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Classics in physical geography revisited

John F. Shroder, Jr.’s 1978
and 1980 papers on
dendrogeomorphology

David R. Butler
Texas State University, USA

Markus Stoffel
University of Berne/University of Geneva, Switzerland

Abstract
Dendrogeomorphology is the application of tree-ring analysis for the dating of geomorphic processes.
Although defined elsewhere, Shroder (1978, 1980) provided the foundation and methodologies for den-
drogeomorphology that continue to underpin the discipline more than 30 years after the publication of his
research papers. His process-event-response methodology and development of a semi-quantitative index
number are techniques employed or discussed in virtually every recent paper within the field of
dendrogeomorphology.
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I Introduction

The field of dendrogeomorphology, the appli-

cation of tree rings for dating geomorphic

processes, has grown tremendously within

recent years, and at least 75 papers have been

published in the field for the period 2008–

2012 (Stoffel and Corona, unpublished data).

Tree-ring analysis originated in archeology in

the American Southwest, where it was used pri-

marily for the dating of ruins constructed by

ancient Native Americans. The initial employ-

ment of tree rings was simply as a dating tool

(e.g. Douglass, 1941; Stokes and Smiley, 1968)

and only rarely exploited other environmental

information that could be derived from studies

of ring-width variations and records of growth

anomalies contained within the tree (Stoffel

et al., 2010).

A landmark paper in the field of tree-ring-

based analyses of geomorphic processes was

published by Alestalo (1971), who first coined

the term dendrogeomorphology (p. 7) as the

‘application of plant ecology and dendrochro-

nology to research in the field of morphogenic

and morphochronological geomorphology’.

Moving beyond simply counting annual rings

to determine the age of trees, Alestalo described

methods based on the scarring (‘corrasion’), tilt-

ing, exposure, and burial of trees in addition to

examining succession in tree communities.
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Although Alestalo’s paper is itself a classic

worthy of subsequent further examination, our

purpose here is to instead examine how Alesta-

lo’s paper led to the development of standar-

dized methods and quantitative measures still

employed in dendrogeomorphology today,

through two classic papers by John F. ‘Jack’

Shroder, Jr., published in Quaternary Research
in 1978 and in this journal in 1980 (Shroder,

1978, 1980). We examine these papers in the

following discussion.

II The genesis of process-event-
response methodology

Jack Shroder (Figure 1) was well aware of Ales-

talo’s (1971) important paper, and took its

methods to heart in his study of slow mass

movements on the High Plateau region of

south-central Utah, USA. His initial publication

summarizing the state of knowledge about den-

drogeomorphic analysis of mass movement

(Shroder, 1975) was a stepping stone towards

developing a semi-quantitative measure for

dendrogeomorphic responses in tree rings simi-

lar to how dendroclimatologists measured and

analyzed ring-width variations (Fritts, 1971).

In 1978, Shroder published the first of his two

now-classic papers, ‘Dendrogeomorphological

analysis of mass movement on Table Cliffs Pla-

teau, Utah’, in Quaternary Research. In that

paper, he: (1) published the symbols and meth-

ods he had been employing in his research for

the first time; (2) published a diagram illustrat-

ing how geomorphic mass movement processes

trigger events in trees that create datable tree-

ring responses, comprising what he referred to

as a process-event-response system; and (3)

introduced the use of an index value in dendro-

geomorphology, defined as a fixed threshold

based on the ratio between reacting and sampled

trees. The latter two of these contributions con-

tinue to form the basis for much of the dendro-

geomorphic research of the past 30þ years

(Stoffel et al., 2012).

Subsequently in his 1980 paper, ‘Dendrogeo-

morphology: Review and new techniques of

tree-ring dating’, Shroder created the standar-

dized ‘how to’ manual for dendrogeomorphol-

ogy. In that paper, he first provided an

overview of structure and growth of tree rings

and growth processes relevant to dendrogeo-

morphology, codified the concepts and princi-

ples of dendrogeomorphology that had been

presented in his 1978 process-event-response

diagram, described the standard methodology

for dendrogeomorphology that remained

largely unchanged until the mid-2000s (see

below), and provided a useful review of the

suite of geomorphic processes which could

be analyzed using the process-event-response

paradigm.

