
biflorus combined. At all localities, the For each quadrat sample, we measured the populations by this equivalency factor does not 
above-ground biomass of S. diacantha and S. alter the distribution of density classes at any density distributions of total myrmeC0- ventricosa and the combined above-ground bio- site. 
mass of all other lants chore populations On mounds are statis- 13, Mounds differ in goth and nutrient concen- 

17. Differences in the diaspores of S ,  diacantha and 
D. b ,  biforus may influence their relative suc- 

tically indistinguishable. These results tration (7) as well as in proximity to a source of cess in becoming established. Those of D. b.  
diaspores. biforus contain more food material (both per suggest that the myrmecochorous 14. Between sites, mean plant densities per mound propagule and per gram of diaspore) than dia- 

chenopods are competing for a spatially quadrat ranged from 7.50 to 23.80, with the spores of S, diacantha, and D. b .  biflorus has 

limiting microhabitat (16). densities of nonmyrmecochores averaging G two seeds per propagule in contrast to one in S. 
one individual per mound at each site. We diacantha. 

What is the mechanism of the competi- adjusted plant densities at each locality to the 18. This research was supported by a University of 
mean density across all sites (17.15 plants1 Utah Biology Department faculty development 

tion? Depression of S.  diacantha popula- mound). BY standardizing the data in this way, award to D.W.D. and a University of Sydney 
tions in the presence of D .  b .  bjjorus is we assume implicitly that the effect of an indi- postdoctoral research fellowship and Australian 

vidual of S. diacantha on an individual of D. b .  Research Grants Committee Award to S.R.M. 
probably mediated both by competition biforus (and vice versa) is the same at all five We thank S. Jacobs of the Royal Botanic Gar- 
for dispersal to ant nests and by competi- sites, regardless of plant density. Variability in dens, Sydney, and R. Taylor of the Division of 

plant density probably parallels between-site Entomology, CSIRO, Canberra, for identifying 
tion for space on mounds. We cannot yet differences in the suitability of growth condi- plants and ants, respectively. Voucher speci- 

assess the relative contributions of these tions, such as access to limiting water and mens are in the University of Sydney Herbarium 
nutrients as a function of rainfall or soil type. and the Australian National Insect Collections, 

processes or evaluate the factors favor- 15. Over the three sites where D. b .  biforus was Canberra. F. Alexander and C. Carter helped 
absent, there were averages of 9.00 low density, immeasurably with logistics, and numerous col- ing one competitor over another (17). It 5.33 moderate density, and 5.67 high density leagues commented constructively on the manu- 

sc;ems clear, however, that populations on mounds, in comparison to means script. 
of 15.50, 2.00, and 2.50, respectively, for sites at * Present address: Alligator Rivers Region Re- 

for dispersal agents may be important in which D. b .  biforus was present. search Institute, Office of the Supervising Scien- 
regulating the composition of 16. On mounds, individuals of D .  b .  biforus have an tist, Jabiru, New Tasmania 5796. 

average of 1.18 times greater biomass than indi- 
munities in this and similar floras where viduals of S.  diacantha. Adjustment of mound 12 February 1981; revised 19 May 1981 

plant establishment depends on highly 
directional transport of seeds to favor- 
able microhabitats. 

D. W. DAVIDSON 
Department of Biology, Reversal of Diabetes by Islet Transplantation: 
University of Utah, Vulnerability of the Established Allograft 
Salt Lake City 841 12 

S. R. MORTON* Abstract. Nonspecijc stimulation of the immune system of CBA mice carrying a 
School of Biological Sciences, functional BALBIc islet allograft failed to trigger graft rejection. Only three of six 
U,niversity of Sydney 2006, animals rejected their graft when injected intravenously with l d ,  I$ ,  and 10' 
New South Wales, Australia peritoneal cells of BALBlc origin over a 3-month period commencing I00 days after 

