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Toe Structure of Cycling in the Ythan Estuary
Robert E. Ulanowiez
Doiversity of Maryland

Chesapeake Biologiczl Laboratory
Solomons, Maryland 20688-0038 0S4

- bbstract

. metbod for identifying ;11 the simple, directed cycles in & network of eco-
systems flows is‘described. Furtherpore, the cycles mzy be divided into distinct
groups, or nexuses, distinguished b& certzin eriticel links, These groupings may
ziso be usef to enzlytically separzte the network into two constitvent graphs - cone
greph coptaining only eycled flow and the other coansisting of only cnte-through
pethways.

The analysis, when applied tb tbe carbon flow in :bé Ythan estuery, graphic-
2ily portreys both the icportance znd the vulner#bility of the higber trophic level
trzasfers, ‘

Introduction
In bis sexinei article, "The Strztegy of Ecosystem Development,® E, P, Odum
{105¢) suggests the zpount ¢f materizl cycling as & prime indicztor of mature,
developet ecosysiexs, Llziler, be becores even more specific by compering the 1m§or—
tance of detritus in slouly—vafying benthic, smarsh znd terrestrizl ecosysters Qith
the predominantly once-tbhrough foodwebs of tramsitory pelegic food chzins, HMzthe-
miaticzl =cologists have been somewhat 310w Lo give grantitztive fors to (uw's

a

notions zhort eveling ae that his hypethesis pay be formalily tested., It was not

M

Lo estimeie the sfgregate aoount

crergy whith wis leln, cxelet L oz glven flew petwork, I Fian's

inbes flow properply eharacilerizes Qdurm's bypothesis, thern presunably the
index would possess z Ligher value in pore developed ecosystern networks,

Fimn's results were an outgrovih of econoric isput-output enzlysis, Ic the

‘potailion cornoOn o Input-outlpul enalysis if ecne cells. F,, the fiow of .any given

ceciun froc i tc § ané T

the totel output froz I, then ., = P, /T, represests the

frzevdon of the wotel culputl of 1 which is coniributeld Cirectly ¢ 4. 17 F is &

B

PP

petrix wiih cooponents 7. ., then 4t is not 10C Cifficull to discern that the zetray
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Fe (F wultiplied by itself) will consist of components representing the fraction of
total output from i which flows to j over &ll pzthways of lengih 2, Sirmilarly, the
components of F3 will be tbe fractions of T4 which flow to § over ali pathways of
lergth ¥, ete. By summing 211 powers of F, ope obtezins the output structure
matrix, S,” whereirp Sij represep?s the fraction of T; which flows to j over zll
possiﬁle pzthways:
S=F° «Fl +F2 . F3 . cun

Because‘F was conveniently pormalized, this infinite series converges (Yan, 1969)
to the value |

3=z {I - ?)_1 ,
where I is the identity natrix, and the minus one exponent represents matrix
inversion. .

Of particular interest to those concerned with cyecling are the dizgzonal ele-

ments of 8. Ip & closed systex each 511 has & ginipur value ef unity, and aay

exgcess over one represents the fraction of T; which returns to i over zll cycles of

2l) lengths. PRecause this fracition of flow is inherent in 21l perbers baving
cozmuniceiion with i, one mey imagine & matrix witk estries of (1 - Sii) in eazch of

the ith

rows for which sij is not zero, 1If this cycling metrix is muliiplied bj
<he vectors of totzl ouiputs (that-is the Ti), &0t the elements of the vonsequent
vector are then sunmed, the toizl amount of cycled flow will result. 7The raztio of
this zpount cf cycled flow to the totzl amount of flow in the system hes cone to_be
known 2s Finn's cyeling index. One infers fron Odun's remarks that the cyeling
index might Be greater in more ca2ture commurities, or conversely less it networks
subject to pérturbations.

ks intriguing as this znzlysis might be, the results when zpplied to rezl
networks gzve ambiguous resulis (Richey et zi., 19€78). Periurbed and euvirophie
systexs sonetimes passess larger cycling incdices, Clearly, everts are occurring
which are peot readily discernille in terms cf the zggregete index., It zppears that

z more detailed knowledge zboul the structure of the liow cycles night be helpful,
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Cvele Ane }vSLs
Given 2z flov nebtwork-or-graph, it dig-2 vetber e2sy computzticnzl tesk tec iden-

tify & set of fundamentzl cycles from whkichk 211 possible cycles may be generzted by
linear comi)inations {Eputh, 1673). Unfox;tunately, tbere zre in generzl) many possi-
..ble combinztions of fundzmenmtz) cycles,. znd it 4s by.pe means clear which of the
cocbinations would be (bioclogiczlly speaking) most pertinent. The next step\up in
detail rrozﬁ this rudimentary description wouid be tec enumerzte zll the simplé
cycles in the petwork. & simple cycle is one in wkich no corpzriment sppears more

tharc once (see Fig. 1).

