SUSCEPTIBILITY OF CITROUS FRUITS TO THE ATTACK
OF THE MEDITERRANEAN FRUIT FLY
By E. A. BACK, Entomological Assistant, and C. E. PEMBERTON, Scientific Assistant,
Mediterranean Fruit-Fly Investigations t Bureau of Entomology
INTRODUCTION

Since the discovery in 191 o that the Mediterranean fruit fly (Cer otitis
capitata Wied.) had become established in the Hawaiian Islands, the fruit
growers, and especially the citrous fruit growers, of the mainland States
have increasingly feared that this dreaded pest would be able to gain
access to the mainland on some one of the many ships plying between
Honolulu and the Pacific coast and would appear in the citrous orchards
of California and Florida. In addition to this danger from the Pacific,
there have been similar fears regarding imported fruits from the Bermudas
and the Mediterranean regions. While investigations carried on by the
Federal Horticultural Board have shown that the opportunity for entry
and establishment of the fly from these trans-Atlantic countries is very
slight, there remains the ever-present danger that sooner or later this
pest will reach the mainland from the Pacific, in spite of the increasingly
rigid quarantine of Hawaiian host fruits. It is therefore opportune to
record data secured in the Hawaiian Islands which tend to show that even
if this fruit fly should obtain a foothold in the warmer portions of the
United States, it probably would not be the serious pest to citrous fruits
that previously published literature would indicate.
HISTORICAL REVIEW
This literature has been full of references to the havoc caused to citrous
fruits by the Mediterranean fruit fly. The first published reference is
by Latreille, who states (1817)1 on the authority of Cattoire that the
colonists of Mauritius could with difficulty obtain citrous fruits sound at
maturity, on account of the attacks of a dipterous insect that deposited
eggs in the fruit. MacLeay (1829) writes of this pest as an inéect very
destructive to oranges and states that fully one-third of the oranges arriving in London from the Azores were in a decayed condition as a result of
the attacks of this pest. He also secured the insect from citrous fruits in
Madeira and the Cape Verde Islands. F. DeBreme (1842) speaks of this
fruit fly as a pest to oranges near Malaga, Spain; and Westwood (1848),
under the caption "The Orange Fly," mentions securing specimens from
1
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decayed oranges received at London from St. Michael. Villeneuve (1859)
exhibited before the Entomological Society of France an infested orange
from Algeria, and Laboulbène (1871) describes the injuries caused by the
fruit fly to oranges in Algeria and quotes from notes furnished him by
Boisduval to the effect that at Bildah and in all Algeria the orange crop
was completely destroyed by the insect. On the other hand, Rondani
(1870) writes that the species is rare in Spain and is found in Italy only
in the southern part.
While the purpose of this article is not to record the literature of this
fruit fly, these few references are sufficient to show that much of the early
literature greatly emphasizes the destructiveness of the Mediterranean
fruit fly to citrous fruits and has laid little stress upon other fruits more
susceptible to attack. It is also interesting to note that much of this
older literature, which has been generously copied by later writers, records
damage to citrous crops grown in very equable climates and in localities
where presumably, as in the Hawaiian Islands, there are many host
fruits whose commercial value was so small that they escaped the notice
of these writers, who judged of the seriousness of the pest by the fruits
arriving at their home markets or from common reports. It is also very
possible, with our more exact knowledge of the causes of the decay of
fruit in transit and of the wholesale shedding of citrous fruits in the field,
due to several fungous diseases, to question the reliability of some of the
earlier statements.
HOST FRUITS

Apparently the first observer who did not entirely agree with MacLeay's statement that whenever a puncture is found in the rind of the
orange "there is a worm concealed in the interior" is Laboulbène, who
said that when he compared his observations on the damage done to
oranges by the Mediterranean fruit fly with those recorded by others he
found certain contradictory facts which needed further investigation.
These contradictory facts, although Laboulbène did not know it, were
concerned with what has been determined by the writers as an excessive
mortality occurring among the eggs and larvae of the Mediterranean
fruit fly in the orange rind. This mortality, which in the examination of
39 grapefruit that were yellow in color amounted to 99.7 per cent of 7,722
forms, as shown in Table I, will prove a very effective factor in checking
this pest in the citrous regions of the United States, especially when combined with the climatic and floral characteristics of these citrous regions
and the method of growing and harvesting the fruit.
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I.—Results of examinations of ripe citrous fruits infested by the Mediterranean
fruit flya

Kind of fruit.

Larvae.
Kggs.
Punctures.
Number
Dead.
Alive.
of
fruits
ex- Emp- Not Nor- Abnoramin- ty. emp- mal.
In
In
mal.
In
In
In
ty.
ed.
puncpunc- rag.
rag.
pulp. ture.
ture.

Grapefruit
I,emon
I,ime,
Shaddock No. 1
Shaddock No. 2
Kusaielime
Sweet orange
Sour orange
Chinese orange

39
5°
50

123

380
180
0

48

14
17

58

194
251

28

57

85

378
185
218

44
237
80
452
174
"5

959
693
345
5
6
19Ó
287
664

Si 882
729
187
36
38

207

286

20
29
0
0

5

1
0
0
152
2

0
0

25
55
3
0

201

0

5

397

55

0

17

1,026

20
0

9
8

231

383

534
339
474
17
405
156
1,237
347
8

326
15
424
38
696
280
1,652
59
14

In
pulp.

0
0
0
0
0
0
0
1

17

Total
number of
forms
examined.

7,722
1,805
1,455
303
1» 155
838
3*645
2,357
923

a These examinations were made sufficiently long after the fruits were gathered to permit all eggs to
hatch. All eggs recorded in tables are in reality dead, even though certain of them are marked " normal "
in appearance.

