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Why are acidophilic plants abundant in post-
agricultural forests?1

Kathryn M. Flinn2

Department of Biology, Emory & Henry College, P.O. Box 947, Emory, VA 24327

FLINN, K. M. (Department of Biology, Emory & Henry College, P.O. Box 947, Emory, VA 24327). Why
are acidophilic plants abundant in post-agricultural forests? J. Torrey Bot. Soc. 138: 73–76. 2011.—The
development of post-agricultural forests provides a unique opportunity to understand the mechanisms
controlling plant community assembly. In particular, identifying traits associated with colonization can point
to the causes of community development. The trait of association with the soil pH gradient has not yet been
explored in this context. I test whether acidophilic species are more frequent in post-agricultural forests and
discuss several possible explanations for this pattern. Species with low pH optima clearly tended to be more
frequent in post-agricultural forests, yet the mean pH of post-agricultural forest soils did not differ from
adjacent forests that had never been cleared. Calciphilic species nevertheless could remain absent from post-
agricultural forests if they depended on high-pH microsites that agriculture had destroyed, or they could be
less able to tolerate the lower nutrient status of post-agricultural forest soils. Alternatively, acidophilic
species may have more effective dispersal. The abundance of acidophilic species in post-agricultural forests
evidently warrants further investigation.

Key words: acidophile, calciphile, forest, land-use history, pH, soil acidity.

The soil pH gradient is a major determinant

of plant diversity and distributions. Many

plant species have predictable distributions

along this gradient, to the extent that they

serve as indicators of soil pH (e.g., Ellenberg et

al. 1991). Plant community attributes have

also long been seen to depend on soil pH; for

example, many have observed that temperate

plant communities of neutral soils tend to have

higher species richness than those of acid soils

(Grime 1979, Grubb 1987, Peet and Christen-

sen 1988, Pärtel 2002, Ewald 2003). Such

fundamental associations between species and

a key environmental gradient can be disrupted

by radical disturbances like clearing forests for

agriculture. In fact, post-agricultural forests

may show weakened species-environment re-

lationships for 100 years or more (Vellend et

al. 2007). The recovery of these forests thus

offers an interesting opportunity to see eco-

logical relationships develop as plant commu-

nities reassemble.

Many efforts to understand the processes

controlling plant community recovery in post-

agricultural forests have focused on identify-

ing the traits of successful colonizers, partic-

ularly their dispersal traits (e.g., Verheyen et

al. 2003). Yet many other ecological traits,

including species’ association with the soil pH

gradient, remain unexplored in this context.

While no a priori reason suggests that acido-

philic plants should be more abundant in post-

agricultural forests, and an association be-

tween acidophily and post-agricultural forest

colonization has not been formally observed

before, several of the species found to be most

abundant in post-agricultural forests are

commonly considered acidophilic, such as

Lycopodium L. species, Maianthemum cana-

dense Desf., and Trientalis borealis Raf.

(Whitney and Foster 1988, Glitzenstein et al.

1990, Singleton et al. 2001). Here I test

whether acidophilic species are indeed more

frequent in post-agricultural forests and dis-

cuss several possible explanations for this

pattern. Given the importance of dispersal to

the recovery of post-agricultural plant com-

munities (Flinn and Vellend 2005), I also test

whether acidophilic species tend to have more

effective dispersal mechanisms.

Methods. Singleton et al. (2001), Flinn and

Marks (2007), and Flinn (unpublished data)

sampled herbaceous plant communities and

soil properties in 20 adjacent pairs of primary

(never cleared for agriculture) and secondary

(post-agricultural) forests in central New

York. Primary forests were not old-growth,

having experienced selective logging and prob-

ably grazing, but they had remained forested

throughout the historical period. The second-

ary forests had established 85–100 years before
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on plowed fields. Flinn and Marks (2007)

provide more information on the sites’ land-

use history and characteristics, including

latitude, longitude, elevation, slope, aspect,

and soil type. Herbaceous plant communities

were sampled by recording species’ occurrenc-

es in 60 1.5 3 2 m plots along three parallel

transects through each stand (for detailed

methods see Singleton et al. 2001). Soil

properties were sampled by collecting 20

10 cm-deep soil samples evenly spaced along

four parallel transects through each stand (for

detailed methods see Flinn and Marks 2007).

The sites ranged in pH (H2O) from 3.9–6.6

(Flinn and Marks 2007). Nomenclature fol-

lows the PLANTS database (USDA Natural

Resources Conservation Service 2007).

I measured species’ frequency in primary and

secondary forests as the sum of the numbers of

plots where the species occurred; frequency

ranged from 0–407 plots. I calculated a local

pH optimum for each species by taking the

mean soil pH of the three primary forests where

the species was most frequent. I then related

species’ frequency in primary and secondary

forests to their pH optima with linear regres-

sions. Frequency was log-transformed after

adding 1. To test whether acidophilic species

tend to have more effective dispersal, I

classified species according to their dispersal

modes, whether by vertebrates, wind, or short-

distance mechanisms including ants, explosion,

and no known mechanism (Singleton et al.

