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Why Display Inverts?

> Yet of all the animals on the planet,
Insects are some of the most feared,
reviled and misunderstood... and under-
displayed!



OCTOPI WALL STREET

Invertebrates are 97% of animal diversity!



Without them, there’d be
no usl!
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» For every third bite of food you
take, thank a honeybee!



Insects and their Kin...

> ...are highlighted as the focal point of relatively
ew dedicated exhibits in North America.
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> ...share a nearly universal misunderstanding
and revulsion by American society.

> ...are the final frontier of zoological exhibitry!






Absolutely!




| still haven’t convinced you? Check this out...




So what are we talking
about here?

> Arachnids
> Centipedes



What we’re not gonna
cover today:

enoptera (ants, wasps and bees)...
e em, but WeJust don't nave the

cts. Ditto.
OUBIE AItLO;
> Microinvertebrate
> Nematodes
> Mollusks
» Crustaceans -
> Marine invertebrates -



Some general
considerations:

> USDA/APHIS PRO permits

> Locall and

> Safety



USDA/APHIS

> United States Department of

> Allow individual facilities to maintain
potential plant pest species by issuing
Plant Pest Quarantine (PPQ) permits.



The vast majority of the
Invertebrates displayed in zoos
tod Q—p.ermitted

USDA/APHIS
Containment Facility
Authorized Personnel Only



Basics of PPQ permitting:

> Each facility must be inspected and
approved as a Containment Facility.



Containment Facility design
(a very rough guide)

Double containment to prevent escape,
Including for exhibits...



...screened ventilation and drainage...




...and trash sterilization via incineration,
chemical treatment or freezing.

We freeze ours for 72 hours at -35°C.



Whereas USDA inspectors conduct
~ Inspections at zoological facilities
te ensure that AWA standards are
PEINg MEL, It'S HHO 1n) 5pe QS WHo
APPROVE;anaEl Make SUPSEYUENE SIte
H'J.)r)_._.._ OIS} Off INVERERRA

1Tt

[ S

it
Ataimment J'clf_.l aS... ensurine
that containment standards are
being met.




Local & State
Regulations

YC &v‘vlll need to Investigate those

Oy OUlIF GWN. JUSE KIIGW. f"{ MOV
tiial many/ states rEYUIREN e mItS
fOr- collection), transport, d]s;ﬁ Y of
release of any wila animais...
Including invertebrates
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> True bugs, bees and wasps, centipedes
and most arachnids are venomous... some
strongly so.

> VVenom allergies can turn a normally mild
pite, sting or spray. inte a medical
EImergency.

~ AlllvVenomoeus; animal ERcIOSUiESs spould ke

(‘Ir-\:l‘r]\/ arked.

- Eac n VENOIMOUS, enclosure shiouldicariy a

tag that ca J‘—‘ fermoved by thevict n

the event of a bite or sting, and kept

their body to Iet responders Know what
species Is involved.

> And...




..all New World tarantulas have
urticating hairs. e




Venom bracelets at the

San Diego Zoo
{ :‘:E’
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> SpecIes CIENLITIC anal comine
> Venom severlty written and color coded).
» Geographic origin.

> These are to go around the belt, never
around the wrist.



Safety protocols

t .IE.. onrnlly 210)0)

S)
 EYE protection,

» More specifics as we cover various taxa.



Enclosures

> Invertebrate enclosures run the gamut
“Jewel” boxes to large
double-doered tenana WILH —
NEorporated lighting an@ mist systems.

e

=ing
housed.

> Depending on the species, you may
need to install locks to prevent escape.



“Jewel” box Kritter Keeper
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Standard size

Tall arboreal

tanks




Microhabitat

A

cAVVety s
nsiae

get out of hand If |gnored



The characteristics of each
microhabitat depends on:

mbient envirohment: )

..... VOIUMmE aRECOmMPoSItion.

On.. contholliea Py alleWing mere

| IFte flow Intoe ther enclestre

> Moisture... amount that is'added througt
misting vs. the rate of evaporation.

> Lighting and photoperiod.
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Ambient Environment

A good target for the ambient environment In the
containment area iIs 80 F and 80% RH. We utilize
Alr-0O-Swiss ultrasonic humidifiers, coupled with
g]m,)l‘ ClIPE0N Fans o PreVenticonc

EALETS are: Jr-ur br CO|UISEAasOS)




A de-ionization system helps avoid
mineralization of humidifiers and
ineral staining of clear surfaces.




