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Table 1 Yield of BHMP from gas-phase ozonolysis

Alkene 0, BHMP

Experiment* Alkene (mmol) Alkene (mmol)
1 a-Pinene 2.65 2.60 0.28
2 2.65 1.46 0.07
3 2.65 0.72 <0.01

4 2.65 0.85 0.061
5 B-Pinene 2.65 2.34 0.16
6 2.65 0.84 0.10
7 Limonene 2.65 2.73 0.18
8 2-Carene 2.65 2.83 0.20
9 Isoprene 2.65 2.58 0.66
10 2.65 0.87 0.18
11 Ethene 6.67 1.06 0.64
12 2-Chloropropene 4.71 1.81 0.48

* All experiments except 12 were for 1 h at room temperature; experi-
ment 12 was for 17 h at 5°C.
t 3 mmol CH,O were added to the reactor before ozonolysis.

Published data on ozonolysis of a-pinene are inconsistent about
the direction of cleavage of the (presumed) primary
ozonide®>****, We find, however, that good yields of the cross
ozonide shown in equation (10) can be obtained by ozonolysis
of a-pinene in solution in the presence of CH,O; this is clear
evidence of cleavage as in equation (9) (to be published else-
where). The presence of CH,00 in the a-pinene reaction can
be shown, nevertheless, even with O,/ a-pinene <1 (see Table
1, experiment 4, where formaldehyde is added), suggesting that
the rate of ozonolysis of the rearranged carbonyl oxide is com-
parable with that of «-pinene.
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Formation of BHMP in the ozonolysis of simple alkenes, for
example, ethene®>?®, has been known for a long time. HMP was
never detected among the ozonolysis products, probably because
it is a liquid and less stable than BHMP. An ion at m/e 64,
corresponding to the molecular ion of HMP, has been observed
in the gas-phase ozonolysis of ethene and 2-methylpropene, but
the investigators were unable to explain to their satisfaction how
HMP could be formed in their low-pressure system'’. They did,
however, recognize that the addition of water would be an
important loss process for carbonyl oxides in the atmosphere®’.
The direct identification here of HMP and BHMP confirms these
reports, but we emphasize that the reaction of water with CH,00
is a possible environmental source of the peroxide HMP at
elevated ground-level O; concentrations.

The high alkene and O; concentrations used here probably
do not affect the sequence of reactions leading to HMP from
isoprene and terpenes with terminal double bonds. In view of
the huge annual emission of terpenes by plants and the availabil-
ity of O, and water vapour, it is possible that considerable
amounts of HMP are formed in the environment. The low
concentrations of formaldehyde in the atmosphere make it less
likely that much BHMP is formed. Similar considerations also
apply to the question of whether HMP and BHMP are formed
in smoggy urban atmospheres, where both ozone and alkenes
(for example, ethene and propene) are known to be present'.

There have been several investigations of the biological
activities of BHMP and HMP. BHMP has been shown to be a
mutagen in experiments on root meristem cells { Vicia faba)'?,
as well as in Drosophila®® and Neurospora®, and it has cytostatic
activity in mouse tumour cells’®. Several enzymes, especially
those with —SH groups, are inhibited by BHMP"**!; it may be
significant that horseradish peroxidase is irreversibly inhibited'*,
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Two studies on BHMP have indicated that the effects observed
resulted from a product, presumably HMP, formed by hydrolysis
of BHMP in the test system'>"?; the possibility that these were
the results of further hydrolysis of H,O, could be eliminated®*2,
Despite the implications of these results, there appear to have
been no studies of the response of whole plants or mammals to
HMP and BHMP. Both of these substances are rather unstable
under physiological conditions®®, and it is unknown whether
they can enter intact plants. It is important that attempts be
made to detect HMP in the environment and to determine
whether its lifetime is long enough for it to influence vegetation.
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The effect of climate on long-term changes

in the crustacean zooplankton
biomass of Lake Windermere, UK

N

hutz des Landes

It fiir Dmrmissi

31

D. G. George* & G. P. Harrist

* Freshwater Biological Association, The Ferry House,
Ambleside, Cumbria LA22 0LP, UK

