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An Ecological Survey on Japanese Gulls, II
—Methods of Mapping of Nests—

Isao Higuti, Masaharu Tanemura, Kazue Oyamada

and Masami Hasegawa
(The Institute of Statistical Mathematics)

In this part of our successive reports are described some techniques of mapping the nests of
Japanese Gulls under investigation. Our study covers both field works and data processings.
The main sources of our data are the photographs taken from a balloon and the informations
about the local topological relations and the distances between nests obtained by field works on
land.

As for the methods of estimating the positions of nests from the incomplete data of inter-
nest distances, 6 different methods are tried to be put in calculations; among them 2 are those
described by ROHLF and ARCHIE [2] and others are contrived by us to meet the purpose of
the present study. These are described and classified by means of the concept of graphs, in
order to clarify the combinatorial character of the data collecting and analysis. Coincidence
of the results of the different methods is discussed by evaluating some statistical quantities,
which represents the average of longitudal differences between the estimated points for the
same nest, as well as some other quantities which show the change of the local topological
structure of the configuration of nests by using different methods.
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LHRLTWB DT,

d(@) =5@) - SE@@)[5(x)

LEBREATLA, Shuk D{e— (@) [8(w))? wRMNCT S aick h d(o,) =ad(w) &L
rADTHD. HixS OfEp 0 & 1 DEIC/ s &5 BT 570000 bDTh 5. d=
d(o) TEBRRD BT d(0) AELT 2(I) ORBRD L5 Th oA, - hLERELTHR,
AEDHBZELTIALOESITE 2, 2% D ERES, BEE (o) DfhiIcH
Wt DT, LRERDEREZ L DLDTHSH. L LBREUDEAT v T L TDR 4
Dz CL->THE LR T, #-TS %5 HBAWR Q 25 Bk~ BECHHE TS
SOFFHxAHBLELTS.

Kruskal D54 (3] 1%, @M% & DO ME T, BBIEIORRGT, BEBEL TH
BELTHBETAE LEABTEEREH 7D THA 5. Rohlf HAFREAPLERZMLT
SOBCLTHCERIISE VBB TIZA [2]. 2hid, 3FLEBTHETL LS, B
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BIZRTHHURSEESEZB L ot Bbhs, LAL I T TEBRICHEL 2R D T,
FTHES LHEEG & THRBICRA LEN L, Hb¥LIHBEOEM L SEH LB LEDAY » +
1%, DLz ATDLRIC.

4., REOFMLEFEDOHRK

BBICEEZNMOMBEICOVCTEEL LS. Zhld, BEETNEZEL GHR &AL S
52 & &, EECHIMICHRGEEEZ SRS ECNE NS 2O0DMENGRK > TV 5. 8
BIZDOWTE, BOMEOH FWE, MEERIOEAMMNLE, AELXTHEBCT>ER?H
Hh, CKPHICRE S hic BOME Y, HYLKEZI0ETHOHTEIO” ZELWLWELT
TEAMREL VDT, 4D EZAMEIZ. (1:100 DHER S EE 1em (ZXE 0. 1mm
LieBDT, Wwhdb “PEOKI UTTHS. #-THEOMBOERDH E 1L, B
EOHKIERD L TEMEIC D). BHFEZZWAWSEMERSHSH. EL VDT~
DTH LY, ELLKLCZ LI ACHDOERND - T, WO ED L, ELLIARVEBED
BfFE2 bR ST BIENRNDHINLTHA.

BAMICENT5 &, HHESKIME 2 DEL L MVEBEIXEL AE 2 & DOFEHE 2—2)
TRHEINDIDT, ZOEMOHICE EDSWT, 2EROREREZERHL L5 L9 DLV
HILEZ T THD. Ticbbl it k2 LT, ZOEMOFEEIVNIWSEZ LD
FLOETHDONEFETHAB. LALTKEES WO EZFIEFCLRAL TV BT3P H T
CODTHD. LI DI, ThAVINEL TH RITPBEENEL RV ERHHNLTH 5.
B eBla b s &, ELWEELZHEBCEN L Tk k LK &, ELVGEDIT L
BEEABIIET VA ACEM IR T, EHOEETE 5 EBEOTHNIDIEL M
REREDOS CTRIIENELY. ZOBAROEEOHMATIIHLULEBRXRL EE2 T4,
ZRDHIENCE - el URIEHORKRTH D, L ThbhitbAZbiLh ORI L oy
DTRFWAEBENBEITLE > T TIIHREROER LbhTLE 5.

2H LI ERERBLTCHEOHERHRITIL D, 2D L 57 EaRAKL.

(1D H#EEsh 2(D) ACTHELL ) LWEE (D) Lokl (BRI 0T)
(2 RU P x4 A#EME 2 OFEHTOBba . BB |20 —2,0) | okE (o
ShRIEDNT).

