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Black spots on early L3 larva.
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After graduating from Vanderbilt Uni-
versity in 2001, I joined the work force and
got unexpectedly busy. I decided to leave
the beetles for a while. But what’s in one’s
blood will always remain in one’s blood. My
beetle crave got resurrected when I walked
by a beetle pet store in Taiwan and it was
offering D. hercules larvae. 1 thought to
myself: “I have yet to grow a 170-mm mon-
ster.” Right there, right then, I was recon-
nected with beetles again. Of the 20 second
instar larvae for sale, I picked the 3 males
and 1 female that I thought had the most po-
tential. In order to grow them to their maxi-
mum capacity, I gave them the best feed and
a temperature-controlled environment. For
the next three months, these larvae flour-
ished. Looking at these flawless, fat larvae,
” Little

[ even said to myself: “I’m the man!
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The Black Spot msease

did I know that I was about to be struck with
the biggest disaster of my beetle career.

Because high quality decayed veg-
etation can now be easily obtained in large
quantities in Taiwan, I decided by Novem-
ber to keep more subspecies. I purchased 4
young third instar D. h. occidentalis larvae.
I was at the peak of my confidence. Inciden-
tally, on the same day, I found three buck-
ets of deserted compost from two years ago
when [ was rearing Lucanus stag beetles in
the attic. I thought it would be too much of
a waste to simply throw it out and decided
to mix it into the Hercules feed. This move
might have planted the seed to disaster.

The mixed compost was offered to the
4 newly acquired D. h. occidentalis larvae.
A month later, I was ready to do a substrate
change and give them a weigh in. There was
so much anticipation. I was sure they had
each gained 20 plug grams easily. I thought
[ would start with a male. I dumped the larva
out with care. But what was in front of my
eyes shocked me. It wasn’t an expected fat
larva. There was no need for the scale either.
Just with my naked eye, I could tell that he
had shrunk! No way! I was dumbfounded. I
quickly dumped out the other three larvae.
Although they hadn’t shrunk, they hadn’t
gained weight either. I was shocked. The
temperature was perfect; the substrate was
the same as I've always used; the humidity
was normal. I thought and thought. At the
end I could only make the conclusion that
the larvae were just genetically unfit to be-
gin with.
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Two weeks later, a third instar male D
h. ecuatorianus larva previously recorded
to have a shocking growth rate not only
hadn’t gained weight, but lost 5 grams. I was
getting hysteric. I decided to check all the
larvae. It was discovered that of my four D.
h. hercules, three D. h. ecuatorianus, two
D. h. lichyi and four D. h. occidentalis, two
D. h. ecuatorianus, three D. h. occidenta-
lis, and one D. h. lichyi had lost weight. 1
knew something was wrong for sure. But I
hadn’t thought of the possibility of an epi-
demic. As had planned, I purchased 10 more
first instar D. h. hercules larvae. I thought
about what [ had done in the previous few
weeks and started to suspect the two-year-
old waste compost from the attic. Therefore,
for the newly acquired larvae, I prepared a
new batch of substrate for them. For the next
two months, the new larvae grew normally.
But for the earlier larvae, things went from
bad to worse. They had all stopped gaining
weight and two D. h. ecuatorianus, one D.

h. lichyi, and two D. h. occidentalis had
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The Black Spot Disease

died. The five that died exhibited two symp-
toms before death: 1. They stopped moving
about in the substrate. 2. Brown to black spots
developed on their bodies. The spots ranged
from 1 to S mm in diameter and were oval to
irregular in shape.

As the newest ten D. h. hercules grew
healthily, I was sure the disease was under
control. As a result, I boldly purchased eight
more D. h. trinidadensis and ten more D. h.
septentrionalis. Yet fatefully, at around this
time, fungus gnats had reproduced out of con-
trol off larval substrate and stock substrate.
They were entering and exiting all the larval
containers freely through the ventilation holes
drilled on the covers. The gnats might have
become the spreading agent for the black spot
disease.

Suddenly, many larvae had stopped feed-
ing. Through the clear containers, larvae
could be seen motionless. Upon examina-
tion, all of the 40 plus larvae had developed
the black spots and 1 temporarily called the
disease “black spot disease.” It was a highly
contagious disease. For the next few months,
the larvae struggled. Three patterns were ob-
served:

Pattern A: larvae developed black spots —
larvae stopped feeding — black
spots enlarged — death occurred.

Pattern B: larvae developed black spots —
larvae stopped gaining weight but
continued to feed — one day the
larvae stopped feeding — black
spots enlarged — death occurred a
few weeks later.