Phytoplenkton ] Zooplenkton
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re 1 - £ simple cycle. Ko repezted elezeszis. CIxirzcted froz Bzird and Yilne
{1481). See legend to Figure 2.

while £t might eppear thzi the systemetlic enumerziion of the sippie cycles in 2
greph should be & rather streighiforvese progeasring tesk, 'the tize requirec for
evel & mOCern caleulzteor 0 identify &1l cycies can ezsily pet cut of bounds,

n.ze thel

sose feciliar with combinatorics will recogniz ne nurder cf possiblie cycles

é»
t
[

grash increzses &% the fzcorizl cf the nucber of nodes. . Suech an eéxponesztizl

Zlie

increase In search Liwe peans thet relatively szell netwveras heve the potentiazl for

[P -9
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exceeding the capabilities of even the faster machines availzble (m.b,, 20! = 2.4 x
10'8).

Fortunately, écosystem networks do pot sppear to be highly conmnecied (May,
+973). - Typically only 15-25% of the possible conpections afe realized, depending
upon the strength of the interactions, Even with sucb simplification, it nonethe-
less behooves an investigator to choose z2lgorithms whiech are as efficient as pos-
sible, Meteti and Deo (1976) in evaluztipg varicus methods for identifying cycles
bave concluded tbat backtracking search zlgorithms witb suitable pruning methods
{to eliminate many spurious search pathways) are the most efficient programs under
the greaztest number of circumstances.

In the backtiracking slgorithm one works with either a mzirix ef Tlows or a

vector list of arcs. One orders the podes in some convepient way (see below) and

" imagines the same order of p podes to be repsated &zt n levels (see Figure 2) Cne

).
begins with the first node znd searches i{be node in the next level until an exis-
ting flow connection is found. One progresses to that node in tbe next level znd
searches the succeeding level for yet & subseguent connection. Only tbose nodes in
the next level zre corsidered which bave not zlrezdy appeered in the current path-
way, One proceeds to ipcreesing levels until opne of twc things bappen. If zn are
to the next level brings one back to the starting node, then a simple cycle bas
been identified and is reported and/or stored. If the search for a link frog the

th §*B

pode at the m'® Jevel for a comnection to the (m+1)th level has been exhaus-
ted, one "packtracks® to the zncestor pnode a2t the (m-1)th level apd continues
searching the 2P level beéianing 2t the (j*i)th position. When furtber back-
tracking is impossible, onme has identified zll simple cycles containing the star-
ting node, The starting node may be dropped¢ from 21l future copmsiderztion zndé the
dimension of the subsequent search may be decrezsed by one.

Fezd znd Tarjan (1975) and Johnson (1G75) give exanples of constrzints on the
backtracking procedure which result in efficient searching. Ulapowiez (in press,
;ggg* Eiosciences) has found that for most ecclogiczl appliications it suffices

siﬁply tc order tbe nodes judiciously. In particular, one wisbes to first sezrch

those nodes for which the probability of completing a cycle &t any step is the

R
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greatest., This probazbility varies directly with the numbder of cycle arcs termi-

.pating in tbhe node under. copsiderztiorn... (£ oycle arc is 2z gonneetion frow 2 given

arc to ooe of its ancestors.) 4s all the descepndents of & given arc may readily be
determiped (Enuth, 1973}, cne may total the number of cycle arcs back into each
node and order the nodes accordingly. Those nodes with pe incoming cycle zres need

pot be considered inm the backtracking subroutine,

Compartment

Level

Figure 2 - Mnemonic dizgram useful in description of the backtracking zlgorithm.
KHere the [irst cycle to be identified is 1-2-1.