III The rapid acceptance of
Shroder’s process-event-response
and Index value methodologies

Shroder’s (1978) process-event-response meth-

odology and index value were quickly adopted

and extended from the study of slow mass

movements to processes such as snow ava-

lanches, debris flows, rockfall avalanches, and

numerous other geomorphic processes (for

extensive bibliographies of published works

Figure 1. Jack Shroder in 1975 (right) teaching
principles of dendrogeomorphology to an attentive
David Butler.
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utilizing these techniques, see Bollschweiler and

Stoffel, 2010; Stoffel and Bollschweiler, 2008;

Stoffel et al., 2010). Modified versions of Shro-

der’s (1978) process-event-response diagram

were recently presented by Stoffel and Bollsch-

weiler (2009) and Bollschweiler and Stoffel

(2010). These new diagrams incorporate adva-

nces in the use of tangential rows of traumatic

resin ducts (TRD) (see also Schneuwly et al.,

2009; Stoffel et al. 2008) within annual rings,

in addition to the morphological responses

described by Shroder (1978). These updated pro-

cess-event-response diagrams reflect advances in

the discipline within the past 10 years in the use

of TRD in dating geomorphic processes to the

year (and in several cases to within a several-

week period during the growing season; cf.

Schneuwly-Bollschweiler and Stoffel, 2012, and

references therein; Stoffel, 2006; Stoffel and

Bollschweiler, 2009), but clearly are outgrowths

from Shroder’s 1978 diagram and 1980 concepts.

Recent papers emphasize the use of datable

responses with the highest-quality evidence, i.e.

corrasion scars, TRD, strong reaction wood, and

intense growth suppression (Bollschweiler and

Stoffel, 2010; Stoffel et al., 2012), and the value

in weighting some responses more heavily than

others (Corona et al., 2012; Germain et al.,

2005; Reardon et al., 2008), but these papers all

nonetheless remain the intellectual descendants

of Shroder’s two papers.

Shroder’s (1978, 1980) publications have

also spawned widespread discussion concerning

whether minimum thresholds for individual

geomorphic processes should be identified, and

if so what those cut-off levels should be (Butler

et al., 1987). Several authors have used quanti-

tative approaches based on the proportion of

disturbed versus existing trees (index value/

number) to date events to a given year (Butler

and Sawyer, 2008), with thresholds used rang-

ing from 10% (e.g. Dubé et al., 2004) to 40%
(e.g. Butler and Malanson, 1985) for studies that

date snow avalanche occurrence, and between

2% (Lopez Saez et al., 2012a, 2012b) and

30% (Corominas and Moya, 1999; Stefanini,

2004) for studies of landslide occurrence. Index

values in snow avalanche studies were also used

by Germain et al. (2005), Reardon et al. (2008),

and Corona et al. (2012), who also added a min-

imal number of trees showing growth distur-

bances in a specific year (generally 10) to

render dating more accurate. The ongoing

debate of which index value threshold to use

to invoke the presence of a geomorphic process

nonetheless reflects the significance and legacy

of the introduction of the index number/value

concept by Shroder.

IV The continuing significance of
Shroder’s 1978 and 1980 papers

New techniques for using tree rings to date geo-

morphic processes continue to develop, for both

coniferous and deciduous trees (e.g. Arbellay

et al., 2010a, 2010b, 2012a, 2012b, 2013;

Stoffel et al., 2010; Trappmann and Stoffel,

2012), but virtually all of these new techniques

still depend intellectually upon the concepts and

methodologies elucidated in Shroder’s papers.

Most papers in the field of dendrogeomorphol-

ogy are cited some few to a few dozen times.

In Google Scholar, Shroder’s 1978 paper has

been cited 176 times, and the 1980 paper 155

times as of 12 June 2013. The modern field of

dendrogeomorphology has grown dramatically

since the late 1970s, and new approaches have

been developed in the recent past. However, this

growth is inarguably and intellectually linked to

the research, publications, and lasting legacy of

Jack Shroder and his two milestone publications

on dendrogeomorphology. The development of

process-event-response and index value meth-

odologies remains the solid foundation of the

field of dendrogeomorphology today.
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