2001). I compared the proportions of acido-

philic species (pH optima , 5) and calciphilic

species (pH optima . 5) with different dispersal

modes with a G-test of independence.

Results and Discussion. Species with low pH

optima clearly tended to be more frequent in

secondary forests (Figure 1a; F 5 5.630, df 5

1, 40, and P 5 0.023). Seven of the ten most

frequent species in secondary forests had pH

optima , 5. These included Lycopodium

digitatum Dill. ex A. Braun, Maianthemum

canadense Desf., Trientalis borealis Raf., Mi-

tella diphylla L., Tiarella cordifolia L., Uvularia

sessilifolia L., and Dryopteris carthusiana

(Vill.) H.P. Fuchs. This pattern would be

easily explained if agriculture had lowered the

pH of secondary forest soils. However, adja-

cent primary and secondary forests did not

differ in mean soil pH or in other soil

properties associated with pH, such as Ca or

Mg (Flinn and Marks 2007).

What then can explain the abundance of

acidophilic species in secondary forests? It

could result from random dispersal if acido-

philic species were also more common in

primary forests. Several of the species most

frequent in secondary forests were indeed

common in primary forests. However, there

FIG. 1. The pH optima and frequency of 42 herb species in 20 secondary forests (a) and 20 primary
forests (b). A species’ pH optimum is the mean pH of the three primary forests where the species was most
frequent. Frequency is the sum of the numbers of plots where the species occurred.
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was no relationship between pH optimum and

frequency in primary forests (Figure 1b; F 5

0.052, df 5 1, 40, P 5 0.821). This relationship

is unique to secondary forests and begs further

explanation.

Two alternatives remain: either the associ-

ation with low-pH soils gives species a selective

advantage in secondary forest environments,

or it is correlated with other traits that give

species a selective advantage. Or, conversely,

calciphilic plants could suffer a selective

disadvantage in secondary forests. This selec-

tive advantage or disadvantage could relate

directly to soil pH, despite the similarity in

mean pH between adjacent primary and

secondary forests, because within-stand vari-

ability in pH was greater in primary forests

than in secondary (Flinn and Marks 2007).

Plowing and other agricultural practices ap-

parently homogenize the soil of secondary

forests, destroying extreme microsites (Wilson

et al. 1997, De Keersmaeker et al. 2004,

Fraterrigo et al. 2005, Flinn and Marks

2007). If calciphilic species were confined to

particularly high-pH microsites within prima-

ry forests, while acidophlic species were not

necessarily confined to particularly low-pH

microsites, calciphilic species might remain

absent and acidophilic species might predom-

inate in environments lacking extreme micro-

sites. Because forest herbs are known to

specialize on specific microsites with respect

to soil pH (e.g., Bruelheide and Udelhoven

2005), it seems plausible that a lack of high-pH

microsites could exclude calciphilic species

from secondary forests. This hypothesis also

requires that acidophilic species be less spe-

cialized than calciphilic species, which some

evidence supports (Peet et al. 2003). Thus, the

homogenization of secondary forest soils

could favor acidophilic plants.

It is also possible that acidophilic species

might be better adapted to some other aspect

of secondary forest environments. Though

similar in many respects, secondary forest soils

had 15% less soil organic matter and 29% less

extractable P than adjacent primary forest soils

(Flinn and Marks 2007). Acidophilic species

might tolerate low P availability better than

calciphilic species. According to Ellenberg

indicator values, calciphilic species tend to

have their optima in habitats with higher soil

fertility (Ewald 2003). The difference in nutri-

ent availability thus could favor acidophilic

species over calciphiles in secondary forests.

The second class of possibilities involves a

correlation between the trait of association

with low-pH soils and other traits that favor

success in secondary forests. Though many

traits may vary with acidophily, an association

with effective dispersal would seem the most

likely explanation. In fact, acidophilic and

calciphilic species had different proportions of

dispersal modes (G 5 14.8, df 5 2, P 5

0.0006), with acidophilic species including a

higher proportion of wind-dispersed species

and a lower proportion of species with short-

distance dispersal mechanisms. The more

effective dispersal of acidophilic species could

contribute to explaining their greater coloni-

zation of secondary forests.

Plausible explanations for the abundance of

acidophilic species in post-agricultural forests

thus include both differential interactions with

forest soils and more effective dispersal.

Distinguishing between these alternatives

would require assessing species’ performance

in different forests and microsites. It is also

possible that multiple causes operate simulta-

neously to produce this pattern. Regardless of

the mechanism, agriculture has clearly pro-

duced communities dominated by a determin-

istic subset of species. Vellend et al. (2007)

called this ‘‘selective dispersal assembly’’—a

selective process based at least in part on

species’ dispersal traits. Here I showed that

acidophily may be another key trait influenc-

ing species’ success in post-agricultural forests.

This connection warrants further investiga-

tion.
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