Substrate

~ Depending on the species, could need a

Ol: O 2lMOSE NORE:
- Veryﬂl OISE, BENE AR RIFSOIMEWRERE 1N
e middies
eg.—lrdl“' O the' VolUume;, REVErR et It
pecome saturatedi or It can r|u1r"ly
pecome septi
> Lots of materials to choose from...




. LANDSCAPES

All Purpose Soil Amendment

 and Top Dressing

Directions For Use

For new planting areas. apply 2 bags
‘per 100 8q. 1t and work inio top & ta 6
nches

ot wes and shrubs, dig hole
“tmes 1s dewp and twice 5 Wil
cantainer or oot bail. Mix half
‘and hat existing solltor backill
around new plant

T -
sl o o mecium.

Fot seed cover on awns or

fHavenation of old lswns, sproad one

bag of Loamex pés 100 3q. iy
e 003 .1

pr. undidad de & 8 6 pulgar

Para drboles y arbustos, b
sgujero 1.5 vaces tan profunda y dos
Veces tan ancho como el contenador
o bola de raices. Mzclar la mitad

de Losmex y 1a mitad dol susio
existen

de la nuava pl

Como mexcla para plantar, usar s
mitad de Losmex y la mitad de suelo
como medin para e crecimiento

Para cubrir samillas on céspedes o
Para of rejuvenecimiento de sespades
Visjos. ssparcir uma bolsa de Loamex
Por cada 100 ples cuadrados de At

———N
niento vigore®
s empiez?
x mezela




Substrate Amendments
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Ventilation

> Even for the most tropical and humidity loving
od thing.

as mold

i slir low can lead to c .Iesic.:c.:a
ENMESE arid Olf SPECIH

to cut more holes and * e m (hot
glue Is an entomologist’s best frlend!),
covering existing openings with plastic, or, In
extreme cases, adding small mist systems or
computer fans directly to an enclosure.



Screen top with adjustable cover

OMputer rTans mounteda Inside exnipit Noa -\




Moisture via Misting

> Usually the first thing you do along with health
checks, and the last thing you do before
ecking|up for the night... andipossibly several
IMEes 1 PELWEEN.

~ -~

VIGSE Species QENENTEITOMISOIMENEV /e
dally misting:" FoiF PEFCAINGI SPECIES

ormaily’ get Water: Irom dew on Ieax
essenti

> Always be mindful of how much water Is
entering the substrate, and consider the needs
of live plants in the enclosure.



Hand-held mist bottles with very fine setting
adjustments offer the most precise control.

Mist systems can also be
Integrated Into enclosures... just
don’t forget to turn it off or you’ll

have a mess on your hands! =* S



Lighting and Photoperiod

c.e U\/r\ S rnougnr ro "rlr Ulate a

» For most species, full-spectrum daylight lamps
are ideal.



nght"’]g types .‘ Incandesent heat lamp

mbo hood

T5 florescent tubes in a daisy chain

Power compact florescent






Phasmids (walking sticks)

REly on camoeullage; ok survival.
=Eeimalesilay eggs, WhIGhrnak '%out AS
It

Ry RYMPRS tdl g ROVWRNATIE
Completely RERIVOROUS:

> LIVE In tree ioliage... SOome Come down
to lay eggs, other just drop their eggs

to the soill. f .

> Can live In large groups.

> And...

gle)




...often exhibit extreme sexual dimorphism!

"

/™ Het_e otenyx dilz



Host plants

Hibiscus Boston fern

\ W o
L o “ '\\!& ‘

Acacia Blackberry bramble



Host plants

VaAlOUSHS




Storage in the containment area. If put in water promptly
after cutting, some host plants can stay fresh and usable
for two days. Filler plants (for déecor and/or perching) can
often last for a week if kept in clean water.




Spiny leaf insect
(Extatosoma
tiaratum)

UpStrate rno.,zly dry
Coco peat Is great, can pe
pad eggs and collect frass).

» Sexually dimorphic (large unflighted females, small flighted
EUT) N

» Be careful with the nymphs... they blend in very well with the
eucalyptus, and they’re fast!




Where’s Waldo?

There’s one nymph on the screen...
can you spot it?



Children’s stick
(Tropidoderus childrenii)

> Also thrive on eucalyptu
> Also subtrepicaip ‘
Extreme SEXUEINGIffgoreIISii:
> Dry subStHatey :

\SS

~ SmallFEYUSNESINIVIipEIIS!




Jungle nymph
(Heteropteryx dilatata)

> Tropical... thrive in high humidity.

GrpPRIG.

avorite host plants are blackberry
bramble, pyracantha and hibiscus.

