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What Are "Niche Construction" and "Ecological Inheritance"? 

An eco-evo process of niche construction has been convincingly argued to be an 
important theoretical possibility that is typically ignored (Odling-Smee, Laland, and 
Feldman 2003; Laland and Sterelny 2006). We argue here that models of niche 
construction are ignored, in part, because their acceptance seems to require addi
tional and more complex fieldwork, yet we also demonstrate-by following a survey 
of species distribution-an unexpected flaw in this heuristic. It turns out that record
ing and storing data on niche construction is both necessary and practical for study
ing species distribution. 

The term niche construction refers to a process by which organisms, through their 
metabolism, physiology, behavior, and dispersal, causally affect abiotic and biotic 
features of their environments. By doing so, organisms generate feedback from their 
environments that may operate on both ecological and evolutionary timescales 
(Odling-Smee, Laland, and Feldman 2003). Whereas neo-Darwinism typically 
depicts each organism as a key that has to fit into the environment's lock, niche 
construction theory sees reciprocal causation that undermines dichotomous think
ing, which tears them apart (Lewontin 1983; Laland, Odling-Smee, and Gilbert 
2008). 

Populations of organisms that construct ecological legacies, each generation anew, 
out of persisting materials in their environment-such as turtles' nests or gophers' 
burrows-can modify selection pressures on subsequent generations. Sometimes, 
modified selection pressures cause the constructing trait to spread in successive 
populations along with its environmental material. When a niche construction 
process has evolutionary consequences such that ecological legacies are propagated 
to offspring generations in parallel with organism legacies (including genes), then 
ecological inheritance has taken place. 

If inheritance refers to a causal process in which the heritable capacity is realized, 
and if development refers to the acquisition of the capacity to reproduce (Griesemer 
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2000), then ecological inheritance refers to a recurring developmental process that 
caused an evolutionary consequence. Ecological inheritance is not a mere persistent 
environmental legacy (such as the sun), but a process of organism-environment 
ecological interaction with developmental consequences that recurs across different 
population generations. 

Ecological inheritance is not an epiphenomenon of genetic inheritance, but rather 
a different mechanism constrained by additional factors-such as species and niche 
distribution in addition to genetic and other factors-and it often transmits selection 
pressures to other species as well. 

For example, pocket gophers (Grinnell 1923) and earthworms (Darwin 1881) 
aerate the soil. The former construct burrows-an environmental legacy-that prop
agate across generations of gophers and their predators, modifying not only the 
landscape but also species distributions and community compositions. The gophers' 
tendency to construct burrows is not merely a result of being born into a preexisting 
environment that selects for this trait, but also and more significantly a cause of 
selection on this trait-and many other traits linked to it-as adaptive in this envi
ronment. In such cases, old distinctions between development and inheritance, 
ecology and evolution, need to be reconfigured. 

Problems for Accepting the Phenomenon of Niche Construction 

But reconfiguration is hard. For classical neo-Darwinists to admit niche construction 
and incorporate it into their practices, a detailed mathematical model of this process 
is required which represents organisms as causes of environmental states and depen
dence of selection pressures feeding back to organisms on those same environmen
tal parameters. Such a model will need to harness resources from both population 
genetics and population ecology, yet the model parameters that one discipline tra
ditionally held constant, the other discipline traditionally manipulated. While clas
sical population genetics assumed a constant environment in its simplest models 
(via assumption of constant fitnesses) and tracked within-population variance across 
generations, classical population ecology tracked N genetically identical individuals 
within a population across variable environments (see Roughgarden 1978:311). The 
problem is, of course, that for modeling niche construction one must track both the 
variance in an environmental resource across a gradient or pattern and the variance 
in allele frequency within and among generations, and test for causal linkage of the 
two. 

As to the good news, more than one mathematical model (Odling-Smee, Laland, 
and Feldman 2003; Hastings, Byers, Crooks, Cuddington, Jones, Lambrinos, Talley 
et al. 2007; Kylafis and Lareau 2008) is currently available for exactly that task, and 
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the literature has posed no severe objection to the accuracy, testability, or novelty 
of these models' predictions. It seems the attentive reception that biologists gave 
the concept of niche construction is mostly due to the analytical achievement of 
formulating such sophisticated models rather than to acceptance of the empirical 
claim that reciprocal causation between biotic and abiotic elements generates results 
that the models predict. 

