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ABSTRACT 
A previous suggestion is substantiated that our Galaxy is appended to what is now called the Pisces-Cetus 

Supercluster Complex. This complex involves ~60 rich clusters and ~1018 M0 and has a long dimension of 
300 /i75— 1 Mpc ä 0.09 c km s-1. The evidence is twofold, (i) With a sample of rich clusters that is complete to 
beyond the mean distance of the complex, there is percolation across ~300 h15~

1 Mpc at a separations scale 
length of 38 h15~1 Mpc, a value small compared with p~1/3 = 54 h15~1 Mpc. The percolated structure is 
contained within a volume with a very low filling factor (~0.5% of the volume available) and a very high 
overdensity (~25p). (ii) A one-dimensional correlation analysis confirms that rich clusters within the complex 
lie preferentially in a plane (or possibly in strata) parallel to the plane of the Local Supercluster as defined by 
nearby galaxies. The main plane of the Pisces-Cetus Supercluster Complex, centered ~200 h15~1 Mpc away, 
is coincident with the principal plane of the Local Supercluster, both in terms of the alignment of polar axes 
and in terms of the alignment of equatorial disks. The thickness of the Pisces-Cetus main plane has FWHM 
~40 h15~1 Mpc. 

The coincidence of the two planes of structure on such radically different scales suggests there is a physical 
connection. It would follow that the structure on a scale of 0.1 c has a physical significance. 
Subject headings: cosmology — galaxies: clustering 

I. INTRODUCTION 
In a recent article (Tully 1986; hereafter T86), evidence was 

provided that the Galaxy is embedded in a region roughly 
30,000 km s-1 across that is overdense in rich clusters. This 
apparent very large scale feature is flattened toward a plane 
coincident with the plane of the Local Supercluster, defined by 
the distribution of galaxies with V < 3000 km s-1. The over- 
dense region would contain ~ 1018 M0. 

Such structure is not anticipated by most popular theories of 
galaxy formation. The results presented in T86 were provoca- 
tive, but they were based on poor statistics and could have 
been biased by the nature of the sample then available. The 
present study provides a reasonably strong confirmation of the 
main conclusions in T86. The sample has been considerably 
enlarged, and no obvious selection effect can account for the 
observed pattern. 

The organization of the paper is as follows. In the next 
section, an attempt is made to display what I think I see. In the 
subsequent section, characteristics of the sample are explored. 
It is necessary to evaluate if any selection or statistical effects 
could create the illusion of the purported structure. Following 
that, there is a more quantitative evaluation of the properties 
of the structure. Results of a percolation analysis and of a 
one-dimensional correlation analysis are discussed. 

II. MAPS 
It is becoming generally appreciated that there is intricate 

structure in the distribution of galaxies. This belated revelation 
has come with growing knowledge of the three-dimensional 
distribution of galaxies and of clusters of galaxies as major 
redshift surveys have reached fruition. 

Filamentary structure is not apparent in two-dimensional 
views because of projection confusion. Filling factors for the 
structure are such that lines of sight that are more than a small 
multiple of the dimensions of a feature will be confused. Struc- 

tures have filling factors small enough to be physically inter- 
esting but large enough to provide good camouflage. One way 
around this problem is to separate out what can be called the 
“structural components.” These components can be scrutin- 
ized free of contamination by projections and then pieced 
together. 

Figure 1 provides a very crude overview.1 Guided by a per- 
colation analysis to be described later, I conclude that there are 
five vast “ supercluster complexes ” (or “ SCC ”) delineated by 
the distribution of Abell clusters with z < 0.1 c. I call these five 
structures the Ursa Major, Hercules-Corona Borealis, Leo, 
Aquarius, and Pisces-Cetus supercluster complexes. An SCC 
can contain of order 50 rich clusters and several 100 Mpc scale 
superclusters of the sort defined by Batuski and Burns (1985a) 
and Bahcall and Soneira (1984). 

Sixty-four percent of the 315 Abell clusters with measured 
z < 0.1 c lie within the confines of these five features. If the 
features are approximated by triaxial spheroids with dimen- 
sions defined by the rms excursions from their centers of mass, 
the 1 a surfaces contain 0.4% of the available volume (which is 
~ f of the total volume within z = 0.1 c since ~ j the volume is 
obscured and a further £ is south of the Abell catalog limit). 
The density of Abell clusters inside the 1 <7 surfaces is 25 times 
the mean density. 

The Aquarius SCC and the three SCCs in the north galactic 
hemisphere can be followed to redshifts larger than 0.1 c. In the 
case of Ursa Major, the main part of this feature appears to be 
at 0.10 < z < 0.15 c (Henry and Huchra 1987). There is still 
only sparse information about the sky below the Abell survey 

1 These and most other maps are plotted in Cartesian supergalactic coordi- 
nates. The Local Supercluster lies in the SGX-SGY equatorial plane. The 
supergalactic and galactic planes are close to orthogonal, with the SGX-SGZ 
equatorial plane tilted only 6° from the disk of the Galaxy. Proper distances, 
Dp, follow from redshifts, z, assuming H0 = 75 h15 km s_ 1 Mpc-1 and q0 — j'- 
Dp = 4000(z - 0.75z2)/(l + z) in Mpc. 
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Fig. 1.—Orthogonal views of the five major supercluster complexes within 0.1 c « 340 h75
_1 Mpc. The supergalactic coordinate system is defined such that the 

Local Supercluster lies in a plane with SGZ = 0. The zone of obscuration lies about a plane 6° from an SGX-SGZ surface at SGY = 0. The cone of incompletion 
below <5 = —27° primarily occupies the quadrant with SGX < 0, SGY < 0. The intersection of this cone with the z = 0.1 c surface is shown. The three views are from 
{a) SGX = + oo, {b) SGY = — oo, and (c) SGZ = + oo. The projected surface density contours corresponding to 0.07 h15

2 clusters Mpc-2 are shown for each of the 
five complexes. These contours enclose 64% of the Abell clusters within 0.1 c. For clarity, the distribution of the remaining clusters is not mapped. 

limit of <5 = —IT, but it is evident that there is a major 
complex in Indus at z ~0.06 c (Corwin and Emerson 1982). 

