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CHARACTERIZATIONS OF THE PSEUDO-ARC

WAYNE LEWIS

Abstract. The pseudo-arc has many interesting properties and
is still the subject of many significant questions. It has several
characterizations. Some of these are well known while others are
less well known. We review many of these characterizations. We
also consider several possible additional characterizations as well
as conditions which are known not to characterize the pseudo-arc.

1. Introduction

A continuum is a compact, connected metric space. A continuum X is
chainable if, for every ϵ > 0, there is an open cover C = {C1, C2, . . . , Cn}
of X such that diam(Ci) < ϵ for each 1 ≤ i ≤ n and Ci ∩ Cj ̸= ∅ if and
only if |i − j| ≤ 1. Nondegenerate chainable continua are also referred
to as arc-like since they are homeomorphic to inverse limits of arcs and,
for each ϵ > 0, they admit a continuous surjection f : X → [0, 1] with
diam(f−1(t)) < ϵ for each 0 ≤ t ≤ 1.

A continuum is indecomposable if it is not the union of two proper
subcontinua and hereditarily indecomposable if every subcontinuum of it
is indecomposable.

A continuum X is homogeneous if, for each x1, x2 ∈ X, there is a
homeomorphism h : X → X with h(x1) = x2.

2. First Characterizations

In 1922, B. Knaster [34] gave the first example of a nondegenerate
hereditarily indecomposable continuum. He constructed it as the inter-
section of a nested sequence of strips, using what he termed the method
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50 W. LEWIS

des bandes. It was what, by later terminology, would be called a chainable
continuum.

In 1948, Edwin E. Moise [55] constructed a family of nondegenerate in-
decomposable chainable continua in the plane, each having the property
that it was homeomorphic to each of its nondegenerate subcontinua, thus
answering in the negative a question originally posed by M. Mazurkiewicz
[51] in 1921. This property has subsequently been termed hereditary equiv-
alence. Thus, each of these continua was hereditarily indecomposable.
Since each was chainable and shared the property with the arc of being
hereditarily equivalent, Moise called each of his continua a pseudo-arc.

In 1951, R H Bing [4] proved the following result.

Characterization 1. Any two nondegenerate hereditarily indecompos-
able chainable continua are homeomorphic.

Thus, all of the continua described by Moise are homeomorphic to
each other as well as being homeomorphic to the continuum described
by Knaster. This was the first characterization of the pseudo-arc and is
now used as the definition of the pseudo-arc. Thus, a pseudo-arc is any
nondegenerate hereditarily indecomposable chainable continuum. Such a
continuum is topologically unique. This has also been the most important
and most widely used characterization of the pseudo-arc.

As defined here, continua are normally considered to be metric spaces.
However, compact connected nonmetrizable Hausdorff spaces are some-
times considered as generalized continua. Michel Smith [65] has given ex-
amples of topologically distinct generalized continua which are hereditar-
ily indecomposable and the inverse limits of pseudo-arcs with ω1 factors.
Thus, Characterization 1 cannot be extended to generalized continua.

However, Moise introduced the term pseudo-arc because the continua
which he constructed were hereditarily equivalent. George W. Henderson
[25] has shown that the arc is the only decomposable continuum which is
hereditarily equivalent. H. Cook [15] has shown that every hereditarily
equivalent continuum is tree-like. Any hereditarily equivalent indecom-
posable continuum is hereditarily indecomposable. If it is also chainable
and nondegenerate, then it is a pseudo-arc, by Bing’s characterization.

Possible Characterization 1. Is the pseudo-arc the only nondegenerate
indecomposable hereditarily equivalent continuum?

Here also, the extension to generalized continua gives a noncharacter-
ization. Lee Mohler and Lex G. Oversteegen [54] have constructed an
example of a generalized (nonmetrizable) continuum which is decompos-
able and hereditarily equivalent. Smith [65] has constructed an example
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of a generalized (nonmetrizable) continuum which is indecomposable and
hereditarily equivalent.

The characterization by Bing cannot be weakened either by replacing
hereditarily indecomposable simply with indecomposable or by replac-
ing chainable with tree-like or nonseparating planar. William Thomas
Watkins [68] has shown that there are uncountably many topologically
distinct continua obtainable as inverse limits of the arc with open bond-
ing maps, generally referred to as Knaster-type continua. W. T. Ingram
[29] has constructed uncountably many topologically distinct hereditarily
indecomposable tree-like continua in the plane.

