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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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I1752D8C7I21
MXlWifaceWed URleV Rf lighW iQ Pi[ed VSecieV fRUeVWV

The aYailabilit\ of photos\ntheticall\ actiYe radiation (PAR) limits carbon assimilation and indiYidual tree groZth in closed canop\

forests.

Here Ze present a series of studies e[ploring hoZ a broader consideration of light²from the ultraYiolet to shortZaYe infrared region

²ma\ lend insight into the driYers of productiYit\ in mi[ed-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 netZork of field-based tree diYersit\ e[periments, Ze e[amine: 

(1) HoZ light mediates the effect of neighboring tree diYersit\ on leaf trait plasticit\.

(2) HoZ light interception and light use efficienc\²generated b\ inter- and intra-specific Yariation²together driYe enhanced

productiYit\ in mi[ed species communities. 

(3) HoZ the light reflected from canopies and airborne imaging spectroscop\ can detect oYer\ielding in mi[ed species communities

and giYe insight into its driYers.

(4) HoZ light qualit\²from the ultraYiolet to shortZaYe infrared²Yaries among and Zithin canopies of differing diYersit\, serYing

as a cue for plants Zith consequences from leaf trait e[pression to forest function.

 



1. LIGH7 A6 A 5E6285CE
LighW PediaWeV cRPPXQiW\ diYeUViW\ effecWV RQ leaf WUaiW e[SUeVViRQ

Trait Yalues affect hoZ plants function, Zith consequences that propagate through scales of ecological organi]ation to affect

ecos\stem function. Yet trait Yalues can be highl\ Yariable both Zithin and among species. 

Here Ze asked if and hoZ communit\ diYersit\ affects leaf trait e[pression. 

At the IDENT-Montreal tree diYersit\ e[periment, Ze e[amined Yariation in the leaf trait Yalues of 12 tree species. We characteri]ed

trait Yariation Zithin trees, among trees and among communities, and Ze assessed the e[tent to Zhich access to light (specificall\,

PAR) differed Zith communit\ diYersit\ to e[plain obserYed patterns of trait Yariation. 

We found communit\ diYersit\ affected leaf trait plasticit\ through its effect on access to light. 

(Williams et al. 2020)



2. LIGH7 A6 A 5E6285CE A1D 675E6625
CURZQ cRPSlePeQWaUiW\, lighW iQWeUceSWiRQ aQd lighW XVe efficieQc\ 

Characteristics of tree croZns and hoZ Zell the\ fit together to form a forest canop\ are ke\ determinants of forest

productiYit\. CroZn complementarit\²driYen both b\ inherent interspecific differences and neighbor-induced plasticit\²

contributed to diYersit\-enhanced productiYit\ across the IDENT-Montreal tree diYersit\ e[periment.

Whether enhanced productiYit\ Zas attributable to complementar\ canopies inWercepWing more lighW and/or XVing lighW more
efficienWl\ Zas unclear. 

Here Ze assessed Zhether light interception alone or in combination Zith the light use efficienc\ (LUE) of dominant and subordinate

species e[plained patterns of oYer\ielding in 108 \oung tree communities at IDENT-Cloquet. 

Various light-related pathZa\s ma\ enhance productiYit\ in mi[ed species communities.



We found that mi[ing species affected species- and communit\-leYel light interception, light use efficienc\ and

productiYit\. Enhanced communit\-leYel light interception often, but not alZa\s, enhanced productiYit\ and led to oYer\lelding.

Within mi[ed species canopies, enhanced communit\-leYel light use efficienc\ occurred in three Za\s: 

(i) species Zith inherentl\ greater light use efficienc\ intercepted more light (H2.1); 

(ii) dominant species increased their light use efficienc\ in mi[ture compared Zith monoculture such that the\ greZ eYen more than

e[pected giYen their increased light interception (H2.2a); and 

(iii) subordinate species increased their light use efficienc\ in mi[ture compared Zith monoculture, such that the\ greZ more than

e[pected giYen their reduced light interception (H2.2b).

When an\ of these h\pothesi]ed pathZa\s Zere obserYed, mi[ed species communities Zere more likel\ to oYer\ield. 

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

 



3. LIGH7 A6 A 722L
RePRWe VSecWUal deWecWiRQ Rf diYeUViW\-eQhaQced SURdXcWiYiW\

Airborne imaging spectroscop\ captures functionall\ important differences among canopies related to their structure, chemistr\, and

underl\ing biological interactions.

Imaging spectroscop\ data (AVIRIS-NG) Zere collected at the IDENT-Cloquet site, Zhere 12 tree species are planted in

monocultures and Yarious mi[tures of tZo and si[ species. 

B\ comparing spectrall\ predicted stem biomass in plots of monocultures and species mi[tures, Ze found imaging spectroscop\ can

detect patterns of diYersit\-enhanced biomass. 

Using spectral trait mapping coupled Zith a noYel spectral partitioning approach, Ze found oYer\ielding in species mi[tures Zas best

e[plained b\ species Zith greater leaf nitrogen dominating the upper canop\, rather than intraspecific shifts in canop\ structure or

chemistr\. 



(Williams et al. 2021b)



4. LIGH7 A6 A C8E
LighW TXaliW\ aQd diYeUViW\ effecWV

Plants perceiYe light at seYeral ZaYelengths including in the UV-B, blue, green, red, and far red. 