The discussion will now focus on the region of the Pisces- 
Cetus SCC. In T86, it was suggested that we are associated 
with this specific complex. Still guided by the percolation 
analysis, the region is separated into what I perceive to be 
the structural components in the three orthogonal views of 
Figure 2. 

The southern limit of the Abell survey of rich clusters at 
Ö — —27° is a surface roughly through the middle of the 
southern galactic polar cap. The Pisces-Cetus feature can be 
followed to this survey limit and must be presumed to continue 
to more southerly locations. There is an interest in the 

southern sky because we are probably part of a “ Virgo-Hydra- 
Centaurus Supercluster” (T86) and because our most impor- 
tant links with the Pisces-Cetus complex could well be in the 
south (there are no strong local connections in the unobscured 
part of the northern sky). To evaluate this possibility, the 
sample of Abell clusters north of <5 = —27° has been supple- 
mented by whatever information is available regarding more 
southerly rich clusters. 

In order to include the Virgo-Hydra-Centaurus region that 
is suspected to be associated with the Pisces-Cetus complex, 
the maps in Figure 2 have been carried across the zone of 
obscuration to a limit of SGY = 50 h15~l Mpc in the northern 
polar cap. 
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Fig. 2.—Orthogonal views of the two supercluster complexes in the south galactic hemisphere: Pisces-Cetus and Aquarius. The viewing directions, scale and 
contour level are the same as in Fig. 1, and the obscuration and southern incompletion surfaces are the same. The Pisces-Cetus SCC is subdivided into five principal 
components, and the Aquarius SCC is subdivided into two. Clusters outside of the two main complexes lie within the unshaded regions. In each view, clusters well to 
the foreground or background of the two main complexes have been ignored. The substantial feature at SGX ~ —150, SGY ~ —150, SGZ ~ + 30/i75 -1 Mpc is the 
incompletely surveyed Indus Supercluster. 

By a percolation scale length characteristic of the sample of 
(density)"1/3 = 54 h15~1 Mpc, 75% of the 114 Abell clusters 
south of the galactic plane with z < 0.1 c are associated with 
only two supercluster complexes: the Pisces-Cetus SCC (61 
clusters) and the Aquarius SCC (25 clusters). These units are 
subdivided into major subcomponents in Figure 2. The Aquar- 
ius SCC is separated into two parts, and a major fraction of the 
complex is probably beyond z = 0.1 c. The Pisces-Cetus Super- 
cluster Complex is separated into five parts: (i) the Pisces- 
Cetus Supercluster, (ii) the Perseus-Pegasus chain, (iii) the 
Pegasus-Pisces chain, (iv) the Sculptor region, and (v) the 
Virgo-Hydra-Centaurus Supercluster. 

The Pisces-Cetus Supercluster is the most prominent com- 
ponent of the complex. It has been discussed by Batuski and 
Burns (1985a) and in T86. This supercluster may extend below 
the Ô = — 27° limit of the Abell survey. 

The Perseus-Pegasus chain and the Pegasus-Pisces chain 
together consititute the remarkably long filament discovered 
by Batuski and Burns (1985h). I describe this feature in terms of 
two components because there is a substantial gap and kink 
that is not bridged in the percolation analysis until almost the 

characteristic scale length of the sample of 54 h75“
1 Mpc. 

Nevertheless, the Batuski-Burns feature deserves serious atten- 
tion. The part called the Pegasus-Pisces chain percolated into 
additional structure at z > 0.1 c. 

The Sculptor region remains too poorly delineated to 
warrant the appellation “supercluster” because most of it is 
below the ô = —27° limit of the Abell sample. It is possible 
that there is a direct connection between this region and the 
extensive clustering in Indus (Corwin and Emerson 1982). The 
Virgo-Hydra-Centaurus Supercluster is also poorly defined 
because so much of it lies in the southern sky and in the zone of 
galactic obscuration. 

The Virgo-Hydra-Centaurus Supercluster contains only one 
Abell cluster near the zone of obscuration, and its connection 
to the Pisces-Cetus complex cannot be argued on the basis of 
the percolation analysis. Rather, the association is made based 
on the coincidence between the plane defined by the distribu- 
tion of nearby galaxies and the plane of flattening of the Pisces- 
Cetus SCC. This point will be discussed further. 

The qualitative description provided in this section is 
intended to provide a general orientation. There are no other 
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important features in the distribution of Abell clusters in the 
region under consideration. If the Pisces-Cetus and Aquarius 
supercluster complexes are enclosed by spheroidal shells 
defined by the 1 <r axial excursions of clusters from each bary- 
center, these two shells together enclose 0.6% of the volume 
available with z < 0.1 c, <5 > -27°, and b < -30°. The density 
of clusters within the 1 <r surfaces is 25 times the mean density. 
Only 28 of 114 southern Abell clusters are not associated with 
these two complexes and no other association has more than 
four members. 

There is a tabulation of the members of the principal super- 
cluster complexes and cross-references with other supercluster 
assignments in the Appendix. There will be more maps of the 
sort shown in this section included in the Nearby Galaxies 
Atlas (Tully and Fisher 1987). 

