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INVERTERRATES AND 2005

INTRODUCTION

The word invertebrare s unlikely 1o erop up in most people's every day converaation. Yer the
millions of different specien that together make up this animal group have a profound mpact
o all our lives, For axample, boes and other pollinators are vital 1o healthy erop yialds and
dung beetles personify the indispensable recycling role of invertobrates, The reproductive
patterns of fruit Mies and snails have advanced tremendously our understanding of genotics
and the mechamsms behind evolution. Chemienls derived from apiders lesches and anis nre
providing us with new lfe-saving medieal drugs Through the science of forensie entomology,
invertebiates ean oven holp (o solve our crimaes.

Thig booklet has been put together wiih the intention of encournging zoos to consider n role
for invertebrates as & powerful and much needed component of their exhibit collection and

wi a highly suceessiul oloment of their consorvation programme work,
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Fiva kinpdoms of living things, distiigaished by differon levels al celluiliv: of gamization and modes of nuitiion. are
here depicied graphically necording 1 the eriimated number of living. desoribad species in each, They are faf from
couid. The 4 smialler Kingdoms are dwnrfed by the 0. and lirges, the Kingdom of the aniivals. The Dk
siibid iy bsbon of e anbmals (e s more dnequil, Witk (he M0 desiguaind ns verigbrales (animale with hackhanes)
sV L B AR iy minarity nest v U 279 that are lompad togother as inveriebeates (aulmals without bk bones)
With inwveriehraies sccapying the livge white sector of this geaph, and the ex of the living world Gincluding the
varnchiniesd conlined 1o tie Bk, vhe preponderance ef (nverielraies aivoi Aving arganiom. shivids Toril in snrk
comirasl

O Uhe § kingdoms, (he two smallest also hinve the sovilles) mombars, most of them unioallular and microscopic
The loist eamples (s the kingdom MONERA, which includes the arélieacierin, anhacierin, and cyanobacieria
(armers called blue-green algas). Monerans differ radically from all the orher living organinms in that they hive fio
well-defined nucleus that lolds the geneile maierial. Thus they are sibd 10 be prokaryotie. The Kingdom PROTISTA
for Protoenisted consisis of protozoans and unicellular algas, Those have o membrane-bound nuclous that {hetween
cill divisinns) confines camples chromesomes, Such o collulnr organization w sanl 1o b pukaryatie,

Chr gandsims in these 2 K ngdoms may be sutotrophe (sell-nouivhing” ), synthenging their own (ood Trom inorgaiie
consliiuits witl the mhid of solir ar chomically derived energy. O 1hey iay bo hoterotrophe (Crounishad by atheon™,
ot their food rom the hodies of oiber organams, OF they may be both,

The mombers of the ather Vikinpdoms are all eakarvotio like the pratisis, bul ihey are multigallular, I'he three differ
imode of mordion. Inihe kingdom FUNGH are the saprabie hotaratraphs (e mushreoms, yoasts, miohils, il
others ihai take up nutrents from organic mater, either alive ar decomposing. The kingdom PLANTAE is maie up
musily ol photesynthatio autotrophs, the familiar green planis. And e kingdom ANIMALIA consists primarnily

of ingestive halarotiophs, which live by sating other of anisnms,



Section |

Why consider invertebrates?

Biodiversiiy

As the pre chart al the front of this booklet strikingly illustrates, inveriebrnte species constitute
over 95% of all recorded living animal species, I this overwhelming porcentage  were not
enough, there are estimated 1o be a further 30 million invertebrate taxa wating to be
deseribed Hven after including the Plants, Fungi, Protistn and Monerans the inveriebrates still
constitute the submerged bulk of our planet's "biodivarsity 1ceborg”

Imporinnce

The biologist EO Wilson neatly summed up the importance of invertebrates by stating that
if all the veriebrates were to be wiped out the world's ecosyatems would be upset for severnl
years but if the invertebiates wore 1o be wiped oul our planet would never recover.

In addition to their indispensable role as reeyelors, pollinators and key food-chuin organisms,
many invertehrate species have an important economic, scientific, cultural and aesthetic valus
for mankind, Indeed, some of our planet's most benutiful and fascinating ammal spocies are

imverishraies,

Conservatlan

When it comes to extinction threat, invertebrates are the moat sensitive of all animal groups.
This 15 lighlighted by the fact that there are more cases of documented endangerad
inverichrate species than any other group, lnveriebrates therefore require, and deserve, as
much considaration as & nghtly currenily devoted to veriebrate conservation.




Section 2

Why zoos need to consider invertebrates

Fducation

One of the primary contributions to conservition that all zoos lay cluim (o {3 the important
iole thoy play i educating the public about the nature and value of biodiversity However,
without feferoines to the mveriebrates any zoo can at best only claim to be preseniing iis
vigitors with a tiny and highly skewed improssion of biodiversity Without including the
invariabrates how can any zoo hope to be able to educate the wvisitor about how nature works
and why it 18 8o important that all species be considered and valued 1f the environmant 18 to
prosper?  The educational themes that ean be conveyed walh mvertebrates are as diverse as
they are numorous. Pollination, recyeling, medicme, foreisic seience, gonelic rosearch,
pollution and, of course, conservalion are more bound up with the vartebrates than with any
other nnimal group.

Visitor nitraction

In cisos where zoon have given due consideration, and resources, to the invertebrate
componaint of their collection they are mvariably rewarded with strong public (and media)
iiteiest and support. This 16 particularly 8o in the case of children who tend to be fascinated
by the world in miniature.

Specles conservation

Experience suggesta that invertebrates provide perhiaps the moat viable and cost-effective form
of zoo-bnsed species conservation.  With an estimaled combined capaeity of some 12,000
hoctares, the world's zoos have been estimated o be able to support viable populations (1o
500 hend) of around 800 land vertebrate species (Maier & Page, 1990). This figure is in stark
contrisl to the estimnated potentinl for zoos<based invertebrate breeding programmes.  1F just
1% of the total world 200 space was dovoted to housing invertebrate collections it can be
caleulatad that some 15,000 invertebrate spegies could in theory be preserved as viable ex sifu
populations (Morton 21)

At the 18th General Assembly of IUCN held m Perth in 1990 a resolution was adopted on
the conservation of msects and other mvertebrates, urging action to strengthen nvertcbiate
displays by zoos and bulterfly houses linked to captive breeding and re-establishment
programmes (IUCN, 1991}

It is to be hoped that with increased cooperation between cstablished centres of invertehrate
expertise, such as umversities and museums, over more zoos and related institutions will
roalise their tremendous potential for playing a mujor role in conserving many of our planat's
most threatened mveriebrate species, and will begin to allocate resources accordingly



Livelood

For many zoo animals, mvertobrates imeluded, livefood (such ns crickets and mealworms) s
uin imporiant and sometimes essential source of nourishment. Setting up s inveriebrale
livefood production unit 18 a simple sk which 18 digcossed further on in this booklet

Missed opportunities

It 15 clear, then, that by not considering invertebrates the majority of zoos are currently
missing oul on oexhibit attractions and additional resourées that could pull m many more
visitors, On the conservation species front, #oos are currently Fniling 1o realise anyiling hike
therr trie potential for contribubing towards specios conservation

HOW CAN THIS SITUATION BE RECTIFIED?