Indeed, if one accepts the limited theoretical claim that niche construction is a 
possible important cause of evolution, one should record it whenever it may empiri
cally occur (compare Griesemer 1998). But recording even the most basic field data 
of species locality seems practically complicated when that locality is constructed 
by organisms' activity. Clearly, an exogenous grid of lines-latitudes and longitudes 
conventionally located with respect to the Earth's poles, equator, and Greenwich, 
England, as prime meridian-plus elevations above or below sea level (at some 
arbitrary date )-cannot suffice to specify locality. Another, interactionist, concept of 
space which also depends on what the organisms in question do, must also be used 
in the field. Organism locations studied by scientists are inter~ections of human and 
organism actions. These interactions can be located in space exogenously, on a grid, 
but the localities of the organisms, constructed by organism-environment interac
tion, are inadequately represented this way. In this sense, space is neither fully 
imposed by human investigators nor fully independent of them (Shavit and Gries
emer, 2010 in press). For recording species localities in the field that are pertinent 
to niche construction theory one needs, in addition, to lat/long coordinates, species 
microhabitats and data relevant to selection pressures, such as distribution and 
abundance of ecologically inherited legacies. In the case we discuss (a biodiversity 
resurvey), we show that to record species localities that are relevant to niche con
struction theory, evidence of organism-environment interaction also requires a 
recorded history of research: of concepts, tools, methods, and collecting efforts as 
these change across time and usage, because they concern the history of human
organism interactions. 

If one is satisfied with asking only the same questions that classical evolutionists 
and ecologists did, it seems rational and practically justified not to invest in more 
elaborate and detailed fieldwork of this kind. We argue against this practical reason
ing, not because it is mistaken in principle but because it does not apply to the case 
of niche construction. Based on a biodiversity resurvey we followed at Lassen 
National Park, conducted by the Museum of Vertebrate Zoology at Berkeley, Cali
fornia (Shavit and Griesemer 2009), we will show here that (a) recording phenom
ena pertinent to niche construction is practically necessary for collecting rigorous 
data on species locality for biodiversity purposes, and (b) that backgrounding the 
niche-construction context through which the data were obtained actually adds 
complications and time-consuming drawbacks for the next rigorous biodiversity 
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survey. In other words, not taking account of the phenomena of niche construction 
in the field is scientifically impractical. If one wishes to continue disregarding niche 
construction, one will need to explicate flaws in the theoretical models. Appeals to 
impracticality do not work. 

A Case Study 

The Museum of Vertebrate Zoology (MVZ) was established in 1908 by the patron 
and entrepreneur Annie Alexander and the scientific director Joseph Grinnell (Gri
esemer and Gerson 1993; Stein 2001 ). Between 1911 and 1929, as part of an intensive 
and extensive series of surveys across California (Kohler 2006), MVZ researchers 
collected and recorded small mammals in the Lassen region. This survey took a total 
of 673 person-days in the field and resulted in 3592 specimens, thousands of field 
notes and photographs, and a published monograph, Vertebrate Natural History of 
a Section of Northern California Through the Lassen Peak Region (Grinnell, Dixon, 
and Linsdale 1930). The reason for recording species distribution was a faunal 
change Grinnell had noticed and attributed to human activity. He envisioned others 
tracking this change after his lifetime, and hence he intended his museum to produce 
distribution facts that would be widely useful to' researchers of the future, whatever 
their questions might be: 

In the Lassen section there are under way profound modifications of earlier conditions, 
modifications clue directly to the increasing activity of man-grazing and over-grazing by 
domestic stock, lumbering, road-building .... Facts as to the status of species in the region 
at a given stage in the general faunal changes engendered by these processes will become 
significant in their bearing with regard to the conditions reached in the future. (Grinnell, 
Dixon, and Linsdal~ 1930:iv) 

In 2001, the museum director decided the time had come for these distribution facts 
to be brought to bear on our understanding of faunal conditions via a resurvey of 
Grinnell's original sites. Grinnell's vision materialized, but in a technological context 
he could not have foreseen. The resurvey aimed at data that would be Internet
accessible and interoperable with data from other databases,' to provide n~w data 
on old localities and new questions about old data. The old questions about the 
Lassen region were explicitly stated: 

What kinds (species and subspecies) of land vertebrates are present within the section arbi
trarily outlined; the frequency of observed occurrence and the relative abundance of these 
kinds; the local or habitat distribution of each kind; the factors which determine the presence 
and habitat distribution of each kind. (Grinnell, Dixon, and Linsdale 1930:2) 

In the Lassen resurvey Grinnell's causal question about factors of distribution was 
narrowed to a specific causal question on the role of climate in producing faunal 
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change. Grinnell was well aware that it would not be easy to replicate visits to the 
same localities; hence an elaborate protocol for recording a species locality was 
developed by the MVZ (Grinnell 1938). The gap between two different ways to 
regard the organism's environment-as exogenous or interactionist-was reflected 
in two different modes of recording a locality: in a specimen tag versus a field 
journal. 

