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1. INTRODUCTION

PREVIOUS attempts to determine the effects of temperature on meiosis,
in particular its effects on chiasma formation, have met with variable
success. Some workers have claimed a negative correlation between
temperature and cross-over or chiasma frequency, others a positive
correlation, a bimodal or U-shaped response, a reduction in chiasma
frequency at high and low temperatures, or even no effect at all
(reviewed by Wilson, 1959). The most consistent marked effect
induced in plants by high or low temperatures is a reduction in
chiasma frequency (Elliot, 1955), with asynapsis in extreme cases
(Sax, i; Barber, ,94i, 1942; Pao and Li, 1948; Dowrick, ig7).
In Dowrick's case with Tradescantia, the asynapsis was preceded by an
initial slight increase in chiasma frequency.

The situation in animals has not been examined very thoroughly.
Only two published attempts at determining the effects of temperature
on chiasma frequency are available. The first is that of White (1934)
who has published chiasma frequency data obtained from individuals
of three Acridoid species, Locusta migratoria, Schistocerca gregaria, and
Chort/zippus (= Stenobothrus) parallelus, maintained at several different
temperatures. These data are of limited value, however, for the chiasma
frequencies given for each species at every temperature can all be
demonstrated to lie within the normal range of variation for these
species. In the second case, Elliot (1955) again using Locusta migratoria,
was unable to detect any significant changes in chiasma frequency with
temperature.

In view of the failure of these attempts to detect such marked effects
as have been found in plants, the situation has been investigated more
fully, to discover:—(i) whether animal meiosis will also respond to
temperature change and, if so (2) whether the response is similar to or
different from that obtained in plants and finally () to analyse as
carefully as possible the nature of the response.

The desert locust (Schistocerca gregaria) was the species chosen for
study because of the several advantages known to be possessed by its
chromosomes (see John and Henderson, 1962). The normal karyotype
of this species has already been described in detail by John and Naylor
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(1961). It possesses 23 acrocentric chromosomes—i r pairs of autosomes
and an allocyclic sex univalent. The autosomes cover a wide range
of size and can usually be individually identified. The present account
is mainly concerned with an analysis of the nature of the response
throughout the different size groups of the complement. The cyto-
logical features and the suggested mechanism by which the observed
effects are produced will be dealt with in a separate publication
(Henderson, 1962).

2. MATERIAL AND EXPERIMENTAL TECHNIQUE
All of the locusts used in this investigation were supplied by courtesy of the

Anti-Locust Research Centre, London. They were derived from a relatively inbred
culture, started in 1946, further details of which are provided by John and Naylor
(1961).

Young male adults were placed soon after ecdysis in incubators maintained at a
constant temperature of 4o+o5° C. They were housed in 15 x 8 inch cylindrical
containers and fed grass daily. No source of light or water was provided.

Two individuals were taken per day of treatment and their testes removed by
vivisection. The orange fat body was dissected away with needles in insect saline
and the gonad then fixed in i : 3 acetic-alcohol. Squash preparations were made,
staining with acetic orcein.

Chiasma frequency and position were both scored for every bivalent in cells
from each individual sampled.

3. CHIASMA FREQUENCY RESPONSE WITH TIME
For the first few days at this high temperature there is no effect on

either chiasma frequency or position. This probably explains why
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Fin. ia.—Chiasma frequency response with time: mean, standard deviations and
ranges are shown for each of the two individuals sampled per day of treatment. Note
heterogeneity of reaction. The dotted horizontal lines demarcate the limits of the
control range, while the solid horizontal lines show the maximum and minimum
control mean chiasma frequency levels.
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White (ig4) and Elliot (ig) failed to obtain a response: the dura-
tions of their treatments were too short. By the fifth day of treatment
a slight reduction in the overall chiasma frequency has been achieved,
though this is unaccompanied by any pronounced movements from
the normal positions at which chiasmata form or by univalent produc-
tion. After the fifth day there is a marked reduction in chiasma
frequency, which reaches a consistent minimal value at about the
seventeenth day of treatment. There is, however, great heterogeneity
of response: some " sensitive" individuals achieve total univalence
almost immediately after the five-day lag, while others are very much

24-

2O—
-J
u-i0
16-Uz
u-i

8 12
u-ia:

-C
5<

z
u-I 4.

