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Primary Consumption by Leaf-eating Insects in Loblolly
Pine Canopies
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Table 1. Descriptions of Loblolly pine stands studied in Shirahama.

Mean diameter

Stand Tree number Mean height . Basal area
density per hectare at breast hight
(m) (cm) (m#)
Oct. Ljow 2151 6.7 9.9 18.5
1967 Middle 3765 6.2 8.6 23.0
High 6543 6.3 7.8 34.6
Low 2101 8.2 11.9 24.5
Il\g% Middle 3321 8.0 10.8 31.1
High 5934 85 9.3 44.8
Apr Low 2101 9.1 13.6 324
1972' Middle 3321 9.0 12.1 39.3
High 5775 9.3 10.4 53.2

197041, +35 v FREEY S LD LB b2 E%EN (120 m2~140 m?) % FHE L7720
T, B E D 1967 EOFIEM EMARERITENALN LY, BAEMKS TR Z OMMAERRAD
NhdoTee 19704, FERASTEABBBALNSE, ZOL 5 IWEKSTRT TITHRMSI
BALN, MAHARZERIZI2HL, XLIKHRGTIFT TR DHLTWwI EEL LN,

B EL ote T —F =M TIEERHE 2174 - 70 1967 42008, L WRKABMICEERE
DWELI FERTHEELEL, =Y v R FAERRAEREELA0WER2 22213
TEY, BATRETHEBLHIT T2,

FAEMMI, F 57y FIEDLNIEE HH HEZOMY) 2 -0RBRERLRT LH-2
DEHITE B,
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Table 2. Annual litter-fall in Loblolly pine stands in dry weight.

Stand May ’68 May ’69 May °70 May ’71
anas ~ Apr. '69 ~Apr. ’70 ~Apr. ’71 ~Apr. 72

Pine Low 6.47 4.96 4.80 4.83

needles Middle 7.13 6.52 5.74 5.84

ton/ha High 7.95 7.32 6.12 5.83
Broad Low 8.1 34.0 226.7 89.7
leaves Middle 18.0 34.0 81.2 155.8
kg/ha High 75.5 107.4 240.2 502.2
Branches Low 79.5 156.7 159.3 103.7
Middle 156.0 190.2 119.6 88.5
kg/ha High 81.7 118.9 128.5 68.8
Others Low 244.8 233.2 248.4 319.1
Middle 351.4 382.0 436.9 475.9
kg/ha High 333.3 398.3 478.9 463.4
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Fig. 1. Monthly variation of leaf-fall in Loblolly pine stands in dry weight.
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These marks apply in Fig. 5, 6, 7, 8 and 9.
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Table 3. Breeding of striated chafer.

Survival Dry weight ) Feeding Dry weight
da of faeces in dry weight of cut-needles
ys
(mg) (mg) (mg)

40 1597 1846 2895
23 1008 1166 1790
6.18 23 1072 1238 2017
: 19 637 710 1486
18 837 962 1417
11 433 475 814
23 532 615 1060
7.10 20 433 495 784
20 569 648 1027
13 377 411 646

i, FLELLLOUABELEIHULEFLBLILOLELTLIWOTHENWD, RY
2 FRBOBRERE, 74—~V HECETE-30LHIT 0.41~1.85g L A2 AENBDD
b, Ty 2B oBE Th Wi, ch7Zgtd, lilokr 288 b0
v L L %&(/Lﬁl,t@%m%ﬁ (1.85g) HL T AR (30~50mg) i

WOLREOERFTIZRL0THWAEEDRS
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Fig. 2. Correlation between food consumption  Fig. 3. Correlations between dry weight of needle
(F: feeding needle in dry weight) and dry (Fe) cut down by adult of striated chafer and
weight of faeces (D) egested by adult of its food consumption (F: feeding needle in dry
striated chafer. weight)
F=1.143D (1) Fe=1.63F
O: value of each measurement (2) Fe=2.30F

X : total value of individual (3) Fe=3.50F
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F=1.143D F: BAHELER (ng)
D: Wi # % # & (mg)
ERY, AV ARBOBEERRERD 14.3% WML L TRDOLNSE Z EHHBE L 7o
37, RV AT FORER, TOBANTHITHL, HETRELLERYET, FEFITHHAUIC
BAL, ZoDTABRI VARSIV EINDL, BREFFOMHE, oY EIhstEr
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LEIFALL) 2ERGE LN, FHT5 LRBED 186% OHFESY D HFI N LITE D,
COFEHMED RRICGEBVEEEZ b b,
B-3TD F,=230F (F.: JOEXNDHFE) AT YHELE2HETIHVEYD
3HNE

4, =V AL OEETEHICLDYOEINSEHE
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< VHLNOHYRITEFFHINTIPVHEINTLE ) AERRBRVIKRAREETZDLLHD
I, ZOHARII, OV EINLIBEMAAERELE L IET, BEThE, ZO0/E
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BATEHIZL VOV B INIEZTHOL T LI ERERLE I ETH D,
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Table 4. Breeding of pine caterpillar — cut needles by feeding behavior of these larvae.

