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Abstract

In closed-canopy forests, the availability of photosynthetically active light has been a focal point of research, emphasizing the

role of light as a resource in limiting carbon assimilation and individual tree growth. However, light shapes the functioning of

forest ecosystems through multiple mechanisms. Here, using a series of studies from a network of tree diversity experiments,

we explore the multifaceted ways in which light—in terms of both quantity and quality—shapes productivity in mixed-species

forests. Spectral reflectance from remote sensing of forest canopies is being increasingly used to detect how tree diversity

influences productivity. We demonstrate that airborne imaging spectroscopy captures functionally important differences among

canopies related to their structure, chemistry, and underlying biological interactions. Ground-based analyses can show in

detail how photosynthetically active light is partitioned among species in mixed-species communities. We show that greater

interception of light and greater efficiency of light use, generated by inter- and intra-specific differences, combine to enhance

productivity in mixed-species forests. Light may shape forest function not only as a resource but also as a stressor and cue.

Plants can perceive light at various wavelengths, use this information to assess their neighborhoods, and subsequently adjust

their physiology and allocation. We characterize how light quality—from the ultraviolet to shortwave infrared—varies among

and within canopies of differing diversity. We explore how these diversity-light quality relationships arise and connect across

levels of biological organization from leaf-level trait expression to forest function. Together these studies lend insight into

light-mediated mechanisms that drive relationships between biodiversity and productivity in forest ecosystems—insights that

are crucial to predict how biodiversity change will affect future forest function.
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INTRODUCTION
Multifaceted roles of light in mixed species forests

The availability of photosynthetically active radiation (PAR) limits carbon assimilation and individual tree growth in closed canopy

forests.

Here we present a series of studies exploring how a broader consideration of light—from the ultraviolet to shortwave infrared region

—may lend insight into the drivers of productivity in mixed-species forests through its multiple roles (1) as a resource, (2) as a

stressor, (3) in detection of plant attributes and (4) as a cue to functional responses of plants.

Using a network of field-based tree diversity experiments, we examine: 

(1) How light mediates the effect of neighboring tree diversity on leaf trait plasticity.

(2) How light interception and light use efficiency—generated by inter- and intra-specific variation—together drive enhanced

productivity in mixed species communities. 

(3) How the light reflected from canopies and airborne imaging spectroscopy can detect overyielding in mixed species communities

and give insight into its drivers.

(4) How light quality—from the ultraviolet to shortwave infrared—varies among and within canopies of differing diversity, serving

as a cue for plants with consequences from leaf trait expression to forest function.

 



1. LIGHT AS A RESOURCE
Light mediates community diversity effects on leaf trait expression

Trait values affect how plants function, with consequences that propagate through scales of ecological organization to affect

ecosystem function. Yet trait values can be highly variable both within and among species. 

Here we asked if and how community diversity affects leaf trait expression. 

At the IDENT-Montreal tree diversity experiment, we examined variation in the leaf trait values of 12 tree species. We characterized

trait variation within trees, among trees and among communities, and we assessed the extent to which access to light (specifically,

PAR) differed with community diversity to explain observed patterns of trait variation. 

We found community diversity affected leaf trait plasticity through its effect on access to light. 

(Williams et al. 2020)



2. LIGHT AS A RESOURCE AND STRESSOR
Crown complementarity, light interception and light use efficiency 

Characteristics of tree crowns and how well they fit together to form a forest canopy are key determinants of forest

productivity. Crown complementarity—driven both by inherent interspecific differences and neighbor-induced plasticity—

contributed to diversity-enhanced productivity across the IDENT-Montreal tree diversity experiment.

Whether enhanced productivity was attributable to complementary canopies intercepting more light and/or using light more
efficiently was unclear. 

Here we assessed whether light interception alone or in combination with the light use efficiency (LUE) of dominant and subordinate

species explained patterns of overyielding in 108 young tree communities at IDENT-Cloquet. 

Various light-related pathways may enhance productivity in mixed species communities.



We found that mixing species affected species- and community-level light interception, light use efficiency and

productivity. Enhanced community-level light interception often, but not always, enhanced productivity and led to overylelding.

Within mixed species canopies, enhanced community-level light use efficiency occurred in three ways: 

(i) species with inherently greater light use efficiency intercepted more light (H2.1); 

(ii) dominant species increased their light use efficiency in mixture compared with monoculture such that they grew even more than

expected given their increased light interception (H2.2a); and 

(iii) subordinate species increased their light use efficiency in mixture compared with monoculture, such that they grew more than

expected given their reduced light interception (H2.2b).

When any of these hypothesized pathways were observed, mixed species communities were more likely to overyield. 

(Williams et al. 2017; Williams et al. 2021a)

 



3. LIGHT AS A TOOL
Remote spectral detection of diversity-enhanced productivity

Airborne imaging spectroscopy captures functionally important differences among canopies related to their structure, chemistry, and

underlying biological interactions.

