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American ginseng (Panax quinquefolius) is a forest 
herb found throughout much of eastern North America’s 
deciduous forests. The species is well known for its medi-

of thousands of wild ginseng roots are harvested and sold 
into the international medicinal plant trade (Division of 

-

Concerns about overharvest of ginseng led to its listing 
on Appendix II of the Convention on International Trade 
in Endangered Species of Wild Fauna and Flora (CITES) 

in 

In addition, American ginseng is a long-lived, perennial 
herb found in thousands of small populations throughout 

spatial distribution of individuals within populations 

spatial distribution comprised of thousands small popula-
tions, American ginseng has become a model species for 
investigating a plethora of demographic and conservation-
based questions. Extensive research has been conducted 

how various environmental factors influence individual 
plant performance (reviewed in McGraw et al.
These research studies have found that in addition to the 
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Abstract: American ginseng (Panax quinquefolius
forest. The species is harvested for the international medicinal plant trade. While previous research has inferred that seed 

or predated ginseng seeds. We used infrared, motion-activated cameras to observe animal–ginseng interactions in the field. 
To determine the disperser potential of songbirds observed visiting ginseng in the field, we conducted a captive feeding 

populations: deer browse, harvest, and climate change.
Keywords: American ginseng, songbird dispersal, wood thrush.

Résumé Panax quinquefolius) est une herbe vivace peu commune que l'on trouve dans le sous-étage 
des forêts feuillues de l'Est. L'espèce est récoltée pour le commerce international des plantes médicinales. De précédentes 
recherches ont suggéré que la dispersion des graines de cette plante est limitée. Cependant, la production de baies charnues 
rouge vif laisse croire que la dispersion des graines sur de longues distances pourrait être facilitée par les oiseaux chanteurs. 
L'objectif de cette étude était d'examiner la nature des interactions entre les oiseaux chanteurs et le ginseng et de déterminer 
si les oiseaux représentent des agents de dispersion ou des prédateurs pour les graines du ginseng. Nous avons utilisé des 
caméras infrarouges activées par le mouvement pour observer les interactions oiseau-ginseng sur le terrain. Afin de connaître 
le potentiel des oiseaux chanteurs comme agent de dispersion du ginseng, nous avons réalisé des essais d'alimentation 
avec des oiseaux en captivité à l'aquarium du Tennessee. Ce sont les grives qui récoltaient le plus souvent les baies 
d'infructescences du ginseng, comparées à d'autres agents potentiels de dispersion, et elles régurgitaient des graines viables 

populations : le broutement par le cerf, la récolte et les changements climatiques. 
Mots-clés
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 Introduction
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impacting the population growth of ginseng (reviewed in 
McGraw et al.

 et al.
Dispersal influences the spatial distribution, gene flow, 

and evolution of a species. Seed dispersal increases the 

competition and disease transmission between the parent 
and offspring, and among siblings, as well as decreas-
ing other intraspecific interactions between individuals 

inbreeding with relatives, but in species such as ginseng 

degree of selfing. Seed dispersal also facilitates the expan-
sion of a population as well as the establishment of new 

 et al.
for populations and species to shift distribution in response 
to changing climate have highlighted the need for a compre-
hensive investigation of plant dispersal mechanisms (e.g., 

 et al.

local temperature conditions, and determining its dispersal 
mechanisms is important for understanding both the current 
and future distributions of populations (Souther & McGraw, 

important to persistence of ginseng.
To date, American ginseng seeds have been con-

distance dispersal events for plant species and is often 
combined with one or more other dispersal mechanisms 

red berries, suggesting animal-facilitated seed dispersal 
 et al.

tailed deer (Odocoileus virginianus). However, feeding 
trials showed that seeds were rendered inviable when ber-

-

and ripen to red throughout August and September 
(McGraw et al. -

an insectivorous diet to a frugivorous diet during the fall 
prior to migration, resulting in an increased demand for 

strong contrast against foliage, resulting in a diet of fruits 

frugivorous bird species to ingest fruit has been shown to 
-

cies that gulp, or ingest, the whole fruit (Wheelwright, 

Furthermore, ginseng seeds have a hard exterior coat that 
-

songbirds as potential seed dispersers of American ginseng. 
-

interactions? 2) What proportion of berries is removed as 
-

interactions compared to mammalian–ginseng interactions? 
4) Of the avian interactions, what songbird species most fre-

with ginseng defecate or regurgitate viable seeds? 6) How 

information regarding how ginseng is dispersed across the 
-

ate demographic models of ginseng.