III. HOW COMPLETE IS THE SAMPLE? 
Actually, there are two samples. There are 315 Abell clusters 

with measured z < 0.1 c, and there is a supplement of 67 

known rich clusters within the same redshift limit but either 
below the Abell search limit of <5 = —27°, or with velocity 
dispersions greater than 600 km s" \ or otherwise judged to be 
rich enough to have been included in the Abell catalog. The 
properties of the supplemental sample are very poorly under- 
stood. It only serves to provide us with a qualitative glimpse of 
the sourthern sky where many of the nearest clusters seem to 
be and, also, as a check on completion aspects of the Abell 
catalog. The remaining discussion in this section will deal with 
just the better defined Abell sample of 315 clusters. 

All but 26 of 251 Abell clusters with distance class <4 now 
have publicly disseminated velocities (Struble and Rood 1987; 
Huchra and Postman 1986), and the few clusters in these 
classes with undetermined velocities are spread across the sky. 
By contrast, only 490 of 2461 Abell clusters with distant class 
> 5 have known velocities, and the sky coverage is very inho- 
mogeneous. There are three particularly well sampled parts of 
the sky (Ciardullo et al. 1983; Ciardullo, Ford, and Harms 
1985 ; Henry and Huchra 1987). However, in each of the deeply 

100 200 300 400 h^Mpc 

Proper Distance 
Fig. 3.—Top panel: number of Abell clusters with known redshift per 20 h15~l Mpc interval of distance. The correspondence between distance and redshift is 

shown. Bottom panel: density of Abell clusters with known redshift as a function of distance. The error bars indicate Ni/2 uncertainties. The region of completion is 
within 240 /175-1 Mpc, and the mean density in this region is indicated by the horizontal line. 
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sampled regions, the great majority of the distance class >5 
clusters are at z > 0.1 c. The biases introduced by abnormal 
completion in these regions is small for z < 0.1 c. 

Figures 3 and 4 provide details of the present coverage. The 
number of clusters with observed redshifts per distance interval 
is shown in the top panel of Figure 3, and the corresponding 
run of density with distance is shown in the bottom panel of 
Figure 3. Figure 4 illustrates the percentage of clusters with 
observed redshifts z < 0.1 c as a function of 7^0, the apparent 
magnitude of the tenth brightest cluster member. If m10 < 16.7, 
the percentage with z < 0.1 c is greater than or equal to 50%. 
The curve in this figure shifts with redshift limit in the expected 
fashion (i.e., for z < 0.05 c the 50% point shifts to m10 ä 15.2). 

Apparently, there is good completion at present to 20,000 
km s_1ä240 /i75~1 Mpc, with rapidly diminishing com- 
pletion at greater distances. The expected incompletion as a 
function of redshift can be calculated, given the model for 
incompletion as a function of m10 provided by Figure 4 and 
knowledge of the number of clusters without observed redshifts 
as a function of m10. The conclusion is that incompletion in the 
Abell sample begins at z » 0.06 c, that there is 70% completion 
within z = 0.075 c, and 50% completion within z = 0.1 c. 

There may be concern that apparent structure could be an 
artifact either because Abell clusters have been unevenly 
sampled in the process of the velocity measurements or 
because Abell did not evenly survey the sky originally. Figures 
5 and 6 are plotted in an attempt to allay that concern. Figure 
5 is a display of the 315 Abell clusters with observed redshifts 
z < 0.1 c. Figure 6 is a display of 853 Abell clusters without 
observed redshifts and distance class < 5. Roughly 30% of the 
clusters plotted in Figure 6 are expected to have z < 0.1 c. 

There is the obvious deficiency of clusters without known 
velocities in Figure 6 at / ~ 125, h ~ 50, the consequence of the 
deep survey by Henry and Huchra (1987). However, there is 

SCALE OF 0.1 c 5 

not a marked overdensity at the corresponding location in 
Figure 5 (as there would have been if the plot were extended to 
a deeper redshift limit). 

The supercluster complexes are not particularly evident in 
these figures. Both the sampling of the unobscured part of the 
sky by Abell and the sampling of the catalog by redshift obser- 
vers seems reasonably random. It is difficult to see how the 
extreme clustering, with filling factors less than 1%, could be 
an artifact of the observations. 

IV. A PERCOLATION ANALYSIS 

The point of the present section is to show that percolation 
occurs across vast dimensions with a very low value of the 
percolation scale length parameter. Einasto et al (1984) have 
discussed the use of percolation analysis in the context of gal- 
axies in the vicinity of the traditional Local Supercluster. 
Batuski and Burns (1985a) and Batuski, Melott, and Burns 
(1987) have done a similar study with Abell clusters. In each of 
these cases, simulations were also analyzed. 

In a percolation analysis, if any two units are closer together 
than a specified scale length, then they are linked together. This 
prescription can lead to a network of such linkages. The pro- 
cedure is particularly appropriate for the delineation of fila- 
mentary structures, where the mean density in a spherical 
domain might still be low. 

The percolation scale length can be compared with a scale 
length characterized by the mean density of the sample. From 
Figure 3, the mean density in the region of completion is deter- 
mined to be p = 6.2 x 10-6 h15

3 clusters Mpc-3, whence the 
mean density characteristic scale length is Ra = p~1/3 = 
54 hÿs Mpc. Einasto et al (1984) introduced the scale length 
R0 = (3/47r)1/3 Ra = 34 /175“1 Mpc and the percolation param- 
eter B(r) = (R/R0)3 = r3. 