Pattern C: larvae developed black spots —
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Black spots on late L3 larva.

larvae stopped gaining weight but
continued to feed — larvae suc-
cessfully pupated and eclosed.

No larva was able to gain weight once
the characteristic black spots appeared. Most
larvae died within three months. When this
epidemic broke out, the heaviest larvae were
around 80 grams. They were the three D. h.
hercules males from the first batch. They
got successively worse. The last one died
in December of 2006 and his weight had
dropped to 30 grams. It took him fully one
year to wither and succumb to the disease.
He was also the last to die in this epidemic.
Death rate for middle L3 larvae and late L3
larvae was lower. Death rate for early L3
larvae was exceptionally high. The older the
larvae, the more likely they are to survive
the disease. L2 larvae were able to shed the
black spots during their molt to L3. Howev-
er, the black spots reappeared a few days to
a few weeks later. Death occurred not long
thereafter.

From the initial few larvae exhibiting
the black spots to all 41 larvae exhibiting the
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The Black Spot nlseasel
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black spots only took three months. Worthy of
note is the three-month period was the time for
the later larvae to exhibit the black spots. Con-
traction of the disease might have occurred
much earlier. What’s for certain at this point
is the black spot disease is highly virulent with
a high mortality rate. Although I had kept all
my larvae individually, every single one of
them still came down with the disease. There
are two possible ways for the transmittance of
the black spot disease: one being air and the
other being contact (in my case, it would be
the fungus gnats).

I wanted to know how infectious the black
spot disease was and if it was genus-specific.
So I obtained four second instar Xylotrupes
gideon larvae and fed them only used sub-
Surprisingly,
nothing happened. The larvae grow healthily

strate from hercules larvae.

and eclosed as major adults in early summer of
2006. Not one single black spot was observed
on any of the larvae. At the same time, I also
experimented with two second instar Chalco-
soma caucasus larvae. Black spots occurred
within weeks. The larvae were able to shed the
spots upon molting to L3. But the spots oc-
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L3 Lucanus cervus judaicus with black spots.

curred weeks later and the larvae perished.
Most amazing was | had kept some super
worms as fish food in the same room with
the larvae. These worms were kept in a near-
dry environment. Yet one of the worms ex-
hibited the black spots. Although there was
no telling if the spots on the super worm and
those on the rhinoceros beetle larvae were
caused by the same disease, the discovery
was nerve-wrecking.

The black spot disease cost me
gravely, both financially and spiritually. In
order to provide the larvae with the best
growing environment, I had my home tem-
perature controlled 24 hours: AC during the
summer and heat during the winter. After
the black spot disease broke out, I no longer
visited beetle shops. Nor do I visit friends
who rear beetles. If there was a need, we
always met at a third location and I made
sure to thoroughly shower myself before the
appointment. I also stopped trading beetles
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The Black Spot

completely. I was deeply fearful of spre
the black spot disease.

Although the experience was a so
ful one, I had learnt to be a positive thin
should consider myself fortunate that the
spot disease broke out when I only had 4
vae, not 400 or 4,000.

In this epidemic, only three D. h

cules female larvae made it to pupation. C
them died a few days later. For this indiv
the black spots had grown into her body
she was still a larva. During the pre-pupa
as a way to avoid the black spots, the
formed far away from the larval skin. A
the space between the pupa and the larval
there was a lot of liquid. The entire pre.
appeared to be a big blister. After pup:
the pupa seemed dehydrated, as it rem
flat and wrinkled. Another died a few da
ter eclosion due to human errors (the art;
pupal cell wasn’t properly made and the
adult tumbled over and damaged its back)
last one eclosed on December 8th, 200¢
became active on January 18th, 2007. Sh
mated on February 7th and placed in the b
ing tank on the 10th. Surprisingly, she diec
eight days later. The substrate was checke
larvae on March 28th, but only five rotten
were found.

Can the black spot disease be treated
ter some research, it was discovered that
lar black spots also occur on snakes and
pions and they are caused by predatory f
Affected snakes and scorpions can be tr

by having iodine rubbed on affected
twice a day. If not treated, affected anima
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likely to die. It was pointed out that a dry
environment can prevent the disease from
spreading. However, three problems are
encountered. One, is the black spot disease
caused by fungi? Two, even if it was, as sen-
sitive as larvae are to disturbance, they can-
not be dug out twice to have iodine applied.
Furthermore, black spots do not occur only
on the surface. The effectiveness of iodine
application is probably limited in treating
larvae. Third, it’s not possible to keep larvae
in a dry environment. I have tried lowering
humidity of substrate, but this didn’t stop the
disease from spreading. It appears the black
spot disease is a dead-end street for beetle
larvae. As a result, prevention is key. After
some analysis, I came up with five possible
ways of transmittance:

1. By air.

o

[ handled all the larvae with my bare hand
and I did not wash my hands in between
larvae. Some larvae might have already
been infected but not yet showing symp-
toms.

