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Unraveling
the mystery of
oak tree mast
years and their
COpIOUS acorn

Cropsis a
big numbers
game (with
some weather
thrown in)

BY WALT KOENIG

Fall 1983 brought hard times to acorn woodpeckers in upper Carm-
el Valley. For the first year since I'd begun studying these group-liv-
ing birds, as a UC Berkeley graduate student a decade earlier,
none of the oaks at our study site bore more than a pathetical-
ly poor acorn crop. Twenty-four of the 34 acorn woodpeck-
er groups we were following—over 120 painstakingly banded
birds—abandoned their territories, leaving a small fraction of
individuals to eke out a living over the winter. It was apparently
the end of the study, and possibly of my hopes for a degree. But
then, the following spring, nearly all the abandoned territories—
each roughly 7to 20 acres of oak woodland with one or more gra-
naries in which the birds store acorns—were recolonized, mostly
by former group members. We knew why they’d left: there were
no acornsto store or eat during the cold, rainy winter months. But
where had they gone? How far had they flown to find acorns to
eat? And why had the acorn crop failed to begin with?

These questions eventually led me to a second career, of study-
ing acorn production by oaks, the dominant tree genus through-
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out much of low- and mid-elevation, temperate California. It was
well known that the size of the acorn crop varies dramatically
from year to year and that this variability is critically important
to the demography of many species, including the acorn wood-
peckers. Little was known about what factors determine whether
it'sagood orabad acorn year, however. And what about the birds
that came back after abandoning their territories? We had no idea
where they spent the winter, but presumably it wasn’t far away.
Did that mean trees close by had produced a good crop of acorns?

Such issues inhabit the world of “masting” or “mast-fruiting”—
the production of highly variable and synchronized seed crops
from one year to the next. And it turned out to be a big world:
masting species include not only oaks but many conifers and a
variety of other taxa, mostly in temperate and boreal regions of
the globe (although there is as yet relatively little data from the
tropics). Masting has been of interest to foresters for over 200 years
and to farmers and others dependent on the productivity of the
natural world for millennia. Early references date to the Middle
Ages, when acommon activity during the late fall was to use sticks
and clubs to knock down acorns as food for swine when the crop
was good. Here in California, acorns were a critically important
food for Indigenous peoples. (Acorn eating was described by one
well-known anthropologist as “the most characteristic feature of
the domestic economy of the California Indians.”) Interestingly,
many of the scientists studying masting in the early 20th centu-
ry were zoologists whose main interest was the effect of variable
seed production on animal populations. For example, masting by
boreal conifers such as pines and spruce can result in avian popu-
lation “eruptions” during which various seed-eating bird species
are found far south of their normal winter ranges. I was, as it hap-
pened, one of a long line of ornithologists whose focus on avian
population ecology led them to masting behavior.

To better understand the interactions between acorns and
acorn woodpeckers, two graduate-school colleagues—Ron
Mumme and Bill Carmen—and I started surveying acorn pro-
duction at Hastings Natural History Reservation in the Santa
Lucia Mountains, near Carmel Valley in Monterey County. Hast-
ings, a field station run by the Museum of Vertebrate Zoology
at UC Berkeley, harbors a thriving population of acorn wood-
peckers living in a diverse oak woodland with a mix of up to
five species of oaks—valley, blue, coast live, canyon
live, and California black. A few years later, at
the urging of another colleague, Jean Knops,
we expanded the project to encompass over
1,000 trees at 25 sites spread across California,
including an additional three species of oaks:
interior live, Oregon, and Engelmann, and
the acorn-producing tanbark oak. Thus was
born what we now modestly call the Califor-
nia Acorn Survey.

Quantifying acorn production across Califor-
nia is not an easy proposition: this is a big state with a

lot of oaks. Oak woodlands cover approximately 8.8 million acres
of California; at a conservative average of 50 trees per acre, this
verges on half a billion trees. Traditionally, seed traps are used,
but traps are time-consuming to set up and difficult to maintain,
and we needed a more efficient method to gather data on the scale
we envisioned. We settled on visual surveys, a technique pio-
neered by the California Department of Fish and Game in the
1970s. Using binoculars, two of us visit marked trees in Septem-
ber, before acorns have begun to drop, and count as many acorns
as we can on tagged trees for 15 seconds each. Visual surveys only
require a minute or two per tree, making it possible to survey
enough individuals—usually 10 to 25 trees of each species at a
site—to yield good estimates of the overall size of the acorn crop.