(3) BEDOELOD 9, ICOWTTF ~ FHENCHITHE P (eg) DEBLYFIER &, #HHE
IhEBEBCRTHFREORE (FHKEILE).

(4) Voronoi ZETD A, Voronoi MU & ABHEROR—FKN N FER T & ALk % .
(1)~ @) BEx—v I ORFTO@EITTHEH, = T I'cBRi G ORI
BB ABEICL T b, AEOL TN LEC L HR—FIT I LR nmFREST
IDOR—HEPRHE DL NELEL R - 7o & T W Eus,

UTDEET, FERSOOIMESENEHECHTIHER, Tihbb ZO ofsgiriL, J
BE4~6 TO) ZWHELLTZO 2fHvicHary, ) XoHEEL THELOER LR
BRI OHT. S 2~3 DRDZEETIRHRD OHBECRA LKELRonD 20K
BIIL Tuviels, FHEE A~6 BT, BOMBOEE)EREEIC /LS L5 BEL -EAIC
DWTORBENWRIATV S, FE1I~3CEWTIIEDOMBIZ TS ES5 Li-HBIXiT- T
VY VAN

2 X BMEEMORIE & Mo DWW T DOF BEAE (1) ORUE (D) 260 h, diff (1) =
AN —8(I") oy, EiEREE, EAEOYH, —REOFHOFLAHFRERT. BLIvThi
cm TH5DH. FHEP P TNEDADERAIAI T RDDE, HMEOMMO EEBLLEZ LA
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* 2
% ¥, %-?% 1 Ea e i % e % Vgt 227
0 —-1.71 11.60 8.77 11.79
1 —0.14 6.70 3.86 6.70
2 0.14 3.52 2.12 3.53
3 —0.12 5.59 3.34 5.59
4 (0) —0.42 4,22 2.25 4,24
4 (1) +0.11 4.49 2.833 4,50
5 (0) —0.87 4,68 2.58 4.76
5 (1) —0.01 11.09 4.67 11.07
6 (0) —1.34 4.69 2.70 4.88
6 (1) 1.11 10,09 5,17 10.15

5. BEREUTOZBIZ ST, AEOIMBOFECHRTRE W LXURTHD. (Lo
FTHEREIESE S REECDH S IO ALIrDOBERTHHIA T D0D). S, 6 k&b /D
SWEREZ H5XEZTRDCHE 2,4 CETRE L. AT — DRI EEECEE T
LT EMBETHOTL, —ORIEBIBRMECHEL TLE -l SR LD TRV E
Bbhb. FEADHEET, BOUBEYHEICL TROCRERICHL T, BT —0.08 &
EDZRIEFNFR1.33,0.94,1.33 LEREZS Ieo o LB 2 oW BN eENED R

% 3
Pt

1 2 3 4 (0) 5 (0) 6 (0) 4 (1) 5 (1) 6 (1)

MEFTE | 46.9 34.2 34.4 | 17.5 17.5 10.5 30.7 46.3 45.8
DATA | 18.9 12.4 12.9 11.9 11.9 7.01 18.9 18.1 17.8
Wi 18.3 17.7 53.5 49,0 48.5 33.2 2.67 5.58
1 11.0 10.5 2.6 21.5 20.7 24.6 3.54 6.39

) 2.55 41.3 36.2 35,9 27.4 17.7 18.0
3.45 18.1 13,2 12.3 21.4 10.8 1.1

] 41,7 36.6 36.3 27.7 17.3 17.7
18.4 13.7 12.9 21.3 10.5 10.8

4 8.64 9.63 29.7 52.7 51.9
\ 6.55 7.41 17.5 25.4 24.2

5 2.49 27.6 48.1 47.3
2.15 17.5 20.1 19.1

6 @ 27.3 47.6 46.9
17.7 19.3 18.4

4O 32.0 30.7
22.9 21.3

3.41

5 (1)
( 3.09
6 (1
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W EOBMBEHOEEBEIILTL ST TV LT LERALED Aoy, HMEBENKTS L
BbhhsDT, HE20HFRILZO H1FL I ERVZRWI ERRLTVL 5.

FIXAUE P; oL THEDOHRIZ X AHEME O3 1 o fag dis,, (Py) =|20) (P) —
2@ (P) | DT R TORIZ DO TOFEER L OEEREY S 2T 5. BOBRBIEC AL
WZ EIRLTHD., FAHk2L 3, AES L6IERCEVHESZED T L2lbnd. LiL
FMUAET RPN FEOHBOMIBENRS LRI ER T BDIE, BFFR/MECKT %
EHOMENETRRE R Tt Bbhb.