The solution is ensier than might be supposed for invertebrates are  without doubt the moat
cost effective »oo animals from every perspective, So, the message here is thnt ANY zoo can
become involved with inveriebraies whenever it so wishes All that is required to bogin the
process 15 the will to do so. Starting perhaps with a single invertebrate exhibii, such as a dung
beatle display placed nlongside the elephant enclosure, n zoo can over might open up an
entirely fresh educntional dimension and display expenence for its visitors.

Section 3

Where to start

Hasic requirements

It 15 obvious that ihe dopres of resource commitmiont (measured n both people and materials)
will vary proatly depending upon the nature and number of inverlebiate exhibita & 200 18
conmdening mvesting 0. Any zoo wishing 1o establish an wvertebrate element (o ifs animal
colleciion can do so virtuplly overnight by setting up mdividunl invertebrate displays either
ns stand alone exhibits (ep an observation bee hive) or perhaps situnted alongside existing
veriebrate exhibits, With due nttention to species selection nan invertebrate display juxiaposed
with o vertebrnte display (eg dung beetle and elephant) can both enhance the appeal of boih
displays nnd greatly add to the ecologienl interpretation of an exhibit

Depending upon the species being considered, the cosis invelved in setting up 4 sinple
dividual invertebrate exhibit can be practically nothing 8o linancial conmderations aie nol
the koy wsue when considering establishing an invertobrate display, OF far greater importance
is the creativity and will of the appointed members of stalT 1o make o success of the project



Invertobrate Houses

By dedicating or butlding an aren solely for invertebrate eulture and display, a zoo effectively
croates a new departiment and potentinlly & massive educational and conservation resource,
as an ever growing number of zoos oan testily to

Buittarlly Houges

Butterlly houses are loap forward imio the realms of inveriebrate exhibition but eareful
consideration must ba given to the justification of such exhibits. Basic requirements for a
butterfly house include;-

An environmentally controlled bwlding -

Humidity contral (sprinklers, fogging system, stenm irays, waterfalls, hose pipes) -

Food plants specifie (o the spocies 1o ba exlibited -

Soparate arens for larva rearing, mating and food plant recovery -

Emergence unita for icomimg pupae (these must also quarantine the specimens from

mtroducing viruses and paraaites to the residont stock) -

Flowering plants to feed imagines (an alternntive  method of feeding imagines 15

necessnry should the flowers fail) -

A pood educational policy

Interpreiation

The value of most inveriebrate oxhibits rests on the quality of interpretation.  This may be
nchieved by a) Iabelling individual exhibits, b) separate mformation labels, ¢) explanatory
madels et , d) publications

a) Indhividunl Inbelling - explanaiory labals should give the animal's namae, distribution,
chat and information referring to behaviour ond habitat.  An explanation of anatomy would
pive the layman o better idea of what they are looking at and & better understanding of related
Bpecios,

b} Separato Inbullinﬂ = the individual exhibits could be more mformative if they are
lmid ouwt in & common theme (o distnbution, taxonomic grouping, habitats, evoelution),
Further nformation  could mclude anntoiny, metamorphosis, web-building, silk, social
behaviour, geneisl information (.o mverlebrate facts & Toals), extingt invericbrates,
conservation examples, conservation groups, husbandry techmques, invertebrates and man,
pollination, parasites (including human parasites! ), veproduction, symbiosis, sedysis, evolution
and so on.

¢) Hxplanntory models ete - enlarged ond tnetile models of whole animals or apecific
anatomical adapintions nests etc may greatly enhanee the inferpreinfive value of inveriebraie
displave  Praserved speclmens {nf spocios or life stages of those species that cannot be
oxhibited) can help further understanding though these should be tastefully displayed with n
puipose for beiny there rather than as brefly labelled curios.  Additionally, casts of molluscs,
cnidarinng, invertebiste constructions  and  fossils may be used to pood effect with
necompnnying information



d) Publications - booklets and leafleis may be sold or given nway to expand the
iformntion available, Thia menns that labelling con be kept to a minimum, revenue can be
gained and the popularity of the subject nssessed.  There are various possibilitios for
publications but school work-booklets relating the invertebrates to the national curriculum are
an abvious choics

Finally, even if invertebrates cnnnot be exhibited at all, any information included in displays
which relates to invertebrates is useful to conservation i peneral.  The mformation helps
akplaim the inter-relationships between all hiving things and leads the reader o question the
dogiruction of habitats, the use of chemical punlmlilun ole

Marketing

Invertebrates already have a well estublished reputation as “creepy crawlies”, infamous for
venom, disenses, itchiness, bloodsucking, sliminess, infeatation, crop-destruction ete. | wauld
be n mistake to dismiss the "creepy crawly” nspects of invertebrates ns an imitial attractant to
the public. Visitors, sspecinlly children are attrncted 1o tha "creepy crawly comer” type oxhibit
Onece attractod thoy can be educated ns to the benefits that imvertebrates have incurred on
mankind and their (the public's) attraction mto the bulding ean be compared 1o flowes
attracting msects with colours and noctir 1o be pollinated. ("education by surprise”).  Thia
populanst approach can be used 10 a greater of lessar extent using cartoons, colourful and well
known species and popular misconceplions 16 purvey imporiant poinis in an execiting and
easily remembered way, 1t 18 important that the use of popular atirnciants does not mutaie
ito a useless mockery of the subject or a side-show type exhibit. Positive popular information
might inelide the unporiance of insects for pollination, honey and silk and the economic
impotiance of plankton in the food chun,

Statements about the vse of pesticides nnd the causes of decline of certain species could also
coniribute to the conservation potential of invertebrate exhibits along with addresges and
information on conservation bodies and how the mdivicial can help coniribute 1o the
conservation of imvertobrates.



Section 4

Some examples of proven invertebrate exhibit species

It is not the intention of s booklet to give a comprehensive review of all suitable
mvertebrate sxhibil species. However, that said, the following profiles will hopefully provide
the roader with o numiber of species solochon pomters as well as an 1den of what's involved
with their care and exhibii

It s worth mentioning at the out set that in general ({ s easier for 0 200 to initinlly focus on
developing a largely torrestrial based invertebrate colloction, as the techmenl conmderntions
nasociated with aquatic species tend to be more demanding. However, thore 18 no denying the
villug and tremondous public appenl of agquatic exhibiis,

A butterfly garden

Provided there are adequate support graphies, o wildlife garden, positioned and planted witls
local invertebrate species in mind, 18 certain 1o make an excellent and popular invertebrate
focused exhibit. With careful planting it is possible to attract a diverso range of wild buiterfly
and oller invertebrate species

Upside-down jellylish - Casslopeln undromeda

(Phylum Coelenternin. Orcler Cnidania)

Exhibit valie

Although (being a marine species) jellyhish are more technically demanding than terresirial
invaertebrate spocies, jellyfish {like go many manne myerlebrate species) are a fscinating and
axtramoly popular exlibit species, London Zoo's Invertobrate House has used this species (o
pood offect to convey the message that, like all Wi, the mveriebrates had their engin in the
oceans. This group's extraordinary reproductive and developmenial siratogios also provide a
rieh soures of interpretive material.