Noncharacterization 1. There exist c = 2ℵ0 topologically distinct chain-
able indecomposable continua [68]. There also exist c = 2ℵ0 topologically
distinct hereditarily indecomposable tree-like (or nonseparating planar)
continua [29].

Since chainability has turned out to be important in many areas,
but is not easy to characterize or to determine if a continuum is not
specifically constructed either using a sequence of chains or as an in-
verse limit of arcs, in 1964, A. Lelek [39] introduced the concept of
span of a continuum. For any continuum X, the span of X is given by
σ(X) = sup{s(A) |A is a subcontinuum of X ×X with π1(A) = π2(A)}
where s(A) = inf{dist(x, y) |(x, y) ∈ A}. Every chainable continuum
has span 0 and Lelek asked if span 0 characterized chainable continua.
L. C. Hoehn [26] has recently constructed an example of a nonchainable
continuum with span 0. However, recently Hoehn and Oversteegen [27]
have shown that every nondegenerate hereditarily indecomposable con-
tinuum with span 0 is chainable and hence a pseudo-arc. Thus, one has
a generalization of Bing’s initial characterization.

Characterization 2. The pseudo-arc is the only nondegenerate heredi-
tarily indecomposable continuum with span 0.

There are two other ways to weaken chainability in the characterization
by Bing, one gives a possible characterization and the other one does not.

A weak chain is a collection of open sets W = {W1,W2, ...,Wn} such
that Wi∩Wi+1 ̸= ∅ for each 1 ≤ i < n. In a weak chain, nonconsecutively
indexed open sets may also intersect. A continuum X is weakly chainable
if there is a sequence {Wi}∞i=1 of weak chains such that each Wi is an open
cover of X, each element of Wi has diameter less than 1

i , Wi+1 refines
Wi for each i, and there is a sequence of functions {fi}∞i=1 such that fi
is a function from the index set of Wi+1 to the index set of Wi such that
W j

i+1 ⊂ W
fi(j)
i for each j in the index set of Wi+1 and |fi(j+1)−fi(j)| ≤ 1

if both j and j + 1 are in the index set of Wi+1.
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Lelek [38] and Lawrence Fearnley [17] have shown independently that
a continuum is weakly chainable if and only if it is the continuous image
of the pseudo-arc.

While it is known [2] that the pseudo-arc is the continuous image of
every nondegenerate hereditarily indecomposable continuum, there is no
known nondegenerate nonchainable hereditarily indecomposable contin-
uum which is the continuous image of the pseudo-arc.

Possible Characterization 2. Is the pseudo-arc the only nondegenerate
hereditarily indecomposable weakly chainable continuum?

Some consider the above one of the most significant open questions
about the pseudo-arc. A positive answer to it would give an alternate
proof that the classification of homogeneous plane continua is complete.

A continuous surjection f : X → Y of continuum X onto continuum
Y is confluent if, for every subcontinuum H of Y and every component
K of f−1(H), f(K) = H. It is known that the class of confluent surjec-
tions includes the classes of open surjections and of monotone surjections.
T. Maćkowiak [50] has shown that a continuum is hereditarily indecom-
posable if and only if every continuous surjection from a continuum onto
it is confluent. T. Bruce McLean [52] has proven that the confluent im-
age of a tree-like continuum is tree-like. Thus, every weakly chainable
hereditarily indecomposable continuum is tree-like, being the confluent
image of a chainable continuum. It is unknown if the confluent image of
a chainable continuum is chainable. The major difficulty in determining
such a result is that we do not have a good way in general of determining
when a continuum is chainable.

However, Oversteegen and E. D. Tymchatyn [57] have shown that ev-
ery continuum of span 0 is weakly chainable. As indicated above, Hoehn
[26] has given an example of a continuum with span 0 which is non-
chainable. However, Hoehn and Oversteegen [27] have recently shown
that every hereditarily indecomposable continuum of span 0 is not only
weakly chainable but is actually chainable.

A continuum X is almost chainable if, for every ϵ > 0, there exists an
open cover C = {C1, C2, ..., Cn} of X such that Ci ∩Cj ̸= ∅ if and only if
|i−j| ≤ 1, diam(Ci) < ϵ for each 1 ≤ i < n (diam(Cn) is not constrained)
and dist(x,C1 ∪ C2 ∪ . . . Cn−1) < ϵ for each x ∈ X. Thus, C is a chain
covering X such that every link except possibly the last one is small and
every point is close to one of the small links.

