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Bills, For example, in the recently concluded 93rd Congress, a Bill introduced to
strengthen the Burcau of Land Management was approved by the House Public
Lands Subcommittee, but only after inclusion of a provision to compensate
graziers in case of government cancellation of their grazing permits. The issue
raised by the provision is & recurring one in the history of the public domain; it
contrasts the viewpoints of the ranchers, who argue that they necd security against
possible capricious actions by the Bureau, against supporters of a strong BLM,
who claim that compensation would constitute recognition of a proprietory right
in the public lands. If legally established, such a right would further strengthen the
position of livestock graziers as the primary users of the public domain.

During the 94th Congress, convened in January 1975, revision of the public land
Jaws will again be considered. BLM Director Berklund has promised to present this
year a full report on the Bureau's range management programme and on range
conditions (Bureau of Land Management, 1974h). 1f that report presents findings
similar to those in the recent study on Nevadu, it will nid the effort 1o transform the
Bureau of Land Management into un AEency protecting all resoOurces, and the
interests of all users, af the public domain.
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- S : . Iy
‘rearing’ and by ‘farming’. Rearing of crocodiles is not carried out mdependeqt
::: nraz::lgpopula:‘ions, and relies on annual quotas of cggs <:ol!ct:l=¢.‘l:l from lt}l"l:"v;_gt:c
All three crocodile ‘farms’ in Rhodesia opernlte on this basis an :";t ssleind
called rearing stations (Blake, 1974). A crocodile farm .would have adu
stock, and hatch out young from eggs laid by these animals. o Ll
The Rhodesian crocodile rearing stations are located at lKar 4, : !bﬁlnries
Victoria Falls (Fig. 1), and collect their eggs from the Zambezi and its tri d

& Umvukwes

Victaria
Falls

Kyle

.
Mational Pork

Fig. 1. Map of Rhodesia showing places mentioned in the text.

They operate under permits issued by the ‘I)epa‘nmem of N::luonal ;’trl;:cam:
Wildlife Management (Blake, 1974). The main points are that t e numbe ! ugngd
to be collected is regulated (it has never exceeded 2,500 per slall?n per );: oo
none are taken from National Parks and Game Reserves); monthly rebpuroi‘ o im
be submitted by the stations, including numbers of eggs COl]ecied: ngl;a er ! :Id e
hatched, mortality and sales. Finally an annual quota of crocodiles 3 years
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the 1:0 m size range) is to be surrendered to the Department of National Parks and
Wildlife Management for restocking the rivers. This quota is currently set at 59
of the number of eggs collected 3 years previously. Thus, if 1,500 eggs were collected
in 1971, 75 3-year-olds would be surrendered in 1974,

COLLECTION AND HATCHING OF EGGS

Details of eggs collected and hatched since 1967 by the three rearing stations are
givenin Table I. The number of eggs allowed has varied from 1,200 to 2,500/annum,
normally at the request of the station concerned. Prior to the 1973 season collecting
has been dependent on availability of suitable pens and food on the stations rather
than being limited by the number of nests found. Egg collection in 1973 was
adversely affected by the closure of the Zambezi River below Lake Kariba and
parts of the lake for security reasons,

From 1967 to 1973 (Table 1) a total of 22,679 eggs have been collected of which

TABLE |
FGGS COLLECTED AND HATCHED 1Y 3 RHODESIAN CROCODILE REARING STATIONS
; Station Eggs ruI;‘rm-l Eggs hatched %s hatched
Binga 1967-71 T 6874 694
Kariba 196871 6250 5352 856
Victoria Falls 197173 6526 4471 685
TOTALS 26 16697 736 (average)

16,697 were hatched, giving a mean hatching success of 73:6% (¢f. 7269, reported
by Pooley, 1969). Pooley (1971) suggests that using artificial incubation a success
of 80%, should be achieved. In individual_years and on separate stations this
success rate has been exceeded, though poor years, with as low us 4999 hatch,
bring the average down. Reasons for variations in hatching success are difficult to
ascertain, but from the limited data available to us (Table 2) there would appear to
be an indication that collection of eggs shortly after laying (normally oceurring late
September) has a detrimental effect on hatching success as compared with late
collection. Pooley (1971) recommends early collection as ‘with €ggs in an advanced
state of incubation there is the danger that the delicate system of blood vessels
or the yolk sac will rupture’, Our limited experience indicates that crocodile eggs
are more susceptible to handling in the early stages than at a later stage. Similar
observations have been reported by MacFarland er al, (1974) for tortoise
(Geochelone elephantopus) egss. It is proposed to carry out further investigations
on this phenomenon,

From Table 2 it will be seen that with one exception (Binga 1970) collections in
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excess of 1,800 have a hatching success below 75% whereas all collections under
1,500 are above 80% successful. This could be a consequence of rearing stations
having more clutches than can be carefully managed at hatching time, and may be
solved by limiting the quota to 1,500/station/annum. Another possible factor
arising from the rearing station returns is that where hatching is continued through
into January, the success rate is poor (Victoria Falls 1971-73 and Binga 1968).
This could well be indicative of incubation temperatures being too low. Experi-
mental work (unpublished) indicates that sub-optimal temperatures, away from
the recommended 28-34°C (Pooley, 1971), prolong the incubation period and
result in higher mortalities.