» Large eggs.
» Nymphs generally stay still to blend in.




New Guinea spiny stick

(Eurycantha calcarata)

> The “Mikey” of the phasmid world...

[dVOrites are Rlackberry, nl_n.,f*u:, and
acacia.

repIcals iney needinigh numidiy/sanad
MEISIESEII:

e

programs. They are falrly relaxed on
hand, have a weaker pinch than a jungle
nymph, and are almost as large and
Impressive.

> Not very dimorphic, but...



..males have a large spine on the inside of each rear leg. Females do not.
Males also emit a skunk-like musk when they’re agitated. Females do not.
Lesson? OnIy use females for programs, and know which gender you're

A “T about to pick up! Hint: look for the

NE long ovipositor at the end of the

4 female’s abdomen.

| ————




Gilant leaf insect
(Phyllium celebecum)

e

LWL ITOISTSUD ST ALE!
NISUNGE
~ FEemalesiarop, theliseggsitotie:

il fromiabove. J o
Nymphs are not
particularly fast,
but blend In so
well that they can
be nearly
Impossible to spot.



Phasmid Egg Incubation

Phasmid eggs are easily collected and stored

in deli cups in an incubator, such as this
reptile model from Lyon Industries. Check
daily for hatchlings, and mist: deli cups as
needed. '

The eggs of some species
be viable for well over a
c b Sde 0 record the
grlein);

—
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Roaches:
the popular view

Roaches have never tasted meat...
until now.

She's just an appetizer.




Roaches In the real world

ecomposing

OIMPESErs, ana are
/_,:-..-..*rn_,

Some make fantastic display animals that also do very
well In a program setting.



Madagascan

hissing roach
(Gromphadorhina
portentosa)

owd favorltel

These

SVEE potato corn, ne, and cucur
> Fish flakes like TetraMin are a huge hit, and the high protein
load keeps cannibalism to a minimum.

» The trick to kick start breeding is heat... under-tank heat pads
and supplemental lighting can be used to push the surface
temperature above 90°F.

» S0 how do they hiss?...



They quickly F4
expel air ~ @
from thelr g
spiracles!

Can you tell the
poy from the
girl? Check out
the pronotum!



Gilant cave roach o
(Blaberus giganteum) - -

- ANIGLHET A argey0ach thatisery:
CONMOonNNNIcaptiVEICO!IECLIONSH

Notiasudealior hanalingasinissersiecalSeRtneyareiguickersand
MUCHIMOYESKIttisHEBUTAISplay Veryawell s

An easy display option HOrNiSISpe eaba.wmamhu all tank

with lots of vertical climbir 10 surfaces

> A prolific breeder that thrives on a broad range of produce. Also
loves protein supplements like fish flake or dry cat food.

> Unlike hissing roaches, it’'s tough to tell the boys from the girls.



A housing tip for roaches:

If using a glass tank, apply a thin coating of petroleum

D 17 .

jelly to the top 3™ of the enclosure.

—=
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Beetles

> The largest slice of the insect pie, beetles
epresent well over 300,000 species!

~ All DEETIES UNAErGE a COmpIELE
(agn 0 larVa o) pupal teraduli)k..
QUELEr Ty

el :,%ny, lardenedieuie

Calledie
WIngs:
> They have sharp grasping hooks, called tar

at the end of each leg.

> Beetles are vital to a healthy ecosystgm and
make for beautiful display animals.

i), al@ they ProLE




Beetle rearin’ ain’t easy!

"




Atlas beetle
(Chalcosoma atlas)

» One of the largest beetle species, the males have 3
enormous horns with which they fight over food and

_ove,
r)ollan

> Larvae need to be reared I
individual tubs with LOTS of
rotting hardwood that Is
replenished often.

» Very strong with huge tarsi.



2%
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Jade-headed buffalo beetle
(Eudicella smithi)

freeze it first.

» This species is very prolific... you’ll probably end up
culling larvae if you maintain any sizable group of
adults.



North American dung beetle
(Canthon pilularius)

_j dUnRg|REEWE, ana wWillstay active on
S0Il, dS OPPESEUE LOIURRENING dURY

ERLEd Wi e dURNG Gl SEVETAIfSpEe
and they defini ely r)r—'re c_:!ccle dung: OuiFaungrco
from the zoo’s lowland| e
> The dung goes In the freezer: for a week to kill

earthworms and any parasites. We then remix it by
[gloved] hand with water until it’s the texture of wet
cement... then serve!

» While they display well in large numbers, they are
better at reproducing when housed as pairs.




Why | got into entomology
In the first place...