Methods
FIELD INVESTIGATION OF SONGBIRD–GINSENG INTERACTIONS

To determine whether songbirds interact with 
American ginseng and how close their interactions are, 

activated wildlife cameras were placed within 6 wild gin-
seng populations near Morgantown, West Virginia from 

set up per site in mid-August, once berries began to ripen 
from green to red. Most often, cameras were removed once 
berries were absent from the infructescence or the plant had 

-
tance of 1–2 m from a focal reproductive plant or cluster of 
reproductive plants within a population. Cameras could be 

-
persal event. The cameras were also programmed to have a 

Potential dispersers were identified within each event, 
and a value was assigned to the event that corresponded to 
the level of interaction a potential disperser had with the 
focal ginseng plant(s). Events were categorized based on 

-
action, no apparent potential disperser within the image 

-
tial disperser from the ginseng infructescence (Table I). 
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-

disperser, 4) proportion of berries missing per plant after a 

proportion of overall potential dispersers that were avian or 
mammalian, and 6) proportion of potential dispersers that 
were avian and mammalian per level of interaction. For 
those events containing a potential disperser, a log-likeli-

to determine whether avian potential dispersers more fre-

and non-thrush avian potential dispersers had with ginseng. 
Thrush species that could have been observed in the field 
included American robin (Turdus migratorius
thrush (Catharus minimus), hermit thrush (Catharus gut-
tatus), Swainson’s thrush (Catharus ustulatus), wood thrush 
(Hylocichla mustelina Catharus fuscescens).

INVESTIGATION OF THRUSHES AS POTENTIAL DISPERSERS

Based on the field observation of thrushes as one of 
the most frequent potential avian dispersers, feeding trials 
were conducted with 4 captive thrushes at the Tennessee 

ad libitum to a hermit 

Due to renovations to their normal exhibit, the hermit 

-
ing there for 4 weeks. While the hermit thrush was placed 

space limitations, the wood thrush could not also be caged, 
and feeding trials for this species were conducted within 

ca 2), which included 
vegetation as well as other bird species.

ginseng berries for feeding trials were obtained from a 

from plants 2 d prior to the feeding trials and were stored at 
4 °C. Ginseng berries were offered detached from infructes-

normal food items (mealworms, sunflower seeds, etc.) in 

the fruit. Berries were offered as the sole food item for the 

ingesting the berries. 
Within the exhibit that held the wood thrush, at least 

2 observers were present to record wood thrush feeding 
behaviour, given that the bird still had free movement 

eat the berries were present. Video cameras were used to 
-

vations were made regarding the digestive behaviours 
(whether seeds were defecated or regurgitated) of the 
thrushes and the amount of time between ingestion and an 
exhibited digestive behaviour. Additional observations were 
made regarding the total number of berries that were eaten 

berries eaten, and, in the wood thrush exhibit, the number 

-

Results
FIELD INVESTIGATION OF SONGBIRD–GINSENG INTERACTIONS

-

-

TABLE
to represent the level of interaction a potential disperser (PD) had with American ginseng berries.

Level of interaction  Value Description

a of the ginseng plant for 2 or more images.
a b.

b.