Qualitatively knowing what the cycles in & network are can be very useful
information in assessing autcnomous behavior in ar ecosystem. As cause and effect
often follow material or energetic pathways in 2 system, 2 loop of flow back upon
itselfl is a likely indicator of z ¢ybernetic effect &t operztion in the system.
Such céusal ioops (Rutchinson, 194E) frequently behazve in ways which appear zutono-

mous of the exchanges with the externzl world., Tne constellaticon of cycles in



225

whickh & given compariment pariicipstes thep defipes the domain of self-regulatiocn

cogpariment in guestion. 1f ope 3% interested im the fate of a particular

species, it is certainly helpfil” to kpvow its constellaztion-of-eyecles:- Simijeriy,
if one is studying 2 given flow pathway, say of the predation of & partiecular
spécles on another, it is userul“quatttative“iﬁfornation to knew the constellation
of cyclés in whieb that particular transformation appears.

While z description of the various constellations is likely to be quite help-
ful, guantitative information about the relative strengths of the flows still needs
to be exploited, It is said that 2 chaipn is only as strong as its weakest link,

and ‘this potien ‘may apply Lo cytles—as well,

one should in principle be able to identify a post vilnerable limk acecording te

some criterion. 1f no information is available other than the wveighted

network, one bzy make the assumption that the smzllest {or slowest) link in the
cycie dominates {he behavior of that loop. (Control by the smallest link is
znazlogous fto the idez of the rate liﬁitins step ip cbemical kineties.) This‘
assumption is only 2 pedagogical expedient, and if other information zbout the ares
of-e cycle.is aveilable, those clues should be investiczted to see if znother
criterion for the most vulmerable arc pight be more appropriate,

411 of the cycles in & greph may be individuvally examined to identify az set of
most vulperable ares. Because some cycles share tbe same vulnerable arc, the
number of most wvulnerable arcs is smailer than the number of simple eyelzs. This
homemorphie mapping of cycles irto vulnerable arcS serves to define subsets of
eycles called nexuses., 4 pexus is 2 collection of eyecles zall shering the same most
vulnerable are. The magnitude of thbe most vulperable arc guantifies the nexus,

In identifying the nexuses one has simplified the description of the structure
of cyeling and thgreby made it pore meaningful., The description is simplified
because there are fewer nexuses than constellations {the set of mosi vulnerable
arcs being & subset of all ares}, and the nexuses are somewbat sczlier in the
nupber of constituent cyecles {the cycles for which &5 arc is most vuolnerable being
z-ssubset-of all-the cycles in which 1t perticipetes)., If . pns two of the most

vulperable ares zre exactly equal in magnitude, the nexuses are cdisjoint.. The
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nexuses are more meaningful ihan the constellations ip that they focus attention
upon a subset of eritical interactions and better delirit their dexzezins of ianflu-
ence,

Apother advantage ©f the concept of & nexns is.a.copyenient togl for separaiding-
the cycled flow from tbat flow which only passes straight through the system, If
tbhe vulperable arc is defineﬁ as the smallest are in s cycle, then the following
zlgorithm will effect such z& separation:

1. Zero the elements of the matrix of eyecled flow.

" 2. Find the smallest pon-zero vulnerable arc and czll its magnitude V.

3. I1f no vulnerable ares repein, go to 7.

4. For each of the m cycles in the hexus defined by the smallest vulnerzble
arc cazleculate the probability Py {1 = 1,2, ..., =) thet afbit of mediunm
stariing 2t any node in the cyele wilil exactly follow the cycle to return
to its starting point. This probability is simply the composite product of
the fij's associated with each &rc in the cycle.

5. 0Go ezround each of the m cycles of the nexus defined by the szallest vulner-

m

able are, subtracting V Pi/ ,Z} Pj from each link of the starting grapb
ye

and adding the same quantity to tbe corresponding eniry of tne cycles

patrix.
6.. Go to 2,
7. STOP.

ks 2 result of step 5 the smzllest vulnerzble arc will be eliminatec (set=0),
thereby breaking all the cycles of the accompanying nexus. ALll of the other arcs
assoclzted with the nexus will remain positive,