1 CSIRO Division of Fisheries Research, Hobart,
Tasmania 7001, Australia

Fish predation is increasingly being viewed as one of the most
important factors influencing the development of zooplankton
populations in lakes'™, Marine zooplankton populations, on the
other hand, are thought to be influenced primarily by the climate™*,
We show here that year-to-year fluctuations in the biomass of
crustacean zooplankton in Lake Windermere, in the United King-
dom, are strongly correlated with variations in water temperature,
but poorly correlated with the abundance of the dominant plank-
tivorous fish. This represents the first conclusive evidemce of
climatologically induced variability in a freshwater planktonic
ecosystem. The links between climate and fisheries have recently
been summarized by Cushing®, who suggests that climatic events
regulate fish production through the matching or mismatching of
their spawning with the period of available food. Our observations,
reported here, suggest that year-to-year fluctuations in the biomass
of crustacean zooplankton in Windermere are similarly influenced
by the matching or mismatching of seasonal events in the zooplank-
ton with the availability of algal food.
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Fig. 1 The contour diagram shows the annual and seasonal vari-
ations in the biomass of crustacean zooplankton in the north basin
of Windermere between 1940 and 1980. Biomass was estimated by
a simple volumetric technique®; the values shown are dry weights
m~2, The left-hand histogram shows the year-to-year variations in
mean June temperature, and is based on weekly measurements at
a central station in the north basin. All temperature measurements
were taken in the top 5 m with a combined temperature and oxygen
electrode (Mackereth). The right-hand histogram shows year-to-
year variations in the year-class strength of perch between 1940
and 1976'° and includes estimates of a survival index for the years
1941-1964°. In 1976 the perch populations in Windermere were

dramatically depleted by fungal disease'®.

12 14 16 18 20
Mean June temp. (*C)

Windermere is the largest lake in the English Lake District
(54°22'N, 2°56'W)}; it is divided into two distinct basins by an
island and .a region of shallows less than 5 m deep. The north
basin is 8.05 km’ in area and 64 m deep; the more productive
south basin covers 16.78 km? and is 42m deep. Long-term
changes in the chemistry of Lake Windermere have been sum-
marized by Sutcliffe et al”, and Lund® has published several
accounts of the indigenous phytoplankton. The numbers and
biomass of perch ( Perca fluviatilis L.) in Windermere have been
recorded and analysed every year since 1941°'°, and the food
preferences of the young perch have also been studied periodi-
cally''-"?. The crustacean zooplankton samples analysed here
were collected from the north basin at fortnightly intervals
between 1940 and 1980. All the samples were collected at the
same mid-lake station by hauling a net vertically through the
water column from a depth of 40 m. The conical net used had
a mouth area of 700 cm?, a mesh size of 240 um and efficiently
captured all crustacea larger than first- or second-stage cop-
edites. Occasional qualitative checks showed that the crustacean
zooplankton populations in the north basin have changed little
in the last 40 years. More detailed studies of samples collected
in the last 10 years showed that, while the absolute abundance
of the various species changed from year to year, there was no
major shift in species dominance. The summer zooplankton
crops are dominated by the cladoceran Daphnia hyalina var,
galeata Sars and the cyclopoid copepods Cyclops strenuus
abyssorum Sars and Cyclops leuckarti (Claus). Appreciable num-
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Fig. 2 High-resolution (——) and low-resolution (- - -) spectra

for the 40-yr record of mean June temperature. The spectra were

obtained by smoothing the raw spectra with the trapezium

frequency window. The inset shows the bandwidths and smoothing

window shapes for the two spectra. The main peak in the high-

resolution spectrum is judged significant as its one-sided 95%

confidence interval (P < 0.05) does not include the corresponding
value in the low-resolution spectrum.

bers of the calanoid copepod Diapromus gracilis Sars are present
throughout the year, and two large cladoceran species Leptodora
kindti (Focke) and Bythotrephes longimanus Leydig, appear for
short periods in summer.