Bing [4] has constructed the nonchainable circle-like hereditarily inde-
composable pseudo-circle; Fearnley [20] and James T. Rogers, Jr. [59]
have studied the analogous nonchainable circle-like hereditarily indecom-
posable pseudo-solenoids. Each of these continua has the property that



CHARACTERIZATIONS OF THE PSEUDO-ARC 53

every nondegenerate proper subcontinuum is a pseudo-arc. There are also
simple-triod-like nonchainable continua with every nondegenerate proper
subcontinuum a pseudo-arc constructed by Ingram [28] and, for each n,
continua separating the plane into n complementary domains with every
nondegenerate proper subcontinuum a pseudo-arc constructed by Cook
[14]. It is an easy observation that any continuum with every nondegen-
erate proper subcontinuum a pseudo-arc is almost chainable.

Noncharacterization 2. There exist c = 2ℵ0 topologically distinct hered-
itarily indecomposable almost chainable continua. There are c = 2ℵ0 such
which are planar [14] [28], as well as c = 2ℵ0 such which are nonplanar
and circle-like [20] [59].

A continuum X is 2-equivalent if there are exactly two nonhomeomor-
phic types of nondegenerate subcontinua of X.

Each of the examples described just above is 2-equivalent, since each
nondegenerate proper subcontinuum is a pseudo-arc, while the entire con-
tinuum is not a pseudo-arc.

Noncharacterization 3. There exist c = 2ℵ0 topologically distinct hered-
itarily indecomposable 2-equivalent continua.

3. Homogeneity

In 1948, Bing [3] and in 1949, Moise [56] independently proved that the
pseudo-arc is homogeneous, thus providing a negative answer to a question
of Knaster and C. Kuratowski [35] in 1920. Actually, since this was before
Bing’s first characterization of the pseudo-arc, Bing constructed a nonde-
generate planar hereditarily indecomposable chainable continuum which
was homogeneous and Moise showed that each of the continua which he
had recently constructed was homogeneous. In each of the constructions
by Bing and Moise there are points which are clearly endpoints and there
are points which are clearly midpoints in terms of the defining chains in
the construction of the continuum. At first glance these may seem to be
distinct sets of points.

For a point x of a nondegenerate continuum X, consider the following
three conditions.

(a) For each ϵ > 0, there exists an ϵ-chain C = {C1, C2, . . . , Cn} cover-
ing X with x ∈ C1.

(b) If H and K are subcontinua of X containing x, then either H ⊆ K
or K ⊆ H.

(c) If H is any nondegenerate subcontinuum of X with x ∈ H, then H
is irreducible between x and another point y of H.

Condition (a) is what is normally understood by claiming that x is
an endpoint of chainable continuum X. In 1951, Bing [5] showed that, for
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any point x of any nondegenerate continuum X, conditions (b) and (c) are
equivalent and if X is chainable, then all three conditions are equivalent.
Condition (b) at every point of X is equivalent to X being hereditarily
indecomposable.

This thus provides another characterization of the pseudo-arc.

Characterization 3. Every nondegenerate chainable continuum with the
property that every point is an endpoint of the continuum is a pseudo-arc.

In the above result it is not sufficient that the chainable continuum have
a dense set of endpoints. For example, the union of two pseudo-arcs with a
single point in common has a dense set of endpoints but is decomposable.
The compactification of a pseudo-arc minus a point with remainder an
interval is a nondegenerate indecomposable chainable continuum with a
dense set of endpoints.

Noncharacterization 4. The pseudo-arc is not the only nondegenerate
chainable (indecomposable) continuum with a dense set of endpoints.

In 1959, Bing [6] proved another characterization of the pseudo-arc.

Characterization 4. The only nondegenerate homogeneous chainable
continuum is the pseudo-arc.

By the previous characterization, it suffices to show that some point
(and hence, by homogeneity, every point) of the continuum is an endpoint.
However, there are chainable continua which have no endpoints. Bing
observed that every chainable continuum has a pseudo-endpoint. (A point
x of chainable continuum X is a pseudo-endpoint of X if, for every ϵ > 0,
there exists an ϵ-chain C = {C1, C2, . . . , Cn} covering X such that C1 is
contained in the ϵ-neighborhood of x. Thus, x need not be in an end-link
of an ϵ-chain covering X, but there is an ϵ-chain covering X with an end-
link close to x.) Then, using the homogeneity of the continuum, one can
produce an endpoint of the continuum.

