C) and -/- mice (D) (original magnification, x80). White adipose tissue is marked (a). The 
lack of lipid accumulation in the mutant mice is evident. 

Table 1. Densitometric values obtained from Northem blots. Liver tissues were ples was examined for C/EBPu, GS, PEPCK, GGPase, albumin, GLUT2, DBP, 
collected at 2, 7, and 32 hours postpartum. Only the 32-hour-old mice had and C/EBPG. Autoradiograms were quantified by densitometerand values were 
received glucose injections. Total RNA(25 pg) from wild-type (+/+), debpuml/ normalized to an internal p-actin control. Each data point represents the mean 
debpuml (-/-), and heterozygous (+/-) neonates and from adult liver sam- SD from three independent animals. ND, not determined. 

2 Hours 7 Hours 32 Hours 
RNA Adult 

+/+ -1- +/- +/+ -1- +/- +/+ -1- +/- +/+ 

C/EBPa 
GS 
PEPCK 
G6Pase 
Albumin 
GLUT2 
DBP 
C/EBPG 
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tion by DBP, which has been shown to bind 
the albumin promoter (15). C/EBPa and 
DBP together may fully transactivate this 
gene. The amounts of mRNA for liver glu- 
cose transporter (GLUT2) and DBP were 
similar in the -1- and control mice at all 
time points. Neither C/EBPG nor C/EBPP 
mRNA amounts were elevated in compen- 
sation for the lack of C/EBPa. 

The accumulation of lipids in both 
white and brown adipose tissue is depen- 
dent on C/EBPa. In subcutaneous inguinal 
white adipose tissue, the control mice (Fig. 
3A) had lipid accumulation at 15 min post- 
partum, whereas lipid droplets could not be 
detected in the mutant mice (Fig. 3B). At 

32 hours postpartum, lipid accumulation 
was more pronounced in the control mice 
(Fig. 3C) but was still absent in the -1- 
mice (Fig. 3D). This observation supports 
in vitro studies suggesting that maturation 
of white adipose tissue requires C/EBPa 
(16). The interscapular regions of the con- 
trol mice (Fig. 4A) and the mutant mice 
(Fig. 4B) presented equal amounts of imma- 
ture brown adipose tissue at 7 hours post- 
partum. By 32 hours postpartum, the vol- 
ume of brown adipose tissue in the control 
mice had greatly enlarged (Fig. 4C), where- 
as the -/- mice showed no increase (Fig. 
4D). Closer inspection of adipocytes re- 
vealed large lipid droplets, an indication of 

Fig. 4. Interscapular brown adipose tissue. (A and B) Hematoxylin and eosin staining of brown adipose 
tissue from 7-hour-old control mice (A) and -/- mice (B) (original magnification, x20). (C and D) Brown 
adipose tissue from 32-hour-old glucose-injected control mice (C) and -/- mice (D) (original magnification, 
x20). (E and F) Enlarged views of control (E) and C/EBPa-deficient (F) adipocytes at 32 hours postpartum 
(original magnification, ~200) .  Brown adipose tissue is marked (a). 

Table 2. Densitometric values obtained from Northem blots. Brown adipose tissue was collected from 
the interscapular region of mice at 2 and 32 hours postpartum. The 32-hour-old mice had received 
glucose injections. Wild-type (+/+), c/ebpaml/c/ebpaml (-/-), and heterozygous (+/-) samples are 
indicated. Tissue from pairs of neonates of like genotype were combined to yield sufficient quantities of 
total RNA (25 kg per lane) for analysis of UCP, FAS, GLUT4, and 42WaP2. Densitometer values were 
normalized to p-actin. Each data point represents the mean + SD from three independent pairs of 
animals. ND, not determined. 