Before we started the California Acorn Survey, I'd assumed
there were two types of years: “mast” years when lots of acorns are
produced and “bust” years when few or no acorns are produced.
This turns out not to be the case. Consider valley oaks, one of the
widespread species common in the Bay Area and throughout the
foothills ringing the Central Valley (as well as, historically, much
of the Central Valley itself). Overall, acorn production varies con-
siderably from year to year (Figure 1), but most often it is pretty
low—in 23 of 42 years (55 percent), crops were less than 25 per-
cent of the largest acorn crop we recorded. Meanwhile, “mast”
years were rare—only three years (7 percent) since 1980 yielded
an acorn crop that was 75 percent or more of the maximum crop.
Sixteen years (38 percent) were intermediate, falling between 25
and 75 percent of the maximum crop recorded.

So mastingis notan all-or-none phenomenon. It can, however,
seem like it. California scrub jays, acorn woodpeckers, band-tailed
pigeons, mule deer, squirrels, mice, and (in some areas) black
bears eagerly feed on acorns, doing a
thorough job of eating nearly all those
available very quickly in most years,
often before acorns even drop from the

Acorn woodpeckers
consume acorns from
a variety of oaks, and
among them are the

species below. From left trees. In contrast, in mast years, acorn
and two by two:liveoak, e dators can only harvest a small frac-
blue oak, valley oak, and ) )

black oak. tion of the crop, leaving many acorns

to drop or be dispersed (often by those
scrub jays) and potentially
2 survive. This interaction
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leads directly to the idea of “predator satiation,” which is gener-
ally considered one of the key, if not the key, evolutionary factors
selecting for masting behavior. Basically, if the population of trees
always produced the same number of acorns, predator popula-
tions would eventually match, and consume, the entire acorn
crop, leaving none for oak regeneration. Drastically varying the
number of acorns year to year—often with a mast following one
or more poor crops—means some years acorn predators go hun-
gry and die or don’t reproduce, becoming fewer in number. Then,
when a big crop comes along, there aren’t enough survivors and
offspring to eat all the food, enabling lots of acorns to escape pre-
dation, potentially germinate, and start the cycle anew.

Variability is only half of masting behavior; the other half is
synchrony. If individual trees bore variable acorn crops but asyn-
chronously with each other, the overall number of acorns available
might remain constant from year to year, allowing mobile preda-
tors like birds to find productive trees and never suffer the cost of
a lean year. But predators can’t just
fly or run to nearby food if the oaks
synchronize their acorn production
over the entire population.

But how widespread is the pop-
ulation of trees we're talking about?
And how do the trees synchronize
their reproductive efforts? Again
considering valley oak—a Califor-
nia endemic—our survey includes
10 sites throughout its geographic
range, from Whiskeytown in Shas-
ta County to Liebre Mountain in Los
Angeles County, as well assites in the
Coast Ranges (including Jasper Ridge
southwest of Stanford University)
and the Sierra foothills. Not unexpectedly, synchrony decreases
assites get farther apart (Figure 2). Nonetheless, we’ve found that,
remarkably, there is some degree of synchrony between almost
all pairs of sites, even when they’re separated by nearly 500 miles.
In other words, when it’s a good acorn year for valley oak in one
partof California, it’sa good year almost everywhere else for val-
ley oaks—the synchronized population encompasses the entire
geographic range of the species. (There may be an exception with
the disjunct population of valley oaks in the Santa Monica Moun-
tains, but we only belatedly added a site there a few years ago.) This
striking synchrony leads us to conclude that the trees do not time
theiracorn crops by “talking” to each other, even though trees can
communicate with neighbors both chemically and via their root
systems. Such mechanisms, although important, probably would
not work between trees growing at opposite ends of California.

I'm often asked ifalarge acorn crop means it’s going to be a wet
or cold winter, a relationship regularly posted about in the Farm-
ers’ Almanac. I assure people that the answer is no—if the acorn
crop could predict the future, I'd be a rich man today. The size of

8.8 million:
acres of oak woodlands
in California

50:

conservative average of
trees per acre

440 million:

approximate total number
of oak trees in California

the acorn crop is nota harbinger of the future but is shaped by past
events. Three factors are key: how much and when trees previous-
ly invested in reproduction, and the weather. If it’s a good acorn
crop this year, it will most likely be poor the next. (You can see
this in Figure 1.) This suggests that trees require at least a year or
two to recover after investing in a large acorn crop.