transplantation. 
References and Notes 

H. N. Ridley, The Dispersal of Plants Through- 
out the World (Reeves, Ashford, England, 
1930); L. van der Pijl, Principles of Dispersal in 
Higher Plants (Springer-Verlag, Berlin, 1969). 
D. McKey, in Coevolution of Animals and 
Plants, L. E. Gilbert and P. H. Raven, Eds. 
(Univ. of Texas Press, Austin, 1975). pp. 159- 
191 
H:F. Howe and G. F. Estabrook, Am, Nut. 111, 
817 (1977); J. N. Thompson and M. F. Willson, 
Science 200, 1161 (1978). 
D. W. Snow, Oikos 15,274 (1965); E.  W. Stiles, 
Am. Nut. 116, 670 (1980). 
A. J. Beattie and N. Lyons, Am. J .  Bot. 62, 714 
(1975); S. N. Handel, Evolution 32, 151 (1978); 
D. J. O'Dowd and M. E. Hay, Ecology 61, 531 
(1980); E. R. Heithaus, ibid. 62, 136 (1981). 
R. Y. Berg, Aust, J. Bot. 23, 475 (1975). 
D. W. Davidson and S. R. Morton, Oecologio, 
In mess. 
, in preparation. 
A. J. Scott, Feddes Repert. 2. Bot. Taxon. 
Geobot. 89, 101 (1978). 
Student's t-test: P < .02 to P < ,001 ( N  = 5 
sites) for S. diacantha; P < ,005 and P < ,001 
(N  = 2) for D ,  b .  biflorus. A second variety of 
D ,  biforus (D .  b ,  var. cephalocarpus) was not 
ant-disoersed and did not grow in association 
with atit mounds (N = 2). Likewise, S ,  ventri- 
cosa, a nonmyrmecochore related to S ,  dio- 
cantha, was not associated with mounds 
(N  = 5). 
In general, soils of the Australian arid zone are 
old, leached, and nutrient-poor. Depending on 
depth, concentratron, of a~ailable nltrogen iver- 
age from more than 100- to more than 200-fold 
hTgher on mounds than off mounds, and avail- 
able phosphorus is more than two to three times 
more concentrated [P << ,0005 for each com- 
parison (7)l. Soils are also less compacted on 
mounds ( P  << .0005) and may allow greater 
water penetration and storage. 
Off the mounds, bare scalds alternate with 
patches of vegetation, but our sampling scheme 
reduced microhabitat heterogeneity among sam- 
ples. We sampled contiguous quadrats (0.25 mZ) 
along a transect and harvested plants only from 
those quadrats containing individuals of both 
species. Plants from both mound and off-mound 
quadrats were oven-dried to constant weight. 

Organ culture of pancreatic islets be- 
fore transplantation can facilitate allo- 
graft acceptance by normal recipient ani- 
mals (1, 2)  or by recipients conditioned 
with a single dose of antiserum to lym- 
phocytes at the time of transplantation 
(3). Such allografts are functional and 
reverse streptozotocin- or alloxan-in- 
duced diabetes (1-5). These findings in- 
dicate that pancreatic islet transplanta- 
tion might be used to reverse insulin- 
dependent diabetes in humans. Howev- 
er, before considering clinical appli- 
cation of this technology, we need to 
know more about the susceptibility of 
the established allograft to rejection. 

Organ culture before transplantation 
reduces the immunogenicity of islet, thy- 
roid, and parathyroid tissue (5) but does 
not destroy tissue antigens; cultured al- 
lografts are consistently rejected when 
the recipient is immunized with lympho- 
reticular cells of donor origin at the time 
of transplantation (5, 6). This reduction 
in tissue immunogenicity is thought to 
result from a loss, or inactivation, of 
lymphoreticular stimulator cells during 
culture in an oxygen-rich atmosphere (7- 
9). T cell activation by alloantigens is 
very efficient when the stimulator cell 
provides both alloantigens and a source 
of costimulator activity, the second sig- 

nal required for T cell activation (10). 
When these stimulator cells are removed 
from the tissue before transplantation 
the tissue retains recognizable antigens, 
but these are much less immunogenic in 
the recipient (5, 7). 

While cultured allografts can be trans- 
planted without a need for suppression 
of the recipient's immune system, such 
grafts are constantly under the threat of 
rejection. Nonspecific stimulation of the 
recipient's immune system could raise 
the level of costimulator activity and 
trigger irreversible rejection. In the case 
of transplants in humans, transfusion of 
blood for some therapeutic reason unre- 
lated to the tissue transplant could trig- 
ger rejection if the transfused blood car- 
ried histocompatibility antigens similar 
to those in the graft. In this study we 
investigated the extent of these threats to 
the continued survival of an established 
allograft of cultured islet tissue in the 
mouse. 