Descriplion

As their name imphes, upside-down jellyfish do not conform o mosi people's conveniional
image of free swimming, bell shaped jellyhsh, Unusunlly Tor jellyfish C. andromeda derives
most of its nuinton from a symbiotie relaiionship with photosynthetic algao in the body
tissues This feeding sirategy has lod to the jollyfish adopting o largely sessile life on the sen
floor where they orient themselves so as 1o provide their algal colonies with as much light ns
possible.



Kesphig vequiremenis

A captive-bred colony of upside-down jellyfish have been housed in n glass agquarium (120
x 60 x 80 cm high) holding over 400 litres of natural sea water at 27-38°C and 1,020 specific
gravity, The substrate is coral sand and black aguanum gravel A black semi-ndged plastie
sheot crentes n curved background which concenls uplifts 1o the underground filtration system.
Additional filiration is supplied by an external aquarium power filter, used carcfully to avoid
stress s the jollyfish prefor gentle water circulation

The species’ foeding sirategy necessitates (he provision of high levels of lighting, This is
provided by a double 250 W metal halide light unit. Supplementary food 18 given in the form
of Liquify Marine, which is squitted by syringe at the feeding arms of the jellyfish, and live
brine shoimp naupli Artemia salivia

Muitenance of the exhibit is limited to freshwater replacoment of water lost by evaporation
aind 10% witer changes with naturnl sen water once o month,  Unsighily brown algne which
¢an build up are regulnrly removed. To breed and rear this species really requires a soparate
breeding tank to provide extra care for the complex developmental cycle of the species
(Hofman er al, 1978)

The Medicinnl leech Hirndo mediclanally
(Ordor Gnathobellidn)

Exhibit value

The medicinal leach provides an excellent example of the valuable rolo that invertebrates con
play m direcily benefitting the human condition, In sddition to their medical use in clearing
up blood clots after micro-surgery, the anticongulant chemicals produced by medicinal leeches
are being used o develop new drugs for troating heart conditions Scientists are also tryig
io find out how the lesch manages to proserve the fresh condition of its blood feed (which
can remain in a fresh condition for up to two years!) which has implications for dovoloping
nons=refrigernted blood storage pmtm:uh

The medicingl leech makes an exiremely intereating ond entertaining  display  anmal.
Provided they are not over-fed they will remain notive, swimming round their tank and
interacting with each other.  Being a Red Data listed specios they also provide a classic
example of how a species, very valuable to man, hus come to be wiped out from most of its
natural range due 10 over collection and loss of habitat

Deseription

The leeches belong 1o the same phylum (Annolida) as the enrthworms and are prodominantly
bloodsucking worms, although there are many non-bloodsucking species.  In water the
mediginal leech is n fine swimmer, moving with ai S-shaped movement of 118 bady, These
handsome leeches can attmn a resting lengih of 6.5¢m and can streteh up to twiee this length,
The medicinal leech has five pairs of simple eyes near the front of the body and detects its



prey by a combmabon of sight and sensing the heat and movement produced by s potential
victim. This spocies feods on the blood of mammals, frops and fish. It cuts the skin with the
aid of threo sharp jaws which leave a Y-shaped mesion. While Feodiig, the leseh injects throe
chemieals mto the wound: 1) an anaesthetic, 2) a chenueal that prevents the blood from
clotting (an anticongulant), 3) a chomical that éauses blood vessels to dilate, thus mereasing
the flow of blood

Keeping requirements

The only diet o give the medicinal leseh 18 Tresh blood Although there are several feeding
options the favoured method smployed at London is as follows: Bvery few months the Zoo's
hospital stalf syrnge o small amount of donated blood from the anm of the author (freshly
collocted abnttoir blood does just as welll), The blood is thon placed in a glass petri dish ond
allowed to clot nt room tempernture.  The lesches are removed from thair display tank and
placed on the clotted blood to begin feeding.  The big advantage of this method 1 that 1
allows precise control of the food intake of each leech: the leaches can be romoved al any
tima, thus ensuring that each amumal is fed but not bloated and %0 will reman aclive on
display

Conliimai

It 158 mosi imporiant that the tank 8 eseape prool” as leeches are accomplished escape nrtistes
We house our own leeches in n large tank approximately 100 x 100 x 65 cm high with n fine
mash lid. The tank is half-filled with water {sbout 50 litres)

Watar
At London dechlorimated water 15 used (although ran water will suffice) to which 18 added
a sumple Hirudo salt solution (0.5 salt 1o each litre of disnlled water).

Tompornture
The ideal remperature 18 15°C, although the loeches will be fine al temporatures up o 20°C
They musi nover be placed in direct sunlight becavge they will over-hent

Breeding

Leeches are hermaphrodites with oross-fertilisntion being the genersl rule. The sperm
rociplont of o paiting will lay the fertilised oggs in a protective cocoon in the earth.  Each
cocoon will contain 12 eggs and each leech can produce up o 50 cocoons m iis lifetime. 1t
in mosl important  that the leeches are providod with a ramp that fses oul of the water and
i covared with damp moss, For 1t is i this moss that the leechos will secrote thair cocoons

Care of the young

The young leeches can be kept on display with the adulis (indeed, they make very active
disploy anmimals).  The most imporiant point to remembaer 15 that the young leech 15 exiremely
suscephible to osmotic shock and therefore should not be left in the blood feed for more than
20 minutes.  The young will take about 18 months to rench adulthood and will live for a
fuithor 1 to 2 yoars

MNB: Hirudo salt: supplied by Biopharm (UK) Lid, Hendy, Dyled SA4 1XB, UK,



Dung beetles Scarabasus semipunciatus
{Order Coleoptera)

Exhibit value

Moving on to the terrestrial inveriebrate groups, one would be hard put (o find a betler exhibil
spocies that exemplifies the indispensable recycling role of invartebrates, The ball ralling
species make marvellous exhibit animals beng very active cutting and rolling dung and also
interacting with other boetles (which can include stealng another beetle's dung balll),

Deseription i

Most people will recognisge the classic dung beetle and be awnre of its indusirious 'Iift:.'.l,ylu.
There are hundreds of dung beetle apecies and the group s found all over the world In
countries where dung beetles are not onturally found, such ns Australin, Man has often
mtentionally introduced them in order to benefit from thowr prodigious recycling activities in
cloaring away the vast amounts of dung produged by cattle. Tn the dung beetles we find ono
of the great unsung heroos of nature, the loss of which would be estastrophic for the world

Keeping requirements

At London, # very succossful dung beetle exlubit has been ostablished o a vivanum
meptunng 100x75x100 em high. The height is important becaise the beatles will Ny i given
sufficient spuce. A net ld 18 alse imporiant 1o avold damaging the beeiles' delicate wings
A substrate mix of bwlders aand, sieved soil and silver sand (1:1:1) with a depth of 30 om
hns proved to be suitable for the beetles' twnnelling and brood chamber building activities
A 250 W infrasred lamp provides atiractive lighting and raises the daytime temperature to
27°C. At might the temporature is sllowed to drop to 23°C. A spray of water in the moming
mamtains a relative humidity of 60-70% mnd encournges nchivity