The excessive mortality referred to does not mean that citrous fruits
are less attractive to the adult Mediterranean fruit flies or that the fruit
of certain species of the Citrus family is not capable of becoming badly
infested. Reference to Table I shows that the female fly freely oviposits
in grapefruit, lemons, limes, shaddocks, and sweet, sour, and Chinese
oranges. Whatever may be the degree of preference shown by the
females for other fruits, it is not great enough, at least under Hawaiian
conditions, to lead them entirely to ignore citrous fruits, even when
these are grown in close proximity to such a favored host fruit as the
peach. A study of the data in Table II shows that the female has a
much stronger preference for the mango (Mangifera indica) and the ball
kamani (Calophyllum inophyllum) than she has for the orange or lemon.
While the data are very limited as to the amount and the number of
fruits treated, they are indicative of conditions in the field covering
a larger range of fruits. In Bermuda during December, 1913, the senior
writer found oranges unaffected while Thevetia and loquats (Eriobotrya
japónica) were well infested. Unfortunately for experimental purposes
there are in Hawaii no large Citrus orchards free from other host fruits.
Instead there are growing a great profusion of host fruits, chiefly in city
or suburban districts, which furnish a rapid succession of fruit flies.
No matter, therefore, what preference the ovipositing females may show
for noncitrous fruits, the flies are present in such large and constantly
augmented numbers that the slowly maturing citrous fruits are bound
to be attacked. This is especially true during the months of December,
January, and February, when a comparatively small number of host
fruits other than Citrus are in season. Like conditions also exist at other
seasons of the year during the short intervals between the ripening
of other host fruits. While many of these host fruits ripen quickly,
the citrous fruits, with the exception of the Chinese orange, develop
69733°—15
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slowly and offer themselves for attack over a considerable length of time.
Female fruit flies have been seen in Honolulu ovipositing in certain
grapefruits and oranges over a period of two or three months. It is not
therefore contradictory to the statement that citrous fruits are not the
preferred hosts of the fly that we find so large a number of punctures
recorded in Table I.
TABLE

II.—Host-fruit preference of the Mediterranean fruit fly

Experiment
No.

Combination and condition of fruits.

fOrange, ripe but green in color.
\Mangot partially ripe

Number

-M,imK0-

17
92

f Orange, partially ripe.,
\Mango, partially ripe..
(Orange, ripe.
\Mango, ripe..
fOrange, partially ripe..
\Mango, partially ripe..

ios
I3S
84

¿Orange, ripe.
\Mango, ripe..
{Lemon, green in color
Mango, partially ripe
Ball kamani, partially ripe.
(Lemon, ripe
Mango, ripe
Ball kamani, ripe..

58
114

(Lemon, partially ripe
Mango, partially ripe
Ball kamani, partially ripe.

54
376

[Mango, nearly ripe
<Ball kamani, ripe but sound
(.Lemon, beginning to turn color.
¡Orange, ripe
Mango, partially ripe
Ball kamani, partially ripe
Rose-apple (Caryophytlus jambos) nearly ripe.

28
242
34

{Orange, ripe
Rose-apple, ripe
Mango, ripe
{Lemon, beginning to turn yellow.
Mango, partially ripe
Ball kamani, mature but solid

HABITS OF MEDITERRANEAN FRUIT FLY

For those unfamiliar with the Mediterranean fruit fly it may be briefly
stated that this pest belongs to the order Diptera and the family Trypetidae.
It is one of many species of this family that cause much injury by their
attack upon various fruits. In the Hawaiian Islands the fly attacks over
30 different species of fruits and has caused great financial loss. The
adult female, which is about the size of the ordinary house fly, pierces the
skin of the host fruit and forms an egg cavity beneath, in which she
deposits eggs. The larvae which hatch from these eggs either burrow at
once to the center of the fruit, as in the peach (Amygdalus pérsica), or
may feed in the outer portion, as in the star-apple (Chrysophyllum
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cainito). In either case the fruit is rendered worthless by the developing
larvae before it is ripe. When the larvae become well grown, they leave
the fruit (PI. XL) either before or after it has fallen and enter the
ground or other protected places and transform to the pupal stage, from
which the adult later emerges. In Hawaii the Mediterranean fruit fly
requires in passing from the egg to the adult stage from 14^ days in summer to about 47 days during the coldest winter weather. In this paper
the words "puncture" and "egg cavity" are often used synonymously.
PROPORTION OF EGG PUNCTURES CONTAINING EGGS
The data in Table I show that many of the punctures in the rind made
by the female contain no eggs. In one of the most favored host fruits,
the peach, practically all the punctures made contain eggs. Of 534 punctures made in 112 peaches but 13 were empty. The rind of lemon contains a much higher percentage of empty punctures than that of any of
the other citrous fruits in Hawaii, except the Kusaie lime (Citrus limetta).
In the 50 fruits examined 380 empty punctures were found, as compared
with 185 with eggs. Practically all punctures in Chinese oranges contain
eggs. (See Table I.) In the 85 fruits examined only 1 puncture out of
116 was empty. Grapefruit, or pomelos, shaddocks, and sour oranges
seem to be preferred for oviposition to the ordinary budded or seedling
oranges. It has been noted that adult fruit flies, especially the males,
congregate in large numbers on citrous trees, and in the laboratory both
sexes are quickly attracted to pieces of cut rind of citrous fruits. They
seem to take pleasure in feeding upon the oils and other substances contained in the broken cells, and it is possible that in the field their liking
for juices made available by the process of forming the egg cavity is so
great that the females discontinue ovipositing and begin feeding. The
large percentage of empty punctures in lemons and Kusaie limes, in particular, can not be ascribed to a lack of ripeness, as in practically all instances the fruits examined were fully grown and a large percentage were
colored and overripe.
MORTALITY OF EGGS AND LARV#
Although many punctures in citrous fruits may be empty, others contain a sufficient number of eggs to infest badly a fruit not so well
equipped by nature to withstand attack. Out of 13 punctures in one
grapefruit 9 contained 76, 153, 32, 25, 18, 8, 46, 113, and 9 eggs, respectively. While this is a larger number of eggs than is usually found in a
like number of punctures, it is sufficient when supplemented by the data
from other citrous fruits to arouse interest in finding a reason why, with
so many eggs deposited in citrous fruits, so very few flies succeed in reaching
maturity. (See Table I.) Thirty-nine oranges, either yellow or orange in
color, picked from the trees on September 13, 1913, and containing an
average of 32 punctures, with a maximum of 108 and a minimum of 7
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punctures, developed no flies, and their pulp was in a sound though
somewhat shrunken condition after they had been held in the laboratory
for one month.
That there takes place in citrous fruits a very great and previously
unrecorded mortality among the eggs and larvae is clearly set forth in the
data in Table I. This mortality is especially pronounced in grapefruit,
lemons, sweet oranges, and Kusaie limes in Hawaii, is less in Hawaiian
limes and sour oranges, and very much less in Chinese oranges. It has
been a common belief among many in Hawaii that citrous fruits are too acid
to permit the lame to live in their pulp until ripe, in spite of the contradictory evidence that the quite acid Chinese orange is generally infested.
The data in Table III are here given in proof that no citrous fruit, not
even the lemon, is too acid for the development of Mediterranean fruit-fly
larvae. A study of the data shows that there is a high mortality among
larvae transferred to citrous fruits. Too much importance, however,
should not be placed upon this, as these fruits must be mutilated somewhat in the process of transferring the larvae and therefore are more
easily attacked by decay fungi, which bring about a condition not especially desirable for the growth of larvae.and often positively fatal to their
development. The data are of special interest in proving that even
first-instar larvae are able to reach maturity in well-grown though green
lemons. The percentage of first-instar larvae maturing in green lemons
was in several instances even greater than that of larvae maturing in ripe
lemons.
TABLIï

III.—Development of larvœ of Mediterranean fruit fly in citrous fruits
Transference of larvae.