ANOA DUNG
| PR INstcT DEPT




Millipedes

ey are not insects; they are myriapods.
“Millipede” means “1000ilegs,” but at 2 pairs of
EJSI pPER oAy SEgmENnTs IS Ustally ne mere than
2EW NURArEdNETSIPEFaniiial

~ AllFaEIEECOMPRSENS; ana areVeERAERENCIal Lo

- | f.' ”~ > 4 . Hlf Ll
LINCIT €COSYySLelTls.

their exoskeleton if agitate Gloves are

recommended, as the secretions of some species
can stain bare skin.




Giant African millipede
(Archispirostreptus gigas)




> They need deep, moist
substrate, and will climb if
headroom and perching is
available.

Some favorite foods are
r(_,rn:-‘-\‘r cucumber, zucchini
LOIMatoes, SWEeEL potatoes,
LOIMatees and apples.

IIREYZGATISsUlier on CUtiGlie
SSUESHSEIWENEEA LIENT
QOWUETEUGILTIFSPIIKIEU RO
LAENTPreGUcES

Ihe trick to getting offspringis
[0 AIStUrD tne substrate as
Ittle and as Intreqguently as
possible. IT a partial soi
change IS needec ave as
much of the old stuff as you
can.




Grasshoppers and
Katydids

> Perching Is essential.

» Some species have a powerful bite.



Rainbow lubber &

-

(Romalea guttata)®

> From southeast US. . =
> \oracious eaters.

= ¥ ; e
jump.
NVITI[I7

[EEUErS



Long legged katydid
(Macrolyrlstes corporalis)




> Need lots of space.

> Eat a variety of cut
produce.

» Fantastic program
animals, but keep
them inside as both
Sexes can fily:

-
\i



Jumping stick
(Stiphra sp.) "

» Looks like a phasmid, but
actually a grasshopper.

> lnrive on blackberr
pramunie.

Qr
Eggs; WIIG
Qanarnast
INey e quick, and can jump)
very. fe



Mantids

[ ¥
¥\ &
| 5 t@%
— N,V
/ &1‘ —
N\

\ > 4

, )
v = T -
.
: T

“fh P/L

o=

5 8

-

3
A

> Allfare predators.

> Many have amazing camourage.

> Require perching and live prey.

> Moveable head and amazing vision.

» Can be mated without the male meeting
end, but you’'ve gotta keep an eye on them!




Dead leaf mantis
(Deroplatys dessicata)

emales have a
arge shield on the
TEhe thorax.

DISplay:very well
And telerate’1ots of
gisturkance.

> Will lay and guard

an ootheca (egg | DD i
- ] P~ S ig ¥
case) even if she’s N g

never mated. - @t



True Bugs

[rue pugs are

D, -

ct
d QY tREI PIENCING/sUcKIing

N
rd

P

TEU; ,)ei (S.

colegicallys b
[NOUgNISo

» They often sport aposomatic coloration
warning of a painful bite.




White-spotted assassin bug
(Platymeris biguttata)

> They thrive in groups

ZYIMENV!
LO KA
I prey.
They can also spray

their salive, so WEAR PR /. )
SAFETY GLASSES. % ed

» They’ve got a painful S v ;
bite, so WEAR 4 WO TR

GLOVES.




Arachnids

Spiders, scorpions
and their relatives.

EFeund all'ever: the
world:

Are vital 1or
population’ contral.

Grow by molting.

8 legs, 2 main body
parts — 100%
fascinating!




Goliath bird eater
(Theraphosa blondi)

Largest known

LOVES 0 DUrGW.

chance, but |t s more
likely to ambush its
prey on the ground.

> A definite crowd
pleaser on exhibit.



A trip to the hospital for some dermal glue.




Desert hairy scorpion
(Hadrurus arizonensis)

> Largest scorpion in
[h America, but not

[Ne mMost venomous.

help it capture prey.

> Spend their days
hiding and their nights
hunting.



Emperor scorpion
(Pandinus imperator)

One of the world’s

Al ely ofjiee) e'

Live under leaf littetr
sometimes in large
groups.

> The females are attentive
mothers, which Is rare
among scorpions.




Centipedes

> Another type of myriapod.

/Iea 514100 legs. * I reality; each individual

ASH. Pallf Ol IEGS, PERF POGEYASEGIIERT

> All are predators:

> The most commoen te display’ are the largest
members of the genus Scolopendra. |

» Incredibly fast. Use extreme caution.\



snake clips on lids.

Use
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Our facility
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Exhibit Area







Polinator Garden
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