High 4 The PD has touched the infructescence.

a 

b Foraging: the potential disperser has its nose or beak to the ground below the leaves of the focal ginseng plant.
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of potential dispersers were not collected after berries had 

-

-

mammalian potential dispersers were categorized as a 
Level 1 interaction. Of the interaction levels that involved 
direct interaction with a ginseng infructescence and ber-

(Table II). On average, 2 berries were missing from an 

The maximum number of berries missing from focal 
infructescences as the result of or following Level 4 and 

maximum number missing or removed from focal infructes-

(Table III). 

compare mammalian and avian dispersers, the levels of 

included behaviours that did not involve direct interaction 
with the ginseng infructescence and were therefore least 

-

to result in a dispersal event. Mammalian and avian dispers-

2 p

cameras, avian potential dispersers were captured most fre-

Eastern chipmunks (Tamias striatus) were the most fre-
quent potential dispersers (n
(Peromyscus n

Sciurus carolinensis) (n -

ginseng berries at the High Level of interaction (Figure 2), 

interaction) was observed among chipmunks and squirrels 
(Table II).

Of the avian potential dispersers, thrush species 

common avian potential dispersers were wood thrushes 
(n Turdus migrator-
ius) (n = 6) and hermit thrushes (n
the Low and High levels of interaction, thrush species were 

2 

p

species that were found to interact with the infructescence 
and ginseng berries were wood thrushes (n = 7), hermit 
thrushes (n = 2), and a Swainson’s thrush (n

TABLE II. The total number of events for each mammalian and avian species per levels of interaction. 

 Level of interaction 
 Low  High 

 Raccoon 21 Virginia opossum 1
 Virginia opossum 17 
 White-tailed deer  6

 Fisher 2 
 Weasel 2 
 Cotton-tail rabbit 1 

 American robin 6 Crow 1     Hermit thrush 2

 Eastern towhee 1     
 Tufted titmouse 1     
 Cardinal  1        
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INVESTIGATION OF THRUSHES AS POTENTIAL DISPERSERS

n = 9) between 
ingestion and regurgitation. The wood thrush ingested a 
total of 12 berries. Seven wood thrush regurgitation events 

and isolated feeding event. Of these isolated regurgita-

between ingestion and regurgitation was observed. 

-
tion and regurgitation. The Swainson’s thrush ingested a 

was not recorded. However, given that the seed of the mis-

it was determined that a regurgitation event had occurred. 

-
ium test after regurgitation.

Other bird species within the Delta exhibit at the 
Tennessee Aquarium ingested ginseng berries. Of the 

Cardinalis 
cardinalis) ate 47 berries, a summer tanager (Piranga 
rubra) ate 4 berries, and a cedar waxwing (Bombycilla 
cedrorum), a brown thrasher (Toxostoma rufum), and an 
orchard oriole (Icterus spurius
most of the other species that ate berries were not observed 
for their digestive behaviours, the cardinals predated the 

ginseng seed and ingesting the unprotected interior of the 

Discussion
Before interpreting camera-trap results, it is import-

Previous work with infrared, motion-activated wildlife 
-

but also between individual cameras of the same model 
(Swann et al.

-

in a visible potential disperser within the images. Three 
explanations for these uninformative images are possible: 

-

is out of frame or is hidden at the time of shutter release 
and therefore is not in the image (Swann et al.

-

to environmental factors, such as the wind moving either 
vegetation or the camera mount (Swann et al.
cause would not bias the potential disperser information 

the set of images obtained in favour of slower moving, 

-

the images to detect movement within the event. 

-

TABLE III. The total number of berries removed per camera loca-

-
era location, where n is the number of berries missing due to an 
animal interaction.

Camera ID removed total Interacting species
FCF1 6 6 Wood thrush (n = 6)

n
   Hermit thrush (n = 1)

n = 1)
Eastern chipmunk (n = 1)

n = 2)
n = 1)

n = 1)
AF1 1 2 Eastern chipmunk (n = 1)

n = 1)
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likelihood ratio: 2 = 19.88, p < 0.0001 

FIGURE 1. Partitioning of avian and mammalian potential disperser events 

(HLI: High Level of Interaction).
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for observing plant–animal interactions that would be 
-

time were logged, resulting in sequences of images that 

wildlife cameras are less intrusive than human observers, 

animal–ginseng interaction (Cutler & Swann, 1999).

with American ginseng, we have determined that animal–

potential dispersers were categorized as High Level inter-
-

infructescence at 1 of the camera locations (Table III). Of 

from the plants, but chipmunks also had High Level inter-
-

-

ginseng do not produce large crops or large seeds, which 
-

and, in the case of small seeds, can result in seed preda-
tion events, which could contribute to ginseng population 
decline (e.g.