In steps 4§ a2nd 5 the magnitude of the wvulpereble arc is divided azmong the
constituent cycles of the associzted nexus in proportion to the probability that 2
particle in the vulnereble flow would actuzlly copplete 2 given cyclie (suggestec to
the author by ¥W. Silve}t, personal compunication). While this scherce is & very
plausible cne; it is, nonetheless, somewhat arbitrery. The reader Qishing to

irplement & cycle anzlysis might wish to apportion the wvalnereble fiow according to

#
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some other scheme, such as the principle of maximum entropy (Jaynes, 1958} or the
hypothesis of maximupm ascepdency (Ulanowicz, 1980).
.y, _FExample: Carbon Flow in the Ythan Estus

An appropriate netwofk with which to demonstrate the analysis is the graph of
carbop flows among the compartments of the Ythan estuary ecosyster (Bzird and
Milpe, 1981). The schematic diegrazm which Baird presented éid not unambiguously
define all the individual intercomparimentzl flows., Fortunately, Dr. Baird graci-
ously assisted the'author in estimating how the lumped flows might be separzted
into strietly pairwise transfers, and the resulting network is presented in
Figure 3, :

Three abiotic and ten living compartments of the Ythen ecosystem are identi-
fied. Tbere are 2 exogenous inputs of ecarbon, tep exports of usezble carbon and 3¢
internz) exchanges (23; connectance). The degree of aggregation is about uniform

Zy'w. The putrient

over zll trophic levels. All flows were reported in g carben m~
pocl was originally meesure¢ in terms of nitrogen, phosphorous and silicon, but has
been converted into equivelent dissolved organic cezrbon for the purposes of this

anzlysis,
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Figure .3 - Schematic diggrec of carbon flow in the Ythan estuzry, Scotland. Flows
measured in glo “y” !, Ground symbols represent respiration; arrows with no
origin, exogenous inpuls; arrows not tercinating in & box, exports a from the

system. After Beird and Milne (1981).
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L total of 170 simple cycles may be identified in tke graph. These cycles may
be grouped into 25 separate pexuses as seen in Appendix . The order inm which the
DeXuUsSes mppear is interestimg. -lot unexpectedly, the smzllest vulnerable zres. are
assoclated uitﬁ the bigher trophic level comparipents. These criticz)l arcs define
nexuses with many cycles, and the individual cycles tend to be long. Conversely,
‘the vulnerable arcs of greg&gr.gagnitﬁdg,are a2ssoeieted with lower trophic compon-
ents and have fewer (often only ome) cycles. 4Alsc, those cycles are very short.

As an example of the complex nexuses, consider tbe third nexus in Appendix 1.
The vulnerzble arc represents the predatiop on carnivorous fish by carnivorous
birds, The associated nexus, depicted in Figure 4, involves 21l of the compart-~
ments of the ecosystew in 2¢ simple ecycles, The ecologiczl s}gnificance of this
nexus cart be interpreted in either of two ways. First, 2 perturbation anywhere inp
tbe system is capable of propagating to zffect the vulnerzble are, although it is
obvious from Figure 4 that perturbations to certzin patbways zre likely to have
more impact than some otber disturbances. For example, grazing by kerbivorous
birds is practically inconseguenrntizl to the feeding of their carnivorous counter-
paris (niche separaticn). However, disturbances to the invertebrate deposit
feeders could have serious consequences gn_predagiopry garnivorous birds,

Beczuse these oycles represent causal leoeps, it is possible to interpret the
¥ P PSy P P

; in reverse, That is, predztion by carpnivorous birds is capable
of affecting alwost 2ll the other interpal transfers in the system to a greater or
lesser degree, Again, cafnivorous birds might exert perceptible control over depo~
sit feeders and zooplankton, ?ut contrql over beﬁthic,m;croppytes and herbivorous
birds is likely to be weak at bést.

The vast majority of the cycled materiz) circulates inside the last three loops
iisted in the Appendix -- nutrient turnover in the macrophytes, detritzl turnover
by deposit feeders and nutrient turnover by sinking phytoplankten. The lerge
pagnitudes of these'cycles probebly impart scme resistance to perturbation
(Ulznowicz, in press). Their reletive isolztion frorm cther compartments helps to

insulele them from disturbances elsewhere in the ecosystiem.

i
:
1
:
i
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carnivorous birds {inmdicztecd by heavy black zrrow). Extraeted froz graph in
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It should be kept in mind that, like 21l other forms of flow analysis, this
description of cyecling is based vpon 2 steady-state n’epwork. One pay not infer
that tbe dymazics of the system bzve thereby bee:i accurately defined. In fact the
sysrtgn:_can,_ph_lay,_,by....x.e.!:y.,_éﬁ-fet\entf rules after perturbation znd conclusions drawn
from the steady-stazte eould de misieading.

