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Seasonal Precipitation Timing and Ice Core Records 

C. D. Charles et  al. ~erformed global circu- - 
lation model experiments of moisture source 
changes in Greenland (1).  Their results 
speak to the risk of interpreting records of 
isotopic shifts strictly as "temperature," be- 
cause changes in the location of dominant 
moisture sources for Greenland precipita- 
tion probably changed the effective S180- 
temperature relationship temporally and 
spatially between the last glacial maximum 
(LGM) and the present. In light of our 
preliminary findings from the GISP2 core, 
we would like to comment on the interpre- 
tation of the results of Charles et  al. and uree " 

caution in how they are applied because 
they have important implications for paleo- 
climate reconstruction from ice cores. 

Local temperature does play an impor- 
tant role in S180 variations in polar ice 
cores (2).  Such changes are usually inter- 
meted as indicative of global climate 

0 

change. The validity of this approach is 
borne out by the good agreement among 
paleotemperature records derived from ice 
cores, ocean sediments. terrestrial ~ o l l e n  
records, and so forth. 'yet, local ihotope 
values mav change as a result of factors 
other t h a i  temperature. Moisture source 
variabilitv is undoubtedlv one of these fac- 
tors, but 'of potentially comparable impor- 
tance isxhe seasonal variation in the timine " 
of precipitation events, regardless of the 
source region. Unfortunately, the necessary 
sensitivity tests have not been run on the 
global circulation model to examine the 
importance of this factor (3). 

Any atmospheric constituent that ex- 
hibits large seasonal changes and relatively 
small long-term changes will be sensitive to 
the seasonal timing of precipitation (4). 

-38 I 1 , -6 
1850 1900 1950 2000 

Year 
Fig. 1. Trends of mean annual temperature (T,), 
accumulation-weighted temperature (Twe,gh,e,), at 
Jakobshavn, and 6180 at Summit, Greenland, 
1874 to 1970. (A) T, (dashed line) compared with 
Twe,gh,e, (bold line). (B) 6180 (dashed line) com- 
pared with T,, ,,,, ,, (bold line), 
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This certainly applies to S180 in Green- 
land, which exhibits a 20 per mil seasonal- 
ity but a maximum long-term change on  
the order of 8 per mil. The magnitude of 
this effect can be seen if one compares the 
mean annual temperature (T,) at Jakobs- 
havn, Greenland, with the "precipitation- 
weighted" temperature (Fig. 1A): 

l year 

where T, and C, are the temperature and 
accumulation rate, respectively, at time t. 
Even small changes in precipitation lead to 
a difference of several degrees Celsius be- 
tween T ,  and T ,,,, t,,. A t  Summit, Green- 
land, S180 more closely tracks TIveighted 
than T,. 

A potential problem with attributing 
S180 shifts to changes in moisture source 
distribution is that the mechanisms re- 

quired (for example, orographic steering by 
the Laurentide ice sheet) do not occur as 
rapidly as some observed S180 anomalies. 
O n  the other hand, plausible rapid changes 
in North Atlantic sea surface conditions 
(such as extent of sea ice) could cause sig- 
nificant changes in the subannual distribu- 
tion of precipitation events. 

Many of the artifacts that would be in- 
troduced into the ice core record because of 
changes in the location of moisture source 
regions would also result from changes in  
precipitation seasonality. For example, an 
increase in deuterium excess values ( d ) ,  
which could be interpreted as indicative of 
a change in source region sea-surface tem- 
perature or humidity, would also result from 
an increase in the ratio of summer as op- 
posed to winter accumulation, because d 
exhibits a marked seasonal cycle with a late 
summer peak. 

A t  present, anomalies in Greenland ice 
core records should not be interpreted solely 
in terms of source region variations. O n  the 
other hand, the emphasis by Charles et al. on 

Maximum Parasitism Rates and 
Successful Biological Control 

Recently,  B. A. Hawkins et al. (1)  tested 
the refuge hypothesis (2) and found that 
maximum parasitism rates following re- 
lease of parasitoids in exotic locations (an  
estimate of the host's refuge) were posi- 
tively associated with successful control of 
insect pests. In a reply to criticisms by 
Myers et al. (3) and Williams and Hails 
(4) ,  Hawkins et al. (5)  further suggested 
that according to the hypothesis, maxi- 
mum parasitism in a host's native region 
should also be associated with the ability 
of introduced parasitoids to depress host 
densities in exotic locations. 

We tested this by documenting maxi- 
mum parasitism rates within the native rang- 
es of 58 species that were pests in exotic 
locations where they were subjected to bio- 
logical control by means of parasitoid intro- 
ductions (6). We found that the probability 
of successful control significantly increases 
with the maximum parasitism rate within 
the host's native range (Fig. 1). The substan- 
tial scatter around the regression line indi- - 
cates that the probability of successful con- 
trol is affected bv other factors as well. in- 
cluding climatic and ecological difference~ 
between native and exotic locations and id- 
iosyncrasies in the protocols followed for 
each parasitoid introduction (2-4). Despite 
these complications, maximum parasitism 
rate in native locations still provides a sig- 
nificant measure of the ability of parasitoids 

to depress host densities below economic 
injury levels when both hosts and parasitoids 
are exotic. We also note that there is a 

Maximum parasitism rate 

Fig. 1. Relation between maximum percentage 
parasitism within a host's native range and the 
probability of success for biological control in 
exotic locations. Maximum percent parasitism 
was tested against the number of successes 
(paltial, substantial and complete pooled), 
weighted by the total number of attempts that 
have been made against each pest (failures + 
successes; 787 total introductions against all 
pest species). Analysis followed the protocols in 
the GLlM statistical package and was conduct- 
ed by M. J .  Crawley, Silwood Park. The line is 
described by logitjy) = Inhlq) = 2 , 7 3 7  + 
0 .023x ,x2=  1 2 . 1 1 , d f =  1 ,  P < 0 . 0 0 1 .  

the need for a multidimensional perspective 
in the interpretation of ice cores is impor- 
tant. The combined use of S180, SD, and 
ionic suecies in the new Summit. Greenland. 
cores, should make it possible to answer em- 
pirically some of the questions raised by 
GCM experiments as to the interpretation of 
S180 records in terms of temperature. 
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threshold for success; no control was 
achieved for any pest suffering less than 32% 
maximum parasitism in its native range (Fig. 
1). A similar threshold between 33 and 36% 
was-found for maximum parasitism rates in 
exotic locations (1 ). Consequently, success- 
ful biological control can be predicted in part 
by a relatively simple measure of a host's 
susceptibility to attack in either native or 
exotic locations. 
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