-

species to trigger an event because their breeding habi-

the other 2 thrush species to have High Level interactions, 

species that was not observed on camera but was fed dur-

during field observations because their breeding range 

 

a) b)

c) d)

FIGURE 
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the northern portion of the region where 

could ingest ginseng pre-migration and at stopover sites en 
route to their wintering grounds.

Our feeding studies demonstrated that after berries 

that the germination of similar seeds with similar germina-
tion requirements (spicebush: Lindera benzoin
viburnum: Viburnum dentatum Prunus vir-
giniana
grown in a controlled greenhouse setting. Given that gin-
seng has a high natural germination rate in the field (ger-

in McGraw et al.

-
persed to a suitable site.

The distances traveled between ingestion and regurgita-
tion sites are expected to be shorter than distances traveled 

between ingestion and defecation sites, given the amount 
e.g., 

 et al.  et al., 

16 min, which is consistent with other recorded thrush 
regurgitation times for seeds of similar sizes (L. benzoin, 
V. dentatum, P. virginiana

-
-

ent sets of dispersal distances for ingested ginseng seeds. 

from nesting sites to new molting sites (Vega Rivera et al., 

berries (Vega Rivera et al.  et al.
However, once adult thrushes begin their pre-migration 
molt, which is centred on the ginseng seed ripening period, 

become secretive and find areas of dense forest cover and 
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high food abundance in order to avoid predator detection 
(Vega Rivera et al.

during breeding season (Vega Rivera et al., 1999), sug-

their molt. Smith et al.

thrush movement during the fall because hermit thrushes 

Juvenile thrushes, however, undergo a pre-basic molt 
prior to migration and spend time searching for opti-

(Vega Rivera et al.
(McGraw et al.

before their migration (Vega Rivera et al.

-
persal site (Vega Rivera et al.

of ingesting a ginseng seed as the last meal prior to taking 

to be effective as a mechanism for responding to climate 
change, since the direction of movement would be oppos-
ite to that which would enable populations to track their 

-
tion, could be important for tracking climate change.

American ginseng is a species that was once abundant 
throughout Appalachian forest but is now located in thou-
sands of small populations with a clustered spatial distri-

 et al., 

-

are not rare. The variation of High Level thrush–ginseng 
interactions between camera locations from frequent to 

breeding thrushes (Ozinga et al.

dispersal events.

to persist in sites where thrush populations are low or 

confined to smaller areas and would tend to be found in 

-
seng growing in habitats that provide an abundance of food 

frequent interactions with thrushes and a greater probabil-

dispersal events in areas with a higher number of juvenile 

-
lation, but also new populations across the landscape. Most 
demographic models for plants assume random disperser 
movements, but movement is most often the result of non-

demographic model for ginseng, research investigating the 

are present, their population densities, and their movement 
patterns on a minute time scale is needed.

-

populations in North America are connected. Thrush popu-
lations have been declining in North America since the late 

e.g., acid rain and brown-headed cowbird parasitism (Trine, 
 et al.  et al. -

vides a source of food for thrushes prior to migration, and 
thrush dispersal of ginseng seeds in turn could improve 

-
tors shown to be causing population decline: deer browse, 
harvest, and climate change (McGraw et al.

-

intense foraging, which is important because, in addition to 
having negative effects as herbivores (McGraw & Furedi, 

-
ment of new populations, thrush dispersal also provides 

populations in areas where ginseng no longer exists could 
mitigate the effect of harvest on ginseng metapopulations. 

persist the face of climate change effects. Longer dispersal 
movements via thrushes would provide a greater oppor-

-
sist in the face of climate change.
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