0

Fso. b.—Chiasma frequency response with time: overall response clarified on averaging the
values obtained from the two individuals taken per day. The levels of the maximum
and minimum control means are here shown as dotted horizontal lines.

slower to lose their chiasmata (fig. i a). Subsequent to the seventeenth
day of heat-treatment there is a comparatively rapid partial recovery
in most, though not all, individuals. Because of the difficulty in
keeping specimens alive at this constant high temperature for very
long periods of time, this has not yet been analysed in full. A more
detailed appraisal of this recovery will be made at a later date.

This chiasma frequency reduction is accompanied by two features:
first, the progressive formation of univalents and secondly, a shift in
the position occupied by those chiasmata which do form. There is no
initial increase in chiasma frequency comparable to that obtained by
Dowrick (1958) in Clone 20 of Tradescantia bracteata.

Many of the effects of individual heterogeneity observed in fig. ia
can be removed by taking the means of the two values obtained for
each day of treatment. In this manner the time response of the species
to the high temperature treatment is clarified (fig. ib).
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4. THE NATURE OF THE RESPONSE

Because of the great individual heterogeneity (fig. i a), comparisons
made strictly on a time basis necessarily confuse the nature of the
response. For the purpose of analysis, therefore, the individuals
have been grouped in order of decreasing chiasma frequency. Such

FI(;. 2—Distributions of total numbers of chiasmata per cell for one normal control (s)
and seven heat-treated inaividuals (2-8) arranged in order of decreasing chiasma
frequency. Accompanying the shift of the mean (.) there is an increase in the variance
of the mean (V.), in all but the last stages of univalence (8).

grouping illustrates more clearly the nature of the response of the species
to decreasing chiasma frequency and increasing univalence. This can
be conveniently considered under three general headings.

(I) General chiasma and univalent relationships

A typical series of histograms demonstrating the effects of increasing
univalence on the distribution of total number of chiasmata per cell
per individual is provided in fig. 2. The first distribution is from a
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normal control individual. By comparison with this it is seen that
accompanying the shift of the mean there is a marked increase in the
variance of each distribution. This is maintained until almost total
univalence is reached (individual 9) when there is a drastic reduction in
the variance with a markedly skew distribution.

With decrease in chiasma frequency there is a progressive increase
in the number of univalents present per cell. There are also marked
changes in the pattern of the distributions of the number of univalents
per cell, which closely fit a binomial expectation. Thus, when the
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Fin. 3.—Distributions of number of univalents present per cell for six selected heat-treated

individuals. These are arranged in order of decreasing chiasma frequency to illustrate
the changes in the patterns of the distributions.

number of univalents present is small, the distribution has a strong
negative skewness (fig. 3a). This gradually diminishes, until at 50
per cent. univalence, a symmetrical distribution obtains (fig. 3d).
Increase in the number of univalents present beyond this point produces
a positive skewness, which is maximal of course, when virtually total
univalence is achieved (fig. 3f).

If the chiasma frequency per cell is plotted in histogram form
against the number of univalents per cell for each of the 25 cells scored
per individual, approximately linear relationships are obtained for
each individual. However, the slopes differ from one individual to
another, depending on the level of univalence. When the number of
univalents present is small, the slope is steep; when large the slope
is more shallow. A composite histogram, based on 17 individuals,
shows the total distribution for all ranges of univalence (fig .4). A
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Fin. 6—Relative frequencies of bivalents possessing 4, 3, or x chiasmata, out of those which
succeed in forming. These are shown over all levels of chiasma frequency.

relationships are both curvilinear, due to a gradual shift in the number
of chiasmata lost per cell in the formation of each additional pair of
univalents. Thus, when the number of univalents present is small,
there is a comparatively rapid loss of chiasmata. This is in the

1'

82 S. A. HENDERSON

similar relationship, but with slightly more scatter to the points is
obtained if the mean chiasma frequency per individual is plotted
against the mean univalent frequency per individual (fig. 5). The

-'10 '- S

*

'\
5.

N02 6 10
UNIV. FREQUENCY! CELL

Fin. 4.—Total distribution of univalent
frequency per cell plotted in histogram
form against chiasma frequency per
cell. Based on seventeen heat-treated
individuals. A slope of i is provided
for reference.
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Fo. 5.—Graphical relationship between
the mean univalent frequency per
individual and mean chiasma
frequency per individual. A reference
slope of i is again provided.
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region of two chiasmata per cell per additional pair of univalents. This
rate of loss of chiasmata, however, gradually decreases as univalence
increases until a slope of i is reached, when one additional pair of
univalents corresponds to a loss of only one chiasma per cell.