Imaging spectroscopy data (AVIRIS-NG) were collected at the IDENT-Cloquet site, where 12 tree species are planted in

monocultures and various mixtures of two and six species. 

By comparing spectrally predicted stem biomass in plots of monocultures and species mixtures, we found imaging spectroscopy can

detect patterns of diversity-enhanced biomass. 

Using spectral trait mapping coupled with a novel spectral partitioning approach, we found overyielding in species mixtures was best

explained by species with greater leaf nitrogen dominating the upper canopy, rather than intraspecific shifts in canopy structure or

chemistry. 



(Williams et al. 2021b)



4. LIGHT AS A CUE
Light quality and diversity effects

Plants perceive light at several wavelengths including in the UV-B, blue, green, red, and far red. 

We aim to (1) assess how tree diversity relates to light quality in and below forest canopies at all of these wavelengths known to elicit

biological activity in plants, and (2) associate differences in light quality with changes in canopy physiology relevant to explaining

plant diversity effects on productivity.

To address these aims, we measured light quantity, light quality, leaf area index (LAI) and leaf optical properties across communities

in three tree diversity experiments: IDENT Cloquet and FAB in North America, and IDENT Freiburg in Germany. 



APPROACH
The studies we present here used tree diversity experiments that form part of an international network of tree diversity experiments

known as IDENT. Each IDENT site includes replicated plots of monocultures and various species mixtures. By using an

experimental system that manipulates tree diversity while minimizing environmental variation, we can isolate the effects of tree

diversity.

 

Map of IDENT sites. Those used in this set of studies are highlighted. For more information

see https://treedivnet.ugent.be/ExpIDENT.html (https://treedivnet.ugent.be/ExpIDENT.html)

 

Aerial image of IDENT-Cloquet in August 2021, during the Light Quality fieldwork campaign (Box 4). Credit: Kyle Kovach. 

https://treedivnet.ugent.be/ExpIDENT.html


 

Beneath the canopy at IDENT Montreal in its fourth growing season, during sampling of leaf trait variation (Box 1). Credit: Laura

Williams. 

 



   

    

IDENT Cloquet in its fourth, fifth and sixth growing seasons (left to right) when light intereption and light use efficiency were

assessed (Box 2). Credit: Laura Williams.

 



Jeannine Cavender-Bares and Aboubakr Moradi measuring irradiance beneath the canopy at IDENT Freiburg, July 2021, to

assess diversity effects on light quality (see Box 4). Credit: Meredith Schuman. 

 

Reference irradiance measurements adjacent to the FAB experiment in July 2021 (see Box 4). Credit: Kyle Kovach.



 

Maria Park, Laura Williams, Raimundo Bermudez, Catherine Glenn-Stone and Artur Stefanski preparing to measure light

quality at the FAB experiment in July 2021 (see Box 4). Credit: Kyle Kovach. 

 

Catherine Glenn-Stone and Lauren Latter preparing and measuring reflectance and transmittance on leaf samples at the FAB

experiment in July 2021 (see Box 4). Credit: Kyle Kovach. 



 

Artur Stefanski sampling leaves within the canopy at IDENT Cloquet in August 2021 as part of the Light Quality project (see Box

4). Credit: Laura Williams.

 



CONCLUSIONS
Together these studies illustrate some of the multifaceted roles of light in driving and understanding diversity-

productivity relationships in forest ecosystems. These kinds of insights advance our capacity to predict, monitor and manage how

biodiversity change will affect future forest function.
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ABSTRACT
In closed-canopy forests, the availability of photosynthetically active light has been a focal point of research, emphasizing the
role of light as a resource in limiting carbon assimilation and individual tree growth. However, light shapes the functioning of
forest ecosystems through multiple mechanisms. Here, using a series of studies from a network of tree diversity experiments,
we explore the multifaceted ways in which light—in terms of both quantity and quality—shapes productivity in mixed-
species forests. Spectral reflectance from remote sensing of forest canopies is being increasingly used to detect how tree
diversity influences productivity. We demonstrate that airborne imaging spectroscopy captures functionally important
differences among canopies related to their structure, chemistry, and underlying biological interactions. Ground-based
analyses can show in detail how photosynthetically active light is partitioned among species in mixed-species communities.
We show that greater interception of light and greater efficiency of light use, generated by inter- and intra-specific
differences, combine to enhance productivity in mixed-species forests. Light may shape forest function not only as a resource
but also as a stressor and cue. Plants can perceive light at various wavelengths, use this information to assess their
neighborhoods, and subsequently adjust their physiology and allocation. We characterize how light quality—from the
ultraviolet to shortwave infrared—varies among and within canopies of differing diversity. We explore how these diversity-
light quality relationships arise and connect across levels of biological organization from leaf-level trait expression to forest
function. Together these studies lend insight into light-mediated mechanisms that drive relationships between biodiversity and
productivity in forest ecosystems—insights that are crucial to predict how biodiversity change will affect future forest
function.