Number of larvae.
Instar.

FromBall kamani
Winged kamani ( TerminaHa cataPPa).
Chinese orange
Apple
Ball kamani
Do
Winged kamani
Chinese orange
Do
Ball kamani
Winged kamani
Do
Chinese orange
Do
Ball kamani
Winged kamani
Do
Ball kamani
Do
Winged kamani
Papaya
Chinese orange
Winged kamani
Do
Papaya (Carica papaya) ..
Chinese orange
Winged kamani
Papaya
Chinese orange
Ball kamani

ToRipe lemon.
do

Feb.

Green lemon
California lemon....
Ripe lemon
Green lemon
Ripe lemon
do
Green lemon
Ripe lemon
Green lemon
Ripe lemon
Green lemon
Ripe lemon
California grapefruit
do
....do
....do
....do
....do
Ripe sweet orange...
do
....do
....do
....do
....do
....do
....do
....do
....do

28
...do.
Mar. 12 to 15. ...do.
Feb.
Second
...do..
12 to 17.. ...do..
14 to 18.. ...do..
18 and 19 ...do..
18
Third.
16
..do..
12 to 26.. ..do..
18
..do..
18
...do..
20 and 21 First..
...do..
13 to 21.. Second
20 to 22.. ...do..
20 and 21 Third.
...do..
First..
...do..
13
...do..
12 and 13 Second
...do..
17
16
...do..
13 to 16.. Third.
..do..
17
16
..do.,
do..

First.
..do..

Transferred.
41

! Ma; tured.
23

120

120

17
4S0
160
20
120
40
40
60
80
260
60
220
80
20
120
240
60
60
20
20
40
140
40
60
120

17
381
117

I?
no
32
2Ó

33
SO
207

48
125
71
13

67
137
27
22
12
20
IÓ

6S
28
32

«4

99
43
3
14
27
30
53
12

- 95
9
7
53
103
33
38
8
o
24
75
12

28
96
20
Si
32
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The data in the tables make it evident that the cause of the mortality
is not the acidity of the fruit. The figures are of interest in showing
that the mortality occurs largely in the rind, either among the eggs in
the punctures or among the newly hatched larvae in the egg cavity
where they hatch or in the rag beneath. The percentages of mortality
occurring among eggs and newly hatched larvae are given in Table IV.
TABLE

IV.—Mortality of eggs and larvœ of Mediterranean f mit fly in the rind

Kind of fruit.

Grapefruit.....
Lemons
Limes
Kusaie limes...
Sweet oranges..
Sour oranges...
Shaddock No. 1
Shaddock No. 2
Chinese orange.

Total
number
of forms
examined.
8,222
991
838
3^35
2,357
ij ISS
303
1,039

Mortality in percentages in
rind.
Among
eggs.

Among
larvae.

90-5
76.1
43-1
47<6
19.O
71.7
3.8
13-5
3-7

9-3
21.0
55-ó
79-o
17.3
95-3
18. i
46-5

Total.
99.8
97.1
98.7
99.- 4
98.0
89-0
99. r
31.6
51.2

MORTALITY AMONG EGGS

As eggs deposited in such host fruits as the peach and loquat hatch
with great certainty, the writers were of the opinion that the oil in the
oil cells of the rind was an active agent in killing the eggs in citrous
fruits. In puncturing the rind in the process of forming the egg cavity
the female is likely to drill through one or several oil cells and the oil
thus freed, though not of sufficient quantity to drive the female away, is
sufficient in many instances to kill all or many of the eggs deposited.
The data in Table V indicate that there is no question that the oil causes
the death of the eggs. Only 163 out of 1,600 eggs treated with oil
hatched, as compared with 1,313 out of 1,600 eggs held as a check. The
eggs under observation were dissected out of punctures in California
apples and placed on fresh foliage in moist jars. The treated eggs were
not sprayed according to the usual method, but by bending over them a
portion of the rind of fresh orange (in the first record) or fresh lemon (in
the second and third records) so that the oil from the ruptured cells
reached the eggs in that fine mistlike spray familiar to all who have
eaten freshly gathered oranges. The much larger number of treated
eggs that hatched in the last record is accounted for by the writers by
their being fully 20 hours older than those in the second lot when treated.
It should be stated that eggs removed from their host do not usually all
hatch, as some sustain slight injuries and others may be infertile. See
Table V.
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V.—Effect of oil from rind of orange and lemon upon the hatching of eggs of the
Mediterranean fruit fly

Period of depositing eggs.

Treated
with oil. Check.

Number of eggs
hatched.
Treated. Check.

1.30 p. m., Mar. 22, to 9 a. m., Mar. 23
9 a. m. to 1 p. m., Mar. 27
9a.m., Mar. 27,to9 a.m., Mar. 28
Total