The manner by which the chiasma frequency is reduced with
increasing univalence is summarised graphically in fig. 6. Here the
percentages of bivalents possessing 4, 3, 2 or i chiasmata out of those
which succeed in forming, are plotted against total chiasma frequency
per cell. As might be expected, with decreasing chiasma frequency,
the number of bivalents forming 4 and 3 chiasmata rapidly drops.
Bivalents possessing 2 chiasmata decrease steadily in frequency until
total univalence is reached, when their frequency is zero. Bivalents
possessing only one chiasma increase proportionately to counterbalance
the other reductions.

(ii) Localisation changes
In control material a single chiasma is most commonly interstitial

(I) in position (68 per cent.). Single proximal (P) chiasmata are not
usually found, while distally sited (D) single chiasmata occur at a
frequency of about 32 per cent. When two chiasmata are present,
these tend to be approximately proximal-distal in location (P-D) and
are never both found at the distal end (D-D).

Accompanying the decrease in chiasma frequency in experimental
material there is a shift in the positions in which chiasmata form. This
results in their becoming localised towards the chromosome ends,
particularly the distal ends of these acrocentric chromosomes. Thus,
when only one chiasma forms it is usually distal in location, less com-
monly interstitial or proximal. When two chiasmata form these are
generally proximally-distally localised but both may be sited distally.
Two proximally localised chiasmata have never been observed. Three
chiasmata per bivalent are only rarely formed in heat-treated cells
showing univalence and are P-I-D in location. These marked changes
in position are summarised both in tabular form (table i) and graphi-
cally (fig. 7). Only the three pairs of long (L 1-3) and five pairs of
medium (M 4-8) chromosomes are considered in this analysis because
of the difficulty in consistently recording the positions of chiasmata
accurately in the three pairs of small (S) chromosomes.

Decrease in chiasma frequency without univalence is shown by
individuals i and 2, which were subjected to 4 days at 400 C. These
show a marked shift in the positions occupied by single chiasmata.
The proportions of those localised distally have risen to 58 per cent.
and 73 per cent, respectively, with a corresponding reduction in the
percentages of interstitials. Proximally sited single chiasmata are still
not found. The percentages of each of the two types of bivalents
possessing two chiasmata have not changed much from the control
level.

Individuals number 3-22, which have all been subjected to more
than five days of treatment, exhibit varying degrees of univalence and
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are arranged in order of decreasing chiasma frequency. It will be
seen that there are some correlations between decreasing chiasma
frequency and the relative proportions of each of the different localisa-
tion types observed. The percentages of those bivalents exhibiting
each of the localisation patterns, out of the total number of bivalents
of that chiasma frequency formed, are plotted against the mean chiasma

0 2 4 6 8 10 12 14 16 18

CHIASMA FREQUENCY/CELL

Fxo. 7.—Relative frequencies of each of the localisation types recognised through all levels
of chiasma frequency in heat-trained individuals, when one chiasma is present (above)
and when two chiasmata form (below). P = proximal ; I = interstitial D distal.
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frequency per individual in fig. 7. Single interstitial chiasmata are
seen to fall rapidly from the control level of 68 per cent, and remain
at a level of c. i6 per cent throughout most ranges of chiasma frequency.
On approaching total univalence, however, this class falls below xo
per cent. Distally localised single chiasmata rise swiftly from the
control 32 per cent. to c. 75 per cent. This is maintained until the
chiasma frequency falls below a level of per cell, when the percentage
obtained is more variable. In some individuals almost ioo per cent.
of the few bivalents forming at this level are of this type; in others the
frequency may drop to c. 50 per cent. Individual genotypes arc
probably responsible in part for the great variability observed. But
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one of the main causes is probably the magnitude of the sampling
error at very low chiasma frequencies. When only a few bivalents
are present in the 25 cells scored, considerable fluctuations in per-
centages can be produced by a variation of just one or two bivalents.
Single proximally localised chiasmata gradually increase in frequency
from the control level of near zero to c. 14 per cent. Below a frequency
of three chiasmata per cell the percentage of this class increases further
still.

Bivalents possessing two distally localised chiasmata, absent from
controls, slowly increase in frequency with progressive univalencc.
Immediately before total univalence is reached, these increase rapidly
in relative frequency, so that many of those few bivalents which succeed
in forming two chiasmata are of this type. Pairs of proximally-distally
situated chiasmata decrease correspondingly in frequency to counter-
balance these changes in the other class.