Exactly what weather conditions favor seed production varies
between species and even, in some cases, among site locations.
For everywhere we survey valley oak acorn production, the most
important weather variable is mean maximum April temperature,
at the end of the period when these deciduous trees leaf out and
flower. Trees tend to produce larger acorn crops following warm-
er spring seasons. To the extent that warm spring temperatures
are associated with relatively dry years, larger valley oak acorn
crops generally follow dry winters.

Exactly how warm, dry April conditions prompt trees to invest
inacorn production is not obvious. A hypothesis we’ve proposed,
predicated on oaks being wind pol-
linated and the fact that a tree’s
female flowers can’t be fertilized by
its own pollen, suggests that when
conditions are warm and dry, trees
in the population flower more syn-
chronously, have greater access to
pollen from neighbors, have alarger
proportion of their own flowers pol-
linated, and mature more acorns.
This “phenological synchrony”
hypothesis posits that weather con-
ditions directly influence the physi-
ology inside the trees, causing them
to either invest more or invest less
in reproduction. Given that when
it’s a wet year in one part of California, it’s generally a wet year
elsewhere in the state, a close relationship between weather and
acorn production helps explain annual variability and synchrony.

So far we’ve kept the story simple by focusing on one oak spe-
cies. There are, however, eight species of acorn-producing trees
in the Bay Area (not including shrub and hybrid forms), at least
five of which can grow in the same place. Each species is differ-
ent, and as a result, all oak species do not necessarily mast syn-
chronously. For example, acorns mature at different rates. Four
of the eight Bay Area oak species—valley, blue oak, Oregon, and
coast live—are “one-year” species that require a single year to
mature acorns; that is, female flowers in the spring mature into
acorns a few months later in autumn of the same year. Flowers
of the other four—California black, interior live, canyon live, and
tanbark—are “two-year” species whose flowers don’t mature into
acorns until autumn the following year. As a result, weather con-
ditions affect the pollination and fertilization of acorn production
the same year in one-year species but affect acorn production the
next year in two-year species. This timing difference virtually »
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VALLEY OAK
(Quercus lobata)

Deciduous.
Acorns mature
in one year.

> LENGTH 1.2 - 2”

BLUE OAK
(Q. douglasii)
Deciduous.

Acorns mature in one year.
> LENGTH .8 - 1.4”

COAST LIVE OAK
(Q. agrifolia)

Evergreen. Grows on the coast

at lower elevations. Acorns
3\ mature in one year.
; > LENGTH 1 - 1.4”

CANYON LIVE OAK
(Q. chrysolepis)

Evergreen.

Grows at higher elevations.
Acorns mature
in two years.

> LENGTH 1 - 1.2”

> “OREGON 0AK

(Q. garryana)

Deciduous.
Acorns mature
in one year.

> LENGTH .8 - 1.2”

CALIFORNIA BLACK OAK

‘ (Q. kelloggii)

Deciduous.

e Grows at higher
Y elevations.
Acorns mature
in two years.

> LENGTH .8 - 1.4

INTERIOR LIVE OAK
Q. wislizeni)
Evergreen.

Acorns mature
in two years.

ENGELMANN OAK
(Q. engelmannii)

Evergreen.
> LENGTH .6 - 1”

TANBARK OAK
(Lithocarpus densiflorus)

Evergreen.

Produces acorns. Grows at higher
elevations. Acorns mature

in two years.

> LENGTH .8-1.4"
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o Youlube's botany
an c a and profanity-loving
phenom, Joey Santore,
ar a ox hails from West Oakland

(note the frequency of poor acorn years in
Figure 1). With more species of oaks, acorn
woodpeckers do very well, since crop failures

CHARTING ACORNS

[ mast years affecting all the oak species are rare, such as
[ | medium years during that infamous fall of 1983 that forced
[ poor years so many of our acorn woodpeckers to aban-

don their territories at Hastings. Speaking of
which, how did all those birds survive the
winter and return the next spring, given the
scale of spatial synchrony in acorn produc-

and is bringing plants
and people together.

tion by the oak species at Hastings? We sus-
pect that they were able to spend the winter
a few miles away on Chews Ridge, a high-el-
evation site where a species not present at
Hastings—tanbark oak—produced a good
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Figure 1. The mean acorn crop of valley oak at Hastings Reservation (mean number
of acorns counted per 30 s visual survey), 1980 - 2021; dashed lines divide years into

this, only 3 of 42 years were “mast” years, while 16 were “medium” and 23 were “poor’

acornyears.

crop of acorns.
Another complication is the striking
variability among individual trees. We have

2015 2020

»

a particular location, but trees vary consid-
erably in their overall acorn production even
when growing next to each other. Some of

BY ROBERT LANGELLIER

called Joey Santore justas he’d returned from a botanizing trip

to South Africa. “I'm stuffing envelopes right now,” he told me

from his home in West Oakland. “Mailing out stickers. It’s a
big part of how I make my money.”