609

800:
400
400

800
400
400

119

364

1,600

1,600

163

*■■>$*■&

41

3

Further evidence that the oil in the ruptured cells is the killing agent
is the very small mortality among the eggs deposited in the Chinese
oranges. Since in this fruit the rind is only about two twenty-fifths of
an inch in thickness, the female is compelled to deposit her eggs either
through the rind into the pulp or in a position between and parallel to
the rind and pulp, but at a distance from the puncture that seems to be
a protection from any oil set free by the puncturing process. Of 609
eggs thus deposited between the rind and the pulp 600, or 98.5 per cent,
hatched, as determined by an examination of 85 fruits one week after
they had been picked. A comparison of the 98.5 per cent hatched in
Chinese oranges with the percentage of the mortality among eggs in
other citrous fruits emphasizes the part the oil has in causing mortality
among eggs. It is also interesting to note in passing that the eggs in
Kusaie limes, the rind of which is sufficiently thick so that the eggs are
deposited directly beneath the puncture, die with great regularity, while
the eggs in Hawaiian limes, the rind of which may be sufficiently thin to
permit the eggs being deposited as in Chinese oranges or so thick (according to the individual tree) that the eggs are laid either in the cavity in
the rind or between the rind and pulp but directly beneath the puncture,
suffer a degree of mortality between that of eggs deposited in Chinese
oranges and Kusaie limes.
While in Chinese oranges the eggs deposited between and parallel to
the rind and pulp hatch with great regularity, those deposited through
the rind into the pulp are subjected to a mortality caused either by excessive moisture or lack of air. Eggs thus laid are usually placed beneath
the skin covering the pulp, and the fascicle which they compose
appears, after the rind has been removed, as a dull white spot that is
easily overlooked. Usually no trace of the opening through the skin
covering the pulp through which the eggs have been deposited can be
found. The eggs appear thoroughly sealed within the pulp. In some
few instances the opening is distinct and occasionally an egg is left in it,
half in and half out of the pulp. When these openings in the skin occur,
the eggs appear to hatch normally. Egg masses deposited entirely
within the pulp may be located externally a few days after oviposition

jan. i5,1915

Citrous Fruits and Mediterranean Fruit Fly

319

by a round white sunken area in the rind which varies in size with the
passing of time up to an inch in diameter. Of 560 eggs found in the
examination of the above-mentioned 85 Chinese oranges 471, or 84.1
per cent, were unhatched and dead. This same kind of mortality occurs
to a less extent in ordinary Hawaiian limes, but with no regularity, as
the rind of these fruits in most instances is so thick that the female can
not place her eggs within the pulp.
MORTALITY AMONG LARVAE