There are data available on hatching success in the wild, Pooley (1973a) gives
instances of nest predation being as high ns 49-47%, 3 weeks after laying. Observa-

TABLE 2
FEGC COLLECTION AND HATCHING SUCCESS
Number eggs collected in o

Statton Year October Nagmllatr December Toral % hatch
Binga 1967 — 2 — 2000 675
Bln=; 1968 180 1653 — 1833 499
Binga 1969 BOO 1403 — 2203 536
Binga 1970 — 1971 — 1971 89:2
Binga 1971 — 128 — 128 93:0
Binga 1972 — 890 — 890 90-8
Binga 1973 - 878 — 878 847
Victoria Falls 1971 - 2250 - 2250 733
Victoria Falls 19712 1345 1130 — 2475 635
Victoria Falls 1973 = 1801 - 1801 694
Kariba 1968 — —_ 1395 1395 854
Kariba 1969 — — 1324 1324 Bl-6

iba 1970 — 1150 — 1150 900
Kariba 1971 - 832 - 832 877
Kariba 1972 — 956 — 956 813
Kariba 1973 — 593 — 593 911

tions at Sinamwenda, Lake Kariba, confirm this. From the conservation angle it
would be advantageous to collect eggs early and so remove clutches from the risk
of predation which takes place from laying to hatching (Cott, 1969). The main
known predators of eggs in Rhodesia are the Nile monitor (Varanus niloticus (L.)),
baboon (Papio ursinus (Kerr)), honeybadger (Meilivora capensis (Schreber)) and
spotted hyaena (Croeuta erocuta (Erxleben)). Yet this may lead to lowered incuba-
tion success on the rearing station. Modha (1967) gives an estimate of hatching
success in the wild, On Lake Rudolf, Kenya, 6 clutches had a hatching success rate
of 68:6-96:4%,, but another § failed completely, Cott (1969) found that predators
in Murchison Falls National Park, Uganda, destroyed 55:1% of clutches, and
flooding and damp meant that the eggs in as few as 30°% of nests actually hatehed.

Collection and partial artificinl incubation ensures a high hatching success, nnd
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eliminates predation at the time of hatching, which can be substantial (Cott, 1961

Important Prcdators'knowr: to attack hatchling crocodiles in Rhodesia :m ﬁs};
eagles (Ha!faé‘m vocifer (Daud.)), Nile monitor (Varanus niloticus), goliath heron
(Ardea goliath Cretzschmar) and fishing owl (Scotopelia peli Bt;napme) Th

programme of‘eg.g collection, as at present carried out, does nothing t li e
egg predation prior to collection, o

SURVIVAL OF THE HATCHLINGS

Flglfl‘e 2 gi\.fes the cumulative per cent mortality by year of stocks held by Binga
::lrlgeg ::.?;?:-1"11;!?: dx;lta ’a;ire typical of the three stations and show that mortality
ntial in the first three years, after which few deaths tak
) e place,
{E:tt a:so”l:oled by Yangprapakorn ez al, (1971). There is also a clear trend ingicutin:
s the operators become more experienced they can reduce the high juvenile

ID’-
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were produced in 1968/69,

hatched at Bioga rearing station,
hat year, forexample 915 hatchlings
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by Pooley (1971) is a wasteful procedure. There is now good evidence (Cott, 1971 :
Pooley, 1974) that hatchlings in the wild are looked after by the mother for up to

3 months after hatching, so any released hatchlings would have to survive without
Pparental protection,

