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A MIXED POLLINATION SYSTEM IN
PENSTEMON PSEUDOSPECTABILIS M. E. JONES (SCROPHULARIACEAE)

William H. Reid', Pamela Sensiba', and C. Edward Freeman'

Abstract—A population oiPenstemon pseudospectabilis M. E. Jones (Scrophulariaceae) on Cave Creek in Cochise

County, Arizona, was used in an experimental test of reproductive fitness with three caging treatments; all flying

pollinators excluded, hummingbirds excluded, and no exclusion. Twenty plants were chosen and three shoots on each

usedin the experiment. The flowers were 25.6 (s.d. = 1.5) mm long, the end diameter was 8.5 (s.d. = 1.0) mm, the tube

opening was 6.5 (s.d. = 1.0) mm, and the greatest diameter, 75% distal from the receptacle, was 10.1 (s.d. = 0.8) mm (N
= 59). Floral nectar contained 11.7% (s.d. = 2.9%) fructose, 13.8% (s.d. = 2.7%) glucose, and 74.5% (s.d. = 5.4%)

sucrose (N = 74). There was some evidence, significant only for fructose, that nectar-sugar composition varies between

morning and evening. Larger floral dimensions were correlated with lower sucrose and higher hexoses. Casual

observation showed Xijlocopa sp., small bees, flies, and hummingbirds to be visitors. There was no sign of nectar

robbing. Five percent of flowers set seed with all pollen vectors excluded, 44% with hummingbirds excluded, and 63%
with no exclusion. Seed set per fruit was 2 with all excluded, 23 with hummingbirds excluded, and 46 with no exclusion.

Mean seed set on pollinated flowers was 60, with a range of 2 to 192. Multiple linear regression showed the fraction of

fruit setting seed when hummingbirds were excluded to be related to larger flower diameters and shorter flowers. With

no pollinator exclusion, fruits setting seed were related to larger diameters and nectar fructose. For seeds per fruit,

multiple regression gave similar, but less clear, results. We conclude that P. pseudospectabilis is pollinated by both

bees and hummingbirds, with other pollinators not to be excluded as possible contributors. We found no hard evidence

of selective forces currently at work.

In pollination biology, the weight of many
observations has led to recognition of unique

syndromes ofmorphological and nectar chem-
istry characteristics among plant taxa primar-

ily pollinated by a given animal group (e.g.,

Baker and Baker 1983b, Faegri and van der

Fiji 1971, Grant and Grant 1968). The chemi-

cal composition of floral nectars, especially

the sugar composition, has received attention

in this regard (Baker and Baker 1983a). How-
ever, demonstration of the selective forces

implied by such adaptation is needed for in-

sights to be more than pedagogical aphorisms.

Studies to assess the interaction of floral

nectar sugars and reproductive fitness in natu-

ral populations are needed. The large western

genus Penstemon, Scrophulariaceae, has a

wide range of nectar-sugar composition and

floral morphology and is pollinated by several

classes of animals. It is an excellent taxon

for experimental pollination biology (Baker

and Baker 1983a, Crosswhite and Cross-

white 1981).

Penstemon pseudospectabilis M. E. Jones

occurs from southeastern California to south-

western New Mexico in the desert or in open

woodlands. The flower color has been vari-

ously described: pink (Jepson 1925), deep
pink to rose-purple (Kearney and Peebles

1969), and pink, bearing darker guidelines in

the throat (Martin and Hutchins 1981). The
flowers are borne on numerous branching

shoots arising from the basal rosette. The
corolla tube is ampliate, reaching its greatest

diameter at about three-fourths of the length

distal of the receptacle. Nectaries are on the

abaxial surfaces of the upper two free stamens

near their bases (Straw 1966). The flower

opening is large enough to accommodate
some bees.

Straw (1956) describes some morphological

and colorimetric characteristics leading to flo-

ral isolation in four penstemon species, and,

in comparison, the flower of P. pseudo-

spectabilis appeared to have some features of

both bee- and hummingbird-pollinated spe-

cies. It seemed appropriate, therefore, to test

for mixed pollination systems. We here report

on results of an exclusion experiment provid-

ing initial data on floral morphology, nectar-

sugar composition, seed set, and the plant's

dependence on different pollinators.
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Materials and Methods

A population of P. pseudospectabilis in

Cave Creek Canyon of the Chiricahua Moun-
tains in Cochise County, Arizona, at about

1,370 m elevation was used for this study

(Voucher: UTEP 22491). This population

occurs within an open woodland on a south-

facing slope and adjacent riparian and road-

side areas of Cave Creek 150 m west of a U.S.

Forest Service station. There appears to be

little day-to-day human disturbance, but part

of the population is within a fenced pasture

occasionally used for horses or mules.