It has been shown that mortality among the eggs occurs in the rind and
in the pulp. Larval mortality occurs chiefly during the first instar, either
in the egg cavity or in the rag beneath. Though mortality does occur in
the pulp to a slight degree, no further notice of it will be taken, as it has
little bearing upon the general purpose of this paper. The data in
Table I show that of 6,571 larvae recorded as dead but 18 died in the pulp,
while 3,166 died in the egg cavities where they hatched, and 3,387-in the
rag of the rind. The causes for this mortality of larvae in the rind are
threefold : The oil from the ruptured cells, the texture of the walls of the
puncture, and the texture of the rag.
In the treatment of the eggs with oil, as recorded in Table V, it was
found that of the larvae hatching from the 163 eggs out of the lot of i,6oo
eggs sprayed all died either before they were entirely out of the eggshell
or before they had crawled much more than one-fourth of an inch. They
exhibited a general weakness entirely lacking in normal larvae. Larvae
hatching from check eggs were normal and crawled actively to all parts
of the containing vials. As the oil sprayed on the eggs and foliage on
which the eggs rested appeared to have entirely evaporated by the
time of hatching, the writers believe that the few larvae that succeeded
in emerging from the eggs died from weakness imparted to the developing
embryo by the oil with which the eggs were sprayed rather than from
the effect of any oil still on the foliage with which they came in contact on
hatching. Subsequent experiments have shown this supposition to have
been correct. The writers believe, therefore, that the very large percentage of the deaths among newly hatched larvae occurring in the egg
cavity is the result of the action of the oil liberated during the formation
of the cavity—oil which is sufficiently abundant to weaken the developing
embryo but not abundant enough to kill the egg.
To such weakened larvae and probably to many other normal larvae
hatching in egg cavities made without the rupture of oil cells the texture
of the walls of the cavity present another difficulty. In many host fruits,
such as the peach and loquat, the eggs are crowded into and completely
fill the cavity made by the female, but shortly after oviposition, possibly
as the result of the action of a fluid introduced by the female with the
eggs, the flesh of the host shrinks considerably from the eggs, thus usually
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leaving the eggs well separated and with ample room, making conditions
favorable for the newly hatched larvae. (See figs, i and 2.) On the other
hand, in citrous fruits no such enlargement of the egg cavity takes place.
Instead there occurs a general hardening of the walls of the cavity, and
the eggs remain as tightly packed as when deposited. In many instances
the cavity walls become almost woody.
In fact the egg cavities in all the thicker
skinned citrous fruits, such as grapefruit, lemons, and sweet oranges, resemble a gall the cavity of which is filled
with eggs and the opening more or less
clogged with a yellowish substance
FIG. I.—Cross section of peach, showing egg
cavity of the Mediterranean fruit fly with from the ruptured cells, and in Hawaii
eggs. Drawing made directly after Opposi- still further sealed by exudations of
tion. Original.
gummy secretions, especially in certain
grapefruit, limes, and lemons. These gall-like cavities in the rind do not
share in the general withering of the rind that takes place in citrous
fruits after they have been picked for some days, but stand out from
the general surface as small nodosities. (See fig. 3.) It is usual in host
fruits of the fruit fly for the punctured surface to develop a depression.
These thickened and often woody walls of the cavity no doubt offer an
obstacle to the larvae reaching the
rest of the fruit which they can not
overcome; hence, the larvae are
forced either to die in the cavity itself
or to work their way out through
the opening of the puncture to the
surface of the fruit. It is probably
seldom that larvae leave the fruit by
way of the opening of the puncture,
but a few newly hatched larvae have
been found by the writers with their
bodies half way out of the fruit.
Larvae that succeed in getting out
of the cavity must burrow through The 2.—Cross section of peach, showing the general shriveling of the walls of the egg cavity and
the rag before reaching the pulp, and the separation of the eggs. Drawing made \XA
this is a difficult task, as evidenced days after oviposition. Original.
by the fact that out of 3,345 newly hatched larvae that succeeded in
reaching the rag, as shown in Table I,1 3,276, or 97.9 per cent, died in
the rag. The larvae, after leaving the egg cavity, burrow in all directions,
but seldom get more than 1 inch from the cavity and usually not that far.
Often they are able to reach the skin covering the pulp or to burrow
1
This number excludes shaddock No. i and sour and Chinese oranges, which are of no commercial value
and are more easily infected than grapefruit, lemons, limes, and sweet oranges.
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down between the sections of the fruit, but seem to be lacking in strength
to penetrate the skin after they have reached it. There apparently is
nothing in the rag itself as a food to cause the death of the larvae, as larvae
can attain full growth when feeding on the rag of certain shaddocks.
Whether larvae die or not seems dependent upon the degree of toughness
of the rag, and the closeness with which the rag adheres to the skin
covering the pulp. The toughest rag found was that of sweet oranges
still hanging on the tree in March in a much overripe condition. These
fruits had begun to be pithy at the stem end, and the rind, which was
more or less russeted, had begun to wither and yielded no oil when sharply
bent. These fruits were very much like the overripe, badly russeted seedling oranges frequently
found on trees in Florida during April and May as
"leftovers" from the winter crop. In the 20
fruits examined, containing an average of 7 punctures to the fruit, no larva was able to penetrate
the rag. The coarsest rag or that with the loosest
texture is that found in certain large shaddocks
growing in Hilo, Hawaii (PI. XLI). These fruits
were much overripe when gathered from the tree
in March. An examination of 14 of these fruits
showed that out of 245 larvae, mostly in the third
instar, present in the rag and pulp, 152 were alive
in the rag, 55 alive in the pulp, and only 38 dead, all
in the rag. Fourteen other shaddocks, apparently
in the same state of ripeness but growing on
another tree and so very much undersized as to
resemble a medium-sized grapefruit, had a very FIG. 3.—Section of grapefruit
rind, sfiowing two egg cavimuch tougher rag. An examination of these fruits ties, one in cross section.
Drawing made one week
showed that but 5 very young larvae out of 701
after fruit was picked. Note
found in the rag were alive and that no larvae had conical elevation about the
egg cavities left by the
succeeded in penetrating the pulp. The data in withering
of the rind; also
the thickened walls of the
Table I show that in the grapefruit, lemons, limes,
egg cavity and the single
and sweet oranges examined, 326, 15, 424, and larval channel in the rag.
1,552 first-instar larvae, respectively, died in their Original.
attempt to puncture the rag, as compared with but 1 first-instar larva
found alive in the rag of grapefruit and 17 third-instar larvae found in the
pulp of sweet oranges.
The ordinary sour orange of Hawaii, which is identical with that grown
in Florida, possesses a loosely attached rind the rag of which is much
looser in texture and from the standpoint of imperviousness to the young
larvae seems half way between that of the ordinary sweet orange and large
well-ripened shaddocks. After the larvae have succeeded in passing
through the rag of these oranges they work their way between the rag
and the skin and finallv enter the pulp, usually at the blossom end.
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Hawaiian limes possess less rag than sour oranges and the larvae reach the
pulp more easily;. In 1,692 ripe and yellow limes picked during April,
showing an average of about 5 punctures to the fruit, the larvas succeeded
in reaching the pulp in but 287 cases. Chinese oranges have been shown
to be generally infested because they possess a very thin, loosely fitting
rind, and for practical purposes may be said to possess no rag. Unfortunately the writers have had but little experience with tangerines (Citrus
nobilis), as these are rarely found in Hawaii, but such few fruits as have
come to their attention have been well infested, which is to be expected,
because of their thin, loosely fitting rind and rag.
PERSISTENT ATTACK LEADING TO INFESTATION OF THE PULP
Laboratory experiments and field examinations have shown that the
female fly seldom deposits more than six eggs in a puncture at one time.
So well has nature equipped the average citrous fruit to withstand attack
that it is doubtful whether such fruits as the grapefruit, lemon, or orange
would ever become infested l until very much overripe, if the female fly
formed a new puncture for each batch of eggs deposited, thus making it
necessary for the larvse hatching from each lot of eggs to face identical
difíiculties in reaching the pulp. This, however, she does not always do.
As many as 153 eggs have been taken from a single puncture in grapefruit.
A very large number of punctures contained more eggs than the female
deposits normally at one oviposition. It is very evident, therefore, that
females oviposit in a large number of instances in the same puncture
rather than make a fresh puncture for each batch of eggs. Frequently
freshly laid eggs have been found in egg cavities from which channels