i 8 - s were experienced by Kariba in the
e w:;;;mlrt::;:::x :hvz ::st:;ehlin; cmpp:o less sheltered ?ens a.:d
:l:yl:;i::ntl?eir diet. There is no reason wi:ly expe;i:n;e;:c:ep:l::?; :scr:?ri— g
i hould not be able to crop 50% of the number
steanur:m:.llsc:un.-ing for return of the release quota 'n the age of 3 y;ars. R
7 M 'mlil is due to a number of factors, of which cold may bc_t e mo g 2bmg
Low‘:empeinum lead to loss of appetite with subsequent detcnor;nonﬁc; :(:: s
and increased susceptibility to disease. plher factors sluuhlfls ::5 0;: g 4
crowded conditions and predation (fishing ou:-ls. momto; :}fa cl;nrly i
relatively minor importance. Recent work (Mitchell, 1974) asb e
heating either the water or the air in rearing pens candsu sWth N
mortality and at the same time incrense_ food !n_tnke an gr;:rml & J;: by
experiments on Alligator mississippiensis in Louisiana are rep
M:)b::;:e;;?:;)e‘urs used in this paper, survival in nalfural populatlmnsfiri Il:‘\ezrf;:’t
i rtant, and the most elusive of all. Various estimates, rangmgh enlcr:do
]mpo't l'lll (Pooley, 1973b) to 19, survival (Graham & Beard, 1973), a;eh o
:ehir'i'ill:":lure. Norle. of these are more than informed guesse's,P ev:nI‘l& lwcu):son
derived from attempts to model the population (Graham. [9'68“.1&?;-‘ ic:i Sk o hu.
1970). The only thing that we can safely say of re?;uumem is 2 e okl
low, and that we would estimate that a return of 5%, of the num ; rccru?m.lcm j
cmr.,:odiles in the 1 m size range will adequately represent natura
i m size class. . - ‘
ha'tl'c(?:dn::: :::n: of 355 crocodiles has been returned by rcunng h?)l:'“:}l::j:)rsr:lﬁl:é
This figure does not include 1974 quotas, yet to be rcleg:c 4 il .nbicc: it
marked and released into the Mwenda Bay, Lake Kariba, wi SEb e
ascertaining growth and survival of these captive-reared cruc.udl es l|| il
Twenty of these 53 (37-7%) have been caught at least once ln.lhe d \:Inuf R
recapture exercises carried out since 1970, While a large mem"ol? ::mmplc !
recaptured, there is hope that some of these may lhnvc su{;:’\f'd‘;n t(;]l; an hn;\d
rocodile released in May 1970 was first recaptured in June 3 A
" her crocodile released in May 1970 has been rccnp_tured regu ars; ainhi
Flntre):"wa;s ever since. There is other information on survival. Pooley (Ir 6 )3rwe¢ks
'lnld hatchlings into a pan in Zululand, bul‘none could be fut;:i :flfj:esej wcr;
Twenty 045 to 0:60 m animals were released into the samcdpn;l. g
seen after 7 days, 2 after 30 days and only one was found afte 0 d.unly -
(1968) marked B.l:ld released 152 young crocndllcef on Lake Rkudioca-r?b!; Ay Kb
these were recaptured. These, and our own experience on LT e B
lings released with one animal recaptured 6 and 22 montl(;s :{lerﬁ. gt
in Kyle National Park (43 hatchlings released, none found a lc:[' ovgonikrads
Matopos National Park (20 hatchlings released, scen an h_our : er el
in subsequent checks), indicate that to release hatchlings into the wild as s

GROWTH OF JUVENILE CROCODILES

There are a number of reports (Cott, 1961 ; Pooley,
crocodiles. The information

over the first 7-10 years, slowing down appreciably afterwards. Graham (1968)

17 mm/annum. Cott (1961) gives a growth of 266 mm
years, which agrees well with Pooley's data.

Figure 3 presents and compares some data on growth in length for juvenile wild
and captive crocodiles, If the hatching date for all individuals were known the
curves would extrapolate back to 0-3 m. Growth rates are given for 40 crocodiles
from 42 months of age to 75 months (sample reduced to 36 by this stage) on

ictori randomly sampled crocodiles from the 1971
hatching to the age of 27 months on Victoria Falls station. The growth rates of
233 mm/year and 330 mm/year respectively agree well with published data, On the
curves substantial slowing of growth is evident in the cold months (the middle of
the year),

That much higher Browth rates can be achieved by individual animals will be
noted from measurements of two crocodiles on Kariba station (Fig. 3). The first,
a partial albino, grew from 0.9 m length and 2:6 kg body weight at 20 months to
I'TI8 m and 16:0 kg at 45 months, an increase of 807 mm and 13-4 kg in two years,
The second (no, 117) increased from 1211 m and 6-
and 19:5 kg at 55 months, an increase of 657 mm
years,

As far as the natural population is concerned growth is given both for wild

imals marked and subsequently recaptured and also for released rearing station
animals in the same environment (Sinamwenda, Lake Kariba). Very slow growth
takes place in the released crocodiles, possibly as a result of having to learn to
hunt for food and adapt to a new environment. Although these animals show
urowth in length, this is accompanied by fairly substantia|
een that within 3 years of release the rearing station crocodiles h
'0 the body conformation of those in the wild, and this js particularly evident in
the shape of the head, which is long and pointed in the wild juveniles, Growth in

ild crocodiles has been slower than that of captive unimals, but somewhat better
han that of released animals, A hatehling (no. 224) grew from 339 mm shortly
ilter birth to 532 mm at 6 months and 639 mm at 22 months, a tota) growth of
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300 mm in just under two years, This information indicates a positive contribution
to be made by crocodile rearing. In the 2-3 years it takes to rear an animal to 1 m

on a rearing station the growth in length is twice as fast as in wild populations.
Thus station-reared crocodiles of 1 m size are only 2-3 years old, longer and very
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much heavier than wild crocodiles of the same nge (Fig. 4) and well able to survive
in the wild,