The tag, a small piece of paper attached to a specimen with its information exactly 
copied to the collector's catalog and the MVZ's catalog (computer database since 
the 1970s), named the species, the collector, and the date of collection, and provided 
one or two sentences giving a descriptive locality of the research sit~ where the 
animal was collected. This text typically encompasses the air distances from the 
locality to two orthogonal reference points within a hierarchy of geopolitical units 
(e.g., two miles north of the intersection of highways 37 and 89, Lassen County, 
California). In the MVZ database, this descriptive locality is accompanied with 
longitude and latitude coordinates extracted from a handheld GPS (global position
ing system) used and calibrated in the field. 

A second source of locality information was the fie hi journal each researcher kept. 
These field notes, used today as well, contain detailed descriptions of the path: its 
landscape, microhabitat and macrohabitat, snow level, signs of animal activity, 
human land use and collecting effort, trap type, trap number, and the time each 
trapline was open. The MVZ's tradition of comprehensive record taking and trap 
positioning aimed to reflect all microhabitats in the relevant environments, previous 
species distributions, dispersal mechanisms, and signs of species-specific niche con
struction (e.g., runways, clippings, fresh burrows).2 Grinnell (1923) not only noticed 
construction activity of pocket gophers (Thomomys monticola) but also quantified 
their effect: 

It was found that the average amount of earth put up in the form of winter cores was, on a 
selected area, 1.64 pounds per square yard. Assuming that, on the average, gopher workings 
covered only one-tenth percent of the land surface, there would be 3.6 tons of earth put up 
per square mile, or 4,132 tons over the whole Park. This is for a single winter! (Grinnell 
1923:137) 

The resurvey attempted to revisit the same localities via the same field note tech
niques and, whenever possible, use the same trapping method. Most trapping devices 
had changed during the past century, but for gophers, Grinnell and his academic 
descendants used the exact same Macabee gopher trap made in central California 
for over a century by the same company. A pocket gopher rarely ventures outside 
its ecologically inherited niche, so the way to collect it is to place a trap underground, 
which draws the gopher to remove the foreign object from its burrow. Thus, noticing 
burrows is a necessary part of collecting data on gopher's presence. Here an episode 
from our short story begins. 
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On May 17,1924, Grinnell arrives at 9:30 at a "glacial lake, ice and snow covered, 
8500 ft. set-perhaps Lake Helen" (Grinnell's unpublished Field Journal1924:2344).3 

He points out that here "[t]he U.S.G.S. map is much at fault" (Grinnell's unpublished 
field journal [1924]: 2344) and further records that on the northern slope "there is 
winter work of pocket gophers under the snow, as shown by the presence of earth
cores and plugged burrows. I saw no evidence that the leaves are eaten; only the 
smallest terminal twigs, 2 to 3 inch in diameter are gone."4 This observation of niche 
construction was considered a reliable enough indication of species presence at 
Lassen to be fit for publication (Grinnell, Dixon, and Linsdale 1930:499). 

Eighty-three years later, on September 4, 2007, a young-though experienced
field researcher began to work his trapline on the same northern slope from Lake 
Helen to Lake Emerald. He "saw no mammals in the 2 hours it took to set the line 
+ return to my truck. There is much sign this year though: many holes showing signs 
of recent activity ... after we set the line (along lake edge, up talus slope, and up 
into saddle), and we fetch Carla's truck, we set 14 Maca bees at fresh signs" (Perrine's 
unpublished field journal 2007). Indeed, the construction signs were reliable, and 
two specimens were obtained (catalog numbers 220463, 220464). Their specific local
ity (Lake Emerald) was stored in the MVZ database, although most other types of 
data remained in the researcher's journal. Finally, it seems, a rigorous comparison 
of species distribution between 1924 and 2007 is within reach. 