Frosh elephant dung supplied duily is all the food the beetles reguire.  The dung 15 also used
by the adults For constructing brood-balls. At London, this species has only produced viable
brood balls when given elephant dung. When a suitable burying site 18 found, the male bejing
the excavaton of a subtérrancan brood chamber, The 30 em subsirate depth has proved
adequate for succossful eaptive broading although the spoecios 18 known to burrow congiderably
deeper in the wild (Heinrich & Bartholomew, 1979). Once the chamber is exeavated a single
egit 15 lnid on top of the brood ball which the fomale then caps with dung, creating n
distinciive penr shape

The tncubation period appenrs to be quite shorl, possibly only six or seven days. The newly
emerged larva grows rapidly inside s ball of dung and may reach full size in approximately
four months. The microclimate in the brood chamber is very important.  If 1t becomes too
daomp the larva, or more typically the pupn, will suffer from fungal infections. Conversely
i the brood chamber i8 o diy desiceation becomes a problem. The brood chambers have
an estiimated temperature of 23°C. Adults newly emerged from the pupal membrane have
been observed 1o take four days for thew cuticle to harden fully and assume the dark
coloration of the mature adulia



Silleworms Hembyx mord
(Order  Lepidoptern)

Exhibit value

On n par with the dunj beetle when 1t comes to illustrating the intrinsic value of inveriebrate
specied o Man 1 the silkworm Hombyy meri In addition to being attractive hitle moths in
their own right they are a elissic oxample of an cconomically important inveriebrate species
(not least in Indinl). At London we complement tha basie silkworm exhibit (a Intge tray with
a simple frumework for the larvie o pupate on) with soveral raw hanks of silk ns well s »
selection of beautiful silk searves which mike a suitably enchanting background against which
the visitors watch the silkimoth larvae eating therr mulberry leaves or spinming their silken
cocoons This species also provides an excellent opportuiily to discuss the amazing subjeci
of miect pheromone commumeation Each of the inseci's hife cyele siagos can be clearly
praserited 1o the visitor,

Description

Cultured by Man for some five thousand years, this silkmoth is now no longer found as a
wild insect. The natural range of the ongmal wild silkmoth was Chinn and remaimed so until
some larvie were simugglod out of the country (the penalty for doing so being death!) hidden
nside some hollow canea There are several eolourad silk forms (the commonest boing white
and yellow). From egg to the cocoon stage takes betweon four 1o six woeks. The initially tiny
larvae quickly develop into impressive larvae that ean be kept in fuirly high concentrations,
which makes for an interesting display

Keeping vequiremenis

Providing one has access to healthy stocks of mulberry leaves, this species 18 very easy 1o
maintnin in culture and exhibit. Hatching lnrvae nre placed onto shredded fresh mulberry
lenves

I3t
Any species of mulberry leal, Care should be taken 1o ensure that the leaves offered are boih
frash and cloan

Pupation and mating

If thair pupation needs are not met, the mature Inrvae will siart to woander ofl the Teeding iray
aren in search of a suitnble place to spin their cocoons (each of which may contain up 10 600
m ol silk and takes the larva 150,000 separate spinning movements), Larvae can be prevented
from wandering off by the simple expedient of fanning oul o handful of straw or twigs on the
food irny area g0 ax 1o provide planty of sites for the silkworms to spin and aitach their
cocoons, The adulls emerge somo iwo weeks later and will maie and lay their eggs all in the
sme cocoon laying ares, enabling the 200 visilor o observe the entire life cycle,

Ovarwintenng the eggs
By placing the i eshly collected ogps into a refrigerator (6-10C) it is possible 1o keep the epgs
in & dormant atage wntll the following mulberry leaf senson.




Lenf-cutting anis - Aifa cephalotes
(Order Hymenoptera)

Exhiblt value

A busy leaf ant colony makes o fascinating  oxhibits and provides an extremely powaerlul
example of how complex inveriebrate communities can be, A leal ant exhibit also illustrates
how invertebrates were nctunlly the firat agriculiuralisis!

Description

Leal ants cut huge amounts of leaves which are brought back to the underground nest, which
in the wild will attmin an extremely large size. They break down the leaves there 1o form
compost upon wlich they cultivate a special species of fungus  This fungus garden provides
the anis with all their feod. A leaf ant colony comprises several different casts or types of ant
The largest of these 15 the quecn, who can aitain an enormous size. Then ihere are the large
soldier ants, which proteet the nest and guard the trails, These soldier anis possess huge jaws,
g0 large in fact that they are unable to feed without the md of smaller worker ants. The next
size down are the collecting ants whieh perform the bulk of the leaf gathering.  To this end
they will cover an extremely laige area and carry back to the nest plant material held up over
their heads in their strong jaws, Lastly, thero are the tiny minima ants who are found in their
thousand, tending fungus gardens, breaking down tho leafl’ material and woeding out unwanted
species of fungus,

I 18 impottant 1o bear in mind that the above deseription is a very goneral ono. The
relationships and interactions between the different cnsts and the many other insks carned out,
such as eare of the young, building and cleaning, nll make for a very complex story  which
can only be touched upon here.

Keeping requiremenis

Housing

A large colony of leaf-culling ants Aia cephaloies is exhibited in a gloss nquarium (585 x 50
x 70 cm high), The colony's nest and fungus gardons are housed in inverted glass jars (14
x 14 x 20 em high), Ench glass chamber iz ot into a plaster of Paris base, which absorbs
atmospheric moisture and helps to provide a high relative humidity, =75%, as well a8 forming
an idoal substrate for the fungus gardens, Each chamber has an entrance cut into the plaster
base which 15 just large enough to allow the queen to pass through, should she wish to move
between nest chambers,

These plass nest chambers are arranged on o 10 cm high glass table which stands over
shallow water heated to 24-25°C. The purpose of the waler is to  prevent ants escaping, (o
maintain o steady temperature and to provide the high level of humidity needed by the fungus
pardens.  1i 18 important that the water 18 not contaminated with cleaning agents, ns it is used
by the ants ns & drinking source and is also taken into the fungus gardens, The size of the
colony can be controlled, to an oxtent, by the number of glass nest chambers that are
provided



Display

The colony st London Zoo is contmned in five chambers situnted nt one end of the digplay.
Food 18 placed on a rmsed platform at the opposite end of the display, which is connecied io
the nesting area by i branched wilkway, providing the public with a wonderlful view of all
the ants' mainy and varled astivities - collecting and cutting the leaves, carrying them back 1o
the nest, breaking them down into compost, caring for the fungus gardens, fecding ihe
soldiers, looking after the young, cleaming ete.  In shor, one can observe the animals
behaving in o totally natural manner, The exhibit is enhaneed by n visitor-operated, closed-
aircuit video enmern linked 10 an overhead monitor: the viewer can  determing  the
magnifieation and direction of the camern

Tempaerature
The temperature should remain within 25-27°C becaiss quesns can become sterile at hugh
tomparatures.