Flg. 4. Comparison of a rearing-station crocodile (no. 154 on left) and a wild crocodile from
Sinamwenda (no. 194 on rigehlj. Photograph taken 13 October 1971 when both were estimated to
21 months old. Photo: J. P. Loveridge,

SEX RATIO

In the American alligator, sex ratios of about 3 males to 1 female have been
reported (Coulson et al., 1973). If this were true of the Nile crocodile it would have
implications for the management of breeding stocks. Cott (1961) reports a 1:1 sex

ratio in a large sample, and our limited data do not provide evidence for an excess
of males in samples of juvenile crocodiles.

THE PROSPECTS FOR FARMING

The keeping of adult crocodiles for the production of eggs was not initially con-
sidered an economic proposition by the rearing stations. Moreover, there were few
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recorded instances of the Nile crocodile having bred successfully in captivity.
Since 1970, however, crocodiles kept by Mr V. R, Townsend at Umvukwes have
laid regularly (Townsend, 1972). Captive animals have bred for the last two
seasons in pens at Kyle National Park, and Kariba rearing station has an adult
pair, the female of which successfully laid and hatched a clutch of eggs in their pen
in 1973. Laying took place in September 1974 in the Kyle pens, at Umvukwes and
at Kariba and Victoria Falls rearing stations. The Kariba and Victoria Falls
hatchlings were excavated by their mothers, and the two Umvukwes clutches were
successfully artificially incubated.

A supply of sexually mature crocodiles is available in problem animals which
are now captured and relocated rather than being destroyed (Loveridge & Blake,
1972). A ‘problem’ crocodile is one which has become a nuisance due to predation
on man or his livestock. To date a total of 35 such problem animals has been
translocated. With the possibility of the closure of the Zambezi below Kariba for
egg collection, the rearing stations may well re-examine the possibility of supple-
menting, and perhaps eventually replacing, sources of eggs from wild areas with
eggs laid by captive crocodiles,

DISCUSSION

Concern has been expressed (Cott & Pooley, 1972) at the policy of the Department
of National Parks and Wildlife Management in Rhodesia to allow the collection
of up to 7,500 eggs annually for rearing purposes, Table 3 summarises the statistics
presented in this paper in the form of a comparison between wild crocodiles and
station-reared crocodiles, Assuming nest predation to be constant over the in-
cubation period (Cott, 1969) and that eggs are collected at the end of November,
the nest predation will be two-thirds that in the wild population. Hatching success
is lower in the wild due to factors such as flooding (Cott, 1969). Predation at the
time of hatching on the rearing stations is nil, and in the wild, high (Cott, 1961).

TABLE 3
SUMMARY OF FOPULATION PARAMETERS FOR WILD AND STATION-REARED JU VENILE CROCODILES
Rearing Wild
i ITT% §5:1 %"
T e (over 2 {-‘mmhn (ow&;zn'w?mhs)

Hatching success . o X
(in nests uurvlvl?r predation)
HIG

(of eg ll_l"l“m
MUCH LESS_’THAN 50%

Predation at hatching L
Survival to 1 years 0%
Recruitment to 1:0 m size class 59% of eggs
collected for release
230-330 mm/year

Growth to 3 years less than 150 mm/year
* Datn from Cott (1969), ;
1 Data from Cott (1969) and ussuming 20 hatching in successful nests.
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Surviva| i
s r;zl?;:r'ear; on_the rcarh:tg stations is at least 50% and growth is at |
in the wild. For supplementation of wild recruitment and reslo(:ltci‘:':‘gt
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urce of juvenile crocodiles i i
. 5 0 i
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ABSTRACT

;S;’n‘::frpimg a{ajlre benthic fauna showed that dredging operations produced relatively
“lerm effects on invertebrate population ley
¢ vels. The behavio he aniy
immediately affected, the diffe P mwhend
rel] 5 erences between species were no !
of dredging ar different times of year are discussed, Bl g

INTRODUCTION
Stream management procedures such as dredging and weed cutting are widespread

:)hL: };1:;: se;n: to have been little attention paid to the effects of these activities on
ol the streams. The present work was carried out to examine the effects

METHODS

Thi include "
ll::,l.] §tudy |fn.lmlul asurvey of the benthos before, and for five months after, the
Bing, as well as the monitoring of drifting and upﬂlrcum-mnvi:;g ani;nuls
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