We first investigated the effect of non- 
specific stimulation of the immune sys- 
tem on islet allograft function. CBA mice 
were made diabetic by intravenous injec- 
tion of streptozotocin (300 mglkg). Ap- 
proximately 2 weeks later animals with 
blood sugar concentrations greater than 
20 mmole/liter were given cultured 
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Fig. I (left). Blood sugar concentrations in the three nonfasting diabetic mice with islet allotransplants and receiving complete Freund's adjuvant 
155 days after transplantation surgery. The antigenic substance did not effect allograft function, but the animals returned to the diabetic condition 
when the allograft was removed. The broken lines show the 95 percent confidence limits for blood sugar levels in normal CBA mice. The asterisk 
represents the death of one animal due to a technical error. Fig. 2 (right). Blood sugar concentrations in four nonfasting diabetic mice with 
islet allotransplants and receiving lo5 BALBlc peritoneal cells 105 days after transplantation surgery. Two animals immediately rejected their 
grafts: the other two did not, even after the iniection of lo6 and lo7 additional BALBlc peritoneal cells at the times indicated. These animals 
became diabetic when the transplanted islet tissue was removed. 

BALBIc pancreatic islet tissue. Each re- 
cipient had seven clusters of islet tissue 
(equivalent to 350 islets) placed under a 
kidney capsule; organ culture of islet 
tissue and transplantation was carried 
out as previously described (4). Blood 
sugar concentrations in the recipients 
rapidly returned to normal or slightly 
below normal and remained so for more 
than 100 days (Fig. 1). In this strain 
combination, uncultured islet tissue is 
rapidly rejected following allotransplan- 
tation (4). At 155 days after transplanta- 
tion three animals were injected intra- 
peritoneally with complete Freund's ad- 
juvant (11) emulsified with phosphate- 
buffered saline (12). Blood sugar levels in 
these animals were observed for an addi- 
tional 35 days. None of the animals 
showed any evidence of a return to the 
diabetic state. However, when the allo- 
grafts were removed by nephrectomy 
two animals became diabetic; the third 
died for technical reasons associated 
with the nephrectomy. Microscopic ex- 
amination showed that the islet tissue in 
the kidneys was intact, with no evidence 
of rejection. 

In a separate series of experiments a 
group of five animals carrying functional 
islet allografts showed the same re- 
sponse following treatment with com- 
plete Freund's adjuvant. Thus nonspe- 
cific stimulation of the recipient's im- 
mune system does not trigger rejection 
of an established cultured allograft. 

The effect of antigen-specific stimula- 
tion was examined in a group of four 
CBA mice whose diabetes had also been 
reversed by the allotransplantation of 
cultured BALBIc islet tissue (Fig. 2). 

These animals were challenged by the 
intravenous injection of 10' peritoneal 
cells from the BALBIc donor strain 105 
days after transplantation. Two animals 
promptly became diabetic, and their 
transplants were seen to have been re- 
jected when examined histologically. 
However, the remaining two animals 
showed no evidence of rejection when 
challenged with lo6 and lo7 additional 
donor leukocytes at monthly intervals. 
Blood sugar control in these animals was 
dependent on the grafted tissue, and 
when this was removed by nephrectomy 
the animals became diabetic. The islet 
tissue carried under the kidney capsule 
of these two animals showed no histolog- 
ical evidence of rejection. Similar results 
were seen in a separate experiment in 
which one of two animals receiving allo- 
grafts rejected its graft when challenged 
in the same way with donor peritoneal 
cells. These experiments show that al- 
though antigen-specific stimulation can 
trigger graft rejection, a proportion of the 
animals fail to reject their grafts when 
challenged with donor peritoneal cells. 

The latter finding was unexpected. 
Lacy et al. (13) showed that rats with 
long-term islet allografts could be ren- 
dered diabetic by challenge with leuko- 
cytes of donor origin, and we had ex- 
pected a similar result in the mouse. It 
should be mentioned, however, that 
some of the rats studied by Lacy et al. 
were rather resistant to the induction of 
rejection. We do not know whether the 
failure of some specifically challenged 
animals to reject their graft is due to 
specific tolerance or allograft enhance- 
ment. 

In conclusion, it appears that nonspe- 
cific stimulation of the recipient's im- 
mune system is unlikely to trigger rejec- 
tion of an established islet allograft. 
Specific stimulation of the recipient's 
immune system can cause rejection. 
However, the finding that requires fur- 
ther investigation is the inability of a 
proportion of the animals to reject their 
graft following challenge with donor 
peritoneal cells. 

K. M. BOWEN 
S. J. PROWSE 

K. J.  LAFFERTY 
Department of Immunology, 
Australian National University, 
Canberra City 2601 
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