This preponderance of distal localisation in heat-treated material is
in keeping with the localisation affecting some bivalents in the
spontaneously univalent individual of this species which has been
found (John and Naylor, 1961). This too was to the distal ends of the
chromosomes. It is diametrically opposed to the chiasma distribution
found in the similar individual of S. paranensis studied by John and
Henderson (1962) however; here localisation was proximal.

These fundamental differences between the localisation potentialities
of the two sister species are only apparent under conditions of partial
univalence. Under normal conditions they are alike in both mean and
variance of chiasma frequency, and in the positions occupied by these
chiasmata. Two closely related grasshopper species of the genus Keyacris,
however, though similar in morphology and in ecological requirements,
show localisation differences as a normal feature of meiosis. In
K. marcida single chiasmata are proximally localised, while in K.
interpres they are distal in location (White, 1958). Similarly in the
sister plant species Allium cepa and A. jistulosum localisation is distal in
the former and proximal in the latter. In this case the genetic behaviour
has been studied in greater detail. Dominance for distal localisation
is revealed by its presence in F, hybrids. The original types re-
segregate in F2's, but in addition, several new chiasma frequencies
and distributions are produced by recombination (Levan, 1936;
Maeda, i937; Emsweller and Jones, 1945). These and similar
examples reveal that the region initiating pairing and subsequent
chiasma formation can be, and has been, altered in a fundamental
manner during speciation. Indeed, there is even evidence from
localisation differences which have been found that there may be a
comparable major distinction in the regions initiating pairing, between
the two sexes of one species. Clearly this is one of the more plastic
variables which control chromosome behaviour at meiosis (Darlirigton,
1940).
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(iii) The differential response throughout the complement
The maximum possible information on the nature of the response

throughout the complement was obtained by scoring the chiasma
frequencies and positions for each of the bivalents individually. All
scorings were made at metaphase I, where, in heat-treated individuals,
bivalent recognition is easiest and most reliable (Henderson, 1962).
In three cases (Li and L2; M5 and M6; S9-Si i) individual identifica-
tion can prove troublesome. Accordingly, in each of these three
groups the scores have been pooled and meaned, so that in all, seven
size groups are available for comparison (LI/2, L3, M4, M5/6, M7,
M8, S9-ii).

(a) Univalent relationships
When the chiasma frequency per chromosome pair is plotted against

the univalent frequency for that pair in each of the seven size groups,
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Fin. 8.—Graphical relationships between the chiasma frequency per chromosome pair and
the univalent frequency for that pair. Three representative curves are shown, for the
long (Ls/2), medium (M5/6) and short (Sq-u) size ranges.

curvilinear relationships are obtained for all but the S-group. The
composite Li /2 group, which has a control mean chiasma frequency of
2 4 per bivalent, shows a rapid drop in frequency during the initial
stages of univalence. Below the level of about one chiasma per
chromosome pair, however, the loss is less rapid and more linear. The
same kind of relationship holds for all other L and M classes, though
with decreasing size, of course, the initial chiasma frequency is lower.
The three smalls, S9- i i, have each only one chiasma per bivalent at
the outset and for this class the relationship is linear (fig. 8).
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Six selected histograms, showing the distribution of the number of
univalents formed throughout each of the seven size groups at various
levels of univalence are provided in fig. 9. When the number of
univalents present is small, they invariably involve the smaller chromo-
somes. As the number of univalents per cell rises the long and medium
chromosomes are involved to an increasing extent. In most cases the
mediums tend to lag slightly behind the longs in the numbers of
univalents they form.

Fic. 9.—Six selected distributions showing the numbers of univalents present in each of
the seven size groups of the complement at various levels of univalence. The histograms
are arranged in order of decreasing chiasma frequency.

This univalent distribution in heat-treated S. gregaria is similar to
that obtained byJohn and Naylor in the anomalous untreated individual
of the same species previously cited. Here, too, only the small chromo-
somes were involved in the slight univalence present. In S. paranensis
(John and Henderson, 1962) and Locusta migratoria (Rees, 1957),
however, the spontaneous univalence was of a different character.
Most members of the complement were almost equally involved in the
former species, while in the latter example univalents were pre-
dominantly formed in the longer size classes. These marked differences
are of considerable interest, because in all three locust species similar
complements are found—both the chromosome number and the relative
size groups present are the same. Furthermore, though the chiasma
frequency per cell is significantly lower in Locusta, it is identical in the
two Sthistocerca spp.
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(b) Chiasma frequency/length relationships
To clarify the distribution of chiasma frequencies throughout the

complement the chiasma frequencies for each of the seven recognised
size categories have been plotted against their mean mitotic lengths.
A representative selection of the chiasma frequency/mitotic length
curves so obtained is provided in fig. ba. The uppermost group (A)