made by larvae from previously deposited batches of eggs extend through,
to, and into the pulp or in punctured areas of the rind showing dry decay
which is known from observation to have been forming for fully one
month. Usually the rag beneath a puncture develops a discolored area,
no matter whether the puncture originally contained eggs or not, and
very often this discoloration of the rag, which appears to be caused by a
dry rot, extends to the outer rind and causes deadened, sunken areas to
form about the punctures. Such blackened areas, which had been
developing in the rind of well-punctured oranges held at the laboratory
for one month after picking, are shown in Plate XLII, figure 2.
It has already been stated that many larvse die in the rag and that
before dying some of these larvae channel through the rag in all directions.
Often all the larvae escaping from a puncture will be found dead next the
skin protecting the pulp; again they will be found dead at the heads of
channels extending fully 1 inch from the puncture. In large shaddocks
they may even channel 3 or 4 inches through the loose rag (PI. XLI).
1 The term "infested" is here applied to fruits which have larvae in the pulp, show decay, and become
generally unfit for consumption.
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It is evident, therefore, that larvae hatching from the successive batches of
eggs deposited in punctures or in the decayed areas of the rind forming
about the punctures find conditions increasingly favorable to their ultimate success in reaching the pulp. The longer the fruit is allowed to
remain on the tree after it becomes ripe, the easier it is for the maggots to
reach the pulp. The rind can not withstand indefinitely the persistent
attack of successive lots of larvae and the work of decay fungi to which the
punctures give entry (PL XLII, fig. 1). Thus, 39 sweet oranges showing
an average of 32 punctures to the fruit, gathered from the trees in September, 1913, at a time when they were just becoming ripe, developed no
larvae. On the other hand, out of 784 sweet oranges gathered during
March, 1914, in a very much overripe condition, 254 produced 2,272
larvae, or an average of about 9 larvae to the fruit. On account of the
looseness of the rind and rag of sour oranges and the greater ease with
which the rind is destroyed by decay fungi, these fruits are more quickly
infested by the fruit-fly larvae.
While both sweet and sour oranges in an overripe condition ultimately
succumb to the repeated attacks of the Mediterranean fruit fly if permitted to remain on the tree, lemons, both of the commercial smoothskinned and the rough-skinned varieties, withstand these attacks with
a constancy that is astonishing. Lemons are not grown in sufficiently
large numbers in Hawaii to permit the writers to record observations on
large quantities of fruit, but even in orchards where the fruit is heavily
punctured infested fruits are very seldom found. In about two years'
time only three infested lemons of the commercial variety and one of the
rough-skinned variety have been seen by the writers or by fruit-fly
inspectors. Out of 235 well-grown and for the most part ripe lemons of
the commercial type, picked from the tree, only 1 developed larvae (this
contained 3), and this fruit when picked was partially decayed as a
result of a thorn prick. Out of 161 lemons of the same variety, taken
from the ground in a very much overripe condition, but 2 developed
larvae—1 and 5, respectively. No larvae developed in 434 ripe roughskinned but badly punctured lemons picked from the tree. One partially
decayed rough-skinned lemon taken from the ground produced 12 larvae.
The thicker skinned grapefruit, such as the writers have had an opportunity to study best, have shown a strong resistance to the repeated attack
of larvae or fungi. Yet these fruits were all grown on less than a dozen
trees and in one garden. Twenty-five fruits taken from beneath these
trees in a very ripe condition and showing an infestation of the rind
equaling that recorded in Table I of the 39 fruits picked from the same
trees, produced no larvae in the pulp. However, larvae have been found
in a few thin-skinned grapefruit that were in a very much overripe condition.
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SECONDARY ATTACK OF CITROUS FRUITS BY INSECTS OTHER THAN
THE FRUIT FLY AND BY FUNGI
The excellent experimental work of the Bureau of Plant Industry
carried on in Florida during the last few years has forcibly demonstrated
the causes of decay of citrous fruits in transit from orchard to market.
Mechanical injuries to the rind have been found to be a fertile source
of trouble by furnishing entry for decay fungi. The writers believe
that a great share of the decay of oranges en route to market, recorded
in the early history of the Mediterranean fruit fly, was caused more by
insanitary conditions in the holds of ships than directly by fruit-fly
larvae. It is more than likely that the oranges shipped from the Madeira
Islands and the Azores to London contained fruit-fly punctures which
greatly aided the blue mold in its destructive work.
Statements made by the early writers and even repeated in the
Hawaiian Islands at the present time, that citrous fruits drop as soon
as punctured, are untrue. There is no such thing as a general shedding of fruits following puncturing of the rind. Oranges and grapefruit have been known by the writers to hang on the tree from two to
three months after they were first punctured. It is probable that the
wholesale shedding of fruit recorded by others was caused by fungi or
physiological troubles.
Species of Drosophila and Bruchus may usually be found ovipositing
in breaks in the rind of Citrus made by the Mediterranean fruit fly.
Their persistent attack, supplemented by decay fungi, causes an appreciable amount of decay in Hawaii.
EFFECT OF ATTACK OF THE MEDITERRANEAN FRUIT FLY UPON
CITROUS CROPS OF CALIFORNIA AND FLORIDA
In the opening paragraph the writers made the statement that their
investigations in Hawaii have led them to believe that even if the Mediterranean fruit fly should be introduced into the citrous regions of the
United States it would not become a serious pest to citrous fruits. In
the Hawaiian Islands, especially in the lowlands, climatic conditions are
more favorable for the rapid increase of the fruit fly than they are in
any section of the United States or of the Mediterranean regions where
oranges are grown commercially. The monthly mean temperatures at
Honolulu during 1912 and 1913 ranged from 69.6o to 79.2o F. During
the hottest summer weather the fruit fly requires a minimum of about
14^ days to complete its life cycle from egg to adult. During late
December, 1913, and January and early February, 1914, it required
many flies fully 47 days to reach maturity in common guavas (Psidium
guajava). During March and April, 1914, the fruit fly required from
20 to 30 days to pass from egg to adult in half-ripe peaches and from 28
to 40 days in lemons. In Bermuda during December and January,
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when the monthly mean temperature normally ranges from 62.5o to
64.8o F., the senior writer, with the kind assistance of Mr. E. J. Wortley,
Director of Agriculture, Bermuda Agricultural Station, found that the
length of the pupal stage was about 31 days, which would make the
period for development from egg to adult about 58 days in favored
hosts. In Honolulu the cold-storage experiments of the writers have
shown that the fruit fly requires about 91 days to complete the same
development at about 56o F. A temperature of 54o to 57o will not
prevent adults from emerging from pupse in cold storage, although it
lengthens the pupal stage from 8 days, a normal minimum required at
Honolulu in warm weather, to 36 days. Very few eggs out of several
hundred were able to hatch at a temperature of about 53o to 54o, while
practically no eggs will hatch nor larvae mature at a temperature of
50o F. A continued temperature ranging from 33o to 46o F. will kill
pupse and larvae, although both may be subjected to these temperatures
for short periods without apparent injury. Freezing temperatures
have proved generally fatal to both larvse and pupse. At 45 o larvse are
not able to pupate, although some hardy specimens may become active
and pupate if removed at the end of a month from this temperature to
the normal Honolulu summer temperature. A total of 10,203 second
and third instar larvse kept at a temperature varying from 42 o to 46o
were all dead at the end of 45 days, except one third-instar larva which
was probably moribund, while out of 10,959 second and third instar
larvae kept at a temperature varying from 33o to 38o none were alive
after the seventeenth day.
These data from the notes on file are given here to show that even the
cool winter climate of the lowlands of Hawaii has a decided effect in
checking the increase of the fruit fly, that temperatures as low as 56o F.
greatly lengthen the life cycle, and that a temperature of 50o to 52o
practically prevents eggs from hatching. Unfortunately no data are at
hand on the effect of the temperature varying above and below a mean
temperature ranging from 500 to 53o. Certain deductions, however,
can be made from known facts regarding the development of the fruit
fly in the Mediterranean region, especially in southern Spain, France,
Italy, and Sicily, that show that the fly does not multiply, or at least
undergoes an extremely slow development, when the monthly mean
temperatures range from 500 to 54o. During the spring and summer
of 1913, Prof. H. J. Quayle, of the University of California, investigated
the status of the fruit fly in the Mediterranean regions for the Bureau of
Entomology,1 and his observations bore out the contentions of the
present Italian entomologists that the fruit fly is not a serious pest to
Citrus in Spain and Italy. The fact that Prof. Quayle found no evidence
1