3. All the larvae shared one substrate filter
and it was not washed between use.

4. All the larvae shared one filtered sub-
strate holder and it was not washed be-
tween use.

5. Fungus gnats and cockroach nymphs
were entering and leaving all the rearing
containers freely.

As long as the black spot disease is not
transmitted through air, the following mea-
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The Black Spot mseasei

sures should suffice in keeping it contained:

1. Keep all larvae individually (larvae already
kept in groups should not come in contact
with larvae from other groups) and make
sure all the ventilation holes on the contain-
ers are meshed to prevent entrance of un-
wanted pests such as fungus gnats and small
cockroaches.

2. Waste substrate and stock substrate should
never cross contaminate (for example, waste
from larva A comes in contact with the stock
substrate and the stock substrate is then fed
to larva B).

3. Avoid moist substrate more than 8 months
old.

4. Wash hands (or tools) thoroughly before
handling any larva (some breeders even wear
gloves or use spoons as the human hand is
full of bacteria).

The black spot disease is a mysterious one.
I remember having seen black spots on larvae
as early as over a decade ago. And those spots
weren’t caused by wounds. In fact, it was men-
tioned in the first edition that larvae occasion-
ally exhibit black spots for unknown reasons.
However, the black spots never caused any
death then. The Dynastes granti larva on page
79 and Goliathus goliatus larva on page 231
have the characteristic black spots on them. Yet
those larvae eclosed safely in 2000. Could there
be more than one kind of spot-causing disease?
Could the black spot disease be fatal only under
certain circumstances? What is the black spot
disease? I decided to take my frozen larvae to

an insect pathology lab.
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[ first sent high-resolution images to
Dr. Wang Chung-hsiung of National Taiwan
University, who is an expert in insect pathol-
ogy. After reviewing the photographs, he ex-
pressed that the pathogen could be fungus,
bacterium, virus, or nematode. A definitive
diagnosis would require thorough analysis
of larvae’s hemolymph.

In the meantime, I had also learnt impor-
tant new information. As it turned out, devel-
oping black spots is an immune response of
insects. Black spots are a result of melanin
aggregation. Because melanin can suppress
fungal growth, the immune system forms
black spots where skin is attacked. In other
words, pathogens do not directly cause black
spots. As a result, the “black spot disease”
is really not a disease, but an immune re-
sponse. When black spots form on an insect,
we can only say that it is under attack, but
the identity of the pathogen can only be re-
vealed through lab analysis. If the black spots
are small and remain so, the insect has suc-
cessfully blocked the pathogen. If the spots
continue to enlarge, melanin is no match for
the attacker, and the larva is likely to perish.
This explains why the larvae from a decade
ago with small black spots all eclosed safely.
Furthermore, we can make the assumption
that the pathogen then was completely dif-
ferent from that of this outbreak.

If black spots occur on a larva, do the
following immediately:

1. Wash larva with tap water.

o

Keep larva in a different container with
new substrate.

3. Discard old substrate.

4. Soak old container in 5% bleach solu-
tion for 24 hours to disinfect.
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Then all the hobbyist can do is hope for the
best.

After analysis by Dr. Wang Chung-hsi-
ung’s lab, the pathogen was identified as a
coccidium of the Genus Adelina, a single-
cell parasite. The source of infection is cock-
roach excrement. After a larva consumes
contaminated substrate, the coccidium pen-
etrates the larva’s intestinal lining and enters
the fat body tissue, in which it proliferates.
The larva’s immune response is triggered
and black spots form. The coccidia spread
through larval excrement. Oocysts of coc-
cidia have a protective layer that is resistant
to drought, freezing, and alcohol. Effective
disinfectants include 5% bleach or formalin
solution

Black spots do not signify contraction
of coccidia. However, if dead larvae or ex-
crement test positive for coccidia, all larvae
should be frozen and cremated. Even if lar-
vae successfully eclose, their body is still
loaded with coccidia. If they are placed into
the breeding tank, the disease organism will
only spread.
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Sample of infected fat body tissue. All the dots are
coccidia. Circled portion represents cell infected with
coccidia. Photograph taken by Dr. Wang’s team.
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