MITOTIC LENGTH IN MICRONS

Fic. ioa.—Selected chromosome length/chiasma frequency curves, for the seven size categories
recognised, showing the distribution of chiasma frequencies throughout the complement
at all levels of univalence. The different symbols used are solely to clarify the distinctions
between curves and are of no special significance.

is around the normal, control position. In practice, most of the
curves obtained fell more or less around these five groups, but curves
occupying all intermediate positions could probably be obtained
depending on the genotype of the individual and the duration of the
treatment. In this figure, as in the two previous, the pooled bivalent
categories are represented by one value only. It must be remembered,
however, that these do in fact represent two or three bivalents differing
slightly in length and chiasma frequency. Accordingly, in fig. iob
where the mean curves for each of the five groups present in fig. ioa
are shown, the mean values for the two larger pooled classes are
given to each of the two chromosomes involved. This indicates
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90 S. A. HENDERSON

somewhat more realistically the nature of the changes throughout the
complement. This is a satisfactory practice for the LI/2 and M5/6
groupings, for both members possess roughly similar chiasma
frequencies. But to do this in the case of the three S chromosomes
would be extremely misleading, for whenever identification is possible
the Si i always has a lower chiasma frequency than the S9. For this
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Fro. rob.—Mean chromosome length/chiasma frequency curves based on twenty-four
heat-treated individuals distributed between the five groups shown in fig. ba. The
mean values for the Li.JL2 and M5/M6 pooled classes are allocated to the two bivalents
involved in each case. The shape of the Sq-sr section is estimated from unpooled data.

The values for the larger bivalents in curve A are underestimates. The full values
for these bivalents, based on the diplotene scoring of 10 control individuals are indicated
in dotted outline.

reason the shape of this part of each curve has been estimated and
is provided in dotted outline. These positions are based on the
individual scorings made for the three chromosomes prior to pooling.
Because of the difficulties of identification these figures are not
thoroughly reliable on their own, but they do serve as a valid guide for
estimation.

Metaphase scorings provide an accurate record of chiasma
frequencies in univalent-containing material, for those bivalents which
succeed in forming usually possess only one or two chiasmata, rarely
three. Curves B-E (fig. iob) are, therefore, accurate estimates of the

3 4
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chiasma frequency/chromosome length relationships at these levels of
univalence. However, in the A group, as in the control material,
three chiasmata are often formed in the longer bivalents and occasionally
four may be present. When three or four chiasmata are present
these are sometimes difficult to recognise at metaphase. Because of
this, and possibly slight terminalisation, the values obtained for the
longer members of the complement are underestimates. The true
chiasma frequency/chromosome length relationship, based on scorings
made at diplotene in ten control individuals is shown in dotted
outline for comparison.

From these two figs. it may be seen that the initial decreases in
chiasma frequency affect the longer half of the complement to a much
greater magnitude than the shorter half. However, as the three pairs
of S chromosomes only normally possess one chiasma per bivalent, all
reduction, even if slight, results in univalent production in this class.
The L and M chromosomes are only involved in univalent formation
with greater reduction in chiasma frequency. Subsequent reduction
continues to affect all classes of chromosomes and the curve, maintain-
ing its fiexure, falls to total univalence.

The two points of flexure present enable one, for the convenience
of description, to consider the curve as tripartite: the three smalls
(S9-ii) lie on the first part, the M5-8 on the second and the Lr-M4 on
the third part.

The flexed shape of these chiasma frequency/chromosome length
curves is characteristic for this species and is present even in control
curves obtained from untreated material, as can be seen from the
dotted outline provided in fig. iob. An analysis of the chiasma
distribution at diplotene has recently been made in this species, in
which the magnitude and mode of action of the differential and inter-
ference distances were investigated (Henderson, 1963). In this study
it was suggested that the median flexure could result from chiasma
formation sometimes beginning at both ends 01 these chromosomes
and proceeding towards the middle. As a result, ti. -ci. mosomcs
would form two chiasmata more commonly than expected and this
would raise their chiasma frequencies. Once a consistent mean of two
chiasmata per bivalent was exceeded, however, the effect should be
lost.