On 2 May 1987 we selected 20 plants for the

study, each separated by at least 2 m. On each

plant we chose three shoots for study. We
made flower measurements and nectar collec-

tions. The following measurements were

taken on one to six mature flowers on each

stem using a millimeter ruler: length, corolla

diameter at 25%, 50%, 75%, and 100% of the

axis of the flower, and diameter of the open-

ing. Nectar samples were taken from mature

flowers on most shoots. Nectar was removed
with a micropipette and placed on a filter

paper disk to dry. We then stripped opened
flowers from the shoots. The three treatments

for our experiment were: (1) exclusion of all

flying pollinators, (2) exclusion of humming-
birds, and (3) no exclusion to allow access by

all pollinators. (The available pollinating fauna

at Cave Creek, of course, varies greatly in

numbers and composition during the season.)

On each plant one shoot was enclosed with

an inverted half-gallon milk carton with cut-

out sides over which a stocking was stretched

(Radford et al. 1974). The stocking was drawn
over the base and gently tied shut. Another

was enclosed in a 30-cm diameter, 50-cm-tall

cage of 5-cm chicken wire. The cages were
supported by metal stakes driven into the

ground. A third shoot was marked but left

entirely open. After the exclosures were com-
pleted we remained to observe visitation by

potential pollinators. No attempt was made to

observe nocturnal activity of moths. The fol-

lowing day we again observed visitors, took

additional nectar samples, and left the cages

in place. On 19 June 1987 we returned, re-

moved the cages, and harvested the shoots.

For each collected shoot the total number
of fruits and the number of fruits with seed

were counted. Starting from the bottom ofthe

shoot, the first 10 fruits with seed were re-

moved and dissected and seeds were counted.

Our methodology for sugar analysis by
High-performance Liquid Chromatography
(HPLC) was the same as in previous studies

(Freeman et al. 1983, 1984, 1985, Reid et al.

1985). The paper disks holding dried nectar

were placed in Parafilm (R) pouches with 20 [xl

of water. After five minutes eluted sugars

were removed by squeezing the pouch and

collecting the solution with a microsyringe.

The sample was then injected into the chro-

matograph for analysis.

A Rainin Instrument Co. liquid chro-

matograph with a Knauer refractive index de-

tector and an Alltech amino bonded silica

column (5 \xm particle size and 150 mm long)

was used. The solvent was an acetonitrile:

water (75:25 v/v) system flowing at 2.0 ml/

min. For calibration, regressions based on re-

sponse to sugar standards were established.

The standard solution contains fructose, glu-

cose, and sucrose, each 10% by mass, injected

in volumes of 1, 2, 3, and 4 |xl. The response of

this system to sugar mass was nearly linear,

and second order, least squares regressions

were used for calibration curves. Regression

coeff'icients of 0.9995 (d.f. = 1, P < .02) are

obtained. A BASIC program by Reid com-
puted relative percent by mass of each sugar

from the chart responses.

Results were placed in data files and ana-

lyzed using Number Cruncher Statistical

Software (Hintze 1985) and a BASIC program

by Reid for the Kolmogorov-Smirnov test of

normality (Sokol and Rohlf 1983). In compar-

ing the floral tube and opening diameters to

other variables such as nectar composition or

seed set, we tested both diameter and diame-

ter squared (proportional to area).

Results and Conclusions

The floral measurements are summarized
in Table 1. Principal components analysis

(Hintze 1985) of the floral measurements re-

veals that the first component (44% of the

variance) is a positive correlate relation among
five floral dimensions: lengtii, diameter at

25% and 75% of length, opening, and end

diameter. Thus, when one of these is larger,

all are larger. The second component (19% of

variance) is the independent variation of the

diameter at 50% of length.
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Table L Summary measurements for 59 Penstemon psetidospectahilis flowers. Pearson product-moment correla-

tion coefficients significant at the P < .05 level are given. The standard deviation is indicated by s.d., range of

measurements by ( ), and nonsignificant correlations are shown as n.s.

# Measurement Mean s.d.

(mm) (mm)
Correlation with measurement #

5 4 3

1
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Table 3. Summary data on seed set in the Penstemon pseudospectabilis population. Treatment; A = shoot covered

with stocking, B = shoot caged with 5-cm chicken wire, C = no exclosure. ( ) encloses the range.

Treatment
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Table 4. Summary results of multiple linear regression analysis of Pejistemon pseudospectabilis fruits with seed/

fruits and seeds/fruit with the three treatments in comparison with the morphological and sugar composition data. The
first four variables selected and the cumulative regression coefficient are given. The sign of the correlative relationship

between each independent variable and the dependent variable is shown by + or -. Treatment: A = shoot covered

with stocking, B = shoot caged with 5-cm chicken wire, C = no exclosure.

Variable analyzed: fruit
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