Pine Cut needles Dry-weight Dry weight
species No. Sex  Total length Dry-weight of faeces of feeding
(m) (s) (2) (2

Loblolly 1 ? 16.2 . 1.97 11.63 15.1
pine 2 5 6.7 0.88 7.81 10.2
May 3 ? 7.6 0.89 15.61 20.3
© T X Jul Japanese 4 ? 6.0 1.61 ) 22.29 27.9
black 5 ? 1.9 0.48 20.49 25.6
1971 pine 6 ? 9.7 3.03 23.09 28.9
Japanese 7 (%) 3.5 0.51 6.99 9.1
red pine 8 3 3.1 0.49 9.76 12.7
9 s 2.0 0.28 9.86 12.8
May Loblolly 10 s 6.4 0.68 5.66 7.4
~ Jun. pine 11 P 2.5 0.32 4.67 5.3
1972 red pine 12 s 2.3 0.30 9.53 12.4

(3%) emergence of parasitic fly
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Fig. 4. Frequency distribution of needle cut down by feeding behavior of pine caterpillar
in breeding (1, 2, 3) and field (2, 3’).
(1) Loblolly pine, pinus taeda
(2) Japanese red pine, P. densiflora {7):  frequency of needle length
(3) Japanese black pine, P. thunbergii B: frequency of dry weight of needle
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< h Lo~ (Dendrolimus spectabilis) & 7 v = % 2 (Hyloicus caligineus) 1338 & 75 1%
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Fig. 5. Monthly variation of faeces egested by pine caterpillars and larvae
of black hawk moth in dry weight.
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Fig. 6. Monthly variation of faces egested by adults
5-3. #OfiomER of striated chafer in dry weight.
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Table 5. Amount of dry-weighed faeces of leaf-eating insects in the Loblolly pines in kg per hectare.

1968 1969 1970 1971
Stands (°68.5 (’69.5 (70.5 (71.5
~’69.4) ~70.4) ~*71.4) ~72.4)
Pine Low 28.61 28.65 22.78 9.38
caterpillar Middle 26.89 32.30 24.51 5.72
High 30.01 21.30 32.25 7.65
Striated Low 0.72 22.90 1.04 17.11
chafer Middle 1.00 26.48 0.90 13.02
‘ High 0.48 11.19 2.98 10.98
Low 5.05 6.70 3.14 6.61
Others Middle 5.76 5.62 12.69 6.81
High 5.83 4.63 4.59 10.19
Low 34.38 58.26 26.96 33.10
Total Middle 33.64 64.40 38.09 25.56
High 36.31 37.13 39.82 28.82
28.0
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Fig. 7. Monthly variation of faeces egested by leaf-eating insects in Loblolly pine stands.
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Fig. 8. Frequency distribution of needle cut down by feeding behavior of leaf-eating insects.
8-1 : from June 21, 1970 to April 20, 1971
8-1": except from June 21 to August 20, 1970
8-2 : from April 21, 1971 to April 20, 1972
8-2: except from June 21 to August 20, 1971

YT, FORICLEHBEERT EH-8
DESITE Do TOYYFESNIEER, =
VATFEBRT LB DLV HUNTEEE
BRAEYSHRICL 30 L FRETZZ EHT
Ehdotee 7272, MWBHELULNZAD
B, 2ORBELLHE L TRKBSRAY Y
2L BIDEE DN D, 20cm ML B
EXTbnizd o, F-&#= v OEE
hhEz, ERRBEL TREINW D LS
Abhad,

1970 ZE & 1971 SE L H T, HBFBOF

HEREARBTELAYONTHWEI LD
b, ZOBREELT, 1971FERKE~=YA
Lk EBBEG M OARBICHRTRY 2
B ORBENREL, 2V aFRTLBYY
ELBSZLEEDTWAERZDEEZLRN
bo AVIANFIHIEEL T2 7T HELU8
HEROBR LB TRBICHRERD S L,
IhrEMGF LI A ALN D 1970 413
AP AN G DRENT L EdhoT2DT, K&