The critical percolation scale length, Rp, is defined as the 

Fig. 4.—Percentage of Abell clusters with measured redshifts that are less than 0.1 c as a function of m10, the magnitude of the tenth brightest galaxy in a cluster. 
The curve drops to 50% at m10 = 16.7 mag. 
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; scale length that causes percolation to propagate across the 
^ dimensions of the sample. The boundaries are soft with our 
è observed sample. There is incompletion at large radial dis- 
£ tances and because of the intersection of the sample with the 
2 zone of obscuration. Due to the latter problem, the north and 

south galactic hemispheres will be considered separately. The 
resultant volumes are shaped like ice cream cones with wide 
opening angles. The southern cone is cut in half by the decli- 
nation limit, while the northern cone is almost complete. The 
axial extent of the cones are 0.1 c = 340 hj^1 Mpc (if q0 = j)9 
with incompletion significant beyond 240 h75~1 Mpc. Given 
the unusual shapes and soft boundaries of the volumes, it is 
sufficient to describe them by a “ characteristic dimension ” for 
traversal, Dc, with Dc % 300 h15~1 Mpc. We ask at what value 
of Rp is there percolation across distances of order Dc. 

The dimensions associated with percolated structure are 
described by the three-dimensional diagonal of the smallest 
box that accommodates all the members of a unit. The largest 
dimensions of percolated structures in each hemisphere are 
plotted in Figure 7 as a function of the choice of percolation 
scale length. The maximum percolation dimension in each 
volume reaches the characteristic size Dc with Rp = 38 h15~

1 

Mpc. The corresponding value of the percolation parameter is 
Bp = 1.4. Couched closer to the terminology of Batuski, 
Melott, and Burns (1987), RpIRa = 0.70. 

As the percolation scale is increased beyond Rp, the 
maximum percolation dimension plateaus and then, at Æ ~ 
Ra, increases to the largest possible values commensurate with 
the volume under study. By this sort of scale, the various super- 
cluster complexes are linking. Each of these entities separately 
has dimensions of order Dc. The structures are so large that it 

is not possible to distinguish between two obvious alternatives : 
(a) that the supercluster complexes are distinctive entities, or (b) 
that they would link together with Æ ~ if a large enough 
volume could be surveyed. 

There are no simulations of structure on sufficiently large 
scales to compare with the above result. It seems evident from 
the Einasto et al (1984) work, though, that Bp = 1.4 is a very 
low value for the percolation parameter. It favors the increas- 
ingly popular notion that a network of connected filaments 
exists. 

V. THE FLATTENED LOCAL SUPERCLUSTER COMPLEX 

We are now getting into what I consider to be the most 
fundamental issue raised in this paper. Much of the motivation 
for the claim in T86 that we are appended to a vast super- 
cluster complex came from the observation that relatively 
nearby rich clusters (those within 100 h75~

1 Mpc) adhere to 
the same plane as that defined by the distribution of nearby 
galaxies (those within 40 /i75-1 Mpc) and, moreover, rich 
clusters in the Pisces-Cetus Supercluster (at a distance of 
~ 200 /175 “1 Mpc) adhere remarkably to the very same plane. 

Figure 8 is offered by way of introduction to this discussion. 
It is a plot of number of clusters as a function of distance from 
the plane defined by the distribution of nearby galaxies. It is 
based on a sample of 358 clusters with observed redshifts less 
than 0.1 c: the sample of Abell clusters and supplementary rich 
clusters used in the construction of the maps in § II, except that 
clusters associated with the incompletely surveyed Indus 
complex in the south have been excluded. This diagram is an 
update of Figure 5 in T86. As in that earlier plot, the top panel 
has been normalized to account for (i) the relative volumes of 

Fig. 7.—Dependence of the maximum percolation dimension on the choice of percolation scale length. North and south galactic hemispheres are plotted 
separately. The characteristic dimension for traversal of the volume is Dc = 300 h75

-1 Mpc. Percolation occurs across this dimension at Rp = 38 h75
-1 Mpc. The 

characteristic scale length defined by (density)-1/3 is 54 h75 ”1 Mpc. 
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Fig. 8.—Number of rich clusters as a function of distance from the supergalactic equatorial plane. Bottom panel: observed numbers. Top panel: normalized to 
take into account geometric effects, obscuration, and incompletion as a function of distance. Error bars follow from iV1/2 statistics. The horizontal line at 20 clusters 
corresponds to the average count per bin after normalization. 

the separate SGZ bins within the survey region, and (ii) the 
relative effects of obscuration on the separate SGZ bins. More- 
over, the normalization now also accounts for (iii) incomple- 
tion as a function of distance, on the assumption that all of the 
decrease in the density of clusters with distance is an incomple- 
tion effect. A 3.3 o’ signal (in two bins) is seen coincident with 
the supergalactic equator. 

The signal associated with a feature on the supergalactic 
equator is stronger with the larger and less biased sample now 
available than it was in T86. There is contribution to this signal 
from both galactic hemispheres, over wide angles. The correc- 
tion factors associated with the normalization in Figure 8 are 
substantial but are characterized by a smooth function with 
FWHM ~300 /175“1 Mpc. By contrast, the signal associated 
with the supergalactic plane has FWHM ~40 h15~1 Mpc. 
These factors, combined with matters discussed in § III, lead 
me to conclude that the following possible explanations for the 
existence of the signal can be discounted: (i) galactic obscur- 
ation, (ii) incompletion in the south celestial hemisphere, (iii) 
biased sampling in the acquistion of redshifts of Abell clusters, 
and (iv) biased sampling in the compilation of the Abell 
catalog. 

The only tenable explanation that does not admit to the 
physical reality of the feature is a statistics of small numbers 

hypothesis. Clusters clearly associate on scales of ~100 
Mpc, and in a volume that only includes of order 15 such 
elements, the chance superposition of several superclusters of 
this more traditional scale to give a 3 <7 signal is not improb- 
able. This hypothesis was given support when equivalents to 
Figure 8 were plotted for a large number of randomly chosen 
axis orientations. Three sigma signals were found in a signifi- 
cant fraction (~ 15%) of cases. These cases can be anticipated if 
one takes the maps in Figure 1 and asks if there are viewing 
angles that cause major features to project onto one another. 