Cycle analysis, however, does provide & grapbic and semi-quantitative way of
portrazying wbzt hes long been known from experience -~ nazmely, that transfers zrong
higher trophic level coumpopents may be both more vuloerable and, obversely, exer:
nore tohitrol over 2 wider domain of an ecosfstem. One expects these critical
transfers and their zccompanying nexuses to be early victims of any disturbances.

&y contrast, the trophically lower, faster cycles appear les: vulnerable to periur-

rd



bations and might even benefit from the disappearance of higher structure. While
these statements are not immediately obvious from the emalysis of a2 single network
presented bere, comparative studies show that thiz zppezre to be precisely what

Lappened in the ecosyslers of L3i8a) persh creeks nos! Lhe

L of the
C¥ystEl“HTver power gene_ra‘ti_ng station (Ulemowicyz, 19E2) and what was predicted to
happen if Gulfl of HMexiceo benthic communities were exposzed to brine releases from
szlt domes (RB.L. Patten, personal communication).

Cycling index by itself, is thus seen to be an equivoczl indicator of the
response to ecosystem‘ stress, It is only wben the magritudes of cycied flows are
combined with a description of tbeir structure that a coherent picture of ecolog-
ical impact emerges, .
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APPERDIX
¥%¢ CYCLE ANALYSES %%#

27-CYCLE NEYUS WITE WEAK ARC { 9,13) = .100
6= 9= 3= &= 5= G~13- 6=

6= i~ 3= & 5- G-13-12- 6-
. f= 1= 3= 9-13- 6-

6~ 3= 3--0~13- 5- 6-

6- 1= 3= 9-13- 5- §- 6-

6= 1- 3- 0=13-12= 6=

6~ i~ 3- 0~13-12- 5- 6-

6~ 1- 3= G=13-12-.5~ B- 6~

6~ 1= Y4=11~ 5- 0-13~ §-
10. 6= 1= 4~11- 5= ©-13-12- 6-
11, &= 1= 4-11~12- 5= 9-13- 6-
12. 6= 1= 4-10- 5- G-13- 6~
13. 6= 1- §=10- 5- 9-13-12- 6-
W, 6-11- 5= 1- 3= G-13- 6=
15. 6~71= 5- 1= 3- G=13-12- 6~
6. 6-11~ 5~ 8-13- 6~

o

.

h

POEAMEPD

- .17, 6~11- 5~ 0+13-12- 6~

8. 6-11-12- 5~ 1~ 3~ §-13~ 6-
18, 6-11-12~ 5~ 9-13- 6-

20. 6-10- 5~ 3~ 3- 9-13- 6-
21. 6-10- 5~ 1= 3= 8-13-12~ 6~
22, 6=10= 5= 8-13- -

23, 6-10- 5= ©0-13-12- 6~

24, 5= 1= 3~ $-13- 5-

25. 5- 1- 3- ¢-13-12- 5~

26. 5- §-13- 5--

27. 5= ©-13-32- 5-

5~-CYCLE NEXUS WITE WELK LRC ( 8, 5) = .300
28. 6~ 1- 3- §- 5- 6~
29. 6~ 1- 3~ B- 5- 9- 6- i
30, 6+ 1- 3« B- 5- ©-12- §-
3. 5= 1- 3- & 5-
32. 5- 8- 5-

20-CYCLE NEXUS WITH WEAK ARC (13,12) = .500
35, 6= 1= 3~ £-13-12- 6=
34, 6~ 1- 3- B-13-12- 5- &-
35. 6~ 1= 3- B~13-12- 5- G- 6-
36. - 6~ 1- 3- 0= 5~ §-13-12- 6-
37. 6~ 1= 4=1%~ 5- B-33-12- 6~
38. 6= 1= H-11-13-12- §-
39, 6~ 1~ 4=11-13-12- 5- 6-
40. 6~ 1- 4-11-13-12- 5- B~ 6~
41, 6= 1~ £-11-13-12- 5- O- §-
82, 6- 1= Y=i0~ 5- B-13-12- 6-
43, 6-11= 5- 1- 3- B~12-12- 6-
B4, 6-11- 5= B-13-12- 6-
45, 6-11-13-12- 6-
4. 6-11-13-12- 5~ 6~