We aim to (1) assess hoZ tree diYersit\ relates to light qualit\ in and beloZ forest canopies at all of these ZaYelengths knoZn to elicit

biological actiYit\ in plants, and (2) associate differences in light qualit\ Zith changes in canop\ ph\siolog\ releYant to e[plaining

plant diYersit\ effects on productiYit\.

To address these aims, Ze measured light quantit\, light qualit\, leaf area inde[ (LAI) and leaf optical properties across communities

in three tree diYersit\ e[periments: IDENT Cloquet and FAB in North America, and IDENT Freiburg in German\. 



A3352ACH
The studies Ze present here used tree diYersit\ e[periments that form part of an international netZork of tree diYersit\ e[periments

knoZn as IDENT. Each IDENT site includes replicated plots of monocultures and Yarious species mi[tures. B\ using an

e[perimental s\stem that manipulates tree diYersit\ Zhile minimi]ing enYironmental Yariation, Ze can isolate the effects of tree

diYersit\.

 

MaS Rf IDENT ViWeV. Those used in this set of studies are highlighted. For more information

see https://treediYnet.ugent.be/E[pIDENT.html (https://treediYnet.ugent.be/E[pIDENT.html)

 

AeUial image Rf IDENT-ClRTXeW in August 2021, during the Light Qualit\ fieldZork campaign (Bo[ 4). Credit: K\le KoYach. 

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


 

BeQeaWh Whe caQRS\ aW IDENT MRQWUeal in its fourth groZing season, during sampling of leaf trait Yariation (Bo[ 1). Credit: Laura

Williams. 

 



   

    

IDENT ClRTXeW iQ iWV fRXUWh, fifWh aQd Vi[Wh gURZiQg VeaVRQV (left to right) Zhen light intereption and light use efficienc\ Zere

assessed (Bo[ 2). Credit: Laura Williams.

 



JeaQQiQe CaYeQdeU-BaUeV aQd AbRXbakU MRUadi measuring irradiance beneath the canop\ at IDENT Freiburg, Jul\ 2021, to

assess diYersit\ effects on light qualit\ (see Bo[ 4). Credit: Meredith Schuman. 

 

RefeUeQce iUUadiaQce meaVXUemeQWV adjacent to the FAB e[periment in Jul\ 2021 (see Bo[ 4). Credit: K\le KoYach.



 

MaUia PaUk, LaXUa WilliamV, RaimXQdR BeUmXde], CaWheUiQe GleQQ-SWRQe aQd AUWXU SWefaQVki preparing to measure light

qualit\ at the FAB e[periment in Jul\ 2021 (see Bo[ 4). Credit: K\le KoYach. 

 

CaWheUiQe GleQQ-SWRQe aQd LaXUeQ LaWWeU preparing and measuring reflectance and transmittance on leaf samples at the FAB

e[periment in Jul\ 2021 (see Bo[ 4). Credit: K\le KoYach. 



 

AUWXU SWefaQVki VamSliQg leaYeV Zithin the canop\ at IDENT Cloquet in August 2021 as part of the Light Qualit\ project (see Bo[

4). Credit: Laura Williams.

 



C21CL86I216
Together these studies illustrate some of the multifaceted roles of light in driYing and understanding diYersit\-

productiYit\ relationships in forest ecos\stems. These kinds of insights adYance our capacit\ to predict, monitor and manage hoZ

biodiYersit\ change Zill affect future forest function.
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In closed-canop\ forests, the availabilit\ of photos\ntheticall\ active light has been a focal point of research, emphasi]ing the
role of light as a resource in limiting carbon assimilation and individual tree groZth. HoZever, light shapes the functioning of
forest ecos\stems through multiple mechanisms. Here, using a series of studies from a netZork of tree diversit\ e[periments,
Ze e[plore the multifaceted Za\s in Zhich light²in terms of both quantit\ and qualit\²shapes productivit\ in mi[ed-
species forests. Spectral reflectance from remote sensing of forest canopies is being increasingl\ used to detect hoZ tree
diversit\ influences productivit\. We demonstrate that airborne imaging spectroscop\ captures functionall\ important
differences among canopies related to their structure, chemistr\, and underl\ing biological interactions. Ground-based
anal\ses can shoZ in detail hoZ photos\ntheticall\ active light is partitioned among species in mi[ed-species communities.
We shoZ that greater interception of light and greater efficienc\ of light use, generated b\ inter- and intra-specific
differences, combine to enhance productivit\ in mi[ed-species forests. Light ma\ shape forest function not onl\ as a resource
but also as a stressor and cue. Plants can perceive light at various Zavelengths, use this information to assess their
neighborhoods, and subsequentl\ adjust their ph\siolog\ and allocation. We characteri]e hoZ light qualit\²from the
ultraviolet to shortZave infrared²varies among and Zithin canopies of differing diversit\. We e[plore hoZ these diversit\-
light qualit\ relationships arise and connect across levels of biological organi]ation from leaf-level trait e[pression to forest
function. Together these studies lend insight into light-mediated mechanisms that drive relationships betZeen biodiversit\ and
productivit\ in forest ecos\stems²insights that are crucial to predict hoZ biodiversit\ change Zill affect future forest
function.