However, strong evidence will now be presented that the 
signal in Figure 8 actually is physically meaningful. This new 
evidence involves the equivalent of a one-dimensional correla- 
tion function. It is known that the three-dimensional function 
has the dependence ^r-18 (Bahcall and Soneira 1983; 
Postman, Geller, and Huchra 1986). If clusters were randomly 
oriented with respect to each other with regard to the three 
orthogonal axes of an arbitrary coordinate system, the correla- 
tion functions associated with one-dimensional projections are 
expected to be approximately flat; i.e., the number of clusters 
per logarithmic unit projected separation interval will be vir- 
tually independent of projected separation. If, on the other 
hand, clusters are preferentially confined to a sheet, then, in a 
projection onto an axis perpendicular to this sheet, there will 
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; be an overabundance of small separations and a dearth of large 
^ separations and the consequence will be a steeper one- 
§ dimensional correlation function along this axis. 
£ As a test case, it is instructive to perform the analysis on the 
2 Nearby Galaxies Catalog sample (Tully 1987; hereafter NBG 

catalog) of 2367 galaxies within 3000 km s_ 1. As seen in Figure 
1 of T86, there is overwhelmingly strong evidence of the exis- 
tence of a flattened plane in that sample, and it is also claimed 
that there are significant secondary strata. 

The results of analyses of three separate samples drawn from 
the NBG catalog are presented in Figure 9. Advantage is taken 
of the fact that the great circle of the supergalactic plane passes 
close to the pole of the galactic coordinate system. The SGY 
axis lies within 6° of this pole, and the SGX-SGZ plane at 
SGY = 0 is essentially coincident, within this same angle, with 
the plane of the Galaxy. Consequently, all one-dimensional pro- 
jections in the SGX-SGZ plane are affected in roughly equivalent 

Vol. 323 

ways by the two major selection effects of obscuration and incom- 
pletion as a function of distance. The NBG catalog provides an 
all-sky sample that is not significantly affected by other direc- 
tional biases. 

The experiment is to determine the slope of the one- 
dimensional frequency distribution as a function of position 
angle in the SGX-SGZ plane. At position angle 0° the fre- 
quency function along the SGX axis is formed, and at position 
angle 90° the frequency function along the SGZ axis is formed. 
There is no attempt to normalize as is required to derive a true 
correlation function because the normalization requires mod- 
eling of boundary effects and incompletion factors. We only 
care if there is a change in slope of the frequency function in a 
situation where the normalization factors are uncertain but 
independent of position angle. 

It is seen in Figure 9 that the slope at a typical position angle 
is —0.05 for the full NBG sample of 2367 galaxies, but that 
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Fig. 9.—The dependence of the slope of the one-dimensional frequency function on position angle for samples of nearby galaxies. One-dimensional projections 

are taken at intervals in the SGX-SGZ plane. Three samples are considered. In each case, there is a significant steepening of the slope within 15° of the orientation 
associated with projections onto the SGZ axis. 
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; there is a highly significant steepening of the frequency func- 
^ tion to a slope of —0.30 at position angle 90°, the angle associ- 
ât ated with the SGZ axis. 
£ Two subsamples confirm the claim that there is significant 
2 layering of nearby galaxies parallel to, but off, the principal 

plane of the Local Supercluster. A sample of 1611 galaxies is 
formed with all systems in the NBG catalog except those 
associated with the major constituents of the principal plane: 
the Virgo Cluster and Southern Extension, the Ursa Major 
Cluster and Cloud, the Ursa Major Southern Spur, and the 
Coma-Sculptor (local) Cloud. There is still a significant 
steepening of the frequency function slope to —0.16 normal to 
the supergalactic equator, in this case. 

Alternatively, it is instructive to consider only galaxies in the 
southern galactic hemisphere, since the plane of the Local 
Supercluster is predominantly a feature of the northern hemi- 
sphere. There are 806 galaxies in this case, and the slope of the 
frequency function peaks at a highly significant value of — 0.27. 
The position angle at maximum steepening is shifted to 75°, 
but this difference of 15° from the SGZ axis is consistent with 
the layering hypothesis, with allowance for some corrugation. 

Now that the effectiveness of the one-dimensional correla- 
tion analysis has been demonstrated on a local sample of gal- 
axies, the same procedure can be applied to my sample of 358 
rich clusters with z < 0.1 c (excluding the incompletely sur- 
veyed Indus region). In fact, the analysis will be performed 
separately on the two galactic hemispheres because the most 
prominent flattened structure is associated with the Pisces- 
Cetus complex in the south. There may be some flattened 
structure in the north, but the evidence is not very convincing. 

In Figure 10, the slopes of the frequency distribution are 
plotted as a function of position angle in the SGX-SGZ plane 

A SCALE OF 0.1 c 11 

for the northern and southern data separately. With the 213 
clusters north of the galactic plane (SGY > 0), there is a weak 
but insignificant signal at position angle 95°. On the other 
hand, with the 145 clusters south of the galactic plane, there is 
a signal with 3.0 a significance peaked at position angle 90°; 
that is, coincident with the SGZ axis. The slope of the fre- 
quency function steepens from the mean value of —0.04 to a 
value of—0.15 at the peak. 

It was pointed out that SGX-SGZ surfaces are sufficiently 
symmetric with respect to the plane of our Galaxy that the 
feature is not ascribable to obscuration. The ô = —27° com- 
pletion limit of the Abell catalog has almost no effect on the 
northern sample but would cause a flattening of the frequency 
distribution toward position angle 90°, which may explain the 
apparent broad trough that underlies the signal at 90°. The 
declination limit causes observed SGX-SGZ surfaces in the 
south to be roughly half-moon-shaped, with the SGX axis 
directed across the narrow waist and the SGZ axis directed 
tip-to-tip. The observational confinement in the SGX direction 
would tend to force correlations along that axis to be steeper. 
The peak in the frequency function slope along the SGZ axis 
occurs in spite of this inhibiting effect. 