47, ©6-11-13512- 5=" 1= 2- 6=
46, 6=11-13-12~ 5 1= 2= 7- 6-
49, 6-11-13=12~ 5= 1= 3= 6-
50, 6-11-13-12- 5~ 1- 3- B 6-
51. 6-11-13=12= 5- 1= 3- ¢- 6-
52. 6-11-13-12= 5= 1- k- 6=
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53. 6-11-13-12- 5- 1- 4-10- 6-
54, 6-11-13-12- 5- & 6- o
55. 6-11-13-12- 5- §- 6~ i
56. 6-10- 5= 1- 3~ 8-13-12- 6-
57. 6-10= 5= 1= 4-11-13-12- §-
58. 6-10- 5- 8-13-12- 6~

59, 5- 1= 32 B-13:12- 5-

60. 5~ 1- ¥-11-13-12- 5-

1, 5= B-13-12- S-

12-CYCLE NEXUS WITH WEAK ARC ( 3, 8) = .600 {
62. 6- 1- 3- B- 6- §
63. 6= 1- 3- 8-13- 6-

64. 6- 1- 3- B~13- 5- 6=

65. 6- 1- 3- 8-13- 5- G~ 6~

66. 6- 1~ 3- 8-13- 5- 0-12- 6-
“67. 6-11- 5- 1- 3- & B~

68. 6-11= 5- 1- 3~ 8-13- 6~ .
69. 6-11-12- 5- 1= 3- 8- 6-

70. 6-11-12- 5 1- 3- 8-13- b~

71. 6-10- 5- 1- 3~ B- 6~

72. €=10- 5= i~ 3- 8-13- §-

73. 5- 1- 3- 8-13- 5-

. 18-CY¥CLE NEXUS WITH WEAK ARC (13, 5) = .600
74, b= 1= H4-11-13= 5- 6=
75. b- 1= L-11-13- 5- &- 6-
76. 6- 1~ t-11-13= 5. G- 6~
77. 6< 1- 4-11-13= 5- ¢-12- 6=
78. 6-11=-13- 5- 6-

79, v bl tm1Ee e tepe fe )
80. 6-11-13- 5- 1= 2- J- 6~
81. 6-11-13- 5- - 3~ 6-
82. 6-11-13- 5- 1= 3- §- 6~
3. 6~11-13- 5- 1~ 3- G~ 6=
84, 6-11=13- 5- 1= 3- §-12- -
BS. 6-11-13- 5- 1- 4 6
86. 6-11-13~ 5- 1= 4-10- 6-
87. £€-11-13- 5- 8- 6-
88. 6-11-12- 5- 9- 6~

o 8G— bel e 1Rer Se e P G

90. 5= 1= %4-11-13- 5~
91. 5- 8-13- 5-

20-CYCLE NEXUS WITE WERK ARC (i2, 5) = .700
2. 6- 1~ 3- 9-12- 5- 6-
93. 6= 3= 3- &-12- 5 B- 6-
G, fie T 3+ Qe12e 5o Beile H=
g5, 6= 1= £-31-12- 8- £-
9. 6= 1= L=11-12- 5- B~ 6-
67. b= 1= E-11-12- 5« 6-13~ 6=
G8. b~ 1= k=11-12~ 5- G- 6=
99. 6-11-12- 5- 6-
160,  6-11-12- 5- 1= 2- 6-
101, 6-11-12- 5= 1= 2- 7= b~
102, 6-11-12- 5- 1- 3= 6~
103, 6-19-12- 5- 1= 3- 9- 6-
104, 6-11-12= 5= 1= k- 6-
105. 6-11-12- 5~ V- L-10~ 6~
106, 6-11~12- 5- B- 6-
T 107. 6-11-12- 5- B-13- 6-
108. 6-11-12- 5- - 6~



109.
110,
ARAN

112,
113.
114,
115.
116.

117.
118,
139,

120.
121.
122.

123.
124,
125.
126,
127.

128.

128,
130,
131,
132.
133,
134,
135.
126,
137.
138.