C. E. Burgess [8] asked if every continuum with the property that
each of its nondegenerate proper subcontinua was homogeneous was it-
self homogeneous. A negative answer was provided when Fearnley [19]
and Rogers [58] independently showed that the pseudo-circle and pseudo-
solenoids were not homogeneous. Each of these continua is almost ho-
mogeneous. A continuum X is almost homogeneous if, for each x1, x2 ∈
X and each ϵ > 0, there exists a homeomorphism h : X → X with
dist(h(x1), x2) < ϵ; i.e., each point has a dense orbit under the action of
its homeomorphism group.

This author [42] in 1980 extended Bing’s characterization [6] by using
a consequence of a theorem of Edward G. Effros [16] to show that any
nondegenerate homogeneous almost chainable continuum was chainable.
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Characterization 5. The pseudo-arc is the only nondegenerate homo-
geneous almost chainable continuum.

The pseudo-arc has for some time been the only known nondegenerate
homogeneous nonseparating plane continuum. F. Burton Jones [33] has
shown that any homogeneous nonseparating plane continuum must be
indecomposable and Charles L. Hagopian [22] has shown that any such
continuum must be hereditarily indecomposable. Several further condi-
tions which any nondegenerate homogeneous nonseparating plane con-
tinuum must satisfy are also known. Any one-dimensional nonseparating
plane continuum must be tree-like. Oversteegen and Tymchatyn [57] have
shown that every nonseparating homogeneous plane continuum must have
span 0 and be weakly chainable. Recently Hoehn and Oversteegen [27]
have shown that every hereditarily indecomposable continuum with span
0 is chainable, yielding the following result.

Characterization 6. The pseudo-arc is the only nondegenerate homo-
geneous nonseparating plane continuum.

This completes the classification of homogeneous plane continua with
the four examples of the point, the pseudo-arc, the simple closed curve,
and the circle of pseudo-arcs.

While the pseudo-arc is chainable (or arc-like), it is also circle-like.
Circle-like homogeneous continua are completely classified [3], [24], [43],
[56], [60], [67] and are known to consist of the pseudo-arc, the simple
closed curve, the circle of pseudo-arcs, the solenoids, and the solenoids of
pseudo-arcs, with a unique solenoid of pseudo-arcs corresponding to each
solenoid. Every nondegenerate homogeneous plane continuum is circle-
like.

Thus, we have the following classification.

Characterization 7. The pseudo-arc is the only acyclic homogeneous
circle-like continuum.

Because of the similarity in names, persons occasionally confuse the
circle of pseudo-arcs and the pseudo-circle. Both are circle-like continua
which separate the plane. As its name suggests, the circle of pseudo-arcs
admits a continuous decomposition into pseudo-arcs with decomposition
space a circle. It is decomposable and homogeneous. The pseudo-circle is
hereditarily indecomposable and is not homogeneous. The pseudo-circle
was described by Bing [4] and the circle of pseudo-arcs was described by
Bing and Jones [7].

The pseudo-arc is both hereditarily indecomposable and homogeneous.
Either of these two conditions in combination with chainability and non-
degenerate characterizes the pseudo-arc.
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It is not known if the two conditions in combination with each other
characterize the pseudo-arc.

Possible Characterization 3. Is the pseudo-arc the only nondegenerate
homogeneous hereditarily indecomposable continuum?

Rogers [62] has shown that every homogeneous hereditarily indecom-
posable continuum is tree-like.

Paweł Krupski and Janusz R. Prajs [36] have shown that every homo-
geneous tree-like continuum is hereditarily indecomposable.

Since it is now known [26] that there are continua with span 0 which
are not chainable, the following result is of interest.

Characterization 8. The pseudo-arc is the only nondegenerate homo-
geneous continuum with span 0.

Every continuum of span 0 is tree-like. If homogeneous, it is hereditar-
ily indecomposable. Being of span 0 and hereditarily indecomposable, it
is by the recent result of Hoehn and Oversteegen [27] chainable and hence
a pseudo-arc

Possible Characterization 4. Is the pseudo-arc the only nondegenerate
homogeneous tree-like continuum?

As indicated above, if it can be shown that every homogeneous hered-
itarily indecomposable continuum has span 0, then the recent result of
Hoehn and Oversteegen [27] shows that each of the two previous ques-
tions has a positive answer. By the results of Rogers [62] and of Krupski
and Prajs [36] these two questions are equivalent.