Just from the distribution of clusters as viewed on maps of 
the Pisces-Cetus region like those in Figure 2, it appears that 
the SGZ frequency correlations receive contributions from 
structure off the principal plane. That is, there may be layering 
of the structure, with a secondary concentration of clusters 
~ 100 /i75 -1 Mpc above the principal plane (also suggested by 
the secondary peak in Fig. 8). This layering may be analogous 
to the layering that can be identified with considerably more 
confidence in the distribution of nearby galaxies. It would be 
very surprising and important if it turns out to be true that 

CLUSTERING ON 

C 
0 

1 -0.1 

>> o 
o ^ 
c 
<D 

o- -0.2 <D 
k- 

IL. 

'S -01 

0> 

o 0 
in 

0 60 120 180 

SGX SGZ SGX 

Position Angle in SGX-SGZ Plane 
Fig. 10.—The slope of the one-dimensional frequency function as a function of position angle for samples of rich clusters. There is a 3 <j signal aligned with the 

SGZ axis in the case of the southern hemisphere sample. The average slope of — 0.04 is indicated by the horizontal line. 
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there is layering on 100 Mpc scales. The present evidence in 
this regard is tentative. 

The emphasis in this paper is on the rather strong evidence 
for the existence of the first-order effect : the very pronounced 
flattening of the general Pisces-Cetus region toward a plane 
coincident with the plane defined by galaxies in the local neigh- 
borhood. 

VI. SUMMARY 
In T86, tentative evidence was presented that the traditional 

Local Supercluster is appended to a clustering complex that is 
centered in Pisces-Cetus at a distance of 16,000 km s-1 ä 
200 /z75— 1 Mpc. This new investigation corroborates the pre- 
vious work. There are two fundamental observational ques- 
tions: (i) Should physical significance be attached to the largest 
apparent structure? (ii) Should physical significance be 
attached to the apparent flattening? I would argue that these 
questions couple, in the sense that if the answer to one is “ yes,” 
the answer to the other must be “ yes ” as well. Let us review 
the evidence. 

1. The percolation analysis leads to the identification of the 
principal structural components, and these are found to 
occupy only a small fraction of the volume available (1 a sur- 
faces enclose 0.4%-0.6% of the total volume; densities within 1 
a surfaces are ~25p). There appear to be five major complexes 
at least partially within the volume with z < 0.1 c, <5 > —27°, 
\b\> 30°. 

2. Percolation across dimensions characteristic of the 
volume under study occurs at the small value of the perco- 
lation scale length of 38 /i75 ^1 Mpc (the value of the Einasto et 
al. percolation parameter is Bc = 1.4). The percolation scale 
length is small in spite of the small filling factor. 

3. The percolation analysis suggests that the relatively 
nearby Perseus-Pisces Supercluster is appended to the Pisces- 
Cetus complex. There are no obvious direct links between us 
and the Perseus-Pisces region, but our view is restricted by the 
zone of obscuration and incompletion in the south celestial 
hemisphere. 

4. There is evident flattening in the distribution of rich clus- 
ters in the south galactic hemisphere to the plane defined by 
much nearer galaxies (the principal plane of the Local 
Supercluster). Figure 8 suggests that this claim is true, but the 
most convincing evidence is provided by Figure 7 in T86, 

which shows the adherence of only moderately rich Shane- 
Wirtanen clusters (Shectman 1985) to the same plane. 

5. The densest part of this planar complex is located in 
Pisces-Cetus at a distance of 200 /i75

_1 Mpc. The thickness of 
the plane is very small (FWHM ~40 /i75 -1 Mpc as defined by 
Abell clusters; FWHM ~25 /i75

_1 Mpc as defined by Shane- 
Wirtanen clusters) in contrast with the apparent length 
(percolation diagonal ^300 /i75

_1 Mpc). Estimates of the 
thickness have tended to go down as statistics improve and 
smoothing is decreased, while estimates of the long dimension 
have tended to go up as completion and the survey volume are 
enlarged. 

6. Most important, the one-dimensional correlation 
analysis confirms the statistical significance of the apparent 
flattening and the coincidence between the planes defined by 
rich clusters in the south galactic hemisphere and by nearby 
galaxies. 

If it is accepted that there is a physical significance in the 
coincidence of the two planes, this must be tantamount to 
acceptance that our local area is associated with the Pisces- 
Cetus complex. The complex would contain of order 60 rich 
clusters that, in themselves, would incorporate ~1017 M0. If 
10% of galaxies are in clusters, then ~1018 M0 would 
be involved. The complex is described by a long dimension of 
300 /i75

_1 Mpc, a flattened plane with thickness FWHM 
~40 h15~

1 Mpc, filamentary structure such as the Perseus- 
Pegasus and Pegasus-Pisces chains (the Batuski-Burns 
filament) and, possibly, layering parallel to the supergalactic 
equator. 

Within z = 0.1 c there are four other apparent supercluster 
complexes involving similar numbers of rich clusters and com- 
parable dimensions. These complexes can be followed to the 
boundaries of the present sample. Hence, there is no reason to 
believe that we are yet seeing a fair sample of the universe. The 
complexes described here overflow the volume of space that 
has been surveyed, and there are no good observational limits 
on how large they might be. 

These observations present an obvious challenge to most 
popular theories of galaxy formation. 

Pat Henry, John Huchra, and Marc Postman generously 
provided unpublished redshifts for several Abell clusters. 