The contour diagram in Fig. 1 shows the seasonal and annual
changes in crustacean zooplankton biomass that have occurred
in the north basin between 1940 and 1980. It seems likely that the
biomass of crustacean zooplankton has increased as a result of
nutrient enrichment in recent years’, but the most obvious pat-
tern is a quasi-cyclical variation with a period of about 10 years.
Direct counts on a portion of this record show that the fluctu-
ations in biomass principally reflect variations in the numbers
of D. hyalina, the dominant herbivore. In Fig. 1 these fluctuations
are compared with year-to-year fluctuations in mean June tem-
perature and the recruitment and survival of perch. A. E. Irish
(personal communication) has analysed the historical tem-
perature records for Windermere'* and found that June is the
only month in which a significant long-term autocorrelation is
apparent. More detailed analyses of the Windermere tem-
perature profiles show that these temperature variations are
directly related to the timing of thermal stratification. The year-
class strength records in Fig.1 are a relative measure of the
numbers of perch hatching each year and were obtained by
trapping 2-yr-old fish. The assumptions inherent in these calcula-
tions have been discussed by Le Cren et al’, who emphasize
the relative nature of these estimates. A close examination of
Fig. 1 suggests that the changes in crustacean zooplankton bio-
mass are inversely related to mean June temperature, but bear
very little relationship to either the year-class strength or the
survival of perch. For example, the zooplankton fared poorly
in 1950 and 1963 when there were few young perch in the lake,
and reached quite high numbers in 1959 when perch were
exceptionally abundant. The catastrophic incidence of perch
disease in 1976'° also appears to have had little effect on crus-
tacean zooplankton biomass. The very strong year-class of perch
produced in 1959 may, however, have had some long-term
eflects, but the impact of older fish is difficult to assess as they
do not feed extensively on zooplankton'>'3,

The overall interrelationships between crustacean zooplank-
ton biomass, water temperature and perch recruitment are sum-
marized by a series of multiple regressions in Table 1. Variations
in the year-class strength of perch account for only 6.5% of the
variation in crustacean zooplankton biomass, whereas variations
in June water temperature account for almost 35% of the year-to-
year variations in biomass. Such minor year-to-year variations
in water temperature can have little direct effect on the survival
and reproductive potential of the crustacean zooplankton; they
are significant only insofar as they act as a surrogate for more
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Fig. 3 Year-to-year variations in the mean summer (May to Sep-

tember) biomass of crustacean zooplankton in the north basin of

Windermere, compared with year-to-year variations in mean June

air () and water (@) temperature. The zooplankton biomass and

water temperature data are taken from Fig. 1, and the air tem-

peratures were obtained from a local meteorological stations. All

the data were smoothed with a three-point-centred moving average
with weights 0.25, 0.5 and 0.25.

fundamental weather-related factors such as wind-induced
mixing.

Recently, several attempts have been made to resolve histori-
cally short-term (decades) periodicities in physical and biologi-
cal data®. To assess the statistical significance of our temperature
cycle, we have analysed our 40-year record using techniques of
spectral analysis. Figure 2 shows the high-resolution and low-
resolution spectra obtained from the 40-year record of mean
June temperature. The peak at 9.8 yr in the high-resolution
spectrum was tested by the bandpass filtering technique sug-
gested by Hays et al.'® and judged significant at P <0.05. The
relationship between crustacean zooplankton biomass and this
‘10-year’ temperature cycle is highlighted graphically in Fig. 3.
This figure compares smoothed estimates of mean summer bio-
mass with similar smoothed estimates of June air and water
temperatures. There is a clear pattern of low zooplankton bio-
mass in the summers following warm Junes, and high zooplank-
ton biomass in the summers following cool Junes. The pattern
is most pronounced for the temperature cycles recorded between
1940 and 1970. In the early 1970s, the weather pattern over
northern Europe changed abruptly as northerly winds weakened
and westerlies became dominant'’. The less extreme biomass
fluctuations recorded in Windermere over recent years may, in
part, reflect this stabilizing influence. It is interesting that the
water temperatures in Fig. 2 follow a more pronounced cycle
than the air temperatures. This suggests that the onset of thermal
stratification is strongly influenced by wind-induced mixing as
well as by surface irradiance.