The maintenance of this flexed shape in univalent-containing
material, where overall chiasma frequencies are greatly reduced, is
rather surprising. The M-chromosomes are shorter than the L-
chromosomes. As a result they could be relatively more fully paired
than the L's. Under such circumstances it would be possible for
chiasma formation to take place from both ends more commonly in
the M- than in the L-class. However, while this explanation can be
entertained for those cases where reduction in the overall chiasma
frequency is slight or even moderate, it cannot apply to those where
a great reduction is found. For in these cases, although only one
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chiasma per bivalent is formed, the M5 and M6 chromosomes still
form them as commonly as the Li and L2 (fig. iob, D). Clearly, in
univalent-containing material, the M-chromosomes have just as high
a potential to begin pairing as the L-chromosomes, and can therefore
form one chiasma as commonly as the L's. Furthermore, because of
their shorter length, pairing can often be completed relatively more
fully. Chiasma formation sometimes taking place at both ends can
then maintain their frequencies to the values observed through all
levels of univalence. The S-chromosomes do not fit in with the
behaviour of the remainder of the complement and must therefore be
considered to possess somewhat different pairing and chiasma properties.
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Fin. z s.—Regressions of the mean total numbers of chiasmata per five M-chromosome pairs
on the total numbers ofchiasmata per three L-chromosome pairs, based on twelve control
(C) and twelve heat-treated (H.T.) individuals. Positive correlations are present in both
cases.

Finally, the figures were analysed to see if there were any correla-
tions, positive or negative, between the chiasma frequencies of the L and
M size classes (cf. Mather, 1936; Jam and Maherchandani, 1961).
The S-chromosomes are, of course, excluded from such an analysis
because they do not usually form more than one chiasma. The total
number of chiasmata per three L-chromosome pairs ranged between 5-
it in controls and o-8 in heat-treated individuals. The total number of
chiasmata per five M-chromosome pairs was recorded for each cell and
tabulated under the total chiasma frequency of the three L-chromosome
pairs of that same cell. This was done for all 25 cells in each of twelve
control individuals and twelve heat-treated specimens, covering all
levels of univalence. The overall (weighted) mean chiasma totals per five
M-chromosome pairs were then taken for each of the L-chromosome
chiasma groups. The mean M chiasma totals obtained in this way were
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plotted against their corresponding L-chromosome chiasma totals
(fig. ii). Significant regressions are present in both control and
experimental material, which reveal a strong positive correlation
between chiasma frequencies in the two size groups; when the L-
chromosomes have a high chiasma frequency, so do the M's; when
the L total is low, so is that of the M-chromosomes. Clearly, in this
species, those factors determining the chiasma frequency potential
affect all bivalents throughout the complement of a cell simultaneously.
The stability of the specific chiasma frequency level is here maintained
by intercellular control, not by intracellular bivalent compensation.

Rowlands (1958) has suggested that a negative correlation of
chiasma frequencies would be obtained if the reproduction of the
chromosomes were to be precipitated, or pairing delayed, so that the
degree of pairing was reduced. Precipitation of chromosome reproduc-
tion with reduction or absence of pairing is exactly what is achieved
in heat-treated material. Yet, as can be seen from fig. i i, the correla-
tion becomes even more strongly positive in such cells. As Rowlands
has pointed out, however, this correlation is not in itself a mechanism
for the control of chiasma formation. Rather it is the outcome of such
control.

5. SUMMARY

i. A constant high temperature of 400 C. greatly reduces the
chiasma frequency at male meiosis in the locust Schistocerca gregaria. In
this reduction all levels of univalence may be induced depending on
the duration of the treatment and the sensitivity of the individual.
For the first five days there is little or no effect on chiasma frequency,
but thereafter it falls consistently, reaching a minimal level of almost
total univalence by the seventeenth day of treatment. After this time
some recovery begins.

2. Coupled with the decrease in chiasma frequency is a change in
the position of those chiasmata which do form. This shift is to the
chromosome ends, particularly the distal end. Thus, when two
chiasmata are present these are P-D or D-D in location, while one
chiasma is usually D, less commonly P or I. At different levels of
univalence, however, the relative frequencies of each of these different
localisatiori types varies.

3. Chiasma frequency and position, and univalent frequency were
scored for each of the seven size groups recognised within the com-
plement. Detailed analyses were made of the numerous relationships
revealed in this way. These involved a consideration of both general
chiasma and univalent relationships, and the more specific differential
response throughout the different size groups present within the
complement.
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