Yet it is exactly the rigorous mood of both survey and resurvey that prevents the 
latter from using all this information on gopher presence! The resurvey uses a 
sophisticated statistical tool to analyze data on species occupancy (for details see 
Moritz, Patton, Conroy, Parra, White, and Beissinger 2008; Shavit and Griesemer 
2009). The resurvey's modeling goal, to compare animal presence and absence at 
the same localities across almost a century of climate change, is validated via statisti
cal control for variance in trapping effort across different eras. In other words, 
replicating one's trapping effort is part of replicating one's record of species locality. 
To that end, the present-day researcher uses a standardized trapping protocol, to be 
applied in the same way for all species in the resurvey. Macabee traps are species
specific, depending upon a specific organism-environment interaction, and hence, 
alas, not part of the resurvey's standardized trapline. Presence and absence data on 
pocket gophers and their constructed legacies cannot be used for comparison. 

The young MVZ's field researcher endorses rigorous sampling that would be 
representative of a larger area; hence he does not put Macabees on the trapline 
even as he notices fresh gopher burrows on his path (Shavit 2007 personal observa
tion). The trapline has a standardized structure-forty Sherman traps for smaller 
animals and ten live Tomahawk traps for bigger ones-so adding Macabees would 
violate the field protocol he himself has put together.5 Yet that same researcher 
also endorses rigorous comprehensive detection of all species that he suspects to 
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be present in this habitat. Hence, after the trapline is set according to protocol, he 
puts 14 Macabee traps on a nearby saddle, far enough from the trapline not to 
affect its trapping results yet within the specific locality of Emerald Lake. The 
researcher did not explicitly intend to acknowledge the phenomenon of niche con
struction; he simply could not do his job without assuming its importance for the 
species distributions modeled in the resurvey. It is important to note that recording 
information of organism-environment interaction does not delay or complicate his 
fieldwork; it has been standard MVZ procedure for the past century (Sunderland, 
submitted).6 

In the museum, the director, the field researcher, and the theoretical population 
ecologist all agreed on how to conduct the research when writing the grant proposal. 
At that stage, the comprehensive and representative standards did not seem to 
conflict, yet when he arrived in the field, the field researcher was suddenly forced 
to choose between exogenous and interactionist records of species locality. Common 
ground was lost. For the theoretical ecologist, placing a trap according to your 
expected result is a sign of circular reasoning. Statistical sampling requires an unvary
ing sampling procedure with error estimation: one looks in the same way in each 
spot with the same effort. If an unvarying procedure using a fixed grid has a low 
probability of detecting certain species-such as the pocket gophers-one should 
use that same procedure, and either explain the low results or exclude these species 
from the survey as outliers. However, for the naturalist researcher "grid trapping" 
these species is biologically meaningless, yet they must be detected and recorded if 
they are there. Since ecologically inherited burrows attest to gopher presence, these 
gophers should be detected by other, possibly irregular, effort and method. 

The field researcher used an interactionist concept of space to record gopher 
locality on the scales of a single trap and the whole lake area, while he employed 
an exogenous, grid-type concept of space for the scale of a trapline. There was no 
single locality and no general solution to merge both practices. The researcher could 
not avoid scale-dependent, species-dependent, and human-dependent compromise, 
yet this did not stop the work. We have argued (Shavit and Griesemer 2009) that 
while there is no genuine conceptual integration to be found, alternation between 
exogenous and interactionist concepts of space was found to be a workable 
resolution. 

The real problems lie elsewhere. We argued previously that the museum's excep
tionally rigorous research was based on the heuristic that a single exogenous concept 
of space suffices to represent a species locality well enough (Shavit and Griesemer 
2009). So while Grinnell's observations from 1924, which included evidence perti
nent to niche construction, were foregrounded for his peers (Grinnell, Dixon, and 
Linsdale 1930), the same type of interactionist information was marginalized in the 
modern museum's database (Shavit and Griesemer 2010 in press). To be sure, the 
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MVZ eventually made an interactionist view of the data available by workable 
alternation between its main database and its researchers' field journals, yet given 
the domination of online databases as the main memory practice in biodiversity 
(Bowker 2006) and its ongoing pressing problem of interoperability (NRC 1995), it 
is not certain that current users, let alone the next resurvey, will have access to such 
information, practically speaking. 