Humdity
Ambient relative hurmidity should be around 70%, The relative humidity within the nest may
be nlmaost 100%,

Lighting

Our display colony has both natural hight and Grolux fluorescent tubes which are on n 12 hour
on 12 hour off sysiem

Waste dumps

We have tned, in viin, to tinin our ants (o accept and use o dumpig aren They soem
renolite m their dpmru to drop their rubbish (old fungus and composied leaves ete) over the
adge of the tablo mio the water below. To allow for this behnviour and 1o preveni the anis
from walking on Noating fubbish (and hence escaping) we have insialled o water pump which
keeps the water moving and cloar,

Diet

The nnts are provided with a food colleeting area on which is placed a daily supply of fresh
plant material. They will take an extremely wide range of both leaves and fowers, ncluding
privet, lbiscus, rose, bramble and grass.  They will aleo ke large amounts of orange peol,
cul apple and grape.  As has been mentioned earlier, the ants do not eat the leaves or frun
they collect (although they will drink the sap and juice) instead they use them to form a
compost upon which they prow their fungus gardens back in their nest chambera 1t 18 mou
important that the food piven 1% frosh and clean, Care should be tnken that no inseciicides
have baen sprayed on plants in the 200 grounds - no easy matier when one has to denl with
an over zealous gardening department!

DBreeding

Alas, with leaf-cutting nnts broeding in caplivily I8 out of the question. When a colony wants
to expand if will put out large numbers of wingod queens and males. These will Ty off, mate
in the air wnd land far from the old colony, Upon landing the quecn wall lose her wings and
find a suitable place in the ground to start her colony The queen takes with her, i a spocial
pouch under hor ehin, a lump of fungus from the old colony, which she will culivate to
engiirg the now colony's food supply.  To achieve n successful mating in caplive conditions
would require an aren the size of an aircraft hanger




The Indian jewel wasp - Amipilex compressa
(Order Hymenopiera)

Exhibili value

One of the most striking of all inveriebrate display animala is the Indian Jowel Wasp Awipules
compressa. In nddition to their attractive appearance, jowel wiaps miake supoerb exhibil species
because of their (acinating  behaviour which involves the adult females eatching cockronches
on which their young feed The wasp buries the cockroach and o this end she will spend a
large part of the day carrying small stones from eveiy part of the display tank, which makes
an anthralling display

Denevipiion

This large, beautiful wasp has on ridescent blue-green body and red femorn (thighs) of ihe
sccond and third pars of legs. The female s about 22mm long, the male is somewhat smaller
and has n more rounded end to the abdomen, Although i the wild these wasps are solitary
it 15 possible to keep a couple of lemales and many males i a single exlubit tank The Temale
lnys o single egg in 4 paralysed cockroach where the larva hives as a parasite, eventually
killing its host before pupating, The species is Tound in India, Burma and Sri Lanka and has
sproad (often intentionally by Man as a biological control agent) over much of the tropes,

The female wasp hunts nctively for her prey and once a cockroach hns been dotected the wasp
attacks it immedintely. She seizes the cockroach with her mandibles mnd bends her body round
o give a st o her victim behind its first leg. While parnlysis tnkes hold of the cockroach
the wasp retires 16 prean herself. When she has found a suitable nesting site she returns to her
viehim and cuts off s antennae, leaving only two short stumps about lem in length, She then
grabs hold of the cockroach and pulls it to the nest site, where a single egg is lnid at the base
of the cockroach's second leg  The wasp then seals the nest wath small stones, The larva
hotclies after nbout three days and proceeds 1o feed on s host for three 10 four weoks before
pupating  The new adult finally emerges from the nesi about 45 days after the egg was lad,

Keeping requirements
Temporature: 23-25"C

Mot
The adult wasps are given dilute honey. The larvae feed on the Amencan cockroach

Periplaneta americand,

Diaplay

At London, two females and up 1o aight males are dusplayed o large glass tank about 100
x 100 x 70 em high. The tank is filled w0 a depth of aboui 16 em with sandy soil and
sprinkled with o good smatiering of aquarium gravel, which ihe female uses w0 seal ihe
antrance to her cockronch burrow, The exhibit is planted oul to give a semi-and display. A
glass hd allows plenty of light into the tank and prevents the wasps escaping A amall necess
hole with lid 1 cut into the main Lid to allow the exhibit to be serviced without losing nny
wisps, Two clear plastic nesting tubes are placed in the substrate against the glass front of
the exhibit for public display, These nre replaced regularly once ocoupied.



The jungle nymph stick insect Heteropiorpx lilatna
(Ordor Phasmida)

Exhibit value

The Phasmids aro an excellont display proup being both easy to maintan in culture and
popular with the public. The 2,000 odd Phasmid species exhibit amnzing diversity in shape,
colour and behaviour. One of the mosi siriking species 1% the jungle nymph Heferopieriy
difaiaia,

Description

The giant green juigle nymph comes from the ron forests of Malaysin Like all stick msects
they roly upon their wonderful camouflage to keop them out of trouble.  However, il they are
disturbed they are rather more equipped to dofend themselves than most members of their
order, They nre covered m spines which makes prcking them up quite o painful experience,
In particulnr they make very good use of (he apines on the inside of their strong back legs
They will also make an alarming nose by rubbing their wing cnses together. All this makes
for # very attractive and mteresting display animal. The maoles are very different from the
much larger fomales, which have lost the ability io {1y,

Keeping requirements

el
One of the natural Tood plants of this species 15 Loguat Erfebotrva japonica. They will also
happily take bramble leaves

Temparature
A constant temperature of 26"C

Humidity
Heteropterys, like most stick inseet species, requires o high degres of humidity, generally
0% or moroe

Lighting
Matural and Nuorescent tubes, 12 hours on 12 hours off

Brocding

At London Zoo, Heteropieryx lny eggs in the peat provided for thom this display. The
apps are collecied and transferred them to plastic lunch boxes contmiing a substrate of moist
pent or vermiculite {n sterile medium). The boxes are dated and kept of between 24 and 26°C
The egps can take B months to 2 years to haich. The young nymphs do well and have a good
ghance of reachung ndulthood

Disploy

Our Heteropteryx are housed i a lnrge mixed species exhibit. This makes the public work
at trying to spot the wonderfully well-camouflaged species, which are often right mn front of
them!




Sri Lankan bush evickel Fafralla qiiadvafa
(Order Orthoplera)

Exhibit value

The Orthoptera 1s anotlier very waell represented group in invertebrate diaplay collections. A
pood example of an orthopteran display species 18 the Sri Lankan bush ericket Vetralla
quicilrata,

Descviption

Thesa erickets are boautiful, rolatively large, displayable animals, What makes them stand ouwt
aro the nymphs which display a diverse range of colour forma (green, red, orangs,pink yellow
utn;:} Another sttractive element of this group of insects 15 their charming, lilting song

Temperature
They do well at a tempernture of around 22°C

Huimidity
T0% provided by damp pont and a dily water spray

13ial
This specios does vory well on o diet of lettuge, orange and npple as well as rhododendron
leaves. They require a temperature of around 22°C and o hunidity of about 70%.

Breading
The colony wo had at London Zoo was nearly 20 years old with no sign of inbresding, The

species 15 ensy to breed and large numbers of single epgs ure lmd just below the sal,
Incubation takes around 6 weeks and the resultant nymphs take between 6 - 12 montha to
become adult.