Rogers [61] has shown that every indecomposable planar homogeneous
continuum fails to separate the plane and hence is tree-like. By a result
of Hagopian [22], it is hereditarily indecomposable. The recent result
of Hoehn and Oversteegen [27] shows the following characterization. By
the Jones aposyndetic decomposition theorem [32], every decomposable
homogeneous plane continuum admits a continuous decomposition into
homogeneous nonseparating plane continua with decomposition space a
simple closed curve. Since the simple closed curve and the circle of pseudo-
arcs are the unique continua with such decompositions into points or
pseudo-arcs, they are the only decomposable homogeneous plane continua.

Characterization 9. The pseudo-arc is the only nondegenerate inde-
composable homogeneous plane continuum.

Solenoids are indecomposable nonplanar homogeneous continua. They
have every nondegenerate proper subcontinuum an arc and hence are not
hereditarily indecomposable.
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Noncharacterization 5. There are c = 2ℵ0 topologically distinct inde-
composable homogeneous nonplanar continua.

Possible Characterization 5. Is the pseudo-arc the only nondegenerate
chainable continuum which is almost homogeneous?

It follows from a result of the author [41] that if X is a nondegenerate
continuum with the property that every nondegenerate proper subcontin-
uum of X is a pseudo-arc and x1, x2 ∈ X are points in the same com-
posant of X, then there is a homeomorphism h : X → X with h(x1) = x2.
Thus, such continua as the pseudo-circle, pseudo-solenoids, examples con-
structed by Ingram [29], examples constructed by Cook [14], and others
are almost homogeneous, though being almost chainable but not chain-
able they are not homogeneous.

Noncharacterization 6. There exist c = 2ℵ0 topologically distinct con-
tinua which are almost chainable and almost homogeneous.

Any locally connected continuum is weakly chainable. Thus, the simple
closed curve, the Menger universal curve [1], any manifold, or any product
of such continua, are examples of weakly chainable homogeneous continua.

Noncharacterization 7. There are c = 2ℵ0 many topologically distinct
weakly chainable homogeneous continua.

Oversteegen and Tymchatyn [57] have proven that every nonseparat-
ing homogeneous plane continuum is weakly chainable. With the recent
result of Hoehn and Oversteegen [27], we now know that every homoge-
neous plane continuum is weakly chainable, since the simple closed curve
and the circle of pseudo-arcs are. However, since nontrivial solenoids are
not weakly chainable, there are one-dimensional nonplanar homogeneous
continua which are not weakly chainable.

Noncharacterization 8. Every homogeneous plane continuum is weakly
chainable. There exist one-dimensional nonplanar homogeneous continua
(e.g., the solenoids and solenoids of pseudo-arcs) which are not weakly
chainable.

A continuum X is homogeneous with respect to the class M if, for each
x1, x2 ∈ X, there is a continuous surjection f : X → X such that f ∈ M
and f(x1) = x2. Thus, a continuum is homogeneous if it is homogeneous
with respect to homeomorphisms.

Janusz J. Charatonik [11] has proven the following generalizations of a
characterization by Bing.

Characterization 10. The pseudo-arc is the only nondegenerate chain-
able continuum which is homogeneous with respect to open maps.
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Characterization 11. The pseudo-arc is the only nondegenerate chain-
able continuum which is homogeneous with respect to open monotone
maps.

A continuous function f : X → Y from continuum X to continuum
Y is weakly confluent if, for each subcontinuum H of Y , there exists a
component K of f−1(H) such that f(K) = H. It is known that every
continuous surjection f : X → Y of a continuum X onto a chainable
continuum Y is weakly confluent.

Charatonik and Maćkowiak [12] have obtained the following general-
ization of the above two characterizations.

Characterization 12. The pseudo-arc is the only nondegenerate chain-
able continuum which is homogeneous with respect to confluent maps.

Possible Characterization 6. Is the pseudo-arc the only nondegenerate
hereditarily indecomposable continuum which is homogeneous with respect
to the class of confluent maps?

Since every map of a continuum onto a hereditarily indecomposable
continuum is confluent, any hereditarily indecomposable continuum which
is homogeneous with respect to continuous surjections is also homoge-
neous with respect to confluent maps.

Frank Sturm [66] has recently announced that the pseudo-circle and
pseudo-solenoids are not homogeneous with respect to the class of con-
tinuous surjections.

Noncharacterization 9. The arc is a nondegenerate chainable contin-
uum which is homogeneous with respect to weakly confluent maps. The
Knaster simplest nondegenerate indecomposable continuum is a nonde-
generate indecomposable chainable continuum which is homogeneous with
respect to weakly confluent maps [12].