—
|

mdﬂh*ﬁ*m

JASONDJFMAMJ JA
1970 19

wn
=)
Z
=]
ey
]
=
>

ke/ha 43.6
£ 7 __30.6
2 - *:[
2 /
/
o /
3 /
8 a /
ha 820-1 ‘
5k /
=
23 /
8415 /
o8 "
3 /
gs /
!
5 !
104 7
g |
g /
2 /
£ /
5 : 7
= 3 ?
/
A
/
/
/
J
71

Fig. 9. Monthly variation of needle cut down by
feeding behavior of leaf-eating insects in Lob-
lolly pine stands in dry weight.



32

AERALNEWY, 19TEREANONHENLY B LD, AEREETHLNGE
(-4) GES s L L, 9HLUBOBRMERICY, MECOrboThitBbhbszya
HAITE > TRONZHEL -EITNTVEDT, IREBRIZENTEIRE, XHIKFDE
BEYHELDELREEAD

Y FEINEHEBROFGEALTRTER-90LSIT, 19714E7 H X U8 HITHEEIZE L,
HOEMIAZ anFDRELI ) ZBRITHENTIZEINTNWDZ EdbN b, 2L ITAY
IHFFDORNMINIE L ODHERY LN TWEY, ZFO—HEHEIZD >0, R{NTHETL
72303 B D VJILBITIAZ a2 EE L Th b, ORI Y a X2 IThgEENT
EBLNDGENE S FITET LT

6-2. ATHEOBEITIIERRD

Py SITHET L RER, BRRUEEIL A TH5720, BRICEDNTERIED L
TR INEEDND, 200, ZORPVEBEHT LTI, FHEIARERLIELL T,
BRER L VEARICHIE L T2 ofEMiTl/NE % 5

22T, EBOKSI}TORENLAETH > DT, WEHKAREMT, 73 v F—KT
BHR X8 1.5m) 200 b, F=FL=yRIIAV 7 v P LR ULHHA T DL » /B D
F7 oy P, HiEH 60cm OFEIITHT, FOHITHL gOF—F=vEHEAELeY AL
OEEAN, HEFBITLIBERDTHNT E0I, AEHTELIL D=2 AL 0EKE
AN, KFREL, FRBRERBDEFH NI 1AHR 197146 A2 BTy —F = Y HETHEA
LT AT L URAIEO= Y DL ORE, 2HHREAELOETHNTT I21AK
BEL, UBOERKD TRD . % DMREE-61TRT,

Table 6. Loss of faeces-weight by precipitation — a case of faeces
of pine caterpillar mature larvae.

Experiment I (6. 2~7. 2)

6.7 6.12 6.17 6.22 6.27 7.2
Relative 77.1 75. 8 74.7 4.4 74.6 73.5
weight 76.4~77.8 | 75.4~76.8 | 74.2~75.5 | 73.6~75.0 | 74.4~74.9 | 72.6~73.9
Field (%)
Precipitation 60. 2 27.9 6.9 10.5 0 32.5
(mm)
o wat Relative 74.8 7.41 73.9 73.9 72.3 717
nwater W%ﬁ%)mj~ﬁﬁ 73.7~T74.3 | 73.3~74.4 | 72.5~74.9 | 71.9~72.6 | 70.2~72.7

Experiment II (7. 21~7. 28)

7.22 7.23 7.24 7.25 7.26 7.28

Relative 76. 7 74.0 72.9 7.5 72.1 70. 6

weight | | 76 4~77.1 | 73.0~74.7 | 72.2~73.8 | 70.5~72.5 | 71.2~72.7 | 69. 4~71.5
Field (%)

Precipitation|  25.9 51.5 27.3 20.4 6.3 26.4
(mm) '
1 ' Relative 71.5 70.0 71. 3 69. 6 69, 7
. . LS. _69.6 .
nwate weight 170 9735 | 69.8~70.7 | 70.6~71.6 | 69.5~69.9 | 68. 1~71. 3

(%)
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ok, ZITR=YI L OBEREHWTZORARTHET 5o
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Table 7. Grazing by leaf-eating insects in Loblolly pine stands in kg per hectare in dry weight.