Quayle, H. J. Citrus fruit insects in Mediterranean countries.

10 pi.

1914.

U. S. Dept. Agr., Bui. 134,33 P-. 2 fig-.
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of fruit-fly infestation in oranges and lemons in Spain during March or
in southern Italy and in Sicily during April, May, and early June is
strong evidence that the fruit fly is prevented by the mean temperatures prevailing in these countries from becoming a pest during the
winter and spring months. Loquats are a preferred host of the fruit
fly, being badly attacked when flies are present, and the appearance of
infested fruits is such that infestation is easily detected. Even during
July at Valencia, Spain, Prof. Quayle found but a slight infestation of
peaches and overripe oranges. In August, near Palermo, Italy, peaches
were found badly infested, but lemons growing in the midst of peach
trees were not infested. Reports indicate that in Spain and southern
Italy the fruit fly may cause some damage to ripening oranges during
September and October, although this is slight and of short duration.
Citrous fruits, especially oranges, are not usually punctured by the
female fruit fly until they are well grown and about to turn color, and
the period of time is short after they reach this stage of ripeness until
cool weather renders the fly sluggish. The season of the year, therefore, when the bulk of the citrous crops are best suited for fruit-fly attack
coincides with the season of inactivity of the fly due to lower temperatures.
The mean monthly temperatures given in Table VI indicate that the
Mediterranean fruit fly would find conditions in the citrous regions of
Florida and California quite similar to those in Spain and Sicily. The
Florida temperature, especially in the citrous regions of southern Florida,
is decidedly above the winter means of those of California. However,
even if the temperatures were higher than they are, the writers feel that
the fruit fly would assume a minor position as a citrous pest. The cool
winter weather would have the same retarding effect upon development in California and Florida that it has in the European countries.
■ TABLE VI.—Monthly mean temperatures in citrous regions

locality.

Seville, Spain
Malaga, Spain
Naples, Italy
Palermo, Sicily
San Francisco, Cal
Redlands, Cal
San Diego, Cal
Portersville, Cal
Jacksonville, Fla
Eustis, Fla
Miami, Fla
Myers, Fla
Honolulu, Hawaiian
Islands
Prospect Hill, Bermuda

DeJanu- Feb! Au- Sep- Octo- Noary. ruary. March. April. May, June, i July. i gust. tem- ber, vem- cember.
ber. ber.
52. 2
53-6
46.8
5°-5
50-0
5I-0
54-o
49.8
55-0
58.0
65.0
62.0