Dusplay
Al London they are displayed (as part of our camouflage theme) in o lnrge glass ok (1 m’
and are provided with plenty of foliage which both provides an attractive and natural

buckdrop ne well as providing the nympha with sufficient moulting opportunities

The Mexican red kneed bird-enting spider
(Order Arachnidn)
Fxhibit value

These spectacular antmals are one of the mosl popilar exhibit apecies due 1o their large size
and reputation.  Although normally inactive they are nearly always on show to the visitors,



Deseripiion

This is o benutiful spider which with proper care can hve for over 20 years in the case of
fernnles.  Males seldom live for more than 7 yoars.  Thoe sex of a spider can only be
detormined afier the fAoal moult, when sexval maturity 18 veached  Males moture at
approximately 5 years of age  Females mature at 7 years of age and are larger and heavier
than the males.  Sex determination in both gexes 1 conlirmed when breading behaviour can
be seen, followed in the female by the laying of epps and the formation of an egg sne.  An
averape female spider mensures 13em from fip to rear and Tem across tho body and legs,
malos are a litile smaller

All apiders nre venomous depending on poison to kill their prey which s normally small
insects, Mexican rod-kneod spiders very rarely bite and 1t is generally no worse to humans
than a bee sting, OF course, n nu}'iuu this, one must remember that renciions differ with
individunls and with age. An irntated spider ean fhick urbeating hars from its abdomen with
the fourth pair of lege  The abdomen of a quck tempered spider can become quite bald by
the tume it is due 1o moull A spder Micking hairs is best left alone to calm down. Mexican
red knead spiders can be handled, but oinly by an experienced person. A real risk is that the
spadar may fall ond burst open with logs of body Md. This type of disaster 15 usually fatal

Keeping requirements

A varigly of contmners can be used - glass or plastic, The floor should be covered with damp
pent of hortcilural vermiculite to depth of 6 to 10em, Pieces of bark or half a flower poi
should be provided for shelter, Waler must be avmlable in o small pot.  Spiderlings con be
piven a ball of wet colton wool .

[ BITE
Locusts, enickets, moths are all suable for adulis.  Small ericket nymphs or fruit Mes are
suttable for the spiderlings.  Uneaten food must not be lalt in the contminer

Tompoerture: 20:30°C
Humidity: 70%

Mouilting

Inexpenienced ownors of spiders are sometimes dismayed to find thewr spider lying on iis back
This is normal and i1 musl not be disturbed. The cuticle of the prosoma splits and the "lid"
comes off. The fangs, palpa and four pairs of legs are pulled from the empty tubes and the
spider sorabbles forward into shelter and safoty to allow s new cuticle to harden. 1t will not
feed for n few days

Conservation

Mexican red kneed bird eating spiders are now rare i Mexieo, due to over-eolleciion and the
gale of spiders to collectors in Europe and elsewhere, and apecial permits are required for their
exporl from the country  In Britain captive breeding programmes have been initinted.  To
onsure 0 gene pool comparable o that in the wild the progrimma must be carefully controlled
Inbreading among the many ofTspring from one sac is clearly not desirable




The Ginnt Afriean land sanil - Achating fulica
(Class Gastropoda)

Exhibit vnlue

These impressive molluses are very valuable for illustrating gigantism in the invertebrates and
have an importani ecological story fo tell, as they have been infroduced to many parts of the
world, mitially as a food source but ultimately becoming a serious pest,

Description

Ghant  land snails grow up to 25 em in shell lengih, but become mature at around 10 em
They nre varying shades of brown on the shell with a dark or light grey bady. The average
life span is normally 3=5 years,

Keeplng Requirements

These ammals do best m o fairly lirge aguarium fank with a glass or plastic cover to maintain
a relative humidity of 75-85%. A tank 60 x 30 x 30 em will adequaiely house up to six nduli
snnils, The bottom of the tank should be covered o a depth of 21 em with clean soil mixed
with either peat or moss, The ambient temperature should be in the mnge 20-24°C.

The snails must have a roady source of calcium at all times, which can be given in the form
of limestone (preferably in a large block) or washed cuttlefish bone at which they can rasp
freely, Pailure to supply calcium usunlly results in the snails rasping each others' shellz until
they become paper-thin and shatter when touched. In & natiral habital where acid conditions
prevail the snails obtain sufficient calcium from the vegetaton and from the shells of dead
snnils

These molluses are normally nocturnal and erepuscular in their habits, but rain or overcast
skies will readily encourage activity, as will a nse in temperature and humidity during
daylight hours. Like some of the Helix species these snails appear to have a homing instinet,
mnd readily seek retreats m which to retire.  If conditions change radically (too hot or cold,
ot lack of moisture) the snails will asstivate, usually by burrowing and forming a thin muce-
calcarsous epiphragm over the aperture of the shell, They can stay in this dormant condition
for several months quite happily without food or moisture, but they will not survive if the
tomporature diops oo low. They cnn survive o fairly cool period provided they are
neclimatised to it slowly,

Breeding

These snails nre hermaphrodite, ench individual producing both eggs and aperm, and any two
sexunlly mature snnils onn cross-fertilise sach other. Eggs are laid in clutches of 50-200. The
snnil usually burrows tnto the soil and deposits s eggs in o small cell, The eggs (which are
approximately 4mm in dinmeter) are protected by a hard shell which ranges in colour from
whitish to yellow. Hatehing 18 rather unpredictable and may take from 2 weeks to 3 monthi
The young snails usually eat part of the egg shell upon hatching and start to feed normally
aftei 24 hours



et
The snaila will ent virtually anything: most vagetables and fruis, cereals (such os oatmeal),

Beimax and biscuits,  Thoey will also take some meal and carrion, meluding their dead
companions. They do not normally dink, but after a prolonged perod of aestivation they
have been aeoi 10 take drops of water from leaves and condensation from cnpe sides.

*Livefood species ean alio be digplayed (see Section 5) espocially with supporting praphics
explaining the inter-relationship




Section 5

Fxample profiles of invertebrate conservation programme
work and related initiatives




The Parfula snpll Conservation programme

The 123 specias of Polynesion tree snnils that mako up the Parinlidae family are, or rather were, spreid
over & wids group of volcanic islands of the west, central and south Pacific. Each island had it own
unique treo snail species, which were ofton further restricted to individual valleys The product of
extrnordinary seloctive pressures, Parfula snails have provided evolutionary genetcists with one of the
most valuable exumples of speciation, untqualy illuminating the processes by which new species
originate.  Pariula snnils are also a valued part of the Polynesion's rich cultural heritage, Unfortunately,
successive introductions of the African giant land snml Acharing fieica (s serious agricultural pest) and
the ill-conceived biological conirel apgent Euglanding rosea (a predatory snail) have had n disastrous
effect on the region's endemic snls. The mtroduced predator paid seant attention to the large African
snuils preferring instead to attack the smaller endemie species. Within a very short time, many Pariula
apecies were literally saten to extinetion throughout their natural range.  In 1986 the intemationnl zoo
comimunity, in nssociation with IUCN's Captive Breeding Specialist Group, devised the Partula
Consorvation Programme with the aim of establishing vinble ex vine populations of as many endangered
Parila species as possible. UK Federation Zoo mombers have played the key rols in developing the
programme, which has grown to include 27 taxa (totalling nearly 11,000 individuals) in 16 collections
i Europe and North America. The bulk of these animals are maimtained in UK zoos at Jersey,
Hdinburgh, Bristol, Chester, London and the Wildfowl and Wetlands Trust st Martin Mere. The
progeamme 18 internationally co-ordinated by London Zoo's Inveriebrate Conservaiion Centre, linking
zood, winvarsitios md feld workers,