1968 1969 1970 1971
(68.5~69.4) | (69.5~70.4) | (70.5~°71.4) | (71.5~'72.4)
Insects Stands - s
. Cut . Cut . ut . Cut
Feeding needles Feeding needles Feeding needles Feeding needles

Low 49.6 3.9 49.7 1 4.0 39.5 3.1 16. 3 1.3

Dendrolimus
spectabilis Middle 46. 6 3.7 56. 0 4.5 42.5 3.4 9.9 0.8

Pine caterpillar

High 52.2 4.1 36.9 2.9 55.9 4.4 13.3 11

L 1.1 1. 8* 31,7 56.8 1.6 2.6 26. 1 42.4
ow 2. 5%4 72.8 3.6 60.0

Anomala "
testaceipes Middle L5 % g** 40.4 gg g 1.4 g g 19.8 2?) g

Striated chafer

0.7 1, 2% 7.1 27.7 4.5 7.4 16. 7 27.2.

High 1. 7% 39.2 10. 4 38.5
Low 88 | 07| 1.6 09| 54| 04 ] 1.5 o009
Others Middle | 10.0 | 0.8 9.7/ 08 | 220 | 18| 1.8 | o9
High | 10.1 | 0.8 80| 06| 80| 06 | 17.7 | 14
Low | 96 | 64 9300 6L7 | 465 | 61 | 539 | 446
Total Midgie | 91| 7.0 [ 1061] 710 | 659 | 74 | 415 | 340
R
Low 66.7 170.7 53.6 116.1
Grazing Middle 66.1 204. 2 74.3 88.8
High 69.6 104.7 83.8 88.7

* estimated by F,=1.63F in Fig. 3
** estimated by F,=2.30F in Fig. 3
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Résumé

The investigation on the grazing of the animals in the forest was rarely reported in the
past. In order to estimate the loss of forest canopies by the grazing of leaf-eating insects,
it is necessary to investigate the food consumption of leaf-eating insects and their faeces.

During four years from April 21, 1968 to April 20, 1972, faeces of leaf-eating insects
were monthly investigated in three Loblolly pine (Pinus taeda) stands (Table 1) planted
in the Shirahama Experimental Station of Kyoto University Forest in March, 1961.
Moreover, the individual breeding of the adult of the striated chafer (Anomala testaceipes)
and the pine caterpillar (Dendrolimus spectabilis) was carried out in the laboratory of Uni-
versity Forest in Kyoto.

Four traps of the surface of one square meter (I m x1m) were set up in each stand to
collect the egested faecal pellets of leaf-eating insects. These traps were made of Tetoron-
cloth of fine mesh and were made in the shape of inverse funnel (photo. 4). The faeces
were collected monthly for four years and they were selected, oven-dried and weighed in
the laboratory. The grazing by leaf-eating insects in three Loblolly pine stands was es-
timated from these faeces egested in traps.

The results obtained from the investigations were as follows:

1) The adult of the striated chafer emerged from June to August in Loblolly pine stands
of Shirahama. Especially, they emerged mostly in 1969 and 1971.

2) The food consumption of the adults of the striated chafer was in proportion to these
faeces, and the food consumption was 1.143 times of the faeces in the case of feeding of
Loblolly pine needles (Fig. 2);

F=1.143D
in which F=food consumption and D=faeces in dry weight.

3) The needles were cut down by the feeding behavior of the striated chafer and the
pine caterpillar. In the case of the former, the amount of the needles was estimated to
be about 2.3 times of the food consumption (Fig. 3). In the latter, the amount seemed
to be about 10%, of the feeding.

4) 1In three Loblolly pine stands, the facces of the pine caterpillar (including the black
hawk moth) weighed 21 ~32 kg/ha in 1968, 1969 and 1970, and 6~9kg/ha in 1971 in
dry weight. The dry weight of the faeces of the striated chafer was 0.5~1.0 kg/ha in 1968,
11.2~26.5kg/ha in 1969, 0.9~3.0kg/ha in 1970 and 11.0~17.1kg/ha in 1971. The
faeces of leaf-eating insects except the above three species weighed 5~ 10 kg/ha every year.

5) The amount of the faeces of leaf-eating insects in the summer (from June 21 to Sep-
tember 20) reached 50~909%, of the egested for one year, while it was only 1~5%, in
winter (from December 21 to March 20).

6) The annual loss of canopies by grazing of leaf-eating insects in Loblolly pine stands
was estimated at about 54~204 kg per hectare in dry weight (Table 7), and it seems
that there were no damage in Loblolly pine stands.
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stand. Surface area of trap is one met€r square.
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