4. Other Characterizations

There are a few other characterizations of the pseudo-arc which are of
a different nature from those above.

Bing [4] proved the following characterization of the pseudo-arc.

Characterization 13. In any Euclidean space of dimension n ≥ 2 and in
the Hilbert cube, the collection of all subcontinua which are homeomorphic
to the pseudo-arc is a dense Gδ in the hyperspace of all subcontinua.

This is frequently shortened to the statement that “most continua are
pseudo-arcs.” Since any two dense Gδ’s in a complete metric space must
intersect, the pseudo-arc is the only continuum with this property and
hence, this is a characterization.
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A compactum X has property HN (for “ homeomorphically near”) if,
for every embedding of X in a metric space Z and every ϵ > 0, there
exists δ > 0 such that if Y is a copy of X also embedded in Z such that
the Hausdorff distance dH(X,Y ) < δ, then there is a homeomorphism
h : X → Y such that dist(x, h(x)) < ϵ for every x ∈ X; i.e., any two
copies of X which are setwise close are homeomorphically close.

This author [48] has shown that this property characterizes the pseudo-
arc. Jan van Mill [53] has recently given an alternate proof of this result.

Characterization 14. Every compactum which has property HN is either
a finite set, a Cantor set, or a finite set of pseudo-arcs. Thus, the pseudo-
arc is the only nondegenerate continuum with property HN.

This author [44] has shown that the pseudo-arc has the property indi-
cated in the following question. It is not known if it is the only nondegen-
erate continuum with this property. Any continuum with this property
will have to be both arc-like and circle-like and hence either indecompos-
able or 2-indecomposable [9]. If it must be hereditarily indecomposable,
then it is a pseudo-arc.

Possible Characterization 7. Is the pseudo-arc the only nondegener-
ate continuum X with the property that if f : X → Y is a continuous
surjection of X onto nondegenerate continuum Y and ϵ > 0, then there
exists a continuous surjection g : X → Y such that diam(g−1(y)) < ϵ for
every y ∈ Y ?

For the pseudo-arc, the continuous surjection g described above can
always be of the form g = f ◦ h where h is a self-homeomorphism of the
pseudo-arc.

This author [46] has shown that every homeomorphism of the pseudo-
arc is conjugate to an ϵ-homeomorphism of the pseudo-arc, for every ϵ > 0.
Thus, all of the behavior exhibited by homeomorphisms of the pseudo-arc
occurs in arbitrarily small neighborhoods of the identity.

Trevor Irwin and Sławomir Solecki [30] have a characterization of the
pseudo-arc with a property similar to that in the above question as well
as similar to the above property.

Characterization 15. The pseudo-arc P is the only nondegenerate chain-
able continuum with the property that, for any chainable continuum X,
any continuous surjections f1 and f2 from P onto X and any ϵ > 0, there
exists a homeomorphism h : P → P such that dist(f1(p), f2 ◦ h(p)) < ϵ
for each p ∈ P.
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This author [45] and Smith [64] independently have shown that ev-
ery continuous surjection of the pseudo-arc onto itself is a near homeo-
morphism; i.e., if f : P → P is a continuous surjection of the pseudo-
arc and ϵ > 0, then there exists a homeomorphism h : P → P such
that dist(f(p), h(p)) < ϵ for each p ∈ P. There are other nondegener-
ate continua which have this property almost trivially since they have few
self-homeomorphisms and every continuous self-surjection is a homeomor-
phism, e.g., examples by Cook [13]. However, this property is unusual for
continua which have an abundance of self-homeomorphisms.

Possible Characterization 8. Is the pseudo-arc the only nondegener-
ate homogeneous continuum with the property that every continuous self-
surjection is a near homeomorphism; i.e., the family of self-homeomor-
phisms is a dense Gδ in the family of all continuous self-surjections?

We have presented a wide variety of characterizations, possible char-
acterizations, and known noncharacterizations of the pseudo-arc. Some
others can be produced by combining some of the ones presented here
or by replacing a property in one characterization by a stronger prop-
erty which the pseudo-arc is known to have. For example, the pseudo-
arc is the only nondegenerate bihomogeneous chainable continuum. It
would not be surprising if the pseudo-arc has some other characteriza-
tions quite distinct from those presented here. There is still much to
discover about it, especially about its mapping properties. It may well be
a “meta-characterization” that the pseudo-arc is the only nondegenerate
continuum with so many conceptually distinct characterizations.
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