14Q.
151,

142.
143.
144,
145,
}46.

k7.
148,
143,
156,
151
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5= 1= B- G-12- 5
S - Heil-1Z= 5

5= S=ld=

5-C¥CLE NEXUS WITH WEAK ARC

G

6- 1= 3- O~ 5- B-13- 6~
6~ i~ 4=11= 5~ B-13- 6~
6~ 1- 4-10- 5- 8-13- 6-
6-11- 5- 8-13- 6-
6-10- 5~ B-13- b-

( 8,13}

3-CYCLE NEXUS WITE WEAK ARC (13, €)
6~ 1= 4=11-13- 6=

6-11-13-

-

£~10- B= 1= He11=13= B-

3-CYCLE NEYUS WITH WEAK ARC ( 7, 6)
6- 1= 2= 7~ 6=

6-11= 5= 1- 2- T- 6=
6-10- 5- 1- 2- 7- 6-

5-CYCLE NEXUS WITH WEAE ARC ( 8, §) :

6- 1- 3- G- 5- B~ 6~
f 1 %-11- 5- & 6=
6= 1- £=-10- 5- 8- 6=
6-11~ 5- B~ 6-
6-10- 5~ B~ 6=

1-CYCLE REXUS WITH WE&K ARC (11,11)

1i=-11-

10-CYCLE NEXUS WITH WEEK ARC (12, 6)
6 1- 3- §-12- 6-
6o 4= 5-11- 5- G-12- 6=
- 4= 4=11-12~ &=
6- 1= 4=10- 5- G-12- §-

6-11- 5-
6-11- 5=
6-11-12-
£-10- -5~
6-10- 5-
6-10- 5-

9e

3- G-12- 6-

9-12- 6~

6~
$-
1=

3 912~ B~
5o11-12- 6=

G-12- 6m

3-CYCLE NEXUS WITH WEAK ARC{ g, 5)
6= 1= 3= G- 5- 6-
5- 1- 3= G- 5-

5- 6~ 5-

5-CYCLE KNEXUS WITH

6= 1~ 4-10-
- 1= 4-10-
6= 1= Lei0-

£-11- 5-

1~

5- 1- 4-10-

6-

5- 6-

5- ¢- 6~
H-10- 6-
5-

7-CYCLE REXUS WITH WEAK ARC {10,

£-10- S~
f-10- 5=
6-30- 5-
£-10- S~
fm10m So

6
1=
=
1-
P

2- 6-
3- 6-
3- 9 6-
Ie B

(%1
.

WEEK ARC { &,10)

.800

1.000

1.100

1.200

1.400

2.600

3.400

5.100



152.

153

- 154,

155.

156.
157,

T A
EUE I ol

160.
161,
162.

163.

16k,

165,

165.
167.

168.

169.

170,
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6=10- 5- 1= 4=11- 6~
6~10- 5~ 9- 6~

2~CXCLE NEXUS WITH WEAK ARC { &4, 6) = .7.900
6o 1m Yo 6
6-11- 5- 1- 4- 6=

2~CYCLE NEXUS WITE WEAEK ARC ( 3, 9) = 9.500
6- 1- 3- o= 6-

S B-11~ 5= 1- 3= G- 6~

2-CYCLE RHEXUS WITE WEAE &RC ( 9, 8) = L.600
fm %o Aedie Ba Go b
fotie Bo Go fo
3-CYCLE NEXUS WITE WEAK ARC { %,11) = 19.700
6~ 1~ 4=11- 6-
f=-3=-4=11= 5= 6=
5- i- 4=11- 5- .
2-CYCLE NEXUS WITE WEAK ARC ( 2, 6) = 30.000
6- 1- 2- -
6-11- 5= 1- 2- 6-
4-CYCLE NEXUS WITH WERK ARC (10, 6) = 37.400
6-10~ 6-
2-CYCLE NEXUS WITH WEAE A&RC (11, 5) = 49.000
f-1%i=- S5~ 6-
6-11- 5~ 1= 3- 6=
1-CYCLE NEXUS WITE WEAK ARC ( 3, 6) = 50.000
6= 1~ 3- 6-
1-CYCLE NEXUS WITE WEAK ARC (11, 6) = 196.100
6-11- 6-
1-CYCLE NEXUS WITE WEAK &RC ( 2, 1) = 300.000

1= 2- 1-
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