APPENDIX 

My delineation of five major supercluster complexes is based on a percolation analysis. The members of my current catalog of 315 
Abell clusters and a total of 382 clusters with z < 0.1 c are given the complex assignments indicated in Table 1. Clusters not 
identified with the five major complexes are listed at the end of the table. The following information is provided. 

Column (1): If there is an asterisk, there is percolation to the major component of one of the five major complexes by a scale 
length of 40 /i75 "1 Mpc. If not, there is percolation by 50 /i75 "1 Mpc. If there is a dagger, the cluster is part of the apparent complex 
in the incompletely surveyed Indus region. 

Column (2) : Abell name or name based on R.A. and declination. 
Column (3) : Adopted redshift. 
Columns (4)-(6): Supergalactic coordinates (h75 ~1 Mpc). 
Column (7): Bahcall and Soneira (1984) catalog number. 
Column (8): Batuski and Burns (1985a) catalog number (c = core; n = neighborhood). 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



Fi
ve

 S
up

er
cl

us
te

r C
om

pl
ex

es
 

H 

h) ft 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



H 

14 

© American Astronomical Society Provided by the NASA Astrophysics Data System 



H 

15 

© American Astronomical Society Provided by the NASA Astrophysics Data System 



H 

h) ft 

^ G oo u G G U PQ 
« PQ 

as <D o G Æ O G CO 

G G ir> m co CM 
O o m ir> cm co 

G GG •» vo so G G po G co r- uo so •* r». * ^ .cococr^GGGo > •» »V I/o •* i/o I/O vO vO • O G CM G CM CM CO CO UO to •» uo CM CO O CO O O ~ r«. vd u r^- co UO CM 

CO 
G G G G G G GGGGG <î os r^vocovoo ür^ OCMVOCOSO OCM O O O O O Ovo U CM CO h- O co »»so - ^ co ^ co co co co co co - so OCM O O O GCO GsOOOCOCOCOCO U CO u so o co o — vD CM CO CO CO CM 

~ co _ _ O SD O CO co so co CO CM CO vo 

VO g * co o CO 

' 00 00 00 00 

**ro\cococooscM<r. OO'tf’sOUOCOfHCM»—I I I I I I I I I 

vDCOvOr^.t-tCMCO'^-O'-lO ocohvsor^r^osoor^uocM COCMCMCMCMCMCMCMCMCMCM 

r^voi-ir>.cMcouooO'!t*<i«-i r^.CMm<f'îj-uocosO'îj-coco I I I I I I I I I I I 

vDCOrHsDf--ir^CMuO«<fOO*-H vor^coosososas'croOfHCM ossooor^r^r^oooor^r^-so ooooooooooo 
ooooooooooo 

CM»—tUOOMfvO^CMOSOSOO vor^ooosr>.cM<-msoooco cocococo<d-uouoinuouosD 
4c-Jc^4c4e-íc«K-íc-í««íc 

CO Os O 1^. so os < sO I ^ CO CM 'd' I « I I I 

►J (U S O 
Qc! W H 00 ¡G hJ U Cà w a. G> 
oà o •-) < s 

t''vso<—lOCNin»—im.-HOsr'-'^-so.—icoLnoococMr^cMinr'-sooocoosr—i COvO»-«sOOsr>*'d,uo»-tOsî-sOr^sOOOCOOSOSOOOsDsOsOC'*OUO»-irs^OCMOSsO»-l ICM»—I»—<»—ICM»-HCMCM»—t»—l^-l»—ít—lCM»—I»—ICM»—<CMCM»~<»—ICMCMCM»—ICMCM^MCMCM 

<tr^»HuocMos<to<ruo*sfCMuosooosoosr^oosc>.cM«irr^os»-iouocor^ossooo »-HoocoosooocosocMincoooosocoo»—(OLncMr^oo-—icoco>—ir^cM-—lossor^ •—II—ICM CM •—I I—I I—I »-I I—I I—I I—I rH CM I-H »—I I.—Il—II—II—I»—ICMi—II—II—II—<»-l 

c>.r>.r>*ocM^-icMooosco^oso>ircocDosso»-ir^'iri-iocMoocooouo»-isosroooo I—lO—ICMOOOSOSCMOOOuOCOsO O r^CO'vTCOCO'iíMrCMOsOsCOO'Cl-OsOsOOOO mr^osuomr^r^sososDuouououosor^oososouoooosrN.uosoooosr^r>>»r^ooosr>* ooooooooo o ooooooooooooooooooooooo 
ooooooooooooooooooooooooooooooooo 

tHi^'d-uocoossocDsj-ouoosrHoor^coocMsocM^HOosoorx.'d-sorHi-irN.co^H OjLncO'd’OsooO'—iuor^r-^r^os^ir^-ooOi—icoiosDvoosooco-—ioo<fsooom ^ûr^ooosOi—ii—icMcMCMCNCMCMcococo<f'^-<J-<r-<r<j-<i-uommsosor^r^is^.oo <¡ I,—|i—If—l.--(i—If-Hi—I.—Il—|i—Ir-Hi—li—II—II—li—II—li—Ii-Hi—I»—I»—li—I»—II—Ir-Hi—I 

CM >ir rH o rH 1^ <ü + fû O < . os 'd' i i—i LO O G o 00 OS o I—I i—i i—i Gr—1 

-íc-íí-íe-íc^-íc-Jc^-íc 

G CQ M G G 4J PQ as PQ 

as <D o G fC O CS 00 

G G 
U U U U U U I/o I/O m I/O UO UO CM CM CM CM CM CM 

G G G G r'v i—i i—i GGc^Gcococmg G I—I t>l •—I I—I «UO «««UO UO • ooaococoococo gcmgggcsj o cm ou • i/o UO uo UO « «UO « »»sO «sOsOsO «Os «OSOS • CM CM CM CM O OCM O OCM O CM CM CM OCM O CM CM I/O UO l/OOS «CM «««CM CM CM CM CMCMGCQOOGCQ CO UO OS OS UO CM CM CM CM 