55-9
55-4
48.4
52.1
53.0
52*0
55-o
Si-6
58.0
61.0
67.0
65.0

59-5
57-6
51-4
54-7
54-o
55- O
56.0
59-o
63.0
67.0
71.0
68.0

63-9
61.5
56.8
56.8
SS-o
61.0
60.0

69.6
6s-7
63-7
64.0
57- o
66.0
62.0

68.0
70.0
74-o
72.0

71.4
62. s

70.8
62. 2

69-6
63-9

72.6
66.1

78.1
71.4
59- o
74-o
65.0

84-7
76.8
75-6
7Ó.3
59-o
78.0
68.0

84.9
77-2
75-0
76.6
59-o
78.0
70.0

78.1
72-S
69.8
73-4
61.0
72.0
66.0

75-o
77.0
76.0
77-o

80.0
81.0
81.0
80.0

82.0
83-0
82.0
81.0

82.0
83.0
82.0
81.0

74-6
71.4

76.0
77-7

77-4
79-8

78.2
81.0

70.3
70.7

78.0
80.0
81.0
80.0

68.4
66.0
63.1
67.3
60.0
65.0
64.0
66.0
71.0
73.0
78.0
75-o

60. i
60.3
54-7
59-4
56.0
59-o
59-o
57-0
62.0
66.0
74.0
70.0

S2.9
55-4
48.7
53-4
Si-o
53-0
5Ó.0
48.0
56.0
60.0
69.0
64.0

78.2
78.0

77-6
73-7

74-6
68.6

74.0
64.8
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The general effect of retarded development of the fruit fly due to cold
weather is to increase the mortality among all stages. Even pupae are
subject to an increasing rate of mortality the longer they are subjected
to lower temperatures. Adults seem more able to withstand prolonged
cold weather than any of the other stages. One individual was kept
alive by daily feeding for A^A months during a Hawaiian winter and
spring. However, during the cooler months the adults are more sluggish
and fall more easily a prey to adverse climatic conditions, such as heavy
winds and rains, and to predaceous insects. Mr. George Compere reports
having seen adults sunning themselves on orange trees in Spain after a
night during which the temperature dropped to freezing, thus showing
that adults can withstand temporarily any cold snap likely to occur in a
citrous section. However, the fact that adults do not succeed in thriving
during the winter temperatures of southern Spain and Italy and in
Sicily seems to be well proved by the fact that it is only during the
summer and early fall that the fruit fly becomes a serious pest in favored
host fruits and in overripe citrous fruits. If this were not so, fruits
would become badly infested much earlier in the season than they do.
The number of adults surviving the winter must be very small. Even
the mild winters of Hawaii at Honolulu have a very noticeable effect
upon the numerical abundance of the adult flies, as shown by trap experiments extending over one full year.
In addition to this beneficial effect of lower winter temperatures, both
California and Florida growers will receive further protection as a result
of the conditions surrounding the growing of Citrus as a commercial
proposition. In the Hawaiian Islands, especially about Honolulu, citrous
fruits are subjected to the most severe attack imaginable under field
conditions. They are attacked over long periods by an abundance of
fruit flies that mature in many host fruits ripening at intervals throughout the year on all sides of isolated citrous trees. The number of wild
fruits in which the fruit fly can breed in the citrous regions of California
and Florida is, in comparison with Hawaii, so extremely small that the fly
would find conditions unfavorable for rapid increase, even if weather conditions were more favorable. In many instances large acreages of Citrus occur where vegetation is normally decidedly stunted unless irrigation is practiced. With the excellent work of the horticultural inspectors in California
a reduction of the noncitrous host fruits in and about citrous groves is a
practical proposition. Even near-by orchards of drupe fruits are not
the menace that they seem to many, inasmuch as their crops are unsuitable for fly attack except during short periods of the year. The very
scarcity of vegetation that can not be destroyed which produces fruits
subject to fruit-fly attack makes it possible to attach a far greater importance in California and Florida than in the Hawaiian Islands to the
excessive mortality of the fly discussed in this paper. It has been shown
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that it takes repeated attacks to infest grapefruit, lemons, and oranges
in Hawaii -and that the pulp of these fruits is infested usually only after
the fruits are very ripe; in fact, not until they become much riper than
commercially-grown oranges usually are allowed to become in either
California or Florida, unless exception be made of such varieties as late
Valencias. The relatively small number of adult fruit flies entering a
block of citrous trees would find it very hard to establish themselves,
since the numbers would be so insignificant as compared to the fruit
surface suitable for oviposition that each female would be less likely to
oviposit repeatedly in the same puncture. Her progeny would therefore
meet with almost insurmountable difficulties in reaching the pulp.
It has been stated that in Hawaii citrous fruits offer themselves for
attack over several months and that they are not subject to serious
attack until they have turned or are about to turn color. It is a wellknown fact among horticulturists that in very equable climates the pulp
of oranges may be ripe enough to eat while the rind is still very green.
In Florida and California this is not so true. One has only to visit the
packing houses in either State to be convinced that much fruit is gathered
for the early trade in a semiripe condition, or at least when the rind is
quite green in color. The writers feel safe in saying that market conditions are such that early fruit is placed on the market at the earliest
possible moment, in order that high prices may be secured. The fear of
unseasonable frost and freezes has made it difficult for those who have the
interests of the citrous industry at heart to prevent the shipping of too
green fruit. It would seem that with a reasonable expenditure of more
care than labor, citrous groves in either Florida or California can be
made so well protected from the Mediterranean fruit-fly attack that such
few flies as enter them during the fall will find the early fruit, upon which
they can work because of its degree of ripeness, picked before they are
able to injure it to any extent. The cold weather will protect the later
fruit by rendering the fruit flies inactive, and by the time the spring
temperatures become suitable for fly activity the bulk of the fruit will
have been marketed and the numerical abundance of the adult flies
greatly lessened.
In addition, if it becomes necessary, as a result of unfavorable conditions, to use artificial means of control, spraying with a cheap poisoned
bait will be a practical method of reducing the number of adults. If the
writers under most adverse conditions can reduce by spraying the number of adult fruit flies over 50 per cent in one city block in Honolulu,
into which it has been proved that adults are continually migrating, it is
only reasonable to expect that the same good results as have been
secured in South Africa, where fruit has been protected by spraying, will
follow spraying in either Florida or California, where outside sources of
infestation can be so easily controlled.
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CONCLUSION
Citrous fruits are not the favored host fruits of the Mediterranean
fruit fly (Ceratitis capitata Wied.) that the earlier writers thought.
While grapefruit, oranges, lemons, and many limes may become quite
badly infested with well-grown larvae if allowed to remain on the tree
long after they become sufficiently ripe for the market, nature has so
well equipped them to withstand attack that larvae are seldom found in
their pulp until they are much overripe. Oranges and grapefruit are
generally eaten and found uninfested if gathered as they ripen. Indeed,
in Honolulu, where conditions are very favorable to early infestation of
the pulp, owing to the excessive numbers of adult flies breeding in a
large number of host fruits ripening in rapid succession, it is doubtful
whether grapefruit, oranges, and lemons would ever become infested
until long after becoming overripe if the female fly formed a fresh egg
cavity for each batch of eggs deposited, for the reason that the eggs and
the young larvae found in the egg cavity and in the rag of the rind would
then be forced always to face well-nigh insurmountable difficulties.
The oil of the cells ruptured in the formation of the egg cavities kills a
large percentage of the eggs and newly-hatched larvae. Larvae that
succeed in entering the rag from the egg cavity are able to reach the
pulp in astonishingly small numbers because of the imperviousness of
the rag. It is only the persistent attack of successive lots of larvae
hatching from different batches of eggs laid in the same puncture in
which the oil has become inoperative that finally breaks down the barrier
between the young larvae and the pulp.
The Mediterranean fruit fly is quickly affected by low temperatures.
A temperature of about 56o F. has lengthened the time required by the
fly to pass from the egg to the adult stage from 14K to 91 days. A temperature ranging from 500 to 55o F. will either seriously check development or kill large numbers of the immature stages of the fly. The
winter monthly mean temperatures of California and Florida are so
similar to those of the citrous regions of southern vSpain and Italy and of
Sicily that it is to be expected that the fruit fly, if introduced to the
mainland, would not become a serious pest to Citrus spp. It happens
that the very cold temperature necessary to bring citrous crops to that
degree of perfection in which they are most susceptible to fruit-fly
attack likewise renders the fly so inactive or sluggish that it may be
disregarded as a pest for that period of the year.
In addition to the assistance of adverse climatic conditions during
that part of the year when they are most needed to protect citrous
crops, the growers of California and Florida are still further protected—
and most admirably so—from attack by the very scarcity of wild host
fruits that can not be destroyed. It will be found a practicable undertaking to remove such a number of noncitrous host plants at present
69733°—15—4
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growing about commercial citrous orchards that the succession of fruits
in which the Mediterranean fruit fly can breed during the large portion
of the year when citrous fruits are unavailable for attack because of
their greenness will be reduced to a minimum, if not entirely done away
with. It is under conditions such as can be secured in California and
Florida that the excessive mortality occurring in the rind will become a
valuable factor in preventing infestation or establishment of the pest, as
eachJfruit will in reality become a trap for stray females. The scarcity
of host fruits will also make spraying with poisoned baits a practical
undertaking, should it become necessary to resort to artificial methods
of control.
Adverse climatic conditions at a season when citrous fruits are most
susceptible to attack, solid plantings of Citrus in commercial orchards,
a scarcity of noncitrous host fruits, the ease with which the fly can be
reduced by spraying with poisoned baits, and the general practices followed in harvesting fruits make it possible for the citrous growers of
California and Florida to rest assured that the discovery of the Mediterranean fruit fly in either State will not bring about the ruination of
the industry. Its presence will be a constant menace, but it can be
successfully fought.
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PLATE XX
Fig. i.—Orange infested with larvae of the Mediterranean fruit fly (Ceratitis capitata).
Note that the fruit looks sound, except about the irregular hole, through which a few
well-grown larvae have already left the fruit. Original.
Fig. 2.—Orange infested with larvae of the Mediterranean fruit fly (Ceratitis capitata),
showing two breathing holes of the larvae in the decayed area. Original.
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PLATE XLI
Cross section of shaddock No. i, showing the thick, loose texture of the rag with
darkened area above and to the right showing the channels made by well-grown Mediterranean fruit-fly larvse. Original.

PLATE XLII
Fig. i.—Cross section of the orange shown on Plate XL, figure 2. Note that in
this instance the larvae have brought about decay in only one section. Often many
sections are thus affected in very ripe fruits. Original.
Fig. 2.-—Orange containing 87 punctures in the rind. Photographed one month
after being picked from the tree in a ripe condition. Note that the rind about many
punctures is sunken as a result of a dry black-rot. The pulp of this fruit was perfectly
sound. Original.
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