In addition to mantmning newly a hundrod separate penetic line populations of 26 tnxa the UK
participants have developed a range of  related initiatives to improve the survival chances of hese
delicate snuls, which present considerable husbandry challengos. The complex demographic management
considerations nssociated with such large populationa of eolony spocies has necessitated the development
of a unique computer system (CERCI) which for the first time has enabled the detailed monitoring and
analysis of demographic tronds, and environmental and genealogical data in colony populations (thereby
helping mannge other colony species such frogs and bats), Last year programme participants roviewsd
the conservation siatus of all 123 species in the Parulidae fanily and developed a comprehensive
Action Plan for the family (copy enclosed) which unifies the ex siiw and in site cloments of the
programme. An extenaive zoo-based screening protocol is in place o determing the nature and levels
ol entenic fauns in the wild and captive Partula populations (snsuring the eaptive snmls don't become
diseased, lose thewr natural resilience to endemic micro-organiams, or iniroduce alien microbes when
returned to their native habiat), The predator snaml i3 also being monitored, A comprehensive DMNA
analysis of all the captive populatons is alse under way (helping to determing the value of keaping
inbred and outbred lines for ench population in the programma), The effectiveness of the breeding
pragramme in muntuning viable populations was confirmed Inst year when a group of zoo-bred Pariula,
released onto native Polynesinn plants growing at Kew Gardens, proved that even long term captivesbred
anuils have rotaned their ability to readapt o a natural environment and diet  This work has in turn
created  the opportunity  of reiniroducing Parinfa into their native range by way of managed
predator-prool reserves (constructed from cheap, locally available materials and monmiored by local
wildlifs personnal). The first such trinl was carried out i August 1994 on the island of Moorea when
n 20 square metre roserve, containing three species of captive bred Parmda snails (all bred in the UK),
was eatnblished in an aren of forest within their natiral range.

Building upon aclievements to date, we are working towards a siwation five years hence whore there
i far greater local and inteimational awareness (through educational material and other initiatives) of the
scological disnster facing the Pacific roglon's endomic snail faunn. We also hope w0 facilitate the
construction of n series of Partla resorves, built and monitored by local people and seeded from healihy
soo-bred populations representing ovory andangered Parfula species, The Partuln programme (8 o classic
example of the need for conserving biodiversity in all its forms.



TABLE 2.1: Summary of conservation status of Partulidae by Island group
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The Field cricket programme

In 1991 the British population of the feld cricket Gryllus campesiris was on 0 certin extinetion curve with
only two surviving wild colonies totalling fewer than o hundred Individuals, The reason for the decline of the
field cricket in England was essentinlly loss of lis close-growing turf sites, largely due 1o the overgrowih of
vepetution as 8 result of changes in grzing practices, In an offort to avoid the certain loss of the surviving LK
populations, Fnglish Nature (EN) placed the feld cricket onto its Species Recovery Programme, The aim of
this ¢conservation initintive wis 10 recreate the cricket's habitat requirements in areas of its former ranpe and
to identify existing alternative sites that already provide suitable habiiat requiroments.  The other key need was
o extablish o captive-breeding programme in order to provide the lirge number of animals required for founding
new colonics. In Autumn 1991 English Natwre and London Zoo devised an action plan to establish n
captive-breeding programme at the Zoo's Invertebrate Conservation Centre using wild eaught crickets from the

surviving UK colonies,

In the spring of 1992 twelve wild field crickets were collected from the Sussex colony and taken to the Zoo,
These crickots were successfully reared 0 adult and produced over 1,000 nymphs, These nymphs were reared
at the Zoo under close management conditions until the nymphs were large snough to be released. Later thui
summer over 700 captive-bred nymphs were relensed into two selocted West Sussex sites, Field monitoring the
following summer revealed the presence of burrows and healthy adult erickets, confirming that both populutions
had successfully survived their first winter in the field. The same procedure was repented in 1993 with some
200 nymphs being released into a third EN selected site. In order to avold removing any further crickets from
the original wild colony, a number of nymphs were retuined at the Zoo to be taken through thelr delicate over-
winlering development stage, essentinl for providing the necessary breeding stock for the following season. This
clement of the breeding programme necessitated the construction of external rearing units with a el substrate
simulating the natural micro-habiiat and environmental conditions similar to that which the erickets experience
i the field. This strategy resulted in the successful production of some 1000 F1 generation nymphs which were
reared at the Zoo prior 1o rolease into a fourth Sussex site, Again, field surveys found over-wintered crickets
at all four release sites, confirming the establishiment of the F2 field populating at the two initinl release sites,
The Recovery Programme s continuing into the 1995 season with fresh founder stock enforcing the 172
generition Zoo-bred crickets, the young of which will be used to effect a filth site release later this summer,
In addition to providing lurge numbers of crickets for siie release, the breding programme has helped clarify
some important biological questions such ay sex ratios and how many egps females are capable of producing,
A range ol autecological work is also being conducted at the Zoo. A specially constructed large natural habital
fred supports a feral field ericket population that is being used (o observe the patterns of natiral behaviour such
a3 burrow usage und social interaction. Genatic finger printing studies are planned to commaence at the Zoo
later this year to determine just how much genetic varlation remaing In the mainland population and how much
varintion exisis between the UK and contlnental populations. Veterinury pathology work hng been conducted
at the Zoo o énsure that the field release stocks are liealthy, This programme I8 also Informing other
invertebrate species recovery work such as EN's Wart-biter ericket Recovery Programiie, On full display to
the public, the Zoo's contribution to the field cricket Recovery Programme has provided an excellent
oppartunity to help raise public awareness of this specles in particular and active species conservation in general,

The success of the field cricket Recovery Programimo to dato has nlready enabled HEN (o declare the field ericket
o be considerably more secure in g native UK range. The breeding and site relense work Is set 1o continue
for the foreseeable Tuture with a further four identified sites requiring introductions of captive-bred crickets,
Looking five years lience there is good reason (o gxpect the native UK population to be considered safe, This
programime also provides n very valuable modal for field cricket conservation action In areas of the species
continental range - laying the foundation for a potential Pan Buropean field ericket Recovery Programime,



Invertebrate patholopy: a developing and essential science for invartebrate
CONEETVALION

Andrew A, Cunningham, Veterinary Pathologist, Institute of Zoology, Zoological Society of
London, Regent’s Park, London NW1 4RY, UK.