There seems little doubt that the quasi-cyclical events observed
in Lake Windermere reflect a much wider pattern of climatic
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Fig. 4 The quasi-cyclical element of means of sea-surface tem-
perature recorded in Marsden square 145D (45-50 °N, 10-50 °W)
for the period 1940-1973%C. The plot was derived from the original
data by the application, as a filter, of the second eigenvector of
the matrix of serial correlations with a maximum lag of 7 years®,

variation. An approximately 10-yr periodicity in sea-surface
temperature has been reported for several areas of the North
Atlantic by Maximov et al'® and for the English Channel by
Southward et al'®. More recently, Colebrook and Taylor®® have
demonstrated a pronounced temperature cycle for Marsden
square 145D (southern Celtic Sea and the northern Bay of
Biscay). Figure 4 shows the annual mean anomaly of sea-surface
temperature taken from their paper®® for the period 1940-1973.
The general similarities between the pattern of change in Win-
dermere and the western sea approaches are fairly obvious.
Colebrook and Taylor believe that this cyclical pattern is deter-
mined primarily by direct heat exchange but is again mediated
by the meridional component of the surface winds.

Clearly, more information is needed to fully document the
links between climate and zooplankton production in Winder-
mere. Cushing® has hypothesized that fish recruitment is strongly
influenced by the matching or mismatching of the period of
larval production with the period of available larval food. It
seems likely that a comparable match/mismatch process con-
trols the crustacean herbivore cycle in Windermere. Our pre-
liminary observations certainly point to the importance of
physical conditions in early summer, and suggest that these
conditions influence the timing of biological events in the
lake. Phytoplankton succession is known to be strongly
influenced by weather-related mixing episodes?'. Experimental
studies in other lake systems®® also demonstrate that the
availability of algal food influences the subsequent develop-
ment of the crustacean plankton.

In Windermere, stratification is followed by the sedimentation
of the spring diatom crop and the growth of a variety of nano-
plankton. These small, rapidly growing species are an important
source of food for filter-feeding crustacea who are less able to
feed on the larger, slow-growing species that occur later in
summer. The long-term nanoplankton records for Windermere

Table 1 Stepwise multiple regression of mean crustacean zooplankton biomass on mean June temperature (T)
and on the year-class strength of perch (p)

d.f. Sum of squares Mean square Variance ratio

Regression on p alone 1 0.023 0.023

Further inclusion of T in regression 1 0.532 0.532 17.16 (P <0.001)
Regression on both p and T 2 0.554 0.277

Regression on T alone 1 0.452 0.452

Further inclusion of p in regression 1 0.102 0.102 3.29 (NS)
Regression on both p and T 2 0.554 0.277

Residual 32 1.005 0.031

Total 34 1.559 0.046

d.f., Degrees of freedom; NS, not significant.
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have not yet been analysed in detail (J.W.G. Lund, personal
communication). Preliminary studies nevertheless suggest that
the critical reproductive period for the crustacean zooplankton
is more likely to coincide with the period of maximum food
availability in ‘cool’ rather than ‘warm’ Junes. In warm Junes
the preferred food species tend to appear earlier and may be in
decline by the time the Daphnia start to reproduce rapidly.
The samples analysed in this paper have been collected,
regularly, for a period of >40yr. The authors would like to
acknowledge their debt to all FBA staff who have been involved
with this sampling programme. We thank A. H. Taylor and R.
T. Clarke for critical comments on the manuscript, and M. A,
Hurley and G. Tunnicliffe-Wilson for statistical advice.
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Taxonomic affinities of the immature
hominid crania from Hadar and Taung

Todd R. Olson
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New York, New York 10031, USA