Santore has hundreds of thousands of followers online, but not
for the quality of his beautifully hand-drawn stickers picturing
black-and-white flowers, which he sells online. He’s known for
Crime Pays But Botany Doesn'’t, a self-described lowbrow approach
to plant ecology, which takes him everywhere from Oakland rail

up for myself.”

Partof his passion comes from seeing plants
in their native habitat, which was one of his
main takeaways from his trip to South Africa.
“There’s a lot of plants there that I previously
had come to hate, just because they’ve been
used in California horticulture and so out of con-
text,” he says. “But seeing them in habitat, I gained
atotally new appreciation for them, everything from

.8
° ° this variability relates to the degree theirroot ards to New Caledonia, ranting about plants, trains, liberals,and  some of the pelargoniums, the weird geraniums, to some of
° y g M g P pelarg 8
o ©° * systems tap into the water table or other dif- conservatives, but mainly plants. His expletive-filled videosand  the cool members of Asteraceae that are down there.”
- o« © ° ferences at a location, while some is genet- podcast episodes are some of the most popular botany-related In that spirit, I'd called him not to talk about far-flung regions
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e ° : e ic, affecting when the trees flower relative shows in the English-speaking world. of the world but about home. What, in the opinion of Joey San-
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e ° PY ¢ How will climate change affect oaks and was riding them illegally, which fostered an early love forgeology  “Because of the way serpentine rock weathers, it crumbles into these
masting behavior? To the extent that cli- and plants. When he speaks, it’s with a distinctly non-academic  cubic, marble- to golf ball-sized pieces of talus,” he tells me. “You get
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Figure 2. Pairwise spatial synchrony of valley oak at 10 sites across California plotted
against the distance between sites. All but one of the correlations is positive.

ensures that the acorn crops of one-year and two-year species are
not synchronized with each other, in contrast to the synchrony
we observe within a species.

Because plant communities in California often include both
one-year and two-year oak species, their asynchronous acorn
crops have important ramifications for the animals that depend
on acorns for food. Acorn woodpeckers, for example, are uncom-
mon to rare in most California coastal sites where only a single
species of oak—typically coast live oak—grows, but are common
inland where several oak species live together. (Acorn woodpeck-
ersarerare in Oakland and Berkeley, but common in Orinda and
Lafayette.) When only a single species of oak grows in an area,
crop failures are apparently too frequent for the birds to survive
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significant effects on plant and animal com-
munities throughout California. Effects of
climate change on oak masting, however, are
one of the many questions we don’t yet know
the answer to. There is, however, evidence
that changes have already taken place: a recent global analysis of
masting based on data going back over 100 years found that seed
production has become more variable from year to year and that
overall productivity has dropped.

At this point you may be wondering what sort of acorn crop to
expect this comingfall. It's been a relatively dry winter and tempera-
tures at Hastings during April were slightly warmer than but still
very close to the long-term average. Similarly, the 2021 valley oak
acorn crop was slightly smaller than, but still close to, the average
crop size. SoifThad to guess, I'd say it’s going to be an average year—
neither a “mast” crop nor a bust. What I can assure you, though, is
that however many acorns there may be in youryard, they don’t pre-
dict whether next winter will bring an end to California’s drought. ¢
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Walt Koenig (2x)
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From top: Jesse Will; Beryl Terry

“Ijustrealized Ididn’t know anything, and Ijust had this desire
to learn,” he says about his early years. “I didn’t want to be an
ignorant fuck my whole life, taking everything for granted and
letting people tell me how the world worked. I wanted to look it

andela Parkway

size of these talus slopes. There’s no soil. There’s just this rock. And
then there’s just these cobbles, these serpentine pebbles. And then
they kind of break down, and you get something maybe resembling
asoil beneath them.”
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