Gcmgcmoooooco i—I «CM « UO UO UO UO UO « o O CM CM CM CM CM o 

o o 

.HCOOSCM.-ir^OOCMCOOSCMr^OOsOCOOOOCMOO«>ÎCQCMOOUOOQ sOsOCOOCMCMOSCMsOsOCMsOsOUOCOCMCOOOCMfHCMsO I sOfHfH rH _| _| _| _ _| I rH I | i“I I | | I I I I I I I I I I I I I I I I I I 

oscor-'-cooscMi—ioooo-<ti''*osrOf-H<t-i—isoosr'-.coooosooo»—(oo OsO-—iCMCO'Cfr^'d'OOsDuOCMCM—If—isûuOCMCMi-HUO»—ir^OOCO 

OsCOCMr^COCMCO»HUOCMsDsOUOsOOOr>*fHOOCMOsuOCOCO' •d1 co co uo so cm uo i I oo «H co ih «ncMr>.coco^isouooo I I I I I I I III I II 
sO Os co -d I 

s o u 
PCÎ w H co Ö ►J o (XÍ w 

t>0 0) CÜÍ 
o (U •J 

oouocMOr^OcocooOfHO'dsocosD'doO'dOOsfHiH^osuocM CM'dO'dCMUOCOOO'—ICMCOsOOOUOi—lOsOCMUOCOCMOO'duO'—ICO uououO'duouououococosD'dcocococostuocococosj-couocMCM oooooooooooooooooooooooooo 
oooooooooooooooooooooooooo 

iH'dooor^oooscMcoossoosooscMr^uocosooor^r^oO'd'dt^so (Uuooocouor^r^.ososos-Hsooco'dr^oo—i^hcmuosdo»-icosouo jOr^r>*OOOSOSOSOsOSOSOOiH*—II—liHiHCMCMCMCMCMCOCOCOCOsO <lj iH iH iH iH iH I—I I—I iH 1—I I—I |H i—I iH •—I •—I i—I i—I 

o <D •J 

osocor^cMoosoocMr^'duO'd'cr«H»H r^oooooooscMuoooooosr^osso i—ICMi—ICMCMCMi—li—li—I I iHiH I I I I I I I I I I I I I II 

r^cocMiHcO'dOsoor^muooocM^H'duo r'-.ooscMCM'dooascMCvicMi—icMr-v.ooo CM •—I CM CM CM CM »—I CM CM CM CM CM CM CO CM 

'duo<rosoocooocMcO'd»HfHsocouoso uo uo •—i I «duouo—I'd i 'dsor^uooo'd I I I I I I I I I I I 

OsOOS«HOOCOCMO'dl'''0'dsOsOOCO CM'dUOOOOOUOCMUOOsr^.rHO'HCMI'^OS r^oor^ooooosossor^'sor^r^.r^ooosso oooooooooooooooo 
oooooooooooooooo 

rH-dCOOSOOCMCO-dOCMliOOSrHOOr^sOsO a)'dso«HuoiHcouocMcO'd'dr^cocO'duo Æi^'r^ooooosososooi—ifHiHCMcococo i—I «H r—I »—I r—I iH I—I I—I iH 
4C -ÎC 4C 4« 4C 4C 4c 4c 4c 4e 4c4c4c4c 

16 

© American Astronomical Society Provided by the NASA Astrophysics Data System 

35
c 



1 9
87

A
p J

 . 
. .

32
3 
 

IT
 

17 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
87

A
pJ

. 
. .

32
3.

 . 
. .

IT
 

18 TULLY 

REFERENCES 
Bahcall, N. A., and Soneira, R. M. 1983, Ap. J., 270,20. 
 . 1984, Ap. J., 277,27. 
Batuski, D. J., and Bums, J. 0.1985a, A.J., 90,1413. 
 . 1985b, Ap. J., 299,5. 
Batuski, D. J., Melott, A., and Bums, J. O. 1987, in I AU Symposium 124, 

Observational Cosmology, ed. G. R. Burbidge, A. Hewitt, and L. Z. Fang 
(Dordrecht : Reidel) p. 323. 

Ciardullo, R., Ford, H., Bartko, F., and Harms, R. 1983, Ap. J., 273,24. 
Ciardullo, R., Ford, H, and Harms, R. 1985, Ap. J., 293, 69. 
Corwin, H. G., Jr, and Emerson, D. 1982, M.N.R.A.S., 200,621. 
Einasto, J., Klypin, A. A., Saar, E., and Shandarin, S. F. 1984, M.N.R.A.S., 206, 

529. 

Henry, J. P., and Huchra, J. P. 1987, private communication. 
Huchra, J. P., and Postman, M. 1986, private communication. 
Postman, M., Geller, M. J., and Huchra, J. P. 1986, A.J., 91,1267. 
Shectman, S. A. 1985, Ap. J. Suppl., 57,77. 
Struble, M. F, and Rood, H. J. 1987, Ap. J. Suppl., 63, 543. 
Tully, R. B. 1986, Ap. J., 303,25 (T86). 
 . 1987, Nearby Galaxies Catalog (Cambridge: Cambridge University 

Press) (NBG catalog). 
Tully, R. B., and Fisher, J. R. 1987, Nearby Galaxies Atlas (Cambridge: Cam- 

bridge University Press). 

R. Brent Tully: Institute for Astronomy, 2680 Woodlawn Drive, Honolulu, Hawaii 

© American Astronomical Society Provided by the NASA Astrophysics Data System 


	Record in ADS