We argued (Shavit and Griesemer 2009) that backgrounding an interactionist 
concept of space comes with a heavy practical price: (a) a local database, such as 
the Lassen or Yosemite database, is not interoperable, nor is it workable by alterna
tion, with the museum's main database; and since local databases occupy a common 
and substantial part of current fieldwork, accurately revisiting localities outdoors 
for the next resurvey will probably require even more time and effort than today; 
(b) the resurvey's data model-the protocol specifying how and what data are to 
be recorded in the field-was designed to fit into the main database modeV but 
also designed to be supplied to specific statistical models;8 hence, using these data 
in the future for answering different questions and testing different statistical models 
will likely be more difficult, although collecting data that is hypothesis-neutral was 
Grinnell's and his descendants' intention; and finally, (c) ecological models of species 
response to climate change will be more difficult to test, since comprehensive infor
mation on the ways in which humans, animals, and environments interacted in the 
production of data is necessary for combining various locality data sets in any 
meaningful way. Such information is often backgrounded. 

Since the results of MVZ's resurvey are widely recognized (Moritz, Patton, 
Conroy, Parra, White, and Beissinger 2008), since the MVZ's georeferencing guide
lines (Wieczorek, Guo, and Hijmans 2004) are followed by most natural history 
research museums around the world, and since ignoring the process of niche con
struction and backgrounding its relevant data has generated practical predicaments 
in this case, it could generate problems in analogous cases. Therefore the practical 
rationale that ignoring the phenomenon of niche construction will ease the field
work and not affect the model appears to be flawed in general. 

Conclusion 

In his 1923 paper "The Burrowing Rodents of California as Agents in Soil Forma
tion," Grinnell's very first lines are: 

The interactions between vertebrate animals and their environments are exceedingly variable 
and far-reaching. To base any conclusion upon a contrary assumption has proven dangerous, 
for in specific cases such procedure has led people to expend effort and substance not only 
needlessly but definitely against their own best interests. (1923:137) 
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In a sense, we have argued that assuming a purely exogenous, noninteractive concept 
of locality amounts to, or at least entails, the assumption that the ecological and 
developmental processes contributing to niche construction have no far-reaching 
effects. This assumption works against the practical interests of those researchers 
who describe and predict species distributions, for instance, as part of biodiversity 
research into climate change, as in our case study. In the field, biodiversity research
ers cannot establish rigorous protocols to revisit species localities if they assume a 
locality is not partly constructed by its occupying species (Shavit and Griesemer 
2009). The interactive locality assumption, and the kinds of information one needs 
to collect because of it, have been standard MVZ procedure for over a century, so 
no extra fieldwork is needed for accepting niche construction. In attempting to 
predict species localities based on theoretical and model considerations (e.g., due 
to climate change), many practical complications accompany those who aim to 
rigorously record and represent species locality in computer databases while back
grounding its interactionist context (Shavit and Griesemer 2009). In short, those 
who argue against niche construction on practical or heuristic grounds should look 
elsewhere. In the case we consider, it is actually the failure to consider niche con
struction that undermines research on practical grounds. We conclude that it is 
essential that biodiversity research mind the gaps between practical and theoretical 
conceptions of organism interactions and species interactions rather than ignore or 
deny them. 

We have illustrated the gap between practical and theoretical understandings of 
what a species locality is, and shown that what locality refers to in biodiversity 
research is not specific to those who examine niche construction models but part of 
a wider, and more basic, ambiguity shared by all biological disciplines that use 
surveys. Not minding the gaps between two different concepts of space can partly 
explain why niche construction processes are still so rarely examined in biodiversity 
research. 
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Notes 

1. "lnteroperability is the ability of two or more systems or components to exchange information and 
to use the information that has been exchanged" (IEEE 1990: 42). 
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2. "Write full notes, even at risk of entering much information of apparently little value"(Grinnell1938: 
5; underscore in original). Present-day senior naturalists have expressed similar views (August 25, 2007; 
May 5, 2008). 

3. For Grinnell's field notes, see http://bscit.berkeley.edu/cgi-bin/mvz_volume_query?special=page 
&scan_directory=v1326_s2&section_order=2&page=51 &orig_q uery=814375. 

4. For Grinnell's Held notes, see http://bscit.berkeley.edu/cgi-bin/mvz_volume_query?special=page 
&scan_directory=v1326_s2&section_ or de r=2& page=57 &orig_q uery=81437 5. 

5. John Perrine, "Data Fields to Capture for Grinnell Resurvey Project." Unpublished MVZ document, 
May 5, 2007. 

6. We found the same kind of tension-between different practices related to different concepts of 
space-in another biodiversity survey that tested a type of niche construction model (Shavit and Gries
emer, in preparation). 

7. Resurvey staff meeting on March 17,2008 (Shavit, personal observation). 

8. In our case study, program MARK analyzed the species probability of occupancy in a locality already 
sampled, and Maxenl was often used for predicting species distribution. 
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