The description' of the AL 333-105 cranium from the East African
Pliocene provides a new opportunity to re-examine the sugges-
tion>™ that the Taung child may be a robust rather than a gracile
form of early hominid. Comparisons of these two crania with the
skulls of living and fossil hominoids indicate that AL 333-105
possesses autapomorphic features associated with paranthropine
masticatory hypertrophy, and provide additional evidence for the
existence of this lineage in the Hadar Formation. Here, I report
a study of the facial morphology of the Taung specimen which,
together with recent observations on its dentition®, provides strong
evidence against the allocation of the Taung child to the
Paranthropus clade. The identity of the specimen is recognized as
being in the Homo lineage.

The comparison of 71 crania of Gorilla, 85 of Pan troglodytes,
67 of Pan paniscus, 40 of Pongo and 164 of Homo sapiens
demonstrates that nasal bone outline and the relationships of
the frontal, nasal and maxillary bones are highly consistent
within and between these taxa. Typically, in great apes of both
sexes and all age groups, nasion and glabella are closely approxi-
mated on the supraorbital torus (Fig. 1). The nasal bones are
widest immediately superior to the piriform aperture and they
converge superiorly. The relatively large maxillary processes of
the frontal bones project inferiorly beside the nasal bones,
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Fig. 1 Cladogram of extant hominoid taxa, illustrating the nasal
bones and superior margin of piriform aperture in norma frontalis.

Figures {to scale) indicate the differences between the nasal
outlines and the relative positions of nasion to glabella (e).

placing the frontomaxillary sutures in a roughly transverse plane
below the level of nasion.

The significance and primitive nature of this pattern in the
great apes are further indicated by: (1) its presence in the
orang-utan where the inter-orbital region is derived; (2) its
existence in the Miocene ape Sivapithecus®; and (3) the minimal
variation found between infant and adult specimens. The third
observation is particularly strong evidence that great-ape nasal
morphology is symplesiomorphic.

In contrast, the morphology of the nasal region in H. sapiens
is derived in the reduction or absence of the maxillary processes
of the frontal bone as seen in a frontal view, and in the location
of nasion relative to glabella (Fig. 1). In H. sapiens, the
frontonasal and frontomaxillary sutures are linear and con-
tinuous below an anteriorly projecting supraorbital torus, and
nasion is removed from its primitive association with the
supraorbital torus and glabella (Fig. 1).

The ontogenetic evidence for a consistent association of these
features in H. sapiens is compelling. Fetal human crania exhibit
the adult condition even in the absence of a supraorbital torus’.
The data collected in this study from an ontogenetic series of
H. sapiens crania® agree with the developmental data from other
hominoid taxa. Thus, nasal morphology is useful in determining
the phylogenetic affinities of both adult and immature fossil
crania.

The taxonomic relevance of nasal morphology to early
hominid systematics is further increased by the existence in
Paranthropus of a third derived pattern (Fig. 2a-d). In
Paranthropus, the lateral margins of the nasal bones are derived
from the primitive hominoid pattern in the way they diverge
superiorly. However, the primitive relationships between: (1)
nasion and glabella; and (2) the frontonasal and frontomaxillary
sutures are retained. Nasion and glabella are closely approxi-
mated well above the points where the frontomaxillary sutures
meet the nasal bones, and the nasomaxillary sutures are either
parallel or divergent superiorly. The frontal profile of
paranthropine nasal bones is described here as a ‘keystone’
pattern.

Loading of the anterior dentition during occlusion has been
shown® to generate intense forces in the face that are transmitted
through the frontal processes of the maxillae to the supraorbital
torus, where they are dissipated in the cranial vault. In
hominoids with a primitive triangular nasal profile {Fig. 1), the
frontal processes of the maxillae act as simple pillars that trans-
mit force directly to the beam-like supraorbital torus. The
derived keystone condition in Paranthropus is an adaptation
that more evenly distributes anterior occlusal forces through the
supraorbital torus to the cranial vault.

A supported arch with its central keystone functions to dis-
tribute overlying weight evenly to laterally located pillars. The
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