[nverichrates comprise over 90% of the deseribed animal kingdom and possibly over 99% of
all animals on earth. For a variety of reasons, including a prowing awareness of their
ecologicnl importance and vulnerability, endangered species of this phylum are being
imcreasingly kept in zoological collections, Coneurrent with this is a growlng requirement to
improve the husbandry, including medicine, of these animals, Research into invertebrate
diseases is not new, but sueh work has Inrpely been in the field of pest control or of studics
on hasic physiology. Little attention has been patd to diagnostic pathology other than work
on certain groups which are of obvious economic importance, such us certan molluses, In
these cases the approach has been to investigate disease at the level of the population rather
than the individual animal. However, with the captive breeding of endangered species, the
individual invertebrate may be as important as any other (vertebrate) animal in a similar
situation,

The diagnosis of infectious disease is particularly  diffieult when working with
invertebrates becanse of the lack of information on the normal micro-flora and -fauna of the
animals. One way to help investigate this is o examine healthy free-living animals of the
stme species (and from the same geographical area) as those in eaptivity, but usually this is
not possible. At ZSL often we try to screen freshly wild-caught invertebrates in order to learn
something of their normal commensal micro-organisms, but this also miay be impractical for
i variety of reasons, not least because of the costs involved, both In time and money.
However, such information is very important, particularly if the animals, or their offspring,
are destined for eventual release (see below), Future trends are likely to be to carry out much
more of this type of fundamental work, both at ZSL and other collections,

In recent years, the Zoological Society of London has been increasingly involved in
captive breeding and release programmes for endangered species of invertebrate and, at the
same time, we have been developing appronches to investigating disease in our caplive
populations, This has involved both the development of diagnostic and therapeutic techniques
and the creation of computerised record systems that enable irends in fecundity, growth rates
and mortality (o be analysed, Such data are essentinl if optimum husbandry techniques are to
he employed and signs of early or subelinical disease are 1o be detected. Although the
individual wreatment of animals is considered o be conventional for vertebrates, it still i
regarded as unusual for invertebrates, However, at Z51. we have had some successes in the
individual treatments of insects in the face of disease epidemics, such as the treatment of
Olimpia’s ground beetles (Chrysocarabus elimpiae) with antifungal drugs,

There s a growing awareness of the dangers of the accidental introduction of alien
parasites when translocating animals, and this applies equally whether the target species hus
an internal or an external skeleton, The science of pathology has a major role to play in this
area of wildlife conservation, For example, st ZSL we postponed a release programme for
the wart-biter cricket (Decticus verrucivorous) when the eolony destined for release was found
o be infected with a fungus. Similarly, the reintroduction of captive-bred English field
crickets (Gryflus campesiris) was stopped when, on routing pre-release sereening of sacrificed



nymphs, the animals were found o be infected with a protozoan parasite of unknown origin,
OF course, should this parasite turn out to be natural to the wild population, then the release
programme cin be recommenced,

In conclusion, it is important that zoological collections and others are aware that
veterinary involvement in the captive care of invertebrates can result in improving not only
the welfare of the animals but also the conservation value of the breeding programmes
concerned, It the commitment to wildlife conservation by such institutions is to be taken
seriously then resources must be allocated accordingly, This is an exciting area for zoos and
£00 vets and there is much work to be done.



Section 6

Invertebrate livefood

Introduction

Eatablishing a hvefood production unit s a simple procedure. Several different livefood culiures
cin be housed in a small, well ventlated room (for the health of the keeper and the animals) with
u background temperature of around 24-29°C, A range of species can be cultured using very basic
materinls such ns buckets and tanks The following species profiles are indented to provide n

working guide to species selection and manienance:
Ixample species
Menlwaorms

One of the most comimonly used livelood species 18 the mealworm boetle Tenchrio molitor. This
atndard livelood specios goos thiough complete metamorphoms (epg, larva, pupa, adult) and is
very ensy o mamniain in culture. The basic requiremonts are a bucket, hall filled with bran into
which are placed the starter colony of adults and larvae. n addition to the bran, the menlworms
will rendily feed on fruit such as apple and orange and banann etc, Water 15 obtained from the
frutt and from a daily water spray onto paper towels that are placed on the surface of the bran,
The adult beetles should be placed in their own bucket where they will lay their eggs in the bran
substrate, producing a fresh goneration. The menlworms will go through their whole life eycle
in the bran Buckets, s a good dea 10 have soveral buckels l:uinu wl unee, each ol which can
have larvae at daifferent stages of development, This practice allows a size gradient o be
imainainod which oages larvesting and holps to ensure that the colomes do not die out either
through over-harvesting or through unimtentionally allowing one of the life stages o become
under represented. Larvae can be collected from the buckets either by hand or by sieving the bran
to cnich only Inivas of a given size

In nddition 10 the common menlworm Fmolitor there 18 8 gisnt mealworm apocies called
Zoophobus morio, 1t i generally conaidered that this apecies makes for a superior livefood
animal. In part this is because of ifs Inrger size and bocause of its higher Trait dist. The keeping
needs nre a little more complex than that of the ordinary mealworm species i ns much as the
larvae need to be separmtod just prior to pupation (such Iarvae are ploced into separate
compartments of for example egg trays where they will pupate)

Cricheis

Tho most commonly used hivefood cricket 15 the tropicnl house cricket Acheta domestica Like
the mealworins, this specios 15 very onsy to mintain in culture and requites little more than a
ik (with sides ot least 30 em high (o provent the erickets jumping out) stacked with cardboard
et trays (or similar - crumpled cardboard, for example) to allow the nymphs to hide, and seme



hide, and some tubs of moist soil or gand for the females to lay thewr eggs in. These crickets
will ent almost uny vegetable matier from polatoss to bananns. For the younger nymphs it
s desirable to provide a aprinkling of bran on the tank floor to give them a good start, As for
the mealworms it 18 a good 1dea o divide the cultures into n series of tanks, each containing
different developmental stages of crickets, This allows ense of harvesting of specific sizes
of erickets and ensures the breeding stock ia disturbed as hitle as possible,

In addition to the wopieal house crickel, a very good hvefood cricket i the Afriean field
ericket Gryllus bimaculatis, This species con be mantmned in exactly the same manner ns
the house ericket Tt is a larger animal and many consider it a better food species than the
held encket

lpive egje hatching times and development cycle himes]

Locusis

Although nutritious livefood animals, locusts are more demanding animals to keep i culiure
Thers is also o greater chance of iheir becoming pests in the wild if accidentally released

¥ruii flies Drosophila melaniogiaster,

Fruit flies are very valuable for feeding many other species of young invertebrates such as
mantis, anc orb spidars

Fruit Mies do very well in culture, and the culture medium can be made very easily, but it 1s
advisable that all apparatus is sterilised in n pressure cooker before setting up the cultures (o
reduce contamination by bacterin and fungi.
Basic recipe:

waler 120ml

cornmanl 16y

molasses By

agar I
Botl the ingredients together for 15 minutes, stiring well  Add a pinch of "Nipagin' or other
mould deterrent and boil for 5 minutes. While hot pour info 7.5 x 2.5 em strong glass fubes,
to i depth of 2 em, and add a small pinch of dried yeast, Covor the tubes and leave to cool.

When the medium has cooled, three pairs of Mies may be introduced 1o ench tubo, which i
then plugged with cotion wool or plastic fonm. A humid environment will help to prevent the
culturos from diying oui = this may be achievad by standing the tubes i a tray of watai The
Mies will mate and start laying egps immediately, Provided the cultures are kept warm (20%
25°C) the larvae will tnke n week or 50 1o pupite. Removal of the breeding stock at this point
will ensure that only the new flies are used to form the next breeding pairs, thus keeping a
atrong, healthy stock,  Any mite-infocted colonies should be disposed of

The sex of the flies ean be determined using o magnifying glass - generally, the males have
more rounded abdomens which are black-tipped. 1T winged forms of the fly are bemg used
tempornry anacsthosta may be required for ense of handling.  This ean be achieved by
gooling the Mes in o refrigerntor at 4°C until they appoar lifeleas
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