% 4
F ¥ 1 | 2 | 3 4@ 5|6 ©]4@®] 5 W 60
0 [ 7 10 AN 7 8 6 9 8 7
1| 8 7 5 8 10 A ® ®

2 ~ ® 6 @ 4 2 9 10
3 ! 7 3 5 A 8 9

4 (0)| 4 6 7 6 5

5 (00, @ 10 9 8

6, 8 A 10

4 1, 10 9

5 (1) @

o disy, (Py) % ¢ DRI/ NTADERED LS, HBICAERIUNTES. Z D
MR EARTEOHOBEFC L AL, BRICE &I HTEIVAI L L0 S HAIGEE e
Wi, T OBENERAY LD LD—2DBITTHS 5.

FARFREFS LB OWCTERZAUEL AHFFOBRO LD BEFR—K L L 5 el
DEERL TD. F—HDOEDDLHLEDIEOTHIHRLZ L DIXATHI AR, Ri1H FHEk

(&)
S METHOD 2 METHOD 3
o
(%]
<]
[+]
3.
«Q
8
sal
4
o« A
&
O
2g]
g
<
24
o
¢d4
[=]
o
orrrreer T T T T T T T
i 10 20 30 40 S5 60 ki 83
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£ 5
o smwom v MR S@AG | M@ m
2 53 43.8 80.7 (140)  78.3 (253)  71.4 (315) 65.7 (363)
3 66 54.6 | 84,2 (133) | 79.6 (250) | 72.2 (316) = 65.8 (363)
1 58 47.9 85,0 (133) | 79.3 (248) } 72.4  (317) 66.7 (363)
4(0) 60 49.6 84.1 (138) \ 79.5 (254) i 73.2 (319) 68.2 (363)
5(0) 62 51.2 84.6 (136) = 79.9 (256)  75.6 (317) 70.1 (363)
6(0) 62 51.2 83.3 (138) | 79.3 (256) | 75.2 (319) 70.1 (363)
4(1) 56 46.3 83.8 (139) | 79.3 (257) | 72.6 (318) 67.8 (363)
5(1) 54 44.6 79.9 (132) | 76.4 (257) | 69.3 (313) 63.2 (363)
6(1) 53 43.8 80.8 (139) | 76.6 (257) | 69.5 (312) 63.1 (363

2&£3 5L6D—KMIXFEETHS.

# 51X Voronoi RICEITH5 LD THB. ZO D Voronoi Mg EALLTE2T, “Hh
CHLBHDHTETHELCEMDOZEDFT, FDEih) ORMACHEINCS TR T LD
DDOEHEE LVEE (%) #ER50E1MERLTHS. ThHbHbHLESDETS Voronoi £
HOUDE, B LIUOBERORBFERSIOCHMOEFNELC—KTELDTHS. LOHE
THELTOREELS LS THRTLES 2 LRBEBENTH -7, BUBERII b ) CEEE
Hiegwkr biclowL, B ORORMNOV L DOEMTEABCELLY L LTERTLH S
DT, BERDOI bH D —EDOHEMLU LD L DIIBRA L T—HOBEY RIcDNES DB 21
UFTHdH. CZTREBHEELT, BEROND S BHEAE L ERLT Y Bt s L
THRESNTHELDDEGERLTWA., BOERORORFZIFEROMNOK TH 5. B
#E#A 100cm DAPHCHIFR S5 L4 809 7~ T 5. chba R L4 VDR B0, Hik
MTHEhH RKELHEEI L.

5. & » Y [C

BOREBEDOHE DL DITKREL TN L. HANFEORT &V &, TEB, “bboHE
ZfE > T BTFH, SFHMCREE > T2 &b, BOIE LD 5 Fih Z 4 < sophisticate
WITH5 2 LD, LarLbhbhrigLuvoil, —o—o2 “ELW #RKTH S, - hE TR
R EnBBEBIND LK, DT — %227 Y —=v ZXIXFL CHIRADIEH A X 7o
oL L7620, ThUBRL 2DTROEH TRl EE V. BRIXAETE T 5 BRE
EEEROLETBEER L U CHAERI EHYTOR, FRICD - & - THENRITZ R DM,
bhbhDHEY, THREEREL THCBEMNLL D DS, i 2 IR EEMBTCH
BT L, TORDEEOBBICOTHRIMES. FHHk 4~6 DBR/PNFERITS &
ZDOFHRIEEN R LE DD TR, KEEIS &, T 2BESD T — 2 VBB
Tcbxfed &, BENKBWEIANAKELEDORD LS. L) KEY LFIC
MELUIRWERD, ELGHRADKELIHENREDRVGL 5 CBbhb.

YHOMBEL T, ZCRBRAHEOHR L LF AR TEEEOS  HEAERT
22 ETHD. MEERDOHEIELEATRES 50, BA, il SEL0BGETHICH-
ShTITPhic. HERINAGHREL TS, OECHEERNELAC50 LRALBEORE
REBLISCTEED, EFILHL-TOEETH S,

HERHBR 2 LRV EFECERHoBELETLOTT.
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