2 Hours 32 Hours 
RN A 

+/+ -1- +/- +/+ -/- +/- 

UCP 3.6 5 1.0 0.1 5 0.1 2.5 ? 1.1 2.8 ? 0.8 1.4 ? 1.0 2.1 ? 0.5 
FAS ND ND ND 2.0 5 0.1 1.8 + 0.4 1 .O 5 0.3 
GLUT4 1.2 ? 0.2 1.0 2 0.2 1.0 5 0.1 0.4 5 0.1 0.5 ? 0.2 0.4 5 0.1 
42WaP2 1.5 5 0.1 1.3 5 0.2 1.3 ? 0.2 1.2 ? 0.1 1.3 ? 0.1 1.0 ? 0.2 

adipocyte maturation, in the control mice 
(Fig. 4E); the C/EBPa-deficient mice failed 
to accumulate these droplets (Fig. 4F). 

Northern analysis of brown adipose tis- 
sue collected 2 hours postpartum showed 
that the gene for uncoupling protein (UCP) 
was minimally expressed in mutant mice 
(Table 2). UCP is the defining functional 
marker of differentiated brown adipose tis- 
sue and is responsible for heat generation 
through uncoupled mitochondria1 respira- 
tion (17); C/EBP family members have 
been shown to transactivate the promoter 
sequences of UCP ( 18). However, the small 
amount of UCP mRNA was transient; at 32 
hours postpartum, the -1- mice had 
amounts of mRNA that were nearly 60% of 
normal. Thus the expression of UCP is 
delayed or reduced, or both, in the absence 
of C/EBPa. 

Messenger RNAs for fatty acid synthase 
(FAS), GLUT4, and 422/aP2 were unal- 
tered in the C/EBPa-deficient mice. FAS is 
a key enzyme in the pathway of fatty acid 
synthesis; GLUT4 and 422/aP2 are adipo- 
cyte markers that C/EBPa transactivates in 
3T3-L1 cells (3, 4). The loss of C/EBPa 
apparently does not affect the perinatal ex- 
pression of these genes in brown adipose 
tissue. Because fatty acid synthesis is low 
from birth until weaning (1 9) and because 
lipid catabolism appears to be normal in the 
-1- mice (20), the absence of triacylglyc- 
erol accumulation in the mutants is likely 
the result of aberrant lipid processing or 
storage. Genes involved in lipid storage that 
are critical to survival are candidates for 
C/EBPa regulation. 

Previous studies had correlated low ex- 
pression of C/EBPa and hypoglycemia in 
mice with the radiation-induced deletion at 
the albino locus (21). Mice deficient in 
fumaryl acetoacetate hydrolase (FAH) mir- 
ror the phenotype of the albino mice and 
were found to have reduced liver glycogen 
(22). FAH mutant mice have elevated 
amounts of C/EBP-homologous protein 
(CHOP-10) (22), a dominant-negative in- 
hibitor of C/EBP family members (23). Se- 
questration of C/EBPa by CHOP-10 may 
be the molecular basis for the hypoglycemic 
state in the albino and FAH-deficient mice. 

At present, the absence of C/EBPa in 
humans has not been identified clinically 
and the complete array of phenotypic abnor- 
malities in the -1- mice has not been as- 
sociated with a specific human syndrome. 
However, a rare human disorder mimicked 
by C/EBPa-deficient mice is GS deficiency. 
This disease causes low glycogen storage and 
can cause severe bouts of hypoglycemia (24). 
A more common human condition that re- 
sembles the phenotype of the mutant mouse 
is that found in premature infants. C/EBPa is 
normally expressed late in gestation (2), cor- 
responding to the last trimester of human 
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fetal life. In this study, mice without CIEBPa 
were retarded in their develoome~~t: their 
lungs appeared immature on histologic anal- 
ysis (25), they had an inadequate supply of 
body fat, they had insufficient liver glycogen, 
and they suffered from hypoglycemia. These 
are all svmotoms consistent with those of the , 
preterm infant (26). The incomplete devel- 
opmental activation of c/ebpa and its target 
genes may affect the metabolic state of the 
premature neonate. We have shown in vivo 
that CIEBPcx is required for the normal en- 
ergy-related functions of the liver and of 
brown and white adipose tlssue. CIEBPa- 
deficient mice will be useful for studving the , c, 

complex metabolic requirements of preterm 
infants. 
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Impact of Food and Predation on the 
Snowshoe Hare Cycle 

Charles J. Krebs,* Stan Boutin, Rudy Boonstra, A. R. E. Sinclair, 
J. N. M. Smith, Mark R. T. Dale, K. Martin, R. Turkington 

Snowshoe hare populations in the boreal forests of North America go through 10-year 
cycles. Supplemental food and mammalian predator abundance were manipulated in a 
factorial design on 1 -square-kilometer areas for 8 years in the Yukon. Two blocks of forest 
were fertilized to test for nutrient effects. Predator exclosure doubled and food addition 
tripled hare density during the cyclic peak and decline. Predator exclosure combined with 
food addition increased density 11 -fold. Added nutrients increased plant growth but not 
hare density. Food and predation together had a morethan additive effect, which suggests 
that a three-trophic-level interaction generates hare cycles. 

T h e  10-year cycle of snowshoe hare popu- 
lations and those of their predators is one of 
the dominant perturbations of the boreal 
forests of North America. Predation and 
food shortage have been ~ostulated as the 

u 

major factors causing these fluctuations ( 1  ) .  
Because in all cyclic populations many fac- 
tors will chanee in a manner correlated 

D 

with population density, necessary condi- 
tions can be recognized only by experimen- 
tal manipulations (2).  From 1976 to 1984, 
we manipulated food supplies of snowshoe 
hares (Lepus americanus) in the southern 
Yukon and showed that the cyclic decline 
could not be prevented by either artificial 
or natural food addition (3). Single-factor 
manipulations have been criticized in field 
ecology because they may miss important 
interactions between factors (4). For the 
past 8 years, we have carried out large-scale 
experiments on nutrients, supplemental 
food, and predation in the Yukon to untan- 
gle the causes of the hare cycle and the 

C. J. Krebs, A. R. E. Sincla~r, J. N.M. Smith, Department 
of Zoology, University of Britsh Columba, Vancouver, 
Br~tsh ~ o l u m b a  V~T- IZ~ ,  Canada. 
S. Boutin and M. R. T. Dale, Department of B~ologcal 
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consequences the hare cycle has for the 
bertebrate community. By crosslng a pred- 
ator reduction manioulation 1~1th food ad- 
dition we estimated interaction effects 
caused by the failure of factors to combine 
additively. 

We chose 1-km2 blocks of undisturbed 
boreal forest near Kluane Lake. Yukon, as 
our experimental units (5). The boreal forest 
in this region is dominated by white spruce 
(Picea glauca) and was not disturbed by log- 
ging, fire, or extensive fur trapping during 
our studies. We used a factorial design to - 
untangle the effects of food and predation 
on hares Three areas \\ere used as controls 
(6)  Two experimental areas were provlded 
11 lth ad llb supplemental food year-round. 
We excluded Inammallan oredators bv 
building one electric fence in the summer of 
1987. In the summer of 1988, we built a 
second electric fence to use for the com- 
bined predator reduction-food addition 
treatment (7). Since January 1989, the elec- 
tric fences have worked effectively to pre- 
vent mammalian predators from entering 
the two areas. The fences are permeable to 
snowshoe hares. Beginning in 1987, we add- 
ed nitrogen-ootassium-ohos~horus (NPK) - L A 

2E9, Canada. fertilizer to two blocks of forest to increase 
R. Boonstra, Department of L~fe Sciences, Scarborough 
Campus, Un~vers~ty of Toronto, Scarborough, Ontario plant growth (8). We chose a 
MIC l A 4  Canaria few large areas rather than manv small areas . - , - - - - -. 
K. Martn, Department of Forest Scences, Unversty of because of the failure of most field exper+ 
Brtish Columb~a, Vancouver, Br~t~sh Columbia V6T 124, 
n-.-J